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ABSTRACT

This document reviews available technical literature pertaining to exit facility
design and emergency escape provisions of the National Fire Protection Associa-
tion's Life Safety Code (1976 Edition) in order to determine the technical sup-
port for such provisions. The report focuses on the time-based capabilities of
building occupants to effect rapid evacuatiouns, in relation to evacuation time
available during fires. A number of functional criteria are examined in rela-
tion to Code provisions influencing the design of means of egress and fire pro-
tection and protective signalling systems for places of assembly, residential
occupancies, mercantile occupancies, and business occupancies. Provisions
affecting fire exit drill and building management practices are also considered.
The technical literature bearing on applicable Code provisions is reviewed, the
validity and generalizability of findings presented in the literature are
discussed, and the degree of technical support currently available for egress
provisions of the Code are evaluated. 1In addition, gaps in the technical litera-
ture are identified, and recommendations regarding future research are offered.

Finally, preliminary conclusions about the supportahility of Code provisions
are presented,
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EXECUTIVE SUMMARY
1. OVERVIEW
1.1 PROBLEM

This report reviews available technical research pertaining to the exit facility
design and emergency escape provisions of the National Fire Protection Associa-
tion's Life Safety Code (1976 Edition, hereafter referred to as the Code), in
order to determine the technical support for such provisions. The central

foci of the investigation are the time-based capabilities of building occupants
to effect rapid evacuations, in relation to evacuation time available during
fires. A number of functional criteria (e.g. maximum travel distance, building
configuration, remoteness of exits, and bariers to egress flow) are examined in
relation to Code provisions influencing the design of means of egress and fire
protection and protective signalling systems for places of assembly, residen-
tial occupancies, mercantile occupancies, and business occupancies. Provisions
affecting fire exit drill and building management practices are also considered.

1.2 TECHNICAL APPROACH

To effectively treat this broad prohlem, the current report organizes Code
provisions and related technical discussions in relation to areas of potential
impact, including provisions affecting: (1) pre-emergency training and prepar-
ation (Chapter 2 of the report), (2) the perception of the emergency environ-
ment and recognition of egress facilities (Chapter 3), (3) egress strategy for-
mation (Chapter 4), (4) disciplined egress behavior and crowd movement (Chapter
5), (5) occupants' capabilities to safely and rapidly negotiate egress ways '
(Chapter 6), and (6) the capacity of means of egress (Chapter 7).

Within each chapter of the report, provisions of the Code which have a common
area of potential impact, and human behavioral assumptions underlying these
provisions, are enumerated. The technical literature bearing on these provi-
sions and assumptions is presented, including references to applicable theories
and models, pertinent empirical data from published experiments and field
studies, and where appropriate, anecdotal accounts of actual fire events. The
validity and generalizability of findings presented in the literature are dis-
cussed, and the degree of technical support currently available for egress pro-
visions of the Code is evaluated. 1In addition, each chapter provides a summary
of gaps in the technical literature, recommending specific areas for future
research. Finally, preliminary conclusions regarding the supportability of
Code provisions in each impact area are offered. A summary of the major
conclusions presented in the report follows.

ix



2. SUMMARY OF MAJOR CONCLUSIONS PRESENTED IN THE REPORT

2.1 A CAUTIONARY NOTE

The intention of NBS researchers 1is not to pass judgment on the validity and
usefulness of Code provisions. Indeed, where technical support for individual
provisions, or more precisely human behavioral assumptions underlying these
provisions, is either weak or unavailable, the authors do not recommend elimi-
nating or otherwise modifying these provisions. In such instances, rather, the
authors suggest that code-writers approach the task of revision with caution,
and that further technical investigations be conducted.

2.2 PROVISIONS AFFECTING PRE-EMERGENCY TRAINING AND PREPARATION

Behavioral assuamptions underlying code provisions affecting pre-emergency
training and preparation are evaluated by reference to psychological models of
learning, experimental data reported in the psychological literature, and the
growing body of evidence from post-incident fire investigations. To date,
experimental and post—incident investigations provide mixad conclusions con-
cerning the supportability of these assumptions. Moreover, available evidence
does not often permit direct inferences to be drawn between research findings
and the specific questions raised by code provisions. Future modifications to
provisions affecting pre-emergency training appear to require additional
research on the role of training and its relation to emergency behavior.

2.3 PROVISIONS AFFECTING PERCEPTION OF THE EMERGENCY ENVIRONMENT, AND
RECOGNITION OF EMERGENCY FACILITIES .

A number of humaan behavioral assumptions about the perception of emergency
environments and the recognition of egress facilities underlie various provi-
sions of the Life Safety Code. These assumptions are evaluated by reference to
several models of perception, to limited data from experiments on visibility,
and to a small body of evidence from post-incident fire investigations. Taken
as a whole, available data neither support nor refute behavioral assumptions
about occupants' emergency perceptions at a level technically sufficient to
permit a thorough evaluation of pertinent Code provisions. Where data are
available in sufficient quantity, however, it “1t has been suggested that behavioral
assumptions underlying alarm provisions of the Code tend not to be supported.
The Code provision specifying a maximum (10 second) switchover delay between
standard and emergency lighting, on the other hand, tends to be supported by
available technical data. Initial emergency perceptions are important, and
their relationship to rapid escape has been shown. Consequently, future
research which leads to more effective perceptions of the fire enviroament by
“victims is recommended.

2.4 PROVISIONS AFFECTING EGRESS STRATEGY FORMATION

A number of assumptions about human information processing and decisionmaking
behavior during fire emergencies underlie several provisions of the Life Safety
Code. Such assumptions are evaluated by reference to models of cognitive
behavior, as well as to data from recent psychological research on way-finding
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behavior, environmental cue processing, disaster response, and stress. Few
directly relevant technical data were found within the field of fire research
itself. Taken as a whole, available technical knowledge 1s not sufficient to
warrant statements specifically supporting or refuting Code provisions which
may influence egress strategy formation. However, the Titerature generally
supports the notion that the demands of occupying a burning building require
individuals to efficiently extract information from the fire environment, and
to formulate effective and timely decisions about what to do. Depending upon
the design and layout of a building, and upon the nature of given fire condi-
tions, these processes will consume some proportion of the time within which
occupants must escape. Errors in judgment and decisionmaking will frequently
consuize even more time. However, crucial gaps in current knowledge about the
time-based capabilities of building occupants to effect rapid emergency escape
continue to center about questions of emergency information processing and
strategy formation.

2.5 PROVISIONS AFFECTING DISCIPLINED EGRESS BEHAVIOR AND CROWD MOVEMENT

A number of human behavioral assumptions about crowd movement and disciplined
group behavior underlie selected provisions of the Code. These assumptions are
evaluated by reference to several models of human collective behavior, data
from research in experimental social psychology, field research on natural
disasters, and post-incident fire investigations. In general, the technical
literature suggest support only for those assumptions pertaining to leadership
and direction-taking behavior. Behavioral assumptions pertaining to the
effects of occupant loading and physical obstacles upon orderly and rapid
crowd movement appear to be neither supported nor refuted by available techni-
cal literature. To the extent that impediments to crowd movement result in’
maladaptive collective behavior and panic, future research on the role of
building design in facilitating crowd movement seems an essential percursor to
Code revision.

2.6 PROVISIONS ACCOMODATING OCCUPANTS' CAPABILITY TO SAFELY AND RAPIDLY
NEGOTIATE EGRESS WAYS

Human hehavioral assumptions which underlie Code provisions relating to
occupants' capability to safely and rapidly negotiate means of egress are eval-
uatad by reference to biomechanical models of human movement, toxicological
research, stair and ramp use field studies, physiological measurements, and
anecdotal evidence from actual fire incidents. At present, much of the evi-
dence reported in the experimental and nonexperimental literature on occupants'
capabilities presents contradictions and mixed opinions, and does not permit
specific conclusions or inferences to be drawn. As a result, there appears to
be no analytical basis upon which to unequivocally support or refute applicable
Code provisions, It is left for future research to determine the specific
domains (i.e., occupancies and fire scenarios) under which particular data are
valid and useful in this context.
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2.7 PROVISIONS GOVERNING THE CAPACITY OF MEANS OF EGRESS

A number of human behavioral assumptions underlying Code provisions which govern
the capacity of means of egress are presented. These assumptions are evaluated
by reference to several models of pedestrian movement, data from laboratory and
field studies of walking behavior during normal occupancy conditions, and
observations of stair use during fire exit drills in high-rise office buildings.
With regard to Code provisions affecting the design of doors, available techni-
cal literature support only those assumptions concerning the deleterious effects
of particularly severe coastrictions or obstructions., However, behavioral
assumptions underlying provisions governing the design of corridors and stairs
find challenge within the technical literature. This is especially true of
provisions depending on the validity of assumptions about the linearity of
pedestrian movement and the 22 inch (0.56 m) unit width standard. Because

there remain differences in reported data describing pedestrian behavior on
stair and level surfaces, inconsistent definitions of important variables, and
nonstandardized techniques for measuring the performance of means of egress,

it i{s not now possible to either support or refute exisitng provisions and

their underlying hehavioral assumptions on the basis of the available technical
literature. The most important objectives for future research on the subject

of the capacity of means of egress are: (1) the developnent and validation of
standardized measures and measurement methods, and (2) the systematic analysis
of complete egress systems, emphasizing transitions between means of egress
elements.,
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1. TINTRODUCTION

A predominant motivating factor behind America Burning (National Commission on
Fire Prevention and Control, 1973) was the potential for multifatality fire
tragedies in buildings. Accordingly, a primary goal of the Home and Public
Building Safety Program of the United States Fire Administration is to ensure
that up-to-date and feasible criteria are implemented to provide for life
safety in public occupancy buildings, including multifamily residential
occupancies, places of assembly, mercantile occupancies, and business facili-
ties. The three most obvious alternative approaches to providing life safety
from fire in buildings involve rapid emergency escape, protection of occupants
in place, and rescue. The study reported here focusses only on the problem cf
rapid emergency escape.

Many building code provisions influencing emergency escape have remained
virtually unchanged since important research was reported by the National
Bureau of Standards (NBS) in 1935. 1In general, these provisions govern the
design and capacity of means of egress (or, egressways), and are based upon
empirically derived relationships between pedestrian flow, egressway capacity,
and escape time. Since then, several of these relationships have been called
into question. For example, it has become more widely believed that occupants
usually do not move through stairways and other egress channels in regemented
fashion at constant speeds (although the computation of egress way capacity
often requires this assumption), that fire products can move into and thereby
contaminate exit stairwells not carefully designed to prevent smoke infiltra-
tion, and that many buildings of substantial size or population cannot be com-
pletely evacuated rapidly. Moreover, researchers and life safety design pro-
fessionals have learned that early warning devices, pre-emergency training, and
various social, psychological and organizational factors each play an
important-—although not fully understood--role in rapid emergency egress.
Finally, it has also become more widely accepted during recent years that func-
tional variations between occupancy categories, and the differing needs of-
people with varying escape capabilities, both affect emergency readiness and the
ability to evacuate buildings efficiently. Many of these problems were first
discussed by Stahl and Archea (1977) of the Center for Building Technology, NBS,
in their original assessment of the technical literature on emergency egress
from buildings. Since that time, various issues have been expanded and iaves-
tigated by numerous other investigators at NBS and elsewherel.

1.1 PROBLEM

The principal lessons to be learned from research conducted during the last 10
years on human responses to fires are that individual design provisions, which

l A substantial portion of the research on emergency egress and human
behavioral aspects of life safety from fire is discussed later in this
report. Consequently, individual investigators are not listed here.
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usually embody professional engineering judgment and responses to specific
disasters, and (1) are not consistently applicable under all conditions or
circumstances, or (2) are not consistently supportable by reference to the
technical literature, Thus, analyses of means of egress design provisions
(e.g. Rivers and Bickman, 1979; Stahl and Archea, 1977) reveal that underlying
behavioral assumptions are often expected to hold under a relatively broad
range of conditions, and that empirical support for the validity of these
assuuntions 1s frequently difficult to identify. The problems of identifying
relevant technical literature and of applying it to the verification of current
means of egree design provisions are key issues addressed by the present study.

1.2 OBJECTIVES AND SCOPE

The primary objective of the present investigation is to assess available
research pertaining to exit facility design and emergency escape criteria of
the National Fire Protection Association's (NFPA) Life Safety Code (1976 Edi-
tion, hereafter referred to as the Code), in order to determine the technical
support for such criterfa. A secondary working goal is to identify human
behavioral assumptions believed to underlie egress and related provisions of
the Code. By gaining an understanding of occupant behavior patterns implicit
in compliance with various Code provisions, the project staff felt hetter able
to evaluate individual provisions against state—of-the—-art technical data, and
thereby better able to verify currently promulgated egress requirements. The
purpose of these activities 1s to provide a technical foundation from which
substantive modifications to egress provisions may eventually be made.2 In
preparing this report, the intention of NBS researchers is not to pass judgment
on the validity of the Code. Where technical support for given provisions 1is
either weak or unavailable, the authors do not recommend eliminating or other-
wise modifying these provisions. 1In such instances, rather, the authors sug-
gest that code-writers approach their task with caution, and that further
technical investigations be conducted.

The central focl of the investigation are the time-based capabilities of
building occupants to effect rapid evacuations, in relation to evacuation time
available during fires., Numerous functional criteria were studied, including:
(a) maximum travel distance; (b) building coafiguration; (¢) remoteness of
exits; (d) barriers to egress flow (e.g., ratlings, security devices, door-
ways); (e) illumination of means of egress and of directional signs; (f) egress
chanrel carrying capacity; (g) the ability to totally evacuate a huilding, in
terms of competition for available space, and in terms of physiological and
psychological fatigue.

Such functional criteria are specifically treated within various chapters of
the Code, and provisions from the following Code chapters were selected for
evaluation: Chapter 5, Means of Egress; Chapter 6, Features of Fire Protection
(specifically, provisions concerning protective signaling systems); Chapter 8,
Places of Assembly; Chapter 11, Residential Occupancies; Chapter 12, Mercantile

2 Recommendations for modifying provisions of the Code lie outside the scope of
the present report.



Occupancies; Chapter 13, Business Occupancies; and Chapter 17, Operating Features
(specifically, provisions concerning fire exit drills and building management
practices).

1.3 ORGANIZATION OF THE REPORT

During the course of the project an attempt was made to posit a model of
emergency escape behavior, and to functionally relate provisions of the Code to
such a model. Principal components of this time-based model included: sensa-
tion and perception of emergency environmental cues, interpretation of emergency
cues, strategy formation and decisionmaking, action initiation, and action com-
pletion (generally after models suggested elsewhere by Bickman, Edelman and
McDaniel, 1977; Stahl, 1978a, 1979, 1980; and others). However, organizations
based upon a time-based model of human response were found incapable of accom-
modating numerous important code provisions. For example, provisions governing
the management of fire exit drills, or the carrying capacity of stairs, could
not easily be addressed by reference to a model of human perceptual and cogni-
tive behavior. Moreover, useful models of human response to fires are neces-
sarily dynamic: environmental cues are received and assessed not once at the
outset of an event but continuously; action strategies are not rigidly adhered
to but change as events unfold and as new information becomes available to
occupants. Indeed, the task of relating existing design provisions to emer-
gency egress dynamics 1s one of enormous complexity (especially since available
models are largely hypothetical) and was judged to lie outside the immediate
scope of the study.

Egress provisions and their underlying behavioral assumptions were, however,
found to cluster with respect to more or less naturally occurring categories
within the Code, including provisions: affecting pre-emergency training and
preparation (Chapter 2 of the current report); affecting the perception of the
emergency environment, and recognition of egress facilities (Chapter 3); affect-
ing egress strategy formation (Chapter 4); affecting disciplined egress behavior
and crowd movement (Chapter 5); accommodating occupants' capabilities to safety
and rapidly negotiate egress ways (Chapter 6); governing the capacity of means
of egress (Chapter 7). In order to simplify the presentation of egress provi-
sions, underlying behavioral issues, and supporting technical material,
therefore, the report is organized about these categories.

Each of the six technical Chapters (Chapters 2 through 7) provides a complete
analysis of a single class of Code provisions. These Chapters are organized
as illustrated below with reference to hypothetical Chapter n:

n.l APPLICABLE CODE PROVISIONS

This section lists provisions of the Code pertaining to the technical
issue treated by the Chapter.

n.2 UNDERLYING BEHAVIORAL ASSUMPTIONS

This section presents a set of human behavioral assumptions hypothesized
to underlie Code provisions enumerated in section n.l.
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n.3 COMMENTARY

n.3.1 Problem. A succinct description of the problem or class of problems
addressed by applicable provisions of the Code.

n.3.2 Underlying behavioral models. Theories and models selected from the
behavioral science (and other related) literature to provide a frame-

work for understanding emergency events, and for guiding the development
of design solutiouns.

n.3.3 Assessment of behavioral assumptions based on the technical literature.
(1) literature review; (2) discussion of strengths and weaknesses of the

technical literature.

n.4 SUMMARY OF GAPS IN THE TECHNICAL LITERATURE

This section reviews areas for future research, and summarizes the
usefulness of available studies in analyzing provisions of the Code.

n.3 SUMMARY

This section provides an overall review of the Chapter, and highlights
specific conclusions.

1.4 TECHNICAL APPROACH

1.4.1 3Study Design and Task Organization

The study was designed to analyze egress related design requirements of the
Code, from the standpoint of occupants' abilities :to rapidly escape buildings
during fires. The goal of the analysis was to determine the extent to which
Code provisions influencing the escape potential of buildings can be techni-
cally supported on the basis of state-of-the-art knowledge of time-~based human
capabilities during fire emergencies. It was recognized at the outset that in
many cases the needed technical data are either not available, or else incon-
clusive. Therefore, another important objective of the research design was to
identify gaps in the available technical base, and to recommend areas for
further empirical investigation. The investigation reported here is a continu-
ation and expansion of preliminary work on human behavioral aspects of the Code
funded by the NBS ‘Center for Fire Research and conducted by Loyola University
of Chicago (Rivers and Bickman, 1979).

To effect the goals of the study, the following tasks were undertaken: (1) The
Code was reviewed and escape related provisions were identified. (2) Human
behavioral assumptions seen as potentially underlying egress provisions were
hvpothesized by the project staff. (3) An initial set of hypothetical behav-
ioral assumptions was distributed among members of a peer review panel for
detailed comment, and on the basis of this review, initial hypotheses about
behavioral assumptions were modified and refined. (4) A comprehensive review
of technical literature pertaining to human behavior during fires and other
emergencies, and to other salient problems in the behavioral sciences was
conducted.



(5) Egress provisions and related behavioral assumptions were organized into
logical categories, and the extent to which provisions and assumptions are
supported by evidence in the technical literature was assessed. The literature
review and peer review tasks are discussed in more detail below.

1.4.2 Literature Review

Rivers and Bickman (1979), in their assessment of behavioral assumptions
underlying Code provisions, relied almost entirely upon technical literature on
human behavior during fires. Referring to the newness of this field of study
and to various methodological shortcomings, these investigators cautioned that
indeed few conclusive inferences could be drawn from available data in this
impoverished area. Ongoing objectives of the current investigators in discuss-
ing behavioral aspects of egress provisions, therefore, have been to draw upon
salient theoretical concepts from various areas of the behavioral sciences, and
to cite pertinent empirical data from the nonfire related psychological
literature, in order to amke inferences about probable behavior in fires.

l.4.3 Behavioral Assumptions Peer Review Procedure

The project sought to determine the degree to which emergency exiting
provisions of the Code may be supported by reference to state-of-the-art
knowledge about the time-based escape capabilities of huilding occupants.
Implicit in this goal 1s the notion that "hidden” expectations, or assumptions,
about human behavior during fire emergencies, and about the abilities of occu-
pants to perform as expected, underlie many design provisions. 1In the current
context behavlioral assumptions refer to those patterns of occupant response
that a building designer or code official might reasonably assume will occur,
(implicitly or explicitly) under prescribed design conditious, in the event of
a fire. For example, if an "EXIT" sign of particular characteristics is speci-
fied, the designer or code official may be thought to assume that, in general:
(1) during fires many occupants in fact look for and use "EXIT" signs, and (2)
the specified design characteristics influence the utilization of such signs in
some positive fashion.

To evalute Code provisions on the basis of human capabilities, therefore, seemed
to require a thorough identification and assessment of underlying behavioral
assumptions. It became apparent to the project staff, moreover, that evaluating
the technical support for bhehavioral assumptions believed to underpin individual
provisions or sets of provisions, ylelded the most direct and effective means of
evaluating behavioral aspects of Code provisions themselves.

As indicated earlier, the project staff hypothesized a set of assumptions it
believed underlie selected provisions of the Code. To avoid the liklihood that
these assumptions reflected only the hiases and experience of the project ‘staff,
to ascertain that the Codc itself was not being misunderstood, and to elicit
useful ideas from other life safety professionals, a peer review procedure was
developed. This procedure involved distributing a specially designed review
package among more than 20 professionals in government, industry, and academia.
The review package displayed all provisions of the Code included in the study,




along with various hypothesized behavioral assumptions pertaining to each3.
Respondents were instructed to review the sets of provisions and assumptionms,
noting any changes, corrections, additions, or new ideas. ° Statements of
behavioral assumptions appearing later in this report reflect the recommenda-
tions of the peer review panel. Members of the panel are listed in Appendix A;
instructions distributed with peer review packages are provided in Appendix B,

1.5 SUMMARY

This report addresses the time-based capabilities of building occupants to
effect rapid emergency escape during fire situations, and in particular, docu-
ments the availability of technical support for egress related provisions of
the NFPA Code (1976 edition). These provisions were noted to cluster with
respect to six distinct categories, and each category is treated within a
separate chapter of the report.

3 In some instances, several assumptions were listed for a single provision.
In other cases, a single assumption pertained to a set of provisions.
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2. PROVISIONS AFFECTING PRE-EMERGENCY TRAINING AND PREPARATION

2.1 APPLICABLE CODE PROVISIONS

17-1.2.1.14 Every required exit access and exit discharge shall be continuously
maintained free of all obstructions or impediments to full instant use in the
case of fire or other emergency.

17-1.4.1 Fire exit drills conforming to the provisions of this chapter of the
Code shall be regularly conducted in occupancies where specified by the provi-
sions of this chapter, or by appropriate action of the enforcing authority
having jurisdiction, but with any necessary modifications in detail of proce-
dures to make the drills most effective for their intended purpose in any
individual building.

17-1.4.2 Fire exit drills, where required by the authority having jurisdiction
shall be held with sufficient frequency to familarize all occupants with the
drill procedure and to have the conduct of the drill a matter of established
routine,

17-1.4.3 Drills shall include suitable procedures to make sure that all persons
in the building, or all persons subject to the drill, actually participate.

l7.1.4.4 Drills shall be held at unexpected times and under varying conditions
to simulate the unusual conditions obtaining in case of fire.

2.2 UNDERLYING BEHAVIORAL ASSUMPTIONS

2.2.1 Assumptions Relating to the Ability to Predict Occupant Responses During
Real Fires

(1) The likelihood that people will panic, behave maladaptively and increaée
the risk to themselves and others is a clear and constant threat (17-1.4)°.

(2) During Fire emergencies, people are often confused or lack disipline, and
hence may require lengthy time periods for evacuation; properly conducted fire
exit drills result in more orderly and disciplined behavior during real emer-
gencies, and thereby help to reduce needed evacuation time (l7-1.4).

(3) Disciplined and orderly behavior during fire emergencies are more important
than the actual speed with which people evacuate themselves (17-1.4.4).

4 Numbers refer to provisions of the NFPA Life Safety Code, 1976 Edition.

> Numbers refer to Code provisions enumerated in the previous section of this
chapter.,



2.2.2 Assumptions Relating to the Transfer of Responses Learned During Drills
to Actual Fire Situations

(1) People are more likely to exit rapidly, and are less likely to panic or
respond maladaptively during actual fires, when fire exit drills are practiced
frequently (17-1.4).

(2) People respond appropriately and effectively during real fires when they
have participated in properly conducted fire exit drills (17-1.4).

(3) Effective emergency behavior becomes habituated through frequent
participation in properly conducted fire exit Arills (17-1.4.2).

(4) Occupant's responses during particular emergencies will be most rapid and
effective if drill training accurately simulates a variety of potential fire
scenarios (17-1.4.6).

2.2.3 Assumptions Relating to Occupants' Attitudes About DNrills

(1) 1If occupants do not take drill participation seriously, they may not
behave effectively during actual fire emergencies (17-1.4.4).

(2) Some individuals may not take drill procedures seriously 1f other persons
are excused from participation (17-1.4.,5).

2.2.4 Assumptions Relating to the Accommodation of Training Procedures to the
Diversity of Poteneial Fire Scenarios

(1) Occupants will be better prepared by fire exit drills and similar training

in occupancies in which controlled discipline is present (as in schools or

hospitals) (17-1.4).

(2) Behaviors learned and practiced during drills designed for ome type of
occupancy may not be effective in emergencies in other occupancies (17-1.4.1).

2.3 COMMENTARY
2.3.1 Problem

Code provisions affecting pre-emergency training and preparation are iatended

to prepare people for actual emergencies, reduce the probability of maladaptive
behavior during fires, and increase the likelihood of effective egress or move-
ment to refuge areas. The general notion underlying many of these provisions
~is that behavior patterns learned during training situations transfer to actual
fire events. Following from this supposition, behavioral assumptions underlying
these provisions address four principal areas of concern: (1) the ability to
predict occupant responses during actual fire emergencies; (2) the relevance and
transferability of responses learned during fire exit drills to actual fire sit-
uations; (3) occupants' attitudes toward the value of fire exit drills and other
forms of pre—emergency training and preparation; (4) the ability of fire exit
drill procedures and management to predict and accommodate the diversity of
potential fire scenarios in various occupancies. Several established models
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of human learning within the behavioral sciences offer useful perspectives on
the role of training in promoting adaptive emergency behavior., Three important
models are considered below.

2.3.2 Underlying Behavioral Models

Three approaches to learning which offer useful insights into the problem of
pre-emergency training are the instrumental conditioning or reinforcement
approach, the social learning approach, and the cognitive approach. The most
basic and best known of these is the instrumental conditioning approach. This
approach assumes that, with learning, the individual acquires a connection
between a specific environmental stimulus and a particular behavioral response.
The person has an active role in creating the environmental conditions which
strengthen the stimulus-response connection. When an individual provides the
proper response under certain stimulus conditions, the result 138 a "reward”
(or reinforcer) of some kind. The reinforcer, which can be either learned or
unlearned, strengthens the association between the stimulus and the response.
It is this strengthening to which the term "learning” refers in instrumental
conditinning.

Numerous experiments on the conditioning of laboratory animals and human
subjects have demonstrated that: (1) learning may generalize, i.e., a partic-
ular learned connection may transfer to other stimuli or responses; (2) sub-
Jjects may be taught to discriminate stimuli and thereby limit learned connec-
tions to very specific situations; (3) learning may he lost, or extinguished,
if the connection between stimulus and response is weakened by discontinuing
reinforcement.

The first category of assumptions addresses the ability to predict occupant
responses during real fires. One theory of ianstrumental conditioning that

has implications for this category is Clark Hull's systematic behavior

theory (Hilgard and Bower, 1966). In Hull's view, learning a respouse and
perfornming it are distinguished. Moreover, motivational factors, such as
physiological needs, anxiety, and fear, play a central role in learning.

To illustrate an application of these ideas: 1If a fire in a building creates
high levels of anxiety or fear among occupants, these occupants are likely to
have difficulties learning new and appropriate behaviors with which to deal
with the emergency. Habitual ways of responding, under the pressure of
motivational factors, are likely to be performed and could result in inappro-
priate ‘activity. However, 1f occupants were well-drilled in fire emergency
procedures, that is, had a well-learned response or habit associated with fire
emergency situations, then the motivational factors created by the fire are
likely to result in the vigorous performance of the learned emergency procedure
(Hilgard and Bower, 1966).

The second category of behavioral assumptions addresses the expectation that
fire exit drills prepare occupants to respond effectively during actual fire
events. For example, fire exit drills in elementary schools have been bhased
upon an instrumental conditioning approach: students are conditioned to
respond to an alarm stimulus (e.g. a bell or buzzer), and when the stimulus is
presented the students respond by performing a prescribed sequence of actions
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designed to result in rapid egress from the school building. Reward for
successful performance during drills may take the form of praise from the
teacher, early dismissal from class, etc. Generalization also is illustrated
in the school exit drill. Should the alarm bell malfunction on one occasion,
for example, a teacher's call of "FIRE" is likely to elicit the appropriate
sequence because the alarm bell and the teacher's call share the same meaning
for students. From an instrumental conditioning viewpoint, the overall objec-
tive of exit drill training is to establish behavior sequences which lead to
rapld and orderly evacuation. 1t is generally assumed that if such patterns
can bhe established through a program of exit drills, then the learned behaviors
will transfer to actual fire events in schools and other occupancies so long as
the different settings share conditions associated with the learned activity.

Another category of behavioral assumptions considers the ability of fire exit
drill planners and emergency managers to predict and accommodate the diversity
of potential scenarios in various occupancies. The instrumental conditioning
approach, for example, suggests that if persons are trained only to behave in

a particular manner within a given building, they may respond adaptively during
fires in that building (or within very similar buildings) only. On the other
hand, this approach suggests that training can also be specially designed to
permit the generalization of learning to other building types, or alarm modes,
and other fire scenarios.

Social learning approaches to understanding behavior are often built on
instrumental conditioning concepts. Social learning approaches emphasize the
role that other persons play, as individuals or ,groups, as sources of reward
or of punishment. These approaches are predicated on the assumption that as
social animals, humans depend on others for help in achieving rewarding goals
and in avoiding punishing ones. Therefore, what others say and do can influ-
ence an individual's behavior. That is, people are effective sources of reward
and punishment for one another. These concepts are often used by social psy-
chologists to explain the relations among individuals and the operation of
groups (see Shaw and Costanzo, 1970, chapters 2-4). Thus, people learn to
follow an instruction from a person in authority because of the rewards that
compliance may bring and to avoid the punishments or costs of noncompliance.
The rewards (and costs) come from both the authority and from the achievement
(or nonachievement) of desired goals. With regard to group effects, groups
offer interaction with other members and aid in meeting shared goals that can
be sources of rewards and costs. The rewarding effects of group membership
make one member a source of satisfaction to other membhers, make the group
attractive, and encourage members to remain in the group (Shaw and Costanzo,
1970, chapter 4).

Imitative learning i1s another important feature of social learning (McLaughlin,
1971). By observing other people, individuals learn both how and when to
respond. TImitative behavior may be directly rewarded by other persons, who
approve of how a given individual has responded. It mav also be rewarded
vicariously, as when an individual observes the rewards or costs another person
received for a given response. Imitation has also been referred to as observa-
tional learning and modeling. It applies to the learning of emotional
responses and motor behavior, both of which are important elements in fire
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emergency situations. Some explanations of observational learning are hased on
instrumental conditioning principles (e.g. Gewirtz and Stingle, 1968). Others
explained observational learning in terms of verbal and visual skills, and the
performance of such responses in terms of instrumental conditioning and motiva-
tional factors (e.g. Bandura, 1965). Thus, if a person is seen to he rewarded
for an action, the observer is more likely to perform this action than if the
person was punished for that action. Studies suggest that people teand to
imitate others who control resources (i.e. have power), such as people high in
status or in positions of authority.

Social learning principles apply to the transfer of responses learned during
drills to actual fire situations. If the individual has been rewarded for fire
drill performance as part of a group, and if the individual wishes to maintain
the rewards (e.g., praise, esteem) that come from group membership, then during
other drills or an actual emergency the person is likely to do what has been
taught. This behavior is even more likely if others are also doing what they
have been taught. This is because'doing what others are doing is an activity
that could lead to escape (which 1s rewarding), and which is rewarded for
helping the group by not performing disruptive (e.g. maladaptive) actions for
others (Mclaughlin, 1971).

Social learning principles also apply to the ways in which attitudes toward
drills are learned. A learning-theory approach to social hehavior developed

by Homans (1961) considers the role of distributive justice in this context.
Simply stated, people expect a fair exchange in their dealings with other indi-
viduals. The more a person puts into a given social interaction (referred to
as the costs of interaction), the more the individual expects to get out of

the transaction (referred to as the rewards of fnteraction). Thus, if all the
people asked to participate in a fire exit drill are called awav from an acti-
vity perceived to be more preferable than the drill, the drill is likely to
represent a cost. If one person does not attend the drill, those who do attend,
by comparison, may have incurred proportionately greater costs. According to
Homans (1961), persons who are disadvantaged in an exchange will become angry.
This effort can be reflected as disinterest in future drills ("why should I
attend if others don't?"). It could also be reflected in anger toward those
responsible for enforcing drill attendance or toward those individuals who
would not attend.

Pre-emergency training based upon social learning concepts might take advantage
of relationships between occupants and leaders or legitimate authority figures,
and would emphasize the training of these leaders. Such leaders, once trained,
could serve as models for observational learning of emergency egress procedures,
among other techniques for instruction. The availability of such individuals,
and the likelihood that appropriate relationships will exist within a given
building, depends considerably upon the nature of the occupancy. The proper
personnel and conditions may exist with an elementary school or nursing home,
for example, but not within an apartment building, hotel, or shopping mall..

In contrast with conditioning concepts and social learning approaches (which
are also rooted in counditioning principles), the cognitive approaches to
learning tend to underplay the role of conditioning, specific stimulus-response

11



connections, and physiologically-based motives. Instead, they emphasize types
of learning that result in an individual's understanding of social and environ-
mental events (Shaw and Costanzo, 1970, chapter 7). Tolman, a major learning
theorist, conducted research suggesting that people learn about their environ-
ment through repeated exposure to (i.e., familiarization with) it, even in the
absence of explicit reward systems (Hilgard and Bower, 1966).

Much more recently the cognitive approach has been applied to understanding the
ways people learn to understand and negotiate the architectural environment
(Ittelson, Proshansky, Rivlin, and Winkel, 1974, chapters 4 and 5; Evans,
Fellows, Zorn, and Doty, 1980). 1In this view, the process of learning is fre-
quently linked with human information processing which involves: (1) percep-
tion and information gathering; (2) mediation or "filtering” of environmental
stimuli stimuli in accordance with a person's goals and traits; (3) allocation
and retention of environmental information in short- and long-term memory; (&)
formulation and implementation of specific action strategies as required by
current environmental events, (5) evaluation of actions against goals. These
cognitive activities form and reform mental images, or "cognitive maps” of
environmental situations, within people's minds. As people are required to
respond to specific events, they test their cognitive maps against the reality
of the event. As more experience with a particular class of events is gained,
individuals' cognitive maps more accurately reflect reality and provide better
preparation for adaptive behavior. Learning, then, is viewed within cognitive
theory as the development of processes by which information is assinilated,
processed and utilized, and by which the environment is effectively accommo-
dated. Training programs based on this view frequently stress the need to
expose individuals to relevant sets of experiences, and to match these experi-
ences to individuals' level of development. Children, or adults with develop-
mental disabilities, for example, may extract considerably less (or different)
information from a given environmental event (whether an actual fire emergency
or 3 drill simulation) than might average adults.

Cenditioaing principles were applied with reference to assumptions regarding
the 2xpectation that fire exit drills prepare occupants for emergency egress
during a real fire. However, certaln occupancies, such as health care and
custodial care facilities, may require a cognitive approach. Such facilities
present circumstances marked by mobility or cognitive impairments of occupants,
and by the presence of a cadre of supervisory personnel, I!nder these condi-
tions, emergency training often includes lectures, films and other methods of
sensitizing staff personnel in addition to practice performance during fire
exit drills (Bickman, Herz, Edelman, and Rivers, 1979), TUmnlike the situation
in schools, pre—emergency training in health care institutions seems to follow
the cognitive approach to learning, which emphasizes the development of skills
intended to promote effective decisionmaking in response to unique and unpre-
dictable events. For example, the decision as to whether patients should first
be evacuated or doors should first be closed requires staff personnel to formu-
late an action strategy on the basis of their current evaluations of specific
conditions. Thus, training for this type of occupancy may stress the accommo=+
dation of emergency procedures to the demands of unpredictable fire situations.
As with conditioning, it is assumed with the cognitive approaches to training
that lessons learned during drills or from films will transfer appropriate
response patterns to actual fire crises.
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Cognitive learning models are also useful in understanding the role of
participants' attitudes toward training. These models stress the importance of
individuals' experiences, levels of development, goals, motivations, values,

and beliefs. Thus, a cognitive approach to pre-emergency training might attemot
to change individuals' own motivations, attitudes, and heliefs about fires and
the need for training, in addition to training specific responses.

Pre-emergency training based on a cognitive approach to learning may also lead
to both situation-specific and generalized training programs. Programs may be
specifically designed to reflect potential scenarios within a given building
type, and to take into account the capahilities of a particular class of occu-
pants. Or programs may be designed to equip people with fundamental life
safety knowledge useful during almost any fire scenario in almost any building
type.

In summary, human behavioral assumptions believed to underlie Code provisions
affecting pre-emergency preparation and training are discussed in relation to
three general models of human learning. While each model presents a somewhat
different explanation of learning processes, each one seems useful in under-
standing the problems associated with fire emergency training, and in evaluat-
ing behavioral assumptions believed to underlie applicable provisions of the
Code. The next section of this chapter discusses the behavioral assumptions
in relation to data presented in the technical literature.

2.3.3 Assessment of Behavioral Assumptions Based on the Technical Literature

Literature review. Assumptions stated in sectiocn 2.2.1 assert that panic is a
likely response to a fire emergency and that there is a need to prevent panic
behavior during fire emergencies. Before presenting arguments supporting these
assumptions based on the technical literature, it is important to discuss panic
as a psychological concept.

Although many investigators have addressed the topic of panic, the term "panic”
lacks a clear, widely accepted technical definition. There are at least two
views about what panic means. The more common view stresses the irrational
roots of, and maladaptive responses to panic. This view is endorsed by Melinek
and Baldwin (1975), Janis and Mann (1977), Phillips (1978), and Schultz (1967).
A second, far less common view, stresses the rational nature of what is called
panic. 1In this view panic is an adaptive but thoroughly self-serving attenpt
to gain a desired personal outcome (i.e., escape) even at the cost of sacrifi-
cing others to the existing, oncoming danger or threat (Burstein, 1969). This
view is consigtent with research on panic by Brown (1965), Mintz (1951), and
Kelley, Contry, Dalhke, and Hill (1965). 1In either case, these views suggest

-that if there is panic, it is more likely that there will be unncessary victins
than if there 1is no panic.

Arguments supporting the assumptions about panic are based primarily upon
post-incident accounts of actual fires, and find additional basis in the
experimental literature on panic behavior. For example, the 1903 Iroquois
Theater fire is frequently cited as a case in which irrational panic behavior
(including simply remaining in one's seat throughout the fire) is believed to
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have claimed some 602 lives, although the building itself was not completely
destroyed. Galbreath (1969) related the probability of panic (which he did not
define in behavioral terms) to available egress capacity in a building. He
suggested that panic may occur in buildings where stair enclosures have heen
designed to accommodate 50 percent of the population of a given floor, as was
recommended by NBS (1935).

Relationships between occupants' perceptions of their own safety, the amount of
time available for safe escape, and the likelihood of panic behavior have been
stressed by several researchers. Melinek and Baldwin (1975) suggested that
after a 2.5 minute waiting period, people are likely to panic, and engage in
maladaptive, ineffective behavior. Janis and Mann (1977), Relley et al. (1965),
and Phillips (1978) all have emphasized the importance of actual or perceived
time on the probability of panic behavior. An examination of Janis and Mann's
(1977) argument may suggest why time plays a critical role in creating panic.
According to these investigators, panic arises when time is perceived as
insufficient for finding or using a means of escape from a serious, oncoming
threat. In such instances, people tend to deal ineffectively with available
information, and their thoughts frantically focus on too narrow a range of
alternatives. Wrapped in thought, these people are likely to further under-
estimate available time., In this regard, studies have found that there is a
decrease in the perceived duration of an event when judgments of time intervals
are made while people are performing tasks which draw attention away from the
passage of time (Dember and Warm, 1979). This potentially vicious cycle is
likely to invoke actions which are counterproductive and maladaptive, unless
environmental conditinns improve.

The importance of leadership and supervision in producing adaptive responses
during fire emergencies was discussed in section 2.3.2. Experiments conducted
for the Central Intelligence Agency (Klein, 1976) found that orderly discipline
channeled through a hierarchical organizational plan was essential to success=
ful egress. Schultz (1967) concluded from his experiments that dependent per-
sons may tend to respond maladaptively to life threats when leadership or super-
vision is absent. Reporting on the tragic Andraus Building fire in Sao Pualo,
Brazil, Willey (1972) noted that a rescue helicopter was almost destroyed by a
panicking crowd on the building's roof. A second helicopter landed successfully
when firefighters were first lowered to the rooftop to control the crowd, clear
a landing area, and assure those*waiting that they would be rescued.

The concepts of leadership and social control can be put into a larger
perspective, and one consistent with social learning (particularly modeling)
principles. Kelley et al. (1965) who experimentally examined panic behavior,
found that if volunteers faced with a serious personal threat learned that some
of their peers were willing to wait their turn in a queue in order to escape,
and if these peers had experience with escape and were trustworthy sources of
guidance, then successful escape was likely and the probahility of panic
decreased. These results underscore the importance of social control, and of
the disciplined response to a threat, on successful emergency escape. These
findings also suggest that there is potential uncertainty about how others will
react to an oncoming threat: Will they respond in a self-serving way, or take
their turn In a queue? If other individuals make clear their intentions to
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behave in a disciplined fashion, then this may serve to reduce uncertainty and
thereby reduce the likelihood of panic.

A number of investigators, however, have argued against panic as a real and
likely threat. Pauls (1979), for example, has contended that contrary to
popular opinion, panic responses are rare even where people perceived the situ-
ation to be potentially or actually dangerous. In a study of fires in health
care institutions, Haber (1977) found no incidents of panic-like behavior.

Wood (1972), in his investigation of nearly 1,000 fires noted that only about

5 percent of all persons interviewed claimed to have engaged in behavior judged
to increase personal risk. In recent studies modeled after Wood's work, Bryan
(1977) also found little evidence to support the notion that panic is a fre-
quent occurrence. Best (1978), Canter, Breaux, and Sime (1978), and Swartz
(1979) also presented evidence to support the view that panic is infrequent.

Assumptions enumerated in section 2.2.1 not only stress the importance of panic
as a problem, but also suggest that the threat of panic may be reduced through
fire exit drill training. No direct evidence of this relationship was found in
the technical literature. However, Bryan's (1977) post-hoc studies of actual
fires suggest that pre—emergency training in the form of exit drills did pro-
duce more disciplined egress behavior. Also, Kelley et al. (1965), in their
experiments on panic hehavior, indicated that conditions such as drills, which
lead people to be self-confident in their belief that they will successfully
escape, can decrease the extent of panic hehavior.

The general question of whether behavior patterns learned during drills and
other forms of pre-emergency preparation transfer to actual efmergency condi-
tions®was addressed by the assumptions enumerated in section 2.2.2. This
question has been discussed in detail by a number of investigators, and in
addition, researchers also have often stressed the importance of exit drill
frequency. For example, reviewing the tragic Beverly Hills Supper Club fire,
Best (1978) similarly argued that the lack of fire emergency training was-a
major cause of death and injury. Fowever, there remains no direct experimen-
tal evidence of a transfer of training from drills to performance during actual
building fire emergencies.

Rivers and Bickman (1979) analyzed selected provisions of the Life Safety Code
(1976 edition), pointing out that once a particular sequence of emergency
responses has been learned, it must be practiced. According to Bird and Dock-
ing (1949), participation in exit drills, however, 1s most likely to occur in
buildings with a single, consistent occupancy. Moreover, to be predictive of
responses during actual fires, fire exit drills must simulate actual emergency
conditions as closely as possible (Rivers, 1978). This notion is supported by
‘Garner and Blethrow (1970), who conducted experiments simulating emergency
conditions in commercial aircraft. They argued that simulations approximating
real emergencies could in fact be conducted, and that such simulations should
prepare participants (e.g. aircraft crew personnel) to respond effectively in
the event of a crash, fire, or other catastrophe. Observations drawn from
Bryan's numerous post-hoc fire investigations suggest a similar coaclusion. If
actual emergency conditions are likely to be unique, then to avoid the possible
confounding (interfering) effects of unique aspects of a fire emergency on
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performance during fire drills, simulated fire scenarios, time of day, exit
route blocking, etc., should be varied during drill exercises. This idea is
supported by the experiments of Posner and Keele (1968) on the value of high-
variety learning in minimizing the effects of interfering events on task
performance.

In such occupancies as nursing homes and hospitals, staff (in coatrast to
patient) drills are critical. 1In a review of two Pennsylvania hospital fires,
for example, Lathrop (1978) credits frequent staff drills as the most signifi-
cant reasoan for successful patient evacuations. Moreover, instances of multi-
ple fatalities due to fires in health care facilities often have been attri-
buted to the fact that these emergencies occurred during night time or early
morning hours, when the smallest number of staff personnel were present.

Other arguments appear in the literature, however, which question the
relationship between exit drill training and performance during actual fires.
In their report on a fire at the National Institute of Health Nursing Home,
Brvan and DiNenno (1979) suggested that the frequency of exit drills may have
led to the belief by building occupants that the fire alarm signaled another
drill, and not a real fire. According to Bryan and DiNenno, some occupants,
apparently "tired" of drills, ignored the alarm signal and delayed the initia-
tion of emergency procedures. Rivers and Bickman (1979) raised the point that
people vary in their capabilities, and that what may be an effective practice
exercise for one person may not be effective for another. Thus, the frequency
of practice of a particular type of drill cannot, in and of itself, guarantee
that adequate learning has taken place, or that adequate performance will take
place during an actual fire emergency.

In summary, researchers' conclusions and opinions on the significance of exit
drill frequency and on the design of particular training programs differ. More-
over, there appears to be no universally accepted opinion regarding the degree
to which exit drills prepare building occupants to respond effectively during’
actual fires.

Section 2.2.3 enumerated assumptions relating to occupants' attitudes toward
fire exit drills, and the effects of such attitudes upon performance during
both drills and actual emergencies. Rivers and Bickman (1979) argued that
unless drills are conducted properly and are taken seriously by participants,
inappropriate behavior patterns may be rehearsed and learned. Bryan and
DiNenno (1979) indicated that maladaptive responses may have resulted from the
inconsistent participation of personnel in exit drill procedures.

Section 2.2.4 contains assumptions concerning the accomodation of training
procedures to suit diverse occupancy conditions. Experiments discussed earlier
by Schultz, Xlein, and Kelley et al. all suggest that effective emergency
response requires a social organization possessing leadership and discipline.
Clearly, however, not all occupancies are characterized by organizational
structures which possess these qualities. Moreover, few technical data appear
in the literature (e.g. Lathrop, 1978) describing occupant performance during
fire drills or actual fires in which disciplined, confident leadership was
present,
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Conventional wisdom currently holds that programs for pre-emergency training
and preparation should be designed to meet the special requirements of various
occupancies, and this is reflected in the Code. Evidence supports this assump-
tion. For example, problems assoclated with evacuating handicapped persons in
an acceptable period of time have been reported (Baldwin, Melinek, and Appleton,
1976). Additional evidence has been reported by the Federal Aviation Adminis-
tration in connection with the evacuation of handicapped persons from commer-
cial aircraft (Blethrow, Garner, Lowrey, Busby, and Chandler, 1977). Neverthe-
less, no evidence was found which documents the extent to which handicapped,
incapacitated, or elderly persons avoid participation in drills, or which indi-
cates specific consequences of their failure to participate. Thus, not only 1is
there no technical data available addressing the conventional wisdom on drills
with special user groups but no tests of emergency training programs have been
conducted across various building occupanciles.

In summary, researchers hold a variety of positions on the relationship between
drill behavior and respounses to real fires, on the significance of drill fre-
quency, and on the design of individual training programs. Moreover, there
appear to be no universally accepted conclusions regarding the degree to which
exit drills actually prepare building occupants for potential life threats.

Strengths and weaknesses of the techical literature. Many of the behavioral
assumptions underlying Code provisions affecting pre-emergency preparation and
training deal with the notioan of panic. The term "panic” lacks a widely
accepted technical definition. For example, returning to a burning building to
retrieve valuable possessions might be called panic by an observer, while
thought to be an acceptable risk based oa- well-planned behavior by the individ-
val performing these action. If panic 1is defined to result in mass flight or
behavior which increases risk, then it is not surprising that Pauls, Bryan,

and others noted so few examples. In the absence of a common technical defini-
tion of the panic response, reliable conclusions regarding either the predict-
ability oa occurrence of this respouse will be extremely difficult to obtain.

Experiments on behavior during stressful events conducted by Schultz (1967),
Kelley et al. (1965) and Klein (1976) were all conducted under controlled lab-
oratory conditions. These investigators obtained similar results under varying
experimental conditions, and this supports their conclusions regarding condi-
tioas under which panic is likely and regarding the need for supervision and
discipline. However, since important characteristics of actual life threats,
such as fire emergencies, cannot be simulated in the lahoratory, it is diffi-
cult to infer real-world emergency behavior from these studies.

The assertion that panic behavior is infrequent is supported by experimental
findings, anecdotal accounts, and by observations reported during post-hoc
{interviews with fire victims and eyewitnesses. As the body of data from such
post-hoc case studies grows, reliable statements regarding the nature and fre-
quency of the so-called panic response may be possible. This process should be
further aided by improvements in post-incident surveying and eyewitness inter-
viewing technique (Loftus, 1980).
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The literature addressing relationships between fire drill performance and
behavior during actual emergencies is primarily nonexperimental. This litera-
ture presents two important difficulties for the analyst. First, although the
frequency of exit drills is often discussed, drill frequency has not been
treated as an independent variable in research design and data analysis. Sec-
ond, no investigator has specifically measured the potential long-term effects
of drill participation as a dependent variabhle. Hence, while it is possible
(and potentially useful) to continue speculating about the magnitude and direc-
tion of relationships between drill performance, drill frequency, and emergency
behavior, conclusions cannot now be substantiated.

Concerning the question of whether fire exit drills can adequately simulate

real emergency conditions, Pauls' (1974) data from drills in high rise build-
ings and Garner and Blethrow's (1970) evacuations from simulated plane wrecks
provide noteworthy data. These investigators learned, by analyzing question-
naires returned after the events, that a number of participants appeared to
believe the drills to be "“the real thing."” For these persons, at least, creat-
ing the impression of an actual life threat may have provided opportunities to
observe their own performance under actual conditions. It may be useful to test
whether these individuals are better prepared during some future emergency than
are those who believed the drill to be an artificial exercise.

The paucity of research on participants' attitudes toward fire exit drills, and
on the need to accomodate training to specific occupancies makes it difficult
to evaluate the strengths and weaknesses of individual studies at present.
Several investigators have suggested hypotheses regarding these issues, but
these remain to be evaluated. Specific directions for further research on
pre—emergency training and preparation are discussed in Section 2.4,

2.4 SUMMARY OF GAPS IN THE TECHNICAL LITERATURE

2.4.1 Research on the Prediction of Occupants' Responses During Real Fires

Contrasting opinions appear to have emerged concerning the assumptions that
so-called panic behavior is a clear and constant threat, and that the danger of
panic can be minimized through effective pre-emergency training. Although
experimental data exist which support these assumptions, a growing body of evi-
dence from post-incident fire investigations suggests they are not well founded.
Several important issues, however, have not been adequately treated in either
the experimental or survey literature: (1) adoption of a standard definition
of panic; (2) identification of environmental and situational cues and stimuli
which affect the likelihood of panic (3) identification of perceptual and cog-
nitive processes which lead to panic (e.g. time and distance-to-threat percep-
tion); (4) understanding the processes by which leadership and the channeling
of tasks and responsihilities reduces the likelihood of panic; (5) specifica-
tion of the relationship between pre-emergency training and the occurrence of
panic; (6) specification of the relationship between the likelihood of panic
and the nature of the occupancy.
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2.4.2 Research on the Transfer of Training

Assumptions that behavior learned during drills transfers to actual fire
gsituations remain to be empirically tested. While this problem presents com-
plex methodological difficulties (e.g., neither trained nor untrained subjects
can be randomly assigned to buildings which are later purposefully burned), the
use of rigorous drill evaluation methods and the standardization of training
procedures (as noted by Rivers and Bickman, 1979) may provide elementary con-
trols which improve the reliability and validity of data from post-incident
investigations. Carefully designed field experiments, involving appropriate
safeguards for human participants, may ultimately be required to determine the
extent to which transfer of emergency training occurs. Pauls' (1974) observa-
tions of evacuation drills in high-rise buildings, in which a number of parti-
cipants believed actual emergencies were in progress, provide a useful model
for the design of such experiments.

2.4.3 Research on Occupants' Attitudes Toward Exit Drills

The objectives of future research on the role of occupants' attitudes will be
to: (1) determine correlations between attitudes toward drill participation,
performance during drills, and in rare cases, performance during actual (or
least perceived) emergencies; (2) determine ways by which adaptive behavior
patterns can be effected through attitude change. Attitudes toward the value
of pre-emergeacy training are complex phenomena, partly because they result
from interactions between a person's history of experiences, physical capabil-
ities, emotional and motivational predispositions, and personality makeup. For
example, while a healthy adult who has never experienced a building fire may
consider exit drills to be necessary and important, this person may be dis-
tressed to find other people joking and taking drills less seriously. A hand-
icapped person working in a high-rise office building however, may view serious
participation by all during an exit drill as the difference between life and
death in the event of a real fire. Unfortunately, the psychological literature
on the relationship between attitudes and behavior, and on the potential for
effecting behavior change through attitude change, provides no sound basis for
specific conclusions in the area of life safety.

2.4.4 Research on the Accommodation of Training Programs to Specific Occupancy
Requirements

Assumptions suggesting that exit drills and training programs be designed to
recognize differences between various occupancies may be relatively easy to

test empirically. For example, studies modeled after Pauls' drill observations
"and Hertz et al's. analysis of training methods could be extended to permit °
analytical comparisons between building types, modes of occupancy and types of
organizational structure, after various training procedures have been introduced.

2.5 SUMMARY
Behavioral assumptions underlying Code provisions affecting pre-emergency
training and preparation may be evaluated by reference to psychological models

of learning, experimental data reported in the psychological literature, and
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the growing body of evidence from post-incident fire investigations. To date,
experimental and post-incident investigations provide mixed conclusions con-
cerning the supportability of these assumptions. Moreover, availahle evidence
does not often permit direct inferences to be drawn between research findings
and the specific issues implied by code provisions. Future modifications to
provisions affecting pre-emergency training appear to require additional
research on the role of training and its relation to emergency behavior.
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3. PROVISIONS AFFECTING THE PERCEPTION OF THE EMERGENCY ENVIRONMENT AND THE
RECOGNITION OF EGRESS FACILITIES

3.1 APPLICABLE CODE PROVISIONS

5-2.1.1.1.2 Every door and every principal entrance which is required to serve
25 an exit shall be so designed and constructed that the way of exit travel is
obvious and direct. Windows which because of their physical configuration or
desiga and the materials used in their construction could be mistaken for doors
shall be made inaccessible to the occupants by barriers or railings conforming
to the requirements of 5-2.2.3.

5-5.2.2 Ways of exit access and the doors to exits to which they lead shall be
so designed and arranged as to be clearly recognizable. Hangings or draperies
shall not be placed over exit doors or otherwise so located as to conceal or
obscure any exit. Mirrors shall not be placed on exit doors. Mirrors shail
not be placed in or adjacent to any exit in such a manner as to confuse the
direction of exit.

5-8.1.3 The floor of means of egress shall be illuminated at all points
including angles and intersections of corridors and passageways, stairways,
landings of stairs, and exit doors to values of not less than 1.0 foot-candle
measured at the floor.

5-9.1.2 Where maintenance of illumination depends upon changing from one
energy source to another, there shall be no appreciable interruption of illu-
mination during the changeover. Where emergency lighting is provided by a
prime mover-operated electric generator, a delay of not more than 10 seconds
shall be permitted.

5-10.1.2 Access to exits shall be marked by readily visible signs in all cases
where the exit or way to reach it is not immediately visible to the occupants,
and in any case where required by the applicable provisionms of Chapters 8
through 16 for individual occupancies.

5-10.1.3 Every required sign designating an exit or way of exit access shall
be so located and of such size, distinctive color, and design as to be readily
visible and shall provide contrast with decorations, interior finish, or other
signs. No decorations, furnishings, or equipment which impair visibility of an
exit sign shall be permitted, nor shall there be any brightly illuminated sign
(for other than exit purposes), display, or object in or near the line of
vision to the required exit sign of such a character as to so detract attention
from the exit sign.

5-10.3 Illumination of Signs. Every sign shall be suitably illuminated by a
reliable light source giving a value of not less than 5 foot-candles on the
illuminated surface. Such illumination shall be continuous as required under
the provisions of Section 5-8, Illumination of Means of Egress, and where

emergency lighting facilities are required, exit signs shall be illuminated
from the same source.
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5-10.4.1.1 A sign reading "EXIT,"” or similar designation, with an arrow
indlcating the direction, shall be placed in every location where the direction
of travel to reach the nearest exit is not immediately apparent.

5-10.4.1.2 Escalators, Moving Walks. A sign complying with 5-10.2 indicating
the direction of the nearest approved exit shall be placed at the point of
entrance to any escalator or moving walk that i1s not in a means of egress.,

5-10.4.2.1 Any door, passage, or stairway which is neither an exit nor a way
of exit access, and which is so located or arranged as to be likely to be mis-
taken for an exit shall be identified by a sign reading "NOT AN EXIT" or simi-
designation or shall be identified by a sign indicating its actual character,
such as "TO BASEMENT," "STOREROOM," "LINEN CLOSET" or the like.

6-3.4.1 Audible alarm indicating devices shall be of such character and so
distributed to be effectively heard above the maximum noise level obtained
under normal conditions of occupancy.

6=3.4.2 Audible alarm indication shall produce signals which are distinctive
from audible signaling indicating devices used for other purposes in the same
area.

-3.4.3 Audible fire alarm devices as required by Chapters 8 through 16 other
than volice communication shall be used only for fire alarm system purposes.

6-3.4.4 Visual alarm indicating devices may be used in lieu of audible devices,
where permitted by Chapters 8 through l5.

6-3.4.5 Where a protective signaling system is required for purpose of
evacuation, it shall be so installed as to provide effective warning of fire
in any part of the building.

Exception: Where a building is divided by (1) fire walls into separate fire
sections or (2) by other means with adequate safeguards against the spread of
fire or smoke from one section to another, each section may be considered a
separate building.

11-3.2.10.1 Any apartment building with 26 or more living units shall have
emergency lighting in accordance with 5-9.,

3.2 UNDERLYING BEHAVIORAL ASSUMPTIONS

3.2.1 Assumptions Relating to the Effect of Noor and Window Design Upon
' Egress Route Perception

{1) Occupants' perceptions of the obhviousness and directness of the way of
exit travel may be influenced by the design of doors and entrances; the design
of these elements may affect egress time (5-2.1.1.1.2).



(2) While seeking, identifying, or using an egress way, occupants may mistake
gome improperly designed windows for doors, and thereby delay egress
(5‘2-101.102)-

(3) Occupants' perception of proper egress route elements can be enhanced by
providing physical barriers to windows when' these are not elements of exit ways.
Preventing the use of incorrect building elements during fires increases the
likelihood that egress ways will be quickly recognized and effectively used
(5-2.1.1.1.2).

(4) To facilitate rapid perception and recognition of egress facilities,
occupants require unobscured visual access to ways of exit access. Mirrors or
wall hangings on, over, or adjacent to doors leading to means of egress may
obscure the means of egress and/or otherwise confuse occupants, and thereby
lead to excessive evacuation time (5-5.2.2).

3.2.2 Assumptions Relating to the Affect of Illumination Level Upon Egress
Route Identification

(1) Escapiag occupants require the uniform iliumination of egress way floor
surfaces. One foot-candle, measured at the floor, is sufficient for emergency
egress (5-8.1.3).

(2) Occupants' recognition of egress facilities requires the coantinuous
{1lumination of various architectural and safety elements. Delays in the
actuation of emergency lighting facilities greater than 10 seconds may reduce
egress flow and jeopardize safe pedestrian movement (5-9.1.2).

(3) 1In multifamily residential buildings which require occupants to negotiate
corridors en route to exits (as distinct from buildings which permit all occu-
pants to exit directly to the outside), emergency lighting will facilitate
evacuation and reduce egress time (11-3.2.10.1). .

3.2.3 Assumptions Relating to the Role of Visual Signage and Directional
Information in Egress Route Recognition and the Formation of Emergency
Egress Strategies

(1) During fire emergencies occupants require visual access to exits or egress
ways in order to achieve timely emergency egress. Where direct visual access
is not possible, directional signs will achieve the same result (5-10.1.2;
5-10.4.1.1; 5-10.4,1.2).

(2) Occupants will be able to see directional signs in spaces infiltrated by
Smoke (5_100102; 5-1001'3)0

(3) Occupants are more likely to see and use directional and exit marking signs
when such signs are properly illuminated (5-10.7).

(4) Signs denoting that a door or pathway does not lead to an exit are
sufficleat to keep occupants along intended egress ways, and are effective in
reducing overall egress time (5-10.4.2.1).
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3.2.4 Assumptions Relating to the Ability of Audible and Visual Alarm Signals
to Effectively Alert Building Occupants to a Fire Threat

(1) Occupants will receive an unambiguous alert of an actual fire danger from
audible and visual alarm devices, and will take immediate and effective action
upon hearing or seeing an alert signal (6-3.4.1 through 6-3.4.5).

(2) Occupants receive sufficient information from alarm devices to enahle them
to formulate effective response strategies in a timely manner (6=-3.4.1 through
6-304.5)0

3.3 COMMENTARY
3.3.1 Problem

In some instances, the design and implementation of emergency egress facilities
for buildings may directly affect occupants' perceptions of the emergency
envircnment and thelr recognition and consequent use of egress facilities. In
general, provisions of the Code are intended to provide occupants with readily
identifiable egress channels, facilitate rapid and accurate escape route deter-
mination, and confirm occupants' overall awareness and understanding of a fire
emergency situation. These goals are based on the notion that the physical
features of buildings and of certain fire safety system components can be
designed to influence stimulus and cue detection, situation definition, and
egress strategy formation in some positive manner, by building occupants.

Behavioral assumptions underlying Code provisions affecting occupants’
perception of the emergency environment and thelr recognition of egress facili-
ties focus on four principal issues: (1) the impact of door and window design
on the perception of egress routes; (2) the effects of lighting level on the
recognition and perception of escape routes; (3) the degree to which occupants
depend upon visual signage and directional information while formating and
executing egress strategles; (4) the ability of visual and audible alert signals
to stimulate rapid situation definition and effective cesponse strategy
formation.

Models of perception which provide useful insight to the role of fire safety
systems and building componeunts in the emergency perception process are dis-
cussed below. Later in this chapter the models and supporting regsearch
findings are considered in relation to behavioral assumptions believed to
-underlie Code provisions affecting occupants' perception of the emergency
environment and recognition of egress facilitiles.

3.3.2 Underlying Behavioral Models

Three models of perception offér perspectives on the process of egress
facility identification. These are perceptual field theory (also called
Gestalt Psychology), environmental information processing theory, and signal’
detection theory. Following a description of each model, its implication for
one or more of the categories of assumptions enumerated in section 3.2 will
be presented.
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Perhaps the most widely known of these 1s perceptual field theory, which
focuses upon the configuration or organization of sensory events (Dember and
Warm, 1979). According to perceptual field theory, individuals perceive real
world stimuli as patterns set within “fields,” or backgrounds. Accordingly,
objects are always viewed against a background which may provide varying
degrees of contour, contrast and boundary to the figure. The nature of the
background is thought to determine the clarity and distinctiveness with which
a figure or object can be perceived. Figure-ground segregation, considered
to be one of the most primitive aspects of perceptual organization, is unot
limited to visual phenomena but is applicable to other sensory modalities as
well. In audition, for example, a melody may be perceived as a "figure”
against a "ground” of harmony.

Empirical research based upon perceptual field theory generally suggests that
physical objects, and the environment itself, can only be understood in terms
of how they "appear" to the observer, rather than in terms of their actual
(or objective) physical composition. Recent research in retinal organiza-
tion, for example suggests that after stimulation, sensory receptors in the
eye initiate an encoding process which requires some mediating mechanism to
decode the information before a response can be offered (Ratliff, 1972).

What is "perceived" is thus thought to be a synthesis of sensory data as
mediated by past experience, cognitive style, expectation and other factors.

The perceived image may not correspond precisely to the pattern of
environmental data encoded by retinal stimulation. For example, color is
frequently used for contrast in exit signage because of its attention—-getting
capabilities (Dember and Warm, 1979). However, the traditional choice of red
or green as opposed to other colors may lie less in the physical inteasity of
these colors than in their apparent brightness. A green exit light fixture
i{s known to appear brighter than a blue one of equal physical intensity.

Perceptual field theory has imwplications ‘for the first and third categories
of assumptions in section 3.2. The first category of human behavioral
assumptions coacerns Code provisions for the design of doors and windows aloang
egress routes, and generally presupposes some relationship hetween door and
window design and egress route perception. Field theory suggests that color
and form are critical factors affecting figure-ground discrimination. 1In an
office setting, for example, in which corridors are bounded by glazed panels
of equal size, shape and color, valuable escape time may be lost if doorways
(which may or may not lead to a means of egress) consist of panels equivalent
to fixed wall panels. Similarly, doors which reflect the color, texture or
design of surrounding wall surfaces may also be difficult to discern quickly.
These instances point to the need to make elements of egress routes visually
distinct from nonegress elements.

The third category of assumptions concerns Code provisions for signage and
directional information. In general, behavioral assumptions underlying these
provisions hold that safe and rapid evacuation frouw public occupancy hbuildings
depends in some way upon the proper use of directional information displayed
on signs. The importance of contrast and coantour to easy and rapid informa-
tion perception is considered by field theory. To maximize the effectiveness
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of egress directional signs, accordingly, these signs must be designed and
located so that information lettered on them is clearly distinguishable from
background surfaces under various lighting conditions, and so that entire signs
are clearly distinguishable from walls or other surfaces to which they are
applied. Contrast and contour in visual imagery is perhaps even more critical
in connection with pictographic, or symbolic directional signs now under con-
sideration by the NFPA and other standards writing bodies (see Collins and
Lerner, 1980).

Having its basis in perceptual field theory, the environmental information
processing theory of perception suggests a mechanism which processes stimulus
input by means of sequences of operations occurring in stages. These stages
involve the encoding, storage, decoding and translation of information from the
environment. But while field theory focuses upon the perception of the environ-
ment by passive individuals, environmental information processing theory sug-
gests that ohservers be viewed as active participants in settings (Ittelson,

et al., 1974). The perceptual exploration of a setting by any person uses all
of the sensory systems through which the environment and the individual transact.

Frequently, environmental settings provide far more information than can
possibly be processed by a given individual on a particular occasion. Such con-
ditions of "information overload” have been shown to produce increased levels

of stress and of maladaptive behavior. To deal with information overload, the
individual uses criteria in order to select from available information. These
selection criteria are determined by the person's own goals, expectations, and
needs may be affected by the individual's beliefs about the probabilities of
various events and of their outcomes.

When cues from the environment contradict a person's expectations and beliefs,
the individual often must formulate some "best bet"” response (Brunswik, 1956).
For example, a brief fire in the World Trade Center in New York City produced
smoke which was carried through the building's air-handling system. Although
the fire was extinguished almost immediately and the public address system
properly directed occupants to remain in place, the sight of smoke appears to
have caused many occupants to ignore the verbal announcement. As a result,
floors 9 through 22 were evacuated (Glass and Rubin, 1979). 1In this case, oue
stimulus (the verbal message) contradicted another, perceptually clearer
source of information (seeing actual smoke), In the absence of less ambiguous
{nstructions, and in view of the information actually available (the smoke
itself), the "best bet" response appears to have been to evacuate the affected
floors. Thus, perception seems to function as an integral element of the
decisionmaking process by regulating the selection of information from the
environment thereby reducing the degree of uncertainty with which an individual
negotliates a given setting.

Favironmental information processing theory has implications for the second,
third, and fourth categories of assumptions in section 3.2.

The second category of assumptions concerns Code provisions addressing the level
of egress route illumination. According to environmental information processing
theory, the selection of enviroumental data for subsequent decisionmaking 1is
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a consclous task which not ounly depends upon the nature of the cues themselves,
but also depends on the needs, goals, expectations and previous experiences of
the participant. For example, it is quite common for an individual to feel
uneasy upon entering a darkened stairway or corridor. It is not necessary for
the person to have actually had the experience of tripping in the dark, or of
being "mugged” in the past; most people have hecome well aware of such poten-
tial hazards through learning of other individuals' experiences. Accordingly,
people sufficiently uneasy about entering dark passageways may simply not use
them, until or unless the prevailing life threat is judged to he the more
serious risk.

The third category of assumptions concerns Code provisions for signage and
directional information. Environnmental information processing theory suggests
that individuals consciously select information from the environment in accor-
dance with their unique goals and expectations. Thus, to the extent that
directional signs are identifiable, legible, unambiguous, and consistent with
occupants' expectations, information contained on them will be effectively
incorporated within individuals' egress strategies. Ambiguous or inconsistent
information may, however, also be assimilated, and it may result in inappropri-
ate or ineffective egress movement. In addition to occupants' goals, expecta-
tions and previous experiences, stress has also been found to affect the rate
of response to iaformation provided by signs. Smillie (1978), for example,
found that response times were faster for pictographic signs (e.z., shapes and
figures) than for verbal signals when stress was introduced as a variable.
This finding is clearly relevant to the fire emergency problen.

The fourth category of behavioral assumptions deals with Code provisions for
alarm signals. One problem is the potential for "competition” between alarm
signals and other features of the physical and social environments among which
an individual's attention may be divided. Environmental information processing
theory provides some basis for understanding this phenomenon. This model posits
mechanisms which permit people to deal with a continual melange of potentially
redundant, ambiguous, conflicting or contradictory information. These mechan-
isns provide data necessary for the interpretation of settings and events, and
to the formulation of action strategies. According to the environmental infor-
mation processing model, individuals cope with information overload by purpose-
fully selecting those aspects of the environment which are judged to be rele-
vant to their immediate goals, needs or expectations. Where environmental
{nformation is unambiguous and judged to be consistent with one's expectations,
competition among various pileces of information will be relatively low and the
individual is likely to attend to those environmental data most useful in
attaining immediate objectives. Where environmental information is ambiguous or
contradictory, however, it will be difficult for the individual to determine
which data are most relevant. Consequently, the person's attention will he
distributed among the various data sources. In especially complex or ambiguous
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