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2. A study on an underground train to determine the physiological and subjective
response of one person in context and in a range of ‘crowd’ levels.
3. Personal interviewswith a range of people to identify their perceptions of crowds
and their responses to being in a crowd.
4. A climaticchamber experimentto identify physiological and subjectiveresponses
of people while being exposed to a ‘crowd’ under controlled conditions. -

Part 1 : therature Review ~-
Le Bon (1895) prophesied that we were entering the era of crowds. They represent a
primary datum of social existence. A crowd is more than a mass of people, each crowd
is unique and has a life of its own. Dickie (1995) stated that ebullient crowds with
inadequate management have within them their own seeds of disaster. Berlonghi (1995)
emphasised that those involved in crowd management must foresee the nature of the
crowd that will be in attendance, be able to observe the behaviour of a crowd whilst an
event is taking place and make timely decisions for effective action.

Mahudin (2003) identified four areas of research: animal research; experimental
research on peopie conceptual research; and human behaviour research. She considered

definitions of ‘crowd’ and ‘crowding’ from different perspectives (demographic,

phenomenologlcal social) and crowd stress as ‘the feeling of having insufficient space
due to the proximity of other people’.

A Crowd Stress Index will therefore predict the extent to which a person in a crowd
will feel that they have insufficient space due to the proximity of other people. A high
Crowd Stress Index (CSI) value will therefore predict high levels of strain with
consequences such as panic, injury and death. A low CSI value will predict low levels of
strain and no unacceptable consequences. A particular aspect of crowd stress is strain
caused by heat. Griffitt and Veitch {1971) found that people were less friendly to each
other on hot days and that even moderate temperature combined with crowding led to
aggressive behaviour. Parsons (2003) suggested that examples of aggressive behaviour
{e.g. security ‘forces’ providing a confrontational social context) may encourage
aggressive behaviour. Braun and Parsons (1991) conducted a laboratory study into
crowding and found that the inability to disperse metabolic heat, mcludmg restrictive
evaporative loss due to sweating, can cause significant strain even in moderate'
temperatures and low density crowds.

Part 2 : Crowd stress on an underground train

To obtain information about strain caused by crowding in a practical context, skin
temperatures, heart rate and subjective responses were measured on a standing passenger
while travelling on an underground train. In addition, information on crowd
characteristics was gathered by an observer who was seated nearby. The male passenger
was a 24 year old undergraduate of Asian origin. The experiment was conducted from
16.15 hrs to 18.30 hrs in summer with outside (above ground) temperature of 28°C and
relative humidity of 47%. Conditions inside the carriage increased over the recording
period from 26.6°C and 44%rh minimum to 30.1°C and 52%rh maximum. Mean skin
temperature (Ramanathan, 1964) rose from 3 1°C to 33°C over the session and heart rate
increased slightly from 61bpm to around 80 bpm. Heart rate measurement was however
unreliable as the recording instrument appeared to receive interference from train
operation. Results showed that in general the subject wasunder little strain. He generally
reported his experience in the crowds as pleasant and not tense, not irritable, tolerant,
not sticky and had little difficulty in moving around. Crowd density was however
generally light. In more dense crowds higher skin temperatures were recorded and the

subject perceived the situation as ‘very crowded’, squashed, warm and slightly
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Figure 1. Model of a crowd stress index
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Edited by Paul T. McCabe

The broad and developing scope of ergonomics — the application of scientific knowledge
to improve people’s interaction with products, systems and environments — has been .
illustrated over the past two decades by the books which make up the Contemporary
Ergonomics series. Presenting the proceedings of the Ergonomics Society's annual
conference, the series embraces the wide range of topics covered by ergonomics. Individual
papers provide insight into current practice, present new research findings and form an
invaluable reference source. The volumes provide a fast track for the publication of suitable
papers from international contributors, These are chosen on the basis of abstracts submitted
to a selection panel in the autumn prior to the Ergonomics Society's annual conference
held in the spring.

A wide range of topics is covered in these proceedings, including: occupational health and
safety; biomechanics; patient safety; slips, trips and falls; inclusive design; the rail industry;
musculoskeletal disorders; air traffic control; human reliability; the defence industry; human
modelling; usability; drivers and driving; and general ergonomics.

As well as being of interest to mainstream ergonomists and human factors specialists,
Contemporary Ergonomics will appeal to all those who are concerned with people's
interactions with their working and leisure environment — including designers,
manufacturing and production engineers, health and safety spemahsts occupational,
applled and industrial psychologists, and applied physiologists.
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