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Germany Railways- Dieter Metz 

1. Development of a  Quality System for Railway  Safety  at DB 

In 1987, the European Committee for Standardisation (CEN) issued  a number of 
standards which lay  down general  requirements for quality  assurance in the 
production of products and the performance of services. 

Up to now the quality-related work in the field of railway  safety  at DB is generally of a 
very pragmatic nature. A formal quality system of the type defined by the IS0 
standards has not been established. 

The DIN IS0  standards lay down new requirements which also apply to the 
organisation of railway safety. If the quality assurance  action already taken were 
inadequate, management would have to justify its omissions in the event of a  grave 
failure of safety systems due to organisational  defects. 

In  order to meet the requirements for a  quality system to ensure railway safety, a 
”Regional Safety Officer” should be appointed  at the regional level within each 
directorate. 

Major  components of a  quality system  for railway safety  are: 

- Elements of quality system in accordance  with  DIN-IS0 
- Safety manual 
- Content of safety regulations 
- audit planning and implementation 

I 

As regards  the basic requirements for effective safety  systems, the same standards 
should  apply to  all railways with a comparable range of services. However the 
intensity of quality assurance efforts made by the various  railways is very different, 
depending for example on  the occurrence of grave accidents.  It would therefore be 
interesting  to discuss the organisational structures in  place  and the personnel deployed 
by the railways in the field of railway safety.  It  could also prove  useful to agree upon 
general guidelines for safety manuals and  safety audits on  an international basis. 

French Railways - Pierre Messulam 

1. Vigilance for Railway Workers 

This paper has been first  drafted in  French by Jean  George Heintz, deputy of the 
Human Factors  section, Pierre Messulam, Head of the Human  Factors  Section, Dr Paul 
Millet, Physician, working  then in the Ergonomics Division, Phillipe Muhstein, 
Heading  then the Ergonomics  Division. 

1 22 October 1992 



The paper tries  to  face the issue of vigilance  in  railway  safety. 

Summary: In which way is  “vigilance” a demand to  handle  with  safety-related  jobs 

To  face this  issue, a prerequisite is  to  define  accurately  this  concept  which  encompasses 
different meanings according to context. The usual meaning (moral concept) is 
different from its medical meaning (neuro-physiological)  based on the fluctuations of 
vigilance  following human biorhythms.  Other  branches  use  different  notions,  such  as 
attention  (in  general  psychology)  and mental load (or overload)  in cognitive 
ergonomics. A bibliographical study conducted on researches performed the  last 40 
years show that few convenient solutions exist  to  bar or to prevent human vigilance 
decrease. The lab  systems proved to be  poorly  designed  to run in  professional  context. 
Therefore, the study of the real working activity of the operators, on a case by case 
pattern, is required to improve the safety of railway  systems. 

New  improvements  paths can be drafted; although selection and monitoring of 
individual capacities - such as  vigilance - may be of some interest,  we  shall  broaden our 
field of investigation to safety loops design in the equipment’s, man/machine interface 
ergonomics,  work-organisation,  quality of professional  formation and training. 

2. Historical Paper 

How a Frenchman viewed the American  railroad  deregulation  in 1896. Shall  Europe 
deregulate its railroads today? 

I had the chance of finding out a 1896 report of Louis  Dubois  accounting  officer of the 
French Government sent on  an official  mission in the USA  on the railroad  deregulation. 
His  comments  on  relationships between State and rail companies, and business 
practices in America are  amazingly actual. A comparison between recent air 
deregulation and Sixth century railroad deregulation is of special interest. Finally 
Dubois concluded on the failures of the ’public  highways’  concept and of the  global 
deregulation. 

French Railway Mr Michael Joing 

3. Incident Investigation and Discipline Procedures 

Until  recently,  little was known about the phenomenon of human error. The  analysis 
of incidents had a strong emphasis on the disciplinary  aspects.  This led to  greater 
uniformisation and the increasingly  systematic  application of penalties  to  the  detriment 
of analysis of the event  itself, the circumstances  which  lead  to  it; and the  professional 
qualities of the individual in  question. 

Various projects have been carried out since 1989 concerning the revision of Safety 
Policy which has led  to a new approach based  on,  enriched  feedback and dealing with 
individual cases  on a personalised  basis. 

in railway? 
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4. Mr Michael Joing 

Determining the costs of Railway Accidents 

Accidents may be usefully  divided  into  two categories; ie those which impact on 
individual persons, and those of train accidents. The  historical  costs  and  how this 
information is incorporated into the investment choice  based on SNCF exposure to risk 
is discussed in  the paper. 

Australian National Rail - Chris Hall 

1. Strategy for Safety Management 

Australian National has established a  sound basis  for improving safety through a 
shared recognition and acceptance of responsibility  for  safety. The elements  in  place to 
support  this change in  attitude include access  to  reliable,  timely  information,  defined 
responsibilities, supportive  and  responsive management, safety  training and 
development programs and safety management/rating system with independent 
assessment of A N ’ S  safety performance and professional support services. 

2. Care Management of Workers Compensation and Rehabilitation 

This resulted in a  reduction in lost time injuries between 1988 and 1992 of  28% for the 
same period, total days  lost reduced by 39%, the workers compensation premium 
reduced by 40% and the AN liability  for  all workers compensation reduced by 46%. 

Broadly the strategy involved 

Development of Corporate Standards and Strategic  Occupational  Health & Safety 
Plans. 
Introduction and line management of a performance reporting and rating  system. 
Rehabilitation programs and management. 
Management and supervisory occupational  health and safety training programs. 
Devolution of accountability for occupational health  and safety accompanied by 

Segmentation of costs to work  centres. 
An increase in negotiating workers compensation settlements outside the court 

reliable,  timely performance information. 

system. 

Australia State Rail: Tony Boland - Peter Niven 

1. The Costs of Safety 

State Rail embarked on a major  change  in the way it manages  safety. To achieve  impact 
on safety performance required substantial change in the way safety was previously 
addressed, while also requiring  investment and workforce culture  to be radically 
altered. Through ”de mystification” of safety, establishment of specific  activities and 
performance measures, based on a reliable data base,  and a large  level of commitment, 
major progress has occurred. 

This article sets out these activities, some of the  key  achievements and directions of 

3 22 October 1992 



further challenge. 

British Rail - David Rape r  

1. Cost Effectiveness of Safety Expenditure 

In  October 1991 British  Rail  described a safety  project  prioritisation  process,  using  risk 
assessment techniques and enabling cost/benefits to be ranked. During 1992  British 
Rail’s risk performance has be  calculated,  the  impact of the additional safety budget on 
performance evaluated  and discussions on a threshold “Value of Life” for railway 
safety investment have taken place with UK Government and the Health and Safety 
Executive. Current developments include the refining of the prioritisation  process to 
cover full loss  control principles, integrated totally to BR’s planning and investment 
processes. 

British Rail - David Maidment 

2. The Development of Information Systems to support Risk Management 

British  Rail have an accident and incident database (“BRIMS”) , but  risk  assessment 
studies  have identified weaknesses,  especially on the reporting and analysis of “near 
misses“ and “causality“.  The  presentation  will  outline  the  work now being undertaken 
to review the accident database, especially in the light of privatisation; develop a ”line 
of route”  prototype  risk assessment model for  use  in decision-making by line 
managers; and  the BR policy to introduce a ”Safety  Case” procedure for  all  major 
changes in the system. The presentation will  also  refer  to the 1991 “Latimer  House” 
seminar’s decision to attempt  to establish some form of “International” standards in 
risk information including a review of the  David  Hyland study  on Risk Performance 
comparisons of suburban railways. 

New Zealand Rail Limited R S Ryan and M A King 

1. Transport Law Reform : 

A Bill is currently before Parliament,  which  contains proposals for the Minister of 
Transport to require Railway Organisations in New Zealand to be registered and 
within three years of registration to have an ”approved Safety  System”.  The Bill also 
proposes  to  widen  the  Transport Accident Investigation Commissions role to 
incorporate investigation of Railway  accidents. 

The concept of the Bill is that it  rationalises  legislation  which  currently  covers  safety 
matters of steel  wheel on steel rail  operations. A quality  systems approach is proposed 
to meet the requirements for  Safety  Management. 

NZRL: Graham McDougall 

2. Costs of Poor Quality 

NZRL is committed to a Total  Quality  Management approach to  meet  customers  needs. 
4 22 October  1992 



The paper outlines the objectives behind measuring cost of non-conformance’s,  the 
strategies being used  and expectations arising from the analysis and management 
information that is forth coming. 

Risk Management: Ron Allen (Consultant to  NZRL) 

3. Protection at Level Crossing 

This paper is about a methodology that looks at the level of resources that should be 
provided for  the  protection of road users and pedestrians at  Railway  Level  Crossings. 
Guided by economic principles it seeks answers to  the  questions. 

- how much protection is warranted 
- who decides on the protection provided 
- who benefits  from  protection 
- who should pay for  protection 

East Japan Railway Company: Toshimasa Murakami 

1. Investing in  the Future to Prevent  Accidents 

JR East has a basic  policy on safety  which stresses that  the most important task is to 
eliminate serious accidents  involving  loss of passenger  lives.  The  policy is designed  to 
enhance JR East reputation as a safe  reliable Transport organisation. The  policy is put 
into effect by taking both a ”Software” and ”Hardware” approach. 

East Japan Railway: Hiroshi Nagaoka 

2. Human Factors in Safety Management 

JR East grew from the format Japanese National Railway. A Quality approach to 
customers  has  lead  to high quality of service and improved safety. Advanced 
technology, training and education of staff, and the establishment of a Safety  Research 
Institute  have been three significant initiatives. The paper outlines the Research 
Institutes work  on the three  themes. 

5 22 October 1992 
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X New Zealand Rail New Zealand  Rall  Ltd 

Wellington 
Prlvate  Bag 

Tel (04) 498-2000 
New  Zealand 

Fax (04) 4983259 

International  Safety  Seminar 
Wellington Parkroyal 

INFORMATION SHEET 

Welcome  to  Wellington, the HQ of  NZRL. I am  proud to welcome you on 
behalf of the Company. I hope you find the proceedings interesting, 
informative and enjoyable. 

These notes have been compiled to  assist  you. The Committee members 
will  assist with any further information you require. 

Registration 

8.30am,  Tuesday,  in the  1st Floor  Foyer 

Seminar Venue 

Lambton Room 2,lst floor 

Name Badges 

Please  wear these at  all  times,  including  social functions. 

Seminar Sessions 

A timetable  has  been included in your registration pack. To assist the 
Chairmen to  keep  to the  start times  as planned, please be seated five 
minutes prior to  the commencement of each session. 

Seminar Papers 

If you  require additional copies of these,  please advise the registration desk. 

Tuesday am visit to  NZ Rail yard. 

Please  assemble  in the downstairs foyer at 9.00 am. Partners welcome. 

Travel Bookings 

Should YOU require  assistance  with  reconfirmation etc. please  contact 
Pauline or Paulette at the registration desk. 
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Social Functions 

Tuesday evening, Cocktail  Party, Rosanna Room, 1st Floor. 
This  will commence at 5.30pm and will include an  address by  Sir 
Allan  Wright, Chairman of the NZ Rail  Board.  Dress  semi-formal. 

Wednesday evening, 28 October, dinner  at  the  Southward  Trust 
Museum. 
Transport has  been  arranged from  the Wellington Parkroyal to the 
Wellington Railway Station.  Please  assemble in  the  downstairs foyer 
at 5.30 pm. The train departs from  Wellington station at 6.00 pm and 
will return by 11.30 pm. Dress  semi-formal. 

Thursday  evening post-seminar drinks, 5.00 pm 1st Floor  Foyer. 
Remainder of the evening free. Partners welcome. 

Friday - Train  trip to National Park - visit to Rotorua. 

As the train departs  at 7.00 am from Wellington Station, we have 
arranged for an early  morning call  at  5.45  am. Please have your 
luggage outside  your room  by  6.15am.  Transport  has  been arranged to 
the station. Please assemble in  the downstairs foyer of the hotel  at 
6.30 am. We suggest  that  you  arrange to check out  and settle your 
account on Thursday evening. 

Note,  we have full catering  facilities on the  train, and  breakfast will be 
served en route. 

Dinner  has been  arranged  at  the THC International Hotel,  Rotorua, 
and we will need to assemble in  the  dining room  by 7.00 pm.  This  is  a 
special  hangi dinner with entertainment by  a  Maori  concert party. 

Partners' Programme 

We suggest all partners meet in  the 1st Floor  Foyer, following morning tea, 
Tuesday morning, to finalise details of the partners' programme with Tonya 
and Pauline. 

All partners  are  invited to lunch  on  Tuesday , at midday, in  the  1st floor 
foyer. 

Note:  on  Wednesday and  Thursday  partners  are  to  make  their  own 
arrangements for lunch. 

Ra 
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Reagan versus Reagan : good  and mis...fortunes of 
U.S. transport  deregulation. 

by Dr Pierre MESSULAM(**) 

Again, the United States is confronted  with  transport 
deregulation : in 1887, with Congressman Reagan's proposition, 
a  law  was  voted which ended  several  decades of wild 

History, his namesake,  less  than  a  century  later,  signed  the 
competition between  railway  companies ; by a  strange  irony of 

air transport deregulation  Act. 

The present European  Community  politics  for  tranport is  under 
this deregulation  influence and is  thinking of "liberating" 
track  lines as if they were roads  or  canals. 
However in 1896, L.P. Dubois, a  French  Account  Court  junior 
official , wrote  a  report  about  american  railway 
transportation. He underlined  the  failure of  full deregula- 

questions : how can trains run concurrently  on the 
tion, because there was no answer  for  the  fundamental 

track lines which  belong  to  different  companies 1 Who pays  for 
same 

the common understructures ? 

Stakes of american  railway  transport in 1896. 

>.K that time, American  Railway  Companies, had  a capital  value 
of 4 3  billions  of  french  gold francs, ( 3 / 4  of Wall Street 

che  same profitability  preoccupation was found  in those tlmes 
capitalization), employ 900,000 people.  Relatively  speaking, 

in european railway, as today  in  all air lines  Companies. 

Erected without public  utility  proceedings, the most 
profitable sections were used with overcapacity,  which 
triggered a  fare war between  companies  This  lead  to  the 
opening  of  a one million  of  gold  dollar  market  for  charters. 

Impoverished  companies then gathered  themselves into brittle 

wrestling match with  big  farming  states, they  answered  the 
cartels, and  helded to ransom  local  communities.  In  their 

maximum  lawfull  fare act ( proportional  to  mileage),  either 
with reduced services or with  bankrupty. 

And Reagan I arrived ! 

Finally, on February 4 th 1887, a  compromise  solution  was 
found with the "Reagan  Bill".  Leaning  on  "equity" and not on 

moreover not  easy to apply ! But it allowed,  without  dispute, 
"common law", the Reagan  Bill was unconstitutional  and 

the  first railway regulation. 

( * * )  Mining Corps Chief  Engineer 
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Technical  points,  structures  and  management  in  railway 
companies : 

Companies  survived  thanks  to  several  initiatives  such  as, 

down  in  settled  employees,  obligatory  train  crews  polyvalency, 
insufficent  safety  budgets, 10 years  leasing  practice,  cutting 

policy ... This  pattern  was  taken  up,  after  deregulation,  by a  lot of firings,  wage  reductions,  lack of social  protection 

american  air  lines  companies  like  Pan-Am  and  TWA ! 

Railways  companies  managed  their  debt  with  acrobatic  financial 
performances at 80's Golden  Boys  way.  In  addition  to  lever 
mechanisms  and  unconsolidation,  let  us  hold  up  as  examples : 
high  yield  speculative  obligatory  emissions  ('collateral 
trust' - the  junk-bonds'  of  this  time),  accounts 
falsifications,  charging  common  maintenance  expense  to 
"betterments  item"  which  must  only  cover  capacity  investments. 
These  manipulations  gave  "a  face  lift"  to  the  balance-sheet 
and  allow  a  better  profit  in  case  of  raid. 

L.P. Dubois.  was  scared  with  the  behaviour  of  Wall  Street; 
speculators  which  were  "genuine  pirates" : it  was  always  the 

themselves to start  up  and  reorganize  bankrupted  railway 
same  small  group of investors  and  bankers  which  gathered 

companies. 

Accounts  approval  and  Stock  Exchange  operations  control  were 
loose  or  inexistent, so he merely  stated  the  generalised 
practice  of  "watering" : i.e.  share  emissions  of  fictitious 
capitals,  free  share  emissions  for  dividend or track  lines 
erection  payment. 
These  behaviours  brought  Carl  Icahan's  raid on TWA,  into 
proportion  of B grade  remake  movie. 

American  railways  companies  in  front  of  <<public  highways>> 
! theory. 

These  private  companies,  acting  as  public  services,  benefitted 
from  a  "charter"  granted  by  a  legislative  act  and  were 
subjected to a  "legal  checking'.  Hence U. S .  complexity  of 
railway  legislation,  depending  on  Federal  and  States 
Administrations.  How  then  can  protection  be  given  in  a  sane 
competitive  way  and  to  check  these  I8charteredt1  companies 1 May 
the  new  european  structures  keep  us  away  from  a  similar 
muddle! 

And  yet  the  Brussels  Commission  is  giving  its  preference  to 
the  <<public  highways  railways>>  doctrine : i.e.  track  lines, 

would  move  together ! 
considered as traffic  roads,  where  trains  of  various  companies 

This  old  (born in 1831) doctrine  keeps  track  line as an  open 
road  for  everybody ... simply  subjected  to a special  track  line 
code. 
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The  Public Highway doctrine became  obsolete  after  a  first 
application test in New Jersey.  Minnesota  saw its comeback  in 

J.F. Hudson took over in 1887 (the  Reagan  Bill  year).  Mr 
1871, as a weapon against  exorbitant  claims of  companies. 

Dubois  writes with irony :I1.. . he  (Hudson)  suggests to return 
to  the old  bad  habits,  and to allow  everybody to throw  trains 

he  finds  there a  very  simple  solution  for  american railroad 
on  track lines with  special  safety  rules : Mr. Hudson  thinks 

problem ! 

modern railroading  practice  are  no  more  compatible  with  this 
Companies assert : "the present  imperatives of progress,  the 

outmoded, archayc, obsolete theory". 
So the typically  american  pragmatism  preocupations  and  their 

of economic checking. 
legal inspection preference,  carry  of  a  doctrinaire  approach 

In  conclusion : which  Reagan do we choice ? 

Either the man of rail regulation,  or  the  man of  air 
deregulation ? The deregulation problem  of air  or  rail 
transports in C.E.E. may  not sum up  such  a  caricatured 
alternative. Today,  these transports indeed  haven't, in Europe 
a part similar to the one of  american  railways in 1896. 

L.P.Debois  analysis shows us the  real  complexity  of  this 
problem. We would have  to meditate  the  various  attempts  at 
solutions acted by our  american  friends in  the  last  century. 

Could, America  teach  Europe  an  historical lesson ? 
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Development of a Quality  System for  Operational  Safety at DB 

1. Basis 

In 1987, the European Committee for  Standardization (CEN) issued a nurn- 
ber of standards which  lay  down general  requirements for quality assuran- 
ce in the production of products  and the performance of services. 

The corresponding German standards are: 

DIN IS0 9000: 
Quality Management and  Quality  Assurance Standards - Guide- 
lines for Selection  and  Use 

- DIN IS0 9001: 
Quality Systems - Model  for Quality Assurance in DesigdDevelop- 
ment, Production, Installation  and  Servicing 

DIN IS0 9002: 
Quality Systems - Model  for  Quality Assurance in Production  and 
Installation 

- DIN IS0 9003: 
Quality Systems - Model  for  Quality Assurance in Final  Inspection 
and Test 

- DIN IS0 9004: 
Quality  System  and  Quality  Management  Elements - Guidelines 

The basic principle of these  standards is the  use of a specific  method to 
avoid errors at as early a stage  as possibly in the  development process. 
The later quality assurance is applied, the higher the cost of corrective 
action (Fig. 1).  

The major emphasis of a quality  system must therefore be error  prevention. 

2. Ensuring  Quality  in the Field of Operational Safety  for DB Today 

As with other  railways, DB of course already  makes  efforts to: 

- take full account of  safety in the  development of new systems; 

detect weak  points in the field of safety; 

- carry out risk analyses in the case of new projects which are 
planned; 

V00992/2058 
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- implement statistical analyses to review  the  success  of  the  action 
taken. 

However, this quality-related work is generally  of  a  very  pragmatic  nature. A 
formal  quality system of the type  defined by the IS0  standards  has  not  been 
established (Fig. 2). 

Particularly  as  regards  the reviewing of  operations, regulations  concerning 
intervals and content are in force but there  are  no  uniform  rules for: 

- documentation of the results 

- evaluation of the results 

- notification of the management in the  event  of critical developments. 

Deutsche  Bundesbahn  therefore commissioned Dr. Adams  und  Partner 
Unternehmensberatung GmbH,  Duisburg, to prepare  a  proposal  for  the  in- 
troduction of quality assurance in the  field of operational  safety.  This  docu- 
ment presents  the main results of this work. 

3. Obligation to Implement a Quality  Assurance  Organization in 
the Field of Operational  Safety 

The DIN IS0 standards  lay down  new  requirements  which  also  apply to the 
organization of operational safety. If the  quality  assurance  action  already 
taken were inadequate, management  would  have to justify its  omissions in 
the event of  a grave failure of safety systems  due to organizational defects. 
Justification  would  prove particularly difficult in view  of  the  relevant  stan- 
dards which  have  already been in force  since 1987. 

In order to meet the requirements for a quality  system to ensure  operational 
safety, a "Regional  Safety  Officer" should be  appointed at the  regional  level 
within  each  directorate.  The duties of  the Regional  Safety  Officers  are 
shown in Fig. 3. 

The  action  required for quality assurance  in  the  field  of  operational  safety 
includes  both  technical and organizational  elements (see Fig. 4). Whereas 
safety systems are  generally highly  developed in technical  terms,  this does 
not apply to the  same extent to organizational  aspects  (systematic  action). 
In order to comply with quality standards in the  field of safety, priori i should 
therefore be given to systematic organizational  aspects. 

V00992/2058 
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4 .  Major Components o f  a Quality System for Operational Safety 

4 .  I Elements o f  a  Quality  System in Accordance with DIN-IS0 

The standards  indicate 20 elements  which  are  relevant for quality assu- 
rance (Fig. 5). 

Not all these  elements  apply to railways  as  service  industries and further 
restrictions  are  required when considering the field of operational  safety. 
The adaptations  which  are needed are indicated in Fig. 6 ("Optimization 
Elements"). 

4.2 Safety Manual 

The DIN-IS0 standards  call for the  comprehensive  presentation of all action 
relevant to quality in the form of a quality  manual. A similar  manual should 
also be prepared for the  field of operational  safety.  Among  other  things, the 
safety  manual  must  include basic  rules for the  introduction  and  enforcement 
of safety regulations. 

4.3  Content of  Safety Regulations 

In order to ensure  that  the system  described is applied  reliably and effec- 
tively, a uniform  method for  the  preparation  and  revision of safety regula- 
tions must  be developed. 

Major elements of the structure of such a method  are  indicated  in  Fig. 7. 

4.4  Audit Planning and Implementation 

Within the field of operational safety,  audits are the  major  quality  assurance 
tool  available to management. 

Fig. 8 indicates the definition, purpose  and  basis of a system  audit in the 
field of operational  safety. 

An audit  can  only be effective if it is carried out in  defined  phases  (Fig. 9) 
using  defined  methodology. 
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5.  International  Agreement  of  a Quality Sysfem  in fhe field of 
Operational  Safety 

As regards the basic requirements for effective  safety  systems,  the  same 
standards should apply to all railways  with  a  comparable  range of  services. 
However the intensity of quality assurance  efforts  made by the  various rail- 
ways  is very different, depending for example  on  the  occurrence of grave 
accidents. It would  therefore be interesting to discuss  the  organizational 
structures in place and the personnel deployed  by  the  railways  in  the field 
of operational  safety. It could also  prove  useful to agree upon general 
guidelines for safety manuals and safety  audits  on an international  basis. 

V00992/2058 
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s 
Quality 

Quality  is  that set of properties which a product or a service needs 
in  order to meet the requirements posed. 

Quality  assurance  encompasses all the Organizational ana tech- 
nical  action required to ensure quality throughout all  fields and 
processes. 
Quality  assurance is a joint obligation of all units of an organization. 

The  quality  system  comprises the organizational structure and pro- 
cedures established for implementing quality  assurance. 

r. Adarns und  Partner V00992/205@ 



Duties: 

1. 

2. 

3. 

4. 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

5. 

6. 

Advise the directorate on operational  safety  matters 

Promote  the safe  functioning of  equipment  and  rolling  stock 

Assist in  the development  and  introduction  of  safe  equipment  and  rolling 
stock 

Supervise the application and  effectiveness of the  operational ssfeiy 
system within the area of the  directorate 

Conduct  and supervise  the  evaluation of regular  safety  audits 

Instruct operational safety reviews  (non-scheduled  audits) to be perfor- 
med in the event of crirical developments  within  the prouction  process in 
the  region: supervise the  evaluation  of  the  review  and  the  corrective 
action  taken 

Supervise the satisfactory performance of surveys  upon  instructions 
from head office in the case  of: 
- certain types of latent  risks 
- certain types of actual risks 
- repair of  damage  caused  by  accidents  (to  ensure  that  damage  is  fully 

repaired) 

Supervise the verification of the  effectiveness of central and recional 
safety  action 

Act as member of the DB "Safety  Council" 

Make  regional proposals  for  the  annual  operational  safety  programme 

Prepare the  regional  section of  the snnual  safety  report 

Carry out special tasks  upon  instruction  by  the  management  ssfety  offi- 
cer 

Conduct operational safety training 

Report to the  president of the  directorate  and  head  office 

r. Adams  und  Partner VOO992QO58 



ODerational  Safety Svstem 

The action taken in all stages  of the planning,  implementa- 
tion and supervision of safety  work  with  respect to the  sa- 
fety system  and  technical  systems  must  supplement  each 
other in a meaningful way.  This applies  both io 

technical aspacts, and to 
organizational aspects 

Action within Respect  to  Technical  Svstems 

level crossing) 
Description and  listing of critical subsystems  (such  as 

Designation of risk areas 
Action taken to ensure  safety in the  event  of  technical 
defects (failsafe systems) 
Procedures  for  reporting line availability 
Definition of  interdependences 
Keeping  a saie distance 

Action within Respect to Safetv  Svstems 

Planning,  implementation  and  supervision of audits  to 

Definition of  organizational  responsibilities 
Documentation 
Feedback and exchange of  experience 
Purposeful staff  training 
Methodology  for  planning  action  (definition of priorities: 

verify the  effectlveness of the  safety  system 

1 
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Qualitv Svstem Elements: 

1. 

2. 
3. 
4. 

5. 
6. 
7. 

8. 

9. 
10. 
11. 

12. 
13. 
14. 

15. 

16. 
17. 

18. 

19. 

20. 

Management responsibility 

Quality  system principles 

Contract review 

Design/development control 

Document control 

Purchasing 

Purchaser supplied products 

Product identification and traceability 

Process  control (in production and  installation) 

Inspection  and testing 

Measuring and testing equipment 

Inspection and test  status 

Control of nonconforming products 

Corrective action 

Handling, storage, packing and  delivery 

Quality documentation and  records 

Internal quality audits 

Training 

After-sales service 

Statistical methods 

r. Adams und Partner V00992/2051 



QA Element 1 : Management Responsibility 

- definition of duties, competence  and  responsibilities of per- 

- procedures  for conducting  reviews of the DB operational 

- procedures for  reporting to the  Board of Management 

sons responsible for  operational  safety 

safety systems 

QA Element 2: Quality  System Principles 

- description of operational  safety  system 
- systematic  safety planning 
- definition of "safety council"  responsibilities 
- coordination of safety work  between  the  regions 

QA Element 3: Contract review 

- not  applicable 

QA Element 4: Development Control 

- definition  of safety  requirements  considering  stztutofy provi- 
sions, requirements of society  and  internal  requirements (as- 
pects related to customers) 

- definition of risk analyses and  evaluations 
- handling of suggestions concerning the improvement of ope- 

- definition of development  requirements  considering  safety 
rational safety 

aspects  (assistance with product  specifications) 

. Adams  und  Partner V0099Z2056 
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QA  Element 16: Quality Documentation and Records 

- documentation  system  for  operational  safety 
- archiving  system  for  operaiional  safety  records 

QA Element 17: Internal Quality  Audits 

- preparation,  implementation,  documentation  and  evaluation 

- implementation of post-audits,  supervision of corrective  ac- 

- definition of  qualifications  for  auditors 

of internal safety  audits 

tion 

QA  Element 18: Training 

- procedures  for  defining  training  needs  in  the  field of  operatio- 

- performance of training  in  the  field of operatima1  safety 
- documentation of training 
- selection of external  training  programmes 
- induction of new  staff  in  the  field of operational  safeiy 
- instruction of  staff  concerning  new  safety  requirements 
- motivation of staff with  the  objeciive  of  zero  errors 

nal safety 

QA Element 19: After-Sales Service 

- not  applicable 

r. Adams und  Par tner  V0099212058 
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Verification of the action  required within the safety system with re- 
gard to the 
- structure  and 
- functioning 
of the organizational structure and  procedures. 

Assessment of the  effectiveness of the safety system by determi- 
ning whether  the  elements required  exist  and are enforced. 
The  audit is a preventive measure intended  to ensure that the  need 
for improvements can be  recognized  and  corrective  action  taken at 
an early stage. 

Manuals (organization manuals, quality manuals, operation  manual, 
etc.)  instructions, contract  documents,  management directives, 
checklists. 
The manuals and instructions must be in force. 

.. Adams und  Partner voo99mo5a 



;"""""' I 
6 I 

phase ! 
Preliminary I - preparation  for the audit by aud~or and auditees 

I 
I 

Kick-off 
phase 

- definition of duration and content of interviews 

- audit  interview  (auditor asks,  auditee  answers) 

- Auditing of previously selecied  system  elements using 
audit  checklist 

Audit 
phase 

- basis:  system  manual,  system  directives,  working  papers 
and  other  relevant  documents 

- if appropriate.  demonstration of procedures  on  site 

; Agreement 
phase I 

- compilatron of resuiis 

Final 
discussion - discussion of joint results 

I 

I 
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BR THRUST  OF ACTIVITY 

TIGHT MONEY 

MAJOR  ACCIDENT  RECOMMENDATIONS 

PROGRAMME  OF SAFETY LEGISLATION 

E2001n. p.a. EXPENDITURE 

SAFETY PRIORITIES 

COST EFFECTIVENESS 

HIGH  FOCUS BY BOARD 

BOARD MEMBER, SAFETY AND  STANDARDS 
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LATIMER HOUSE 1991 

PRIORITISATION  OF SCHEMES 

PRIORITY  OF  ACCIDENT  RECOMMENDATIONS 

A.S.E. 

300+ SCHEMES 

UNIT  OF SAFETY BENEFIT PER E SPENT 

FATALITIES  MAJOR AND  MINOR INJURIES 

PRIORITIES. 

"SOFT" SCHEMES 

WORK  FORCE SAFETY 

FOCUSSED  ENGINEERING  SCHEMES 

LARGE SYSTEM SCHEMES 

LEGISLATION EXPENDITURE CONCERNS 
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WORKFORCE SAFETY 

130,000 WORKERS 

35,000 HIGH RISK 

RISK = 6.3 x 10-4 p.a. 

HSE = 1 X 10-4 

DU  PONT 50% IMPROVEMENT 

TRACKSIDE  PROJECT 1992 
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PASSENGER SAFETY 

INDIVIDUAL JOURNEY : 5 x 10-7 

REGULAR TRAVELLER : 2.5 x 10-5 

DOORS 

SLIPPING  AND  TRIPPING 
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SOCIETAL RISK 

ISSUE OF IMPORTANCE 

PUBLIC  PERCEPTIONS : IMAGE 

PUBLIC  ACCEPTABILITY 

"ABSOLUTE  SAFETY" 

ROLE OF GOVERNMENT 

SAFETY  REGULATION 

1 IN 200 YRS 
1 IN 10,000 YRS 

BR 1 IN 15 YEARS 

COST CONSEQUENCES 

COMPETITION CONSEQUENCES 



SOCIETAL  RISK 

BR "TARGET" - 1 IN 30/50 YEARS 

RISKS:  TECHNICAL 

ORGANISATIONAL 

HUMAN ERROR 

SYSTEM FAILURES 

DESIGN, BUILD, OPERATE,  MAINTAIN 

STANDARDS 

TQM I S 0  9000 

COMPETENCY : ACCREDITATION : LICENCING 

SAFETY VALIDATION 

SAFETY CASE 

AUDIT 



Safety plan 
1992 objectives 

Y 

Ouerall h l  

Brlllrh RnII will run n rate railwny syrfern for 011 Its curteraen, 
public, .mpIoy~er and contrncton. 

BR wdl strive to eliminate all accidents  tho1 harm or damage people, property 

the environment. 

Specijc ObJkrires, 1992 

Within the ~ o n t e d  of the owrol l  goal, the Boord udl set o number of objedlver for 

strategic oreas of rafehl odivity OC~OII the whale system The Chief Execvtwe will 

agree wilh  mdiwdual burmerr Manoging Diredors the detailed adion plonr 

necerrory Io wppo.4 lhese r t ro leg~  obpdives,  ond  will delegate responubdity for 

their achnevemcnt to nomtnated monogerr. The Bwrd WIII publish  there  internally 

to its monogen, st& and trade umons. and wll advise !he Secretary of Stole for 

Tronrport  and the Health & Safety Executive occordingly 

In nccordonce with this policy, ond in the light  of perloformonce in 1991 ond 

progress mode during the year, tho Bwrd  hor LBI the following objedirer: 

1 Employee  and  contractor safety 
The Boord wdl work towards the goal of 'zero occldentr'for employees ond 

conlrodor~ by. 

1.1 The Route and Dirwonal  Diredon  implementing the Sofety Progromme 

throughout the system by the end of 1992 through the development of tho 

followmg specific objedives to be ret by the Chief Executive with the Business 

Monoging Diredon: 

[oj manogen (including rupeMros] with safety responsibilitwr for groups of rtoH to 

have corried ouf hvelre dely inrpedron vir ih by Mor& 1993, on a monthty bosir 

(b] all stoff to hove onended ot least six rofety meetings by March 1993 

( 4  011 'lest time' occidentr to be entered inlo BRIMS withm 48 hours of !he occident 

occurrmg 

(d) each Profit Centve to publish monthly for its own wcrriforce details of 'lost tunc' 

occhdentr and appropriate cornparsons 

(e] within the Boord'r initiative to reduce  excessive houn, lo develop specific plonr 

by the end of June 1992. for the ochievement of the forget of not more than 

twelve consecutive turns of duty to be worked out of ony fourteen days, with 

costs of implementotion 

(0 to agree targets b r e d  on (e) obore by the end of June 1992, and comply wnth 

there by end of March 1993. 

1.2 Underlaking o mojor review of Ihe procedures to $01 up and  monitor safe 

systems of work for trockride maintenonce ond renewals by the end of 1992. 

19 



Ths w d  I ~ V O I Y B  D hlgh.lerel  invert8galion inlo track-rads Sofs Syrlemr of Work, 

covering  both planned orrongemenlr (frock  posrerrmnr  for renewoh ond 

m ~ ~ n t e n o n ~ e ]  and od-hoc otrangementr (dealing with f d u r e r  and emergencierj. 

1.3 Developing Sofety Competencies for c r h c d  'rtrk-exposed staff by 

( 0 )  completion, by Jonvary 1993, In conjundmn with the Roll Industry Trolning 

Councd, of the development of compelency  standards and arrerrmenl Criteria 

for drwerr, signalmen and permanent woy mamlenanCe rloff. lo enable Ihe 

complelton  of m l m l  occredhlion of there key work groups by the end of 1993 

(b) completion. by  Aprd  1993. of simllor orrangemenlr for Sgnol 6 

Telecommvnlcattonr' mrtallatmn. testing ond momtenonce staff, for plant 6 

mochmery  and Ir~cl ion mointenonce rtaff, and for permanent way inrtallation 

rloff, IO enable  the completion  of formal occredliation by mid-1994.. 

2aPassenger and public safety - 
reduction of risk to individuals 

The Board will work towards the god of 'zero occidenfr'  for  mdtwdvol parrengerr 

and members of !he public by. 

2.1 . Conlmuing the progromme of tntrodvring new rollmg stock lhat WIII 

progrerswely reploce slom doors by power-operaled doom 

2.2 Undedaking on urgenr arrermenl of the recommendofions of the HSE 

mverttgation inlo ER 'door rofety'. 

2.3 Reqvirlng businesses lo produce plonr by September 1992,  to reduce 

occldents on slotion premises of D 'slipping. trippmg ond falling' type, agree torgel 

octmns by the end of Seplember, ond to hare  mplemented  there by Morch 1993 

2.4 Focurmg lncreored onention on occsdenlr arwng from trerporr ond  suicide 

to  determine by the  end of 1992 what ~ffeclwe rtepr can be taken la minimile such 

accgdentr  and  reduce  the  troumm on members of staff snvolved. 

3 Passenger and public safety - 
reduction of risk of 
multiple-fatality  accidents 



equipment) by identtfymg deht iue proporolr for accreditation by mid.yeor ond 

commencmg the process of accreddotion of lorgc suppliers January 1993 

3.2 Completing the pilot triols of the Automatic Train Protectmn (ATP] ryrlema on 

lhe Nefwork SeuthEort Chiltern line ond the Intercity Greot Western line; 

tdentdying equipment rpecdicolion ond ogreeing on implemenloiion rtrolcgy by the 

end of 1992 for ogreement wth the Depadmenl of Tronrport and the Health 8 

Sofety  Executive 

3.3 Syrfematicoliy onalysmg infotmotion  from  individual occldenls m d  rtotirtical 

dolo to identify underlying technicol ond human COUIOI. Developing oppropriote 

o ~ t ~ o n  plonr to oHect the causes os they become known 

4 Safety  management  systems and procedures 
In oddition lo the three strategic objectives, the Board will also work towordr the 

god of 'zero accidenk' by odopting the best indvrlriot proc5ces in Sofely 

Monogement Systems by: 

4 1 0  Fully implementing the ogreed prcqomme of Boord Sofety Avddr from 

Apnl 1992 

4.1 b Requiring the Burinerrer to produce their own Safety Avdst plans lo the Chmf 

Executwe by the end of Moy, 1992 

4.2 Undertokmg o prototype 'Sofety Core' approirol  during 1992 of Ihe 

resignalling project outhorised for the Nehvork Sovlhbrt London, Tilbvry ond 

Southend lme to determine appropnote'Sdely Care' procedures for moior proledr 

the mdurty 

4.3 To introduce by the end of Morch 1993 r a t i s b d o ~  arrangements for . 
asserring the r d u e  for money of proporolt for expenddure involving safely. 

4.4 Developmg 5afety plom for the rofe infrodudion and operotmn of mega 

prolectr, in podiculor BR's responrtbdher for the Choonel Tunnel l ink. Kmgr Cross 

Chonnel  Tunnel Terminal ond Interchange, m d  the Crorrroil prolect. 



IMPROVING SAFETY PERFORMANCE 

1. MEASUREMENT  OF  CURRENT  PERFORMANCE 

2. COMPARISONS : INTERNAL  AND EXTERNAL 

3 .  PERFORMANCE OBJECTIVES AND  TARGETS 

4. IDENTIFICATION  OF PROJECTS 

5. PRIORITISATION 

6. PROGRAMME BALANCE 
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WORK IN  HAND 

SAFETY PLAN OBJECTIVE:- 

1. SAFETY EXPENDITURE v OTHER  INVESTMENT 

2. SAFETY EXPENDITURE v OTHER  REVENUE 
EXPENDITURE 

3. FULL LOSS  CONTROL CAPABILITY 

4. "WHAT  IF ?I1 : RISK ANALYSIS 

INTERIM OUTPUT:- 

NEED  FOR  "OUTPUT" TARGETS 

IMPROVED  PERFORMANCE  INFORMATION FOR 
PRIORITISATION 
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LOSS  CONTROL 

PRIORITISATION A N D  RATING  METHODOLOGY FOR : 

ASSET  DAMAGE 

COST  OF  TRAFFIC  DISRUPTION 

COMPENSATION 

INSURANCE  PREMIUMS 

COST  OF  INQUIRY  RECOMMENDATIONS 

PROSECUTION  COSTS 

ENVIRONMENTAL DAMAGE 

"SAFETY BENEFITS  PER E SPENT" WEIGHTING FACTORS 

MULTI-FATALITIES 

PUBLIC/MEDIA  CONCERN 

LEGISLATION 

IMAGE  AND  CONFIDENCE 

SUICIDES 

TRESPASSERS 
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VALUE OF SAFETY 

CONCEPT  OF "REASONABLY PRACTICABLE" 

HSE 

cf EUROPE 

ALARP  PRINCIPLES 
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VALUE OF LIFE 

RANKING  AND  RATING 

WEIGHTING  FACTORS 

E2m BR THRESHOLD 

GOVERNMENT ACCEPTANCE 

COMPARISON  WITH  ROAD/WITH  OTHER  INDUSTRIES 

CONCEPT OF WILLINGNESS TO PAY 

PUBLIC v PRIVATE  TRANSPORT 

PUBLIC ACCEPTABILITY 
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Draft Plan for Investment in Safety 

East  Japan Railway Co. 

1. Basic  Policy for Safety 

JR East has developed  a  basic  policy on safety which stresses that the most 

important task is to eliminate serious accidents involving loss of passenger lives. This 

policy is designed to enhance JR East’s reputation as a safe and reliable transport 

organization.  This  objective can be attained  by implementing specific  preventive 

measures against accidents, as  well as by building up a safer  railway  system. 

To put this  policy  into effect,  we  have taken what we call a “software”,  as  well  as 

a “hardware” approach. The following is  a brief description of the  hardware  approach: 

1. Master Plan  for Safety 

In 1988, based  upon  the  basic policy  described above, and  taking  into 

consideration  our  experience from past accidents and conditions pertaining to our 

existing railway installations, we devised  a strategy to determine  which  measures will 

best improve our safety management and control by  eliminating its weaknesses. 

il. Five-Year Plan for Investment in  Safety 

The five-year plan  (1989 - 1994)  for  investment  in safety, currently  underway,  was 

developed in accordance with the master plan described  above.  The total budget  for 

the  plan is close to Y400 billion. Approximately Y200 billion has been allocated  for 

replacement of out-dated installations, and the remaining Y200 billion will be used for 

investment  in new safety measures. 



2. Details of the  Investment  in  Safety Measures and the Trend in 

Accidents 

I .  Details of the  Investment in Safety Measures 

The  Five-Year plan  envisions investing Y200 billion in the  following  items: 

A. ATS-P 

B. Railway crossings 

C. Operation control systems 

D. Prevention of natural disaster 

E. Others: 

- Fire-proofing of internal-combustion engine  cars 

- Safety  measures for passengers on platforms 

- Establishment of a safety research  institute  and a safety training center 

II. The Trend  in Accidents 

The number of operating accidents within  JR  East's  operating area showed a 

steady  decrease  from 1987 to 1990,  but there were 7 more operating accidents  in 

1991 than the previous year. This increase is attributed to a rise in the number of train 

accidents and fatal  accidents  during  1991 which  more  than  offset the decrease in 

railway-crossing accidents recorded in the same  year. 

3. Future Agenda 

A railway system usually consists of a great  variety of installations that  range in 

age from very old to the  most up-to-date. This is because new systems  and  equipment 

are usually introduced and adopted over a long period of time. 

Under the circumstances, it is not necessarily  appropriate to apply a single  fixed 

concept to enhance  safety. A more flexible approach is needed. 

2 



The  only  way to achieve complete  safety, (i.e. total elimination of accidents) is to 

stop operating trains. As long as trains are  run,  we  cannot  avoid all accidents. 

Our  task, therefore,  is to minimize the incidence and severity of accidents, and 

this is what safety management is all about.  Certainly,  money  alone  cannot solve the 

problem completely, but it is  critical  to  determine how available funds should be 

distributed in safety management,  which is  an indispensable part of railway  operation. 

3 
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DETERMINING  THE  COSTS OF RAILWAY  ACCIDENTS 

Two  observations should  first  be made: 

The study  focusses only on the risks to which the company SNCF is exposed,  and not on risks affecting 
the community as a whole. This distinction takes on practical significance in the case of incidents  caused 
by Identified third parties who are financially solvent, or caused by the  victim  himself  (this  is  usually  the 
case, for example, in accidents at  level  crossings, suicides, and  incidents in which the persons  involved 
habe  not  entered  into  a contract of carriage) Such accidents thus  represent zero financial  risk for the 
company 

In  the case of  tram accidents, the study  examined accidents occurring on or  Involving  SNCF man llnes 
The  Safety  Studies Centre considers that  the  investment  policy in  relation  to events occurring on 
secondary lines 1s better dealt  with by adopting  a "total quality" approach,  rather  than by initiating a 
research project specifically concerned with safety. It is worth noting that the transport of dangerous 
materials  aspect 1s currently being dealt with in a specific project. 

Accidents may usefully be  divided into two  categories: 

- accldents to individual persons, 

- tram accldents 
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Evaluating  the  cost of accidents  to  individual persons 

With  this type of accident, the overall annual number of victims is relatively  stable,  and can be divided into 
the following categories: - 

CATEGORY 

Passengers s t r u c k  by t r a in  

Passengers fa l len  from t r a i n  

Employees on duty 

O t h e r  persons i n  accidents . a t  level crossings . caused by t r a in  not a t  LC 

S u i c i d e s  

AVERAGE ANNUAL 
NUMBER O F  

PERSONS  KILLED 

20 

10 

65 
85 

280 

AVERAGE ANNUAL 
NUMBER OF 

PERSONS  INJURED 

6 

58 

6 

28 
51 

30 

In less than 10% of the above cases does SNCF pay  any  compensation. The methods of calculating 
compensation are identical to those applied for the victims of train accidents. 
Compensation of this type represents an annual cost of FFr 5Om for SNCF. 

Evaluating  the cost of train  accidents 

The evaluation was based on 121 accidents recorded  in the Safety Studies Centre  data base for 1991, on the 
basis of the criteria set out above. 

Costs, compensation payments and losses were broken  down into the following categories: 
1 - personal injury (passengers, third parties, SNCF employees), 
2 - damage to rolling stock (repair), 
3 - operating losses resulting from the immobilisation of rolling stock  for  repair, 
4 - damage to rolling stock (replacement), 
5 - damage to fixed installations (track, signalling installations), 
6 - perating losses resulting from  train delays and  rerouting, 
7 - re-railing costs, 
8 - amage to freight, 
9 - damage to privately-owned wagons, 
10- costs incurred by passengers (e.g.  hotel  accommodation, taxi and bus fares) 
11- damage to the environment. 
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In order to improve the statistical quality of the results: 

- the loss items listed above were grouped into four main  categories: 
. personal injury, 
. rolling  stock (repairs + immobilisations + scrapping), 
. fixed equipment, 
. operating losses (all other items). 

- complementary evaluations were made of serious accidents during 1990 of and some recent  historical 
accidents, in order to reflect more reliably some relatively rare types of loss (particularly as  regards 
injuries). 

In all therefore, a panel of 170 accidents was subjected to the various evaluations. 

- Overall results 

All main line accidents put together represent a cost of FFr 190m, of which around FFr 160m are met  by 
SNCF. 8% of the most serious  accidents alone account for 90% of the costs. A  single accident accounts 
for 50% of the costs. 

One therefore needs only to consider very closely a relatively small number of serious accidents (20-30 
per year) in order to take into account almost all the main line railway accidents as far as  costs are 
concerned. 

With regard to the other accidents, a project has been  undertaken to validate an estimation model  based on 
a  certain number of criteria. 

- Breakdown of losses 

As  a result of the overwhelming importance of just a small number of accidents, the relative importance 
of various kinds of losses is relatively variable year-on-year. 

However, if the losses are grouped into four main  categories on the lines  indicated above, it emerges  that: 
. damage to rolling stock amounts to about half of costs, 
. damage to infrastructure and operating losses each account for a quarter of costs. 

This result confirms the usefulness from an economic viewpoint of studying types of damage excluding 
personal injury. 
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- Breakdown of costs according to scenario 

The  same observation as above applies concerning the  overwhelming  importance of a small number of 
accidents. 

The breakdown of the 32 accidents of a gravity above degree 2, for which no third  party  was  responsible, 
in the years 1990 and 1991, reflects the major  importance of the following four scenarios: 
. scenario 4: collision as a result of passing a signal in the stop position, 
. scenario 1: derailment as a result of track  damage, 
. scenario 3: derailment as a result of rolling stock failure, 
. scenario 7: collision as a result of brake failure or runaway. 

, These scenarios account for almost 90% of all costs incurred as a result of the accidents  considered  in the 
sample. 

- Relative importance of damage to public image 

A special study would need to be made of this  kind of loss, which has not  been  taken into account  in the 
above evaluations. 

This kind of consideration is only meaningful  in the case of catastrophes such as the one which occurred 
at Melun on 17 October 1991 (16 killed, 25 seriously injured). 

An initial reflection to determine the maximum  impact of this type of loss has  been  undertaken jointly 
with the Corporate Communication Division. The method  adopted is to assimilate all reports and articles 
concerning the accident by all the mass  media to negative  advertising for the company.  By  assuming  that 

J to counteract the negative publicity it would be necessary to broadcast a positive  message of the same 
duration, it is possible to advance a figure as a financial  estimate of damage to the company's public 
image. 

On this basis, the Melun accident would  have  resulted  in  public  image damage (expressed as an operating 
loss) of  around  FFr  60-70m  (radio:  FFr 10m; TV: FFr  40m;  press:  FFr  16m). This figure is  comparable 
with the total for all the other losses for this accident on which a figure  has  been set. 

This approach can however be  criticised for many  reasons:  in  particular, the message  conveyed by the 
media in the wake of the accident also emphasised the company's expertise in crisis management; on the 
other hand, the broadcasting of advertising footage equal in duration to the  news coverage will have less 
impact on the viewer than the sight of  the catastrophe. 
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I Incorporating  these  costs  into  the  investment choice method 

~ The  aim of prevention policy is to move towards zero accidents while  meeting  budgetary  constraints. The 
public authorities do not  at  present accept the setting of an acceptable  quantified  objective,  for  example 
defined in the form of F/N curves. 

I The company is currently investing almost FFr 2bn in  safety  installations. This resource must  be  allocated as 
effectively  as possible, and to this end the decisionmaker must be  provided  with information concerning both 
the economic aspect (which on its own is not sufficient in view of the high  level of safety already  achieved, 
and therefore the very high cost of any further improvement), and the  effectiveness  aspect as regards the 
safety of the various major investments envisaged. 

As a result, the method adopted  is organised around principles derived  from  conventional  risk  management 
techniques. 

Accident risk evaluation is based on: 
- a typology of causally-based accident scenarios, 
- the use of evaluation methods either of a probabilistic  type,  or of a historic type if the perspective is 

considered sufficient in statistical terms, 
- a study of the means of prevention, consisting of acquiring various economic and effectiveness 

characteristics as regards cutting the number of accidents. 

For this purpose, the following data, specific to each  project,  must  be gathered 
- investment cost, 
- operating and maintenance costs, 
- productivity gains, 
1. accident  scenarios concerned, 
- expected impact on accident risks, in terms of occurrence,  seriousness, and reduction of repair  costs for 

the various types of damage envisaged. 

A project performance indicator can be used to relate the "human" effectiveness  of  the  project  in  question 
(expressed in deaths avoided) to its cost (expressed in net current value). 

An indicator of this sort embodies a realistic vision of safety, which  lays  emphasis on the safety of people 
(SNCF has a public service mission, and its duties to the  community are primarily  of a human  rather  than an 
economic  nature) while taking the  cost of prevention into account. What  is  more, it enables a comparison  of 
the  performance of projects per  unit of expenditure. 

Moreover, a visual result presentation medium (called a decision matrix)  enables the decisionmaker: 
- to assess the dominant features of each project  (economic  profitability,  safety  performance), 
- to  situate  the projects in relation to each other. 
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For example,  the transparency shows a comparison between six typical  projects: 
- transponder  speed monitoring, 
- simplified ground-train radio, 
- the  replacement of manned level crossings by level crossings with automatic light signals, 
- the  elimination of level crossings with automatic light signals, and their replacement  by  bridges  or 

tunnels, 
- maintenance-incidents-works radio, 
- the  bolting of high-sided open goods wagons. 

The table  indicates: 
- the good cost-effectiveness of maintenance-incidents-works radio and its average safety-effectiveness, 
- the  excellent  safety-effectiveness of transponder speed control and its low cost-effectiveness, 
- the good cost-effectiveness  and good safety-effectiveness of converting manned level crossings into 

automatic  level  crossings. 

This  method is only used for large-scale corporate projects (for which decisions are taken by headquarkrs), 
and is not suitable  for local  investments;  the  latter  are today  based  on the exploitation of feedback at  regional 
level. 
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SAFETY DISCUSSION BRIEF. 

State  Rail embarked on a major change in the way it manages  safety. To achieve  major  impact 

on safety performance required substantial change in the way  safety  was previously  addressed, 

while  also requiring investment and workforce culture to be radically  altered. Through "de 

mystification" of safety,  establishment  of specific activities and performance  measures, based 

on a reliable data base, and a large  level  of  commitment,  major progress has occurred. 

This article sets out these activities,  some of the key achievements, and directions of  further 

;hallenge. 

Mr A. P. (Tony) Boland B.Sc.(Tech) MC.1.T. Mr P. J. (Peter)  Niven  B.Sc(Eng)With  Merit 
Executive  Manager General  Manager 
System Safety Operations 
State Rail CityRail 



INTRODUCTION: 

Most of the major industries in the world are concerned to ensure they  have 

"a aualitv  product to aive a aualitv service". 

This does not mean  quality  at  any  price  but  requires  that  services and products  are  produced in 

an economical, safe condition. Some years  ago "quality"  was to a large  extent full of "mumbo 

jumbo" and as such lost a great deal of credence in the  community. 

This paper is to show that safety is not an abstract concept but a real, vital and  measurable 

core element of quality. It will show that the cost of safety  gives  quality as well as  major 

economic benefits. These economic  benefits for  Railways are savings right off the bottom  line, 
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Culture of Safety: 

Safety is of course viewed by the uninitiated as a boring activity  that  doesn't  always  fit the new 

marketing philosophy. Further it may be seen  as a burden  to the commercial  goals  of the 

organisation. 

To change  perceptions  and to ensure people are committed to safety,  demands a major 

cultural phase shift.  There has to be a major  impetus to facilitate  this  change. 

The world railway scene at the time of instituting the new profile  and approach to safety  within 

:tate Rail had  been  impacted by: 

I The Kings Cross Station Fire in U.K. 

I The Clapham Junction collision in U.K. 

I The Coledale Embankment Failure on the N.S.W. lllawarra Rail  Line. 

These  calamities  were  all followed by major  judicial  inquiries  leading to criminal charges in some 

cases. 

These results prompted, in many  rail  systems,  necessary  industry  changes to ensure  Safety 

could be restored to No. 1 Priority. 

As far as  State  Rail  is concerned the following activities  were  identified and implemented: 

Hazards were identified. 

9 Controls were documented. 

I Establishment and maintenance of a Safety Incident Data  Base  (which included costing 

of incidents occurred). 

A Measurement Process was  established. 

I Data analysis became a routine  activity. 

1 Validation of controls by Auditing was  instituted. 



Control  Documentation  and the flow on benefits: 

The identification of potential hazards  was  relatively easy.  The  documentation of controls 

however was extraordinarily challenging. One hundred and forty years of modifications to the 

rules, regulations and standards existed, much of which were  contradictory  and  ambiguous. 

Some  three years later with expenditure of a million  dollars  plus,  unique  and  consistent  rules 

and clearly defined procedures are  in place. 

But  having clear procedures also allowed better  working and obvious  savings,  since it leads  to 

',wer derailments and other  disruptions  to rail  services. 

The safety data was easy to format and analyse,  leadmg to substantial  changes in State  Rail 

day to day operations. A few  examples of the changes  involved: 

All train  operation safety  critical personnel are  now reaccredited every two years. 

Previously, with the exception of some train crew, no reaccreditation program existed. 

This new  programme involving  over 5,000 State Rail  staff is now  an accepted 

fundamental policy. 

The  maintenance and operating environment  concerned with electric  train  passenger 

door  operation readily accepted low  levels of automatic door reliability  performance  and 

a high number of manual door trains were  in  service.  This  maintenance culture  has been 

radically altered. A major program of manual  door rolling stock retirement  and  automatic 

door  upgrading has been substantially  completed. 

1 People who fell from trains, fell  while on stations,  or  trespassed on railway  lines and were 

struck by trains  were accounted as responsible  for  their  own  injury or  death. No longer 

is  this  approach acceptable and initiatives to enhance  passenger  protection,  often from 

their own  foolish action, have been developed or substantially  completed. 



.. 

While a number of causal factors driving these quantum changes could be nominated,  the  key 

force is clearly the new safety management  environment  that  has  been created within  State Rail. 

The introduction of accepted safety performance data,  audits of performance in meeting 

stringent hazard control standards, and cost exposure  data have underpinned this new  safety 

management environment. 

The key to effectiveness in any safety  system  has to be measurement  of inputs.  For  State Rail 

these are the  total number of incidents and individual quantification of particular  hazards. 

IN OUR  VIEW, IF A PERFORMANCE  CANNOT  BE 
MEASURED, IT DOES  NOT DESERVE ATENTION. 



IMPROVED  SAFETY DOES NOT JUST HAPPEN -IT MUST BE PLANNED. 

Ownership of  safety  enhancement  initiatives  by  the  commercial  business  groups  within an 

organisation  is fundamental in ensuring  implementation  and  commitment. Tne Group Safety 

Plans within State Rail address this. Within the  plan,  focus and priority are assured  by  checking 

initiatives against financial exposure and safety  incident reduction goals.  Some  features from 

the safety management plan highlight this. 

Mapping of  key  safety  enhancement  activities  against  hazard. 

Identification of key safety programmes and their impact on hazards  and  safety  incident 

level. 

Safety management process within CityRail  defined. 

These plans  must  be meaningful with simple,  quantified  goals.  Each  plan  details  initiatives to 

achieve  reductions in safety incidents through hazard  elimination,  staff  education,  responsibility 

allocation  and internal  safety  review. 

4 key measure of progress  is  through the level  of  financial  exposure  derived from safety 

incidents. Developed by an algorithm, a generic  cost  for  each  safety  incident type allows  State 

Rail to determine priorities and justification  for  major  investment  and  change. 



What  Has Been  Achieved? 

Electric Train  Passenaer Doors: Automatic  Passenger  carriage train door operation  must be 

reliable.  CityRail Operation  standard  now established  requires 98% of cars with  automatic 

doors to have doors  opening and closing to standard (including timing).  Trains with failed 

doors are to be promptly  removed from  passenger  service.  The suburban train  door  system is 

being replaced/overhauled (774 cars at a cost of $5.4 million) and half the fleet  has been 

completed. A new locking  door system  has  been introduced to eliminate  passenger 

,pportunity to force doors open. The associated  public  address  system throughout the train 

has also been restored and its effectiveness  monitored. A crew  advice  system  is to be installed 

after development to warn crew of doors  held open or  failing to close.  The  whole  maintenance 

and  operating culture within CityRail towards passenger doors has been changed. A program 

of accelerated retirement of 300 suburban trains  with  manual doors will  have  been  all  achieved 

by March, 1993. 

(See P.A. System status and percentage of  sets complying to standard graphs). 
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passenaer Falls: Cost exposure data highlighted the  need to completely  overhaul  attitudes, 

procedures and facilities contributing to or failing to prevent  passenger  falls.  Treating 

"passenger fall" incidents as merely passenger responsibility  is no longer  considered to be an 

adequate response. A passenger fall reduction strategy  has  commenced  embracing the 

following: 

* establishment of minimum floor  friction  standards 

* floor cleaning and maintenance  standards 

* floor, step and escalator cleaning  and  maintenance  procedures. 

* passenger awareness 

(See graph reference AR23). 

Ooeratina Staff  Reaccreditation:  Train Operation Safety  staff  must be reaccredited in 

safeworking every two years to remain qualified in their positions. This concept has been 

introduced  to State Rail, and the first  phase completed  all within 2 years.  The  results  are 

dramatic. 

Procedural training is also being modernised. A recently contracted $3million  investment in a 

driver training simulator is  an  example  of the extent  and  level of this  commitment to best staff 

practice  and  standard. 

(See graph reference AR22) 

Vandalism and Tresoass on the Svstem:  Increasing  levels of trespass  and  vandalism 

supported the investment of  almost $7 million in trackside  fencing  along with far greater 

stringency in surveillance  and housekeeping with  respect to trackside materials.  Unfortunately, 

over 50% of safety incidents are still caused by  agencies  outside  CityRail.  Road motor vehicles 

on track, or knocking level crossing booms, and attacks by vandals  represent  the  major 

elements, with bomb hoaxes  also significant. 

(See graph reference AR21 and AR24) 

Fire retardant materials  have proved the earlier  wisdom  of this investment  as  deliberately started 

fires  on trains have been frustratingly, for the arsonist,  unsuccessful.  Meanwhile a program of 

replacement of windscreens on trains by a glass of almost double the  original  thickness  has 

underscored the commitment to staff  safety. 
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Key Challenges: 

While major changes to safety achievement  have  occurred  within  State Rail, there are  still  many 

substantial challenges. 

The impact of world wide trends towards greater  levels  of  violence within communities 

means  issues such as person  to  person violence  and bomb hoaxes  will be difficult to 

contain. 

Trespass  and system interference (particularly vandalism) will continue to require  refinement of 

surveillance and detection measures on a widely  distributed  network,  which a railway 

:onstitutes. 

Risk Analysis: 

Risk Analysis  is being used as a primary  safety  action in a number of system  safety  plans.  State 

Rail  believe that Risk Analysis is very important to allocate  capital works programmes  where  the 

best result for  money  is obtained. However, it is  much  more important to analyse regularly the 

incidents that occur to ensure that actions are taken to either  eliminate  or  control  potential 

hazards. In most cases hazards can be controlled quickly  and  efficiently  without  any 

expenditure whatsoever. 

Conclusion: 

The  safety performance data system remains an  invaluable  asset to State  Rail, representing  vital 

leverage to ensure commitment  and  action to deliver  levels  of system and person safety 

consistent with international best practice. It  has  also  become a means of ensuring  quality 

service with significant savings  in expenditure for  the  Authority. 
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Intrducticn 

The  purpose  of  this  paper  is  to  identify  briefly  the  main  developnents 
being  undertaken  by  British  Fail  in  ir@lementing  revised  information 
systems to support  safety  management  and  risk  assessment. 

I shall therefore  give a brief  outline  of  the  main  developnents and attach 
as appendices  relevant papers that  may  be of interest  to  the seminar 
participants. 

Data Architectm s t d y  

In  British  Rail's  revised  business  structure, m y  responsibilities  have 
been  delegated to the  new  profit  centres  which basidly cover lines  of 
route. A major BR study  is  looking  at  the  infonration.flows and cmpter 

part of a national network. As well as financial infomtion systems, the 
systems which  are necessxy to be retained acras business  boundaries as 

information  flows  concerning  safety are seen as the  main area of  critical. 
importance  to  the  network as a whole  and  which  have  to be specified  at 
Board  level. 

m e  main  subject  areas  concerning  safety  information  requirements  are as 
follows: - 

developing  safety  policy  and  plans 
review  safety  legislation 
assess  safety  risks 
endorse  safety  case 
provide  safety trainmg 
mnitor projects 
mnitor safety  performance 
safety  audit 

I attach as appendix A a flow  chart  of  information  between  each  of  these 
activities  and all other major organisations  mtside  the  Safety  Directorate 
plus a brief  description  of what is  meant  by each of the brief  titles 
above.  ?he  safety  information flow chart, I am afraid, looks mre like a 
SMP shot  of  Heathrow's  air  traffic  control  system  and  it  is  included  only 
to dmnstrate the  complexity  of  information  requirements  and  the scope of 
the  activity  that  we  are  trying to capture.  There  will be a major headache 

rallway  situation  and  the  extent to which  it  is mdeed necessary.  This  is 
In  deciding  how to capture  and  maintain  such  information  in a privatised 

a subject  that we are  debating  at  present  with  the  Health  and  Safety 
Ekecut  ive . 
DJMP-O04/fcp/221092  Page 1 



~ i s k  assessmmt infomtim stratay 

BR has a n w h r  of  projects  developing  which  integrate  closely  with  one 
another.  Indeed  the  danger  is if we do not specify  their  input a d  output 
carefully,  that  they  will  duplicate saw areas and create  gaps  in others. 
I attach a copy  of a viewfoil  demmstrating  the  inter-relationship  of  these 
as appdix B. What  is  important to identify  at  the lTxMnt is  that 
initially  one  requires a reporting and recording  system  that  includes 
knwkdge of  incidents and accidents  with  information abut populations  of 
equipxnt,  passenger  throughput,  nunb=r  of qloyees etc SO that  the 
incidents can be nomlised against  mr!iload and risk  levels measured. 

with  output  fran  this  database, a line of route  risk  nodel  is  being 
developed on a prototype  system  that  will  calculate  event- and fault-trees 
and  produce  specific  probabilities  and mnsquences so that  safety  benefits 
of different  lines of  action can be established. This expert system will 
input  data  into  the  decision  making  prioritisation d e l  under developnent 
by  Cooper  and  Lybrand  Deloitte,  described  to  you  in  the  earlier 
presentation  by  David  Rayner. 

11 - (British Rail Incident ?+mitarins Systgn] 

Until a couple  of  years  ago  all  data abut railway  accidents was reported 
by  railway  operators  and  engineers  directly  to  the UK Railway  Inspectorate, 
where  the data was analysed  and  subsequently  reproduced  in  the  Railway 
Inspector's Annual Report of Railway  Safety. BR develop4  the BRlMs system 
to establish  its own cunprehensive  database,  including  the HedLth and 
Safety  Executive  reportable  events,  lost-time  injuries, and increasingly 
other  incidents - operating and engineering - that had significant  risk 
potential. 

There  are  however,  weaknesses  in  the  system  that has been develop3 - the 

managers to exploit  the  data  and  analyse  it  easily.  The  system  is  also 
system is not  particularly  user-friendly  and  it has been diffinilt  for  line 

short of  "near  misses'' and is  weak on the  analysis  of  causality. 

Whilst  we  are  in  the  short  term  trying  to  address sone of  these  weaknesses, 
in  particular  the  user  friendliness  aspects, we are IXXJ respecifying a 

way  we  are  going  about  this as appendix C. 
second  generation BRIMS system and I have  included a specification  of  the 

mrkirq hovs and conditians database 

British  Rail  are  currently  studying  the  restructuring  of  the burs and 
conditions  of  certain  grades of staff to reduce  the l q  hours being mrked 
in scme cases  with  ptential  safety  implications.  Recent mrk undertaken 
by the team considering  the  review  of  train  drivers  ccditicns  have  focused 
on the  correlation  between  the shift patterns  of  the  drivers  and  safety 
incidents  affecting  drivers,  including  particularly the available  database 
on signals passed at danger.  We see the  OpFOrtunity to extend  this  work to 

which  they  are  involved  normalising  them  against  their hours and patterns 
cover  other  safety  critical g~oups of  staff and the safety  incidents in 

databases  concerning  staff  hours and pay. 
of duty.  The  work has required  extensive  analysis and develapnent  of  the 

A7MP-O04/fcp/221092 Page 2 



We  are  now  proposing to use  the wrk undertaken as a basis  for a risk 
assessment  of a change  in  drivers  hours  and  conditions  of  duty  and also 
that  of  other  grades  of  staff  and  are  likely to take part in sone 
collaborative  research  work  being swored by  the UK H e a l t h  and Safety 
Executive. A recent  paper to our  Board  Executive  outlines  the scope of 
work  that  is  now  about to be undertaken and this paper is  attached as 
appendix D. 

~ i n e  of rcxlte s h d v  (Fast W t  Main Line) 

It  is  critical  that  line  managers  have  easy  access  to  information about 
risks and vulnerabilities over the area for  which  they  are  responsible.  We 
are  developing  therefore, a prototype  system  for  this 80 mile  section of 
route  which  brings  tcgether  existing  database infomtion on incidents  and 
accidents  together  with  the  staff,  infrastructure  and  workload  populations 
of  the  route  in  question.  The  prototype  risk  rrcdel  will be a d l  expert 
system  which  will  calculate  event- and fault-trees  and  provide  information 
on safety  benefits  obtainable  frcm  different  safety  decision  options.  It 
will  therefore  give  an  indication  of  the  priorities  implied  by  the 

will  feed  into  the  decision  making  &el  under  developnent  by  Ccoper and 
different  risk  levels  calculated  by  the  system.  ?he  output  of  this  system 

Lybrand  Deloitte. 

The  phase  one  feasibility  report  undertaken by the  consultant on this 
project  is  attached as appendix E. 

Safety case 

The  recent  report  by  Sir John Cullen into  the  Piper  Alpha  disaster 

of  offshore  oil  installations. UK legislation  now  requires in that 
identified  the  crucial  role  that  safety  cases  will  have  in  the  improvement 

demonstrate  that  appropriate  safety  performance can be achieved. 
industry  the  production  of  individual  safety  cases  for  each  installation  to 

A safety  case  embraces  the  exposition of the  activity's  safety  managewnt 
system  supported as necessary by quantified  risk asses-t of  the  critical 
hazardous  processes  identified.  It  will  carrpare  the  probable  safety 
perfomce of  the  activity  with  any  external  or  internally  generated 
safety  risk  criteria and will  measure  performance  before,  during and after 
any major change  which  is  proposed. 

The safety  case  is a living  dccument,  updated so that  it can dmmtrate at 
any time  the  appropriate  safety  system in place,  the  risks  that  are 
identified  and  the  preventative  measures  that  are  in  place. 

Proposals  for  British  Rail's  privatisation  include  ensuring  safety  through 

Executive  include  the  provision  of a railway  safety  case  by  any  franchisee, 
a validation  process.  At  present  proposals  fran  the H e a l t h  and Safety 

privatised cmpany or  management  buy-out  ccmpany. 

British Rail is  undertaking a prototype  safety  case  at  the  present  time 
covering  the  major  project of resignalling  the  ccmrmter  railway  line 
between  London  and  Southend. A copy  of  the  project  remit  is  attached as 
appendix F to  show  the  scope  of  what  is  intended. 
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Internatid sharins of safety data 

meensland  Railways  sought  to  collect  information abut safety on a canparative 
basis  fran a number of railway  systems as long  ago as 7990, although it is 
understocd  that  many  of  the  responding  railway  canpanies  were  unable  to  provide 
data  in a mma3n format  or  to CamDn definitions. 

At our seminar at  Latimer  House  last  year,  we  identified  the  need  to attqt to 
develop cumwn definitions and data  supporting  risk  assessment and David  Hyland 
had been canissioned  to  produce a ccmparative  study  of  the  safety  performance 
of a number  of suburban and mass transit  systems. 

David  Hyland  has  now  circulated  his  draft  report  to the involved  railway 
cmpanies.  His  report  identifies  problems  in  drawing  conclusians  because  of 
the  lack  of  consistency  of  data  definition and data  reporting. 

In  my  view, also, the  broad J?N curves that have been dram for each railway 
system  are tm generalised  to  identify  any  significant  areas of perfomce 
difference  that  are  helpful  for  analysis or decision  taking. 

This  suggests to me  that a better  way  forward  would be to  identify particular 
discrete areas of  activity  of mjor interest to a number  of  railways  and 
exchange  data  about  these  specific areas in a way that will minimise the  amxlnt 
of work that has  to be undertaken and will  help  focus  on  particular  decision 
options. 

I have  listed  in a letter  sent to the  Latimer  House  participants a n&r of 
activities  in  which  British  Fail has specific  interest - in particular  safety 
of  employees  at  the  trackside,  safety  of  passengers on trains  (passengers 
falling  frcm slam doors),  incident  correlation  with  hours  of  duty,  and  finally 

aware that other  railways  have  specifically  mentioned also level  crossing 
the  development of performance  risk  criteria  for  new  railway  projects. I am 

safety  and  the  transport of dangerous g d s .  

1 have  attached a number  of  relevant  dccuments as appendices - the  @eensland 
letter as appendix G, the  notes of ow relevant  discussion  at  Latimer  House as 
appendix H, the  letter  that I distributed  to  Latimer  House  participants as 

mjor review by British  Rail  as  appendix J and  the  first output of a pmess of 
appendix I, an analysis of employee  trackside  safety  undertaken as part of a 

developing  risk  performance  design  criterla  for  new  railway  projects as 
appendix K. 

We  have a number of options  on h m  we  take  this  developnent  forward.  If  we 
wish  to do this as a group,  what  subject  or  activity areas do  we  chccse? 

particpants  at  this  conference  wish  to  act as an a5ent  on  behalf  of all of us 
Secondly,  what  resource  do  we  use  to  undertake  this  study? Goes one of the 

use a consultant  on OUT joint  behalf? CO we,  perhaps  in  the  longer term, form 
in  co-ordinatinq a definition  of  data  required and analysing  the  results? CO we 

an international  railway  association, under the auspices  of an organisation 
like  the UIC for  example,  to  collect, m g e  and distribute  such data to the 
members of  that  association? 

Other  industries  like  the  oil  industry  have  formed such asscciations,  setting 
them up as limited  subsidiary  canpanies  to prduce and  manage  such data 
available  for  all.  The  trend  towards  the  privatisation  of  railway  activities 
may  make  this  sort of developnent  essential  in  the  medium to long  term. 

I 
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RISK  MANAGEMENT  AT 
ROADlRAlL  CROSSINGS 

NZ Rail  System 
Leng th  4200km 

Road/rail  "level  crossings" 
1 136 Passive  protection  (signs) 

-223 HABs  [barr iers)  
1882 

Costs  per  year-  

523 FLBs  [ l ights & bel ls)  

$2.3M maintenance 
$0 3M capital 

Col l is ions  per   year-  
vehic les.  7 die 

pedestr lans.  2.6 (half fatal)  
18 in jured 

3 

For a typlcal crossing- 

Annual  Accldent  Costs 
Return Period for Collisions 

20 years 30 years 40 years 
$18,800 $12,500 $9,400 

, 

Compared wlth passive  protectlon- 
FLBs avold 65% of  accidents 
HABs  avoid 88% of  accidents 

Annual  Benefits 

20 years 30 years 40 years 

'FLBs $ 1  2,200 $8,100 $6,100 
IHABs $16,500 $ 1  1,000 $8,300 

COST-BENEFIT  ANALYSIS 

"We  can   neve r   be   t oo   sa fe "  . WRONG 1 

"Sa fe ty   a t  reasonable cos t "  
"Reasonable" = benef l ts  exceed  costs 

To value  benef i ts  
w e   n e e d  a value of life 

Not really valuing  l i fe . . . 
valuing risk reduction 

For NZ, "va lue   o f  l i fe"  = $2M 

1 

EXISTING  INSTALLATIONS 
Annual  maintenance  costs 

FLBs $3,200 
HABs $5,600 

Keep  existlng- 
FLBs if  underlying  return  perlod < 75y 
HABs If underlying  return  perlod < 60y 

I<eep exlsting- 

FLBs if  observed  return pertod < 200y 
HABs  If  observed  return  perlod < 500y 

R e m o v i n g   s e r v i c e a b l e  FLBs o r  HABs  
i s   h a r d l y   e v e r   j u s t i f i e d  I 
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Correct  theoretical  analysis  shows- 

Roads Most at Risk (vehicleslday) 

Active 

Passive 6000 4000 
Protection 

5000 
For long trains: 

(500 - 10 000) (500+ 1 

(500 - 8000) 

PEDESTRIANS 
I I  

Pedestrians less controllable  than  cars 

I Sational  to  take  short  cuts 
I 

Harm  only  themselves 

Freedom  to  choose-  "consumer  sovereignty" 

Responsibility  to warn pedestrian  of  danger 

Then  up  to  the  pedestrian  to  act  safely 

STATISTICAL  STUDIES 
I I1 

Beware  of 
"bias  by  selection" 
"regression  to the mean" 

Epidemiological studies . . . 
protection  is more effective than it seems 

Before-and-after studies . . . 
protection  is less effective  than it seems 

"Empirical  Bayes  estimation"  is  needed. 

CONCLUSION 

Protection  methods are old  and  inadequate 

Standardisation  and  reliability  are  the  goal 

Goal  is safety. . . a t  reasonable  cost 
(and not  "safety  f irst"  for  the  railway !) 

Stop  focussing  on  who  was  to blame 

Aim  to  cope with road  users'  mistakes 

12 

Level crossing  collisions  are  a road user issue 

Traffic engineers are best t o  deal with it 

And  road  users  should  pay  for  protection 



RISK MANAGEMENT AT 

New  Zealand Rail Limited  operates 4200km of  railway  along  which  thexe are 1882 
public  level  crossings  used  by  road  traffic.  Most  crossings, 1136 in all, have 
passive  protection  whilst 523 are protected  by  flashing  lights  and  bells (FLBs) and a 
further 223 have half-arm  barriers (HABs). Legislation  gives mil priority over road 
traffic.  There are also 34 pedestrian-~dy level crossings, 14 with passive signs, 18 
with  bells  (some  augmented  by an illuminated TRAIN COMING sign)  and 2 with bells 
and  short banier arms.  

Each year level  crossings  cost $2.3M in maintenance and $0.3M in capital 
expenditure, of which  half is paid  by  road users. Annually,  approximately 7 people 
die  and 18 people are injured in collisions between t rains and  road  vehicles.  Setting 
aside early 1990 as atypical,  over the last decade pedestrian accidents at rail 
crossings  have  averaged 2.6 annually, half of  which were fatal. 

COSTS A N D  BENEFITS 
To express  the  total  cost  of  level  crossing  accidents in dollar terms requires a  value 
to  be placed on human  life. The "value  of  life" about which  we often hear is 
actually  a  misnomer.  Suppose, for example,  we expect to save 10 lives as a result 
of  spending $lOM. We can loosely think of  the expenditure of om miZZion dollars 
per Zge saved as the  "value  of life". But this does not mean we expect anyone to 
willingly  exchange his life  for $lM dollars; it  is reaUy a measure  of  what  the 
population is willing to pay for reduction in risk. Studies of  wiIlingness-tepay for 
risk  reduction  have  establish  the  appropriate  value  of life to use in New  Zealand. 
a  result the Minister of Transport has  set  the  "value  of life" as $2M in 1991 dollar 
values. 
At $2M per life lost  the annual cost of 7 deaths in collisions with road  vehicles is 
$14M. Taking $50,000 as the  cost  of  personal  injury, I8 injuries  add a Mer $1M 
(not  to  mention  the  cost  of  vehicle  damage  and  other costs). This $ 1 5 M  annually is 
twenty-fold NZ Rail's costs  of  disruption, loss and damage  which it estimates to be 
$0.75M a year. Another $5M a year is  borne  by  pedestrians. 
No one spends  two  dollars  for an expected return of  one  dollar.  Few  would  object 
to spending one dollar when  the  expected return is  two  dollars. Irrespective of the 
emotive talk "life and death" safety  issues  generate, this logic necessarily applies to 
safety  expenditures. It  is  foolish  to  claim  that any expenditure that saves a  life is 
warranted. Funds for spendmg*on  safety are limited. That beiig so, these funds 
should  spent  where  they  achieve  the  greatest  good. 
* This paper draws mainly from two reports by Mffiregor & Company (now M c h e s  Gmp): 

Trafic Proteaion at  Rail  Level Crossings, April 1990, and 
Pedestrian  Protection at Rail  Level  Crossings, September 1990. 

The content of these reports has been updated to reflect an April 1991 directive by the Minister of 
Transport  that economic evaluations of transport should reflect a  value of life of $2 million. 

McInnes Group 19 Hawkins Street W Box 87 147 Meadowbank Auckland New Z c s h d  TcLphonr (64 9) 521 2720 ~m 521 0496 



Risk Management  at  RoadiRail  Crossings 2 

ROAD  TRAFFIC  PROTECTION  AT LEVEL CROSSINGS 
For the  good  of the nation it is  essential  that u l Z  costs and  benefits,  including  those 
of the wider  public,  be tallied when  choosing  level  crossing  protection. To show 
how  cost-benefit  analysis can be applied  to  level  crossings,  the  following illustrates 
the  costs  and  benefits  of  different types of  protection. 

Public Cost 

NZ Rail Cost 

Total Cost $2,281,500 $93,500 $19,200 $8,700 

Fatal serious Minw pt'operty 
Accidents Injury Injury Damage 

Accidents  Accidents Only 

Suppose the relative  fresuency of the four types of accident are as below. 
The cost  of  the  average  accident is calculated to be $376,000. 

15% 10% 50% 25% 

Average accident eost: 
$376,000 

This collision cost can be annualised, given the expected  accident kquency for a 
given  level  crossing 2: 

Return Period of Collisiom 
20 years 30 years 

Average A ~ u a i  
4Oyears 50years 

Acadent Cost $18,800  $12,500 59,400 $7,500 

We can now compare  the  relative  benefits  of  the three types of  protection.  Taking 
the St  Andrew's Cross (crossbucks) as a  base case, Amexican research  concluded 
that: 
(a) FLBs can be  expected  to  avert 65 % of  the  accidents that would occur 

@) HABs can be expected  to  avert 88 % of  the  accidents  that  would occur 

The annual benefits  of  installing FLBs or HABs are then as follows. 
Return Period of Collisiom 

with the St Andrew's  Cross  alone;  and 

with the  St  Andrew's  Cross  alone. 

20 years 30 years 4Oyears 50years 
St Andrew's Cross 0 0 0 
FLBS $12,200 $8.100 $6,100 $44,9oo 

HABS $16,500 $11,ooO $8,300 $ 6 , m  

These  figures  give  a  broad  guide as to the  worth  of FLBs and HABs. Where  these 
safety  benefits  exceed  the costs of  active  devices,  their  installation  andlor 
continuance is warranted on cost-benefit  grounds. 

2 'Rehlm period" terminology is used, a five-year  letum period meaning that 
a collision occurs on average  every 5 years. 
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Annual  maintenance  costs  are  typically  $3,200  for FLBs, $5,600 for HABs and 
virtually  nothing  for St Andrews  Crosses.  Retention  of  active  protection is therefore 
justified by the benefits  if  the  return  period is less than 75 years  for FLBs or 60 
years for HABs. These  return  periods  are  the underlying return  periods, ie assuming 
passive  protection. Observed return  periods  reflect the benefits  of  active  protection. 
Given  FLBs eliminate  65% of  collisions,  observed  collisions are 35% of underlying 
rate. For HABs, observed  collisions are 12% of  underlying rate. In t e r m s  of 
observed collision  rates,  FLBs  ought  not  to  be  removed unless cowsions at the 
protected  crossing will be  less  frequent  than  one  every  200 years for F L B s  and 500 
years for HABs. As we  cannot  predict  such  rare  events, removing  serviceable I.zBs 
or HABs is hardly  ever jumped. 
Installing  new FLBs costs $45,000 and HABs $80,000,  equivalent to $5,000 pa and 
$8,800 pa  if  amortised  over  25  years at 10% pa  (a 'real" rate, ie 10% more than 
inflation).  Summing  the  capital  and  maintenance costs, new insralIorions wst 
$8,2CWpa for FLBs and $14,4Wpa for W s .  comparison of costs and  benefits 
shows  installation  of  new FLBs to  be  warranted if the return period is less than 30 
years. 
If we fmd FLBs and HABs are both economic, w?fi& should be installed? To prefer 
HABs over  FLBs  we  must justify the  extra  cost.  Considering  a return period of  20 
years,  the  extra  cost of HABs is $6,200  pa (14,400 - 8,200)  which exceeds the extra 
benefits  of $4,300 pa  (16,500 - 12,200).  Only if the return period is less than 15 
years is the  added  cost  of HABs over FLBs justified  by  the  added  benefits. 
Based  on  the average  figures  used  above,  new  installations  of HABs are warranted if 
the underZying return  period is less than 15  years. FLBs are warranted for 
underlying  return  periods  between  15 and 30 years. A decision  whether to upgrade 
FLBs to H A B s  would  depend  on  the  salvage  value  attaching to the FLBs removed. 
These  cost-benefit  calculations,  using  illustrative figures, point to some  likely 
conclusions  regarding  conventional means of  level  crossing  protection. 

By far the  greater  part  of  the  cost of level  crossing  accidents is incurred  by the 

Removal of existing  active  protection, in serviceable  condition, m o t  be 

New  installations  of FLBs appear  justified  at  level  crossings with collision return 

If the return  period  is  less than 15 years,  the  added cost of HABs over FLBs is 

general  public. 

justified  on  cost-benefit  grounds. 

periods  of up to 30  years. 

warranted by  the  added  safety  benefit. 

This assumes trains continue  to  operate as they do now. If trains were to yield  right of way to 
road  traffic, which is not  unreasonable  on short spur lines used ody for shunts, removal of active 
protection could be justified. 

N e w  Z c ~ l o l d  
McInnes Group 



Risk MaMgemenr m RoadfRail Crossings 4 

PEDESTRIAN  PROTECTION 
Pedestrians are relatively  unfettered  by  traffic rules and  regulations. This may 
reflect  enforcement  difficulties.  More  likely it is because  wallring  menaces no one- 
whereas  vehicles can inflict hann on innocent parties. Controls on pedestrians raise 
issues  of  personal  freedom  not  aroused  by  controls  on  motor  vehicles. 
Pedestrians at times  fail  to  make any conscious decision whether to cross or wait for 
an  oncoming train. Pedestrians hit by trains may  have been distracted,  preoccupied, 
or  otherwise  unaware  of  the  approaching train. To "see" an  appriaching train the 
pedestrian  must turn his  eyes  in the direction of the train. The Mquency of trains 
on  many tracks means that  visual  scanning  for  approaching trains is not as automatic 
as looking for cars before  crossing  a  busy  street.  Auditory senses may not  alert 
people  to  oncoming t rains because  the  sound of an  approaching train can be masked 
by  background  noise  such as wind,  road  traffic,  wearing  portable head sets, etc, and 
the train may  have  throttled  back  and  not  be  under  power. 
It  is a  human  trait  to  take  short cuts, even where overbridges and underpasses  offer 

invariably  safely. It  is rational  behaviour.  The  individual  weighs his extremely 
small  chance  of  mishap  against the benefit of a  shorter j o q .  
Pedestrian  accidents at level  crossings can be  grouped with mishaps to people  who 
participate  in risky leisure  pursuits:  hang  gliding,  climbing,  rugby, e& Society 
allows  individuals  the  freedom to choose  whether to pursue risky pastimes; each 
individual is free to determine  whether  the personal benefit he dexives from 
participating is worth  the  high cost of a  mishap  in  the unltkely event  that a mishap 
occurs. This is a  straight-forward  example  of  *consumer  sovereignty". In everyday 
life no  self-appointed,  well-intentioned  higher  authority tells individuals  how to live 

protection  of  ,the  consumer  is  confined  to  consumer  legislation  addressing 
their  lives or spend their money;  consumers  decide for themselves.  Government 

individuals'  access  to  the information needed to make  informed  decisions. 
Pedestrians  do  recognise  railway  tracks for what  they are. The pedestrian always 
has sufficient  visibility  up and down the  track  to  determine whether a train is 
approaching. A pedestrian has  available  all the information required to decide 
whether to proceed or wait  for an oncoming train to  pass.  Under  the  principle  of 
consumer  sovereignty,  the  pedestrian  should  be  free  to  decide  whether  to proceed 
without  waiting,  or to exercise  caution  and  suffer the attendant  delay 4. 

Even without waming  devices  pedestrians  generally  have  timely and sufficient 
information  to  make  informed  judgements. Wth controls  and  waming  devices 
(installed  wherever  the  benefits  exceed  the costs) pedestrians  have at their disposal 
all  the  extra  assistance  society  can  justifiably  provide.  If  pedestrians  ignore  the 
warnings,  the costs and  benefits  of so doing are  theirs  and  theirs  alone. There is 
nothing more  society should ab for them. 

At railway  level  crossings the most elementary  protection  afforded pedestrians is a 
simple  sign.  The  most  basic  form  of  "active"  protection  is an audible or visual 
prompt  triggered  by  an  approaching train. Further  up the scale are physical  barriers 

* total  protection  to  pedestrians.  People  take  such  short cuts frequently,  and almosr 

4 In the case of a double  track,  the  pedestrian has little  chance of discerning which track the train is 

Where  there are multiple tracks it is easier to justify the cost of special measures to protect 
on and may well be  faced with a "dilemma zone" where he has difficulty in deciding what to do. 

pedestrians. 
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activated by the approach  of  a train. At the  top of the scale is "grade  separation", 
ie pedestrian  overbridges  and  underpasses. 

Pedestrian  "cribs" are provided  at  some  suburban  railway  stations. They are 
obstacle  courses  aimed at providing  pedestrians with better  views  of  oncoming 
trains. Pedestrians  walking  through  a  crib turn through 900 to face  one direction of 
train approach  then,  because  the  crib  changes  direction  by 1800, turn to face the 
other  direction  of train approach.  The  principle  is  sound  make  the  pedestrian  face 
each  direction  of  approach  before  stepping onto the  track.  Unfortimately, maldng 
pedestriansfme  each  direction  does  not  ensure  they look in each direction. 
To be  confident a crib will be  effective it must  give  the  pedestrian  plenty  of  time 
facing each  direction  of train approach,  substantially  lengthening  the  pedestrian's 
travel  path.  Given  the  size  and  design  of  cribs  installed to date it wouid be 
surprising if they  proved  to  be  remarkably  effective at achieving  their stated 
purpose, viz getting  people  to  look  and register that  a train is approaching.  If cribs 
are effective  it  may also be  due  to  the  way  they  discipline  pedestrian  movement. 
An important  difference  between  pedestrians  and  motorists  is  that  motor  vehicles 
travel in "indian Ne" whereas  pedestrians  act  independently of one  another. As 
soon as one  motor  vehicle  stops it  forms  a  barrier to following  vehicles. This is not 
the case with pedestrians  unless: (1) they are funneled  through a narrow gap  before 
stepping  out  to  cross  the  track and 0) they are sufficiently  numerous  to  interact  with 
one  another.  Pedestrian  cribs fit this  specification. If cribs  have  indeed  caused 
statistically  significant  improvements  in  pedestrian  accident  patterns, the 
improvement  might  be due as much to  the indian file effect as to the visibility effect. 
Another  benefit  of  the  indian  file  discipline  is  that  it  reduces  the  danger posed by the 
"sheep  effect".  Sheep  generally  stay  together  in  a  mob  but if one splits off  others 
are bound  to  follow.  The  parailei with pedestrians ar ises  because, responding to 
visual  cues,  people are inclined  to  think  that  if  a person nearby steps onto the track 
then it is  safe for them to do so too. This is not  necessarily the case but, wen if it 
is, it may  set up a  chain  reaction  that  entices  other  people to continue to cross the 
track until the  point is reached  when  someone  steps  out  without  time to reach  the 
other  side  in  safety.  The  sheep  effect is most  likely to be  manifest when a number 
of  people  alight  from  a train; the larger  the  crowd  the  more  likely it is that  someone 
will set out across  the  track. 
Active  protection  has  a  greater  potential  than  passive  protection  for  alerting 
pedestrians to imminent  danger.  Audible  alarms (FLBs) are  installed at many level 
crossings  used  by  road  vehicles,  yet  pedestrians still have  accidents  there.  Perhaps it 
is connected with the  short  time  for  a  pedestrian to cross the track  compared with the 
duration  of  advance  warning  given  by  the  bells.  For  pedestrians  the bells may also 
have  the  perverse  effect  of  increasing  the  hazard  by  masking  the  sound  of the 
oncoming train. Furthermore,  to  the  pedestrian,  audible alarms are fundamentally 
contradictory: do they mean YES or NO? At signalised  road  intersections,  buzzers 
signify it  is safe to  cross. At railway  crossings,  bells  signify it  is w@e. 
Pedestrians  are  demonstrably  less  controllable than motor  vehicles. They walk 
around  and  under  barriers, as do  cyclists.  The  principle  of  consumer  sovereignty 
establishes  that  pedestrians  ought  to be allowed  this  discretion  of  action at level 
crossings  since,  generally,  they harm only  themselves  if  they  make an error of 
judgement. To the  extent  justified by cost-benefit  analysis it  is incumbent upon 
society to reduce  the  risk  of  misjudgment.  Obviously  the  cost-benefit  balance is 
dependent upon train frequency and the  numbers  of  pedestrians  using the crossing. 
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BEWARE! DEFICIENCIES! 
Apart from St  Andrew's  Crosses, FLBs and HABs, almost no other form of level 
crossing  protection  is  seriously  considered  in  New  Zealand, or elsewhere.  The  basic 
problem  facing  railways  world wide is  "resistance  to  change",  There is a reluctance 
to consider new  ways  of  doing  things.  There is an aversion to new  technology 
which,  simply  because it is new, is  automatically  regarded as having  uncertain 
reliability. New  Zealand is not  alone in this regar@ it exists  world wide.. There is 
no doubt  that  safety is the prime  criterion,  but it is safet-rfrom critic&m when 
something  malfunctions  rather than safety in the sense of accident avoidonce. 
When  accidents  happen  the  railwayman  claims  absolution  from  responsibility 
whenever  the  driver or pedestrian can be  shown  to be somehow  at  fault, This fault 
doctrine is negative,  sterile  and  irresponsible. It is akin to revenge. Road users 
should  demand  that  all  economically  justifiable  measures be taken to avoid 
accidents-  irrespective  of  fault. 
Important  traffic  engineering  principles  are  being  overlooked.  Insufficient 
recognition is being  given  to  "Human  Factors".  There is poor driver compliance 
with the duty  to  determine  whether  or  not  the  way is clear. One study 
concluded  that  "head  movements of motorists  looking  down  the tracks were visually 
nonexistent  [and]  brake lights were  applied on the  approach to the rail crossing  by 
only 7.6% of the  vehicles".  This is understandable  since  the use of passive signsat 
level  crossings  results  in negative  reinforcement. The St Andrew's cross bearing the 
words RAILWAY CROSSING is a repeated  reminder  to  motorists  that  railway crossings 
"never" have trains on them. The St  Andrew's  cross is as much use as a BEWARE OF 
THE SHARKS sign on a New  Zealand  beach. The  signs  do  have a purpose,  I10weve-q 
they  permit  those  who erected them  to  wash  their hands of responsibility  when 
accidents happen! 
At  passively  controlled  crossings  the  key  determinant  of risk is whether  the  motorist 
can see an approaching train soon enough to stop.  As a motorist  approgches a level 
crossing  there is a "search  time" during which  he scans his  surroundings to see if 
there is a recognisable  danger.  We  should  allow 3 seconds  perception-reaction  time 
before  braking  begins.  At a speed of 100 km/h a motorist  must  be  able  to see an 
approaching train 12.7 seconds  before he reaches  the  crossing; if he does not, his 
only  option is to try and  make it to  the  crossing before the train does! This means a 
driver  travelling at the  open  road speed limit  when still 212 metres from the  crossing 
must be  able to see any train that  is within 12.7 seconds  of  reaching the crossing. 
NZ Rail's current  policy on visibility  at  level  crossings  bears no resemblance to this 
standard  of  visibility.  The  criteria  are  based on how far  down  the railway track a 
motorist can see  from  points 5 metres and 30 metres  back  from  the centre h e  of  the 
track. The distances  specified can be  interpreted  thus: 

when the fastest  train is 8 seconds away from the crossing it must be visible to 

reaching the crossing it should be visible to motorists 30 metres from the track. 
motorists 5 metres from the track; and, when the train is 5 seconds from 

The  only way in which  NZ Rail's visibility  standards  could  have any relevance 
would be to  compel  vehicles  to  cross  the tracks at slower  speeds. There was once a 
lower  speed  limit  for  vehicles  approaching  level  crossings, but arbitrary speed limits 
that  cannot  be  effectively  enforced  are  not  respected  by a public  that  does  not  accept 
their need, given  the  infrequency  of trains 5. 

6 

5 Use of the advisoly speed sign might  be more promising than a blankel Speea limit at passively 
protected  level  crossings. Motorists are then given  notice of the safe speed for each individual 
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WHO SHOULD  DECIDE  THE  TYPE OF PROTECTION 
Authority  for  installation  of  active  and  passive waming devices is conferred on the 
road  controlling  authority  by  the  Traffic  Regulations 1976. Authority  for  installing 
active  devices  is also vested  in  NZ Rail by  the  New  Zealand  Railways  Corporation 
Act  1981,  but  the same Act  absolves  NZ  Rail  of any liubiZity for  not  erecting  and 
maintaining  warning  devices. By implication,  there is no duty imposed on NZ Rail 
to  do so- the  Act  takes a Zuissez faire approach,  relying on NZ Rail's self interest 
to  see  that  waming  devices  are  adequate. 
Currently,  standards  applied  by NZ Rail are based on engineering  judgment  of  latent 
accident  risk.  The  level  of  protection a  level  crossing  receives  depends on its 
"Product  Number".  The  Product  Number  encapsulates in a single number a 
crossing  characteristics  and  traffic  use  to  produce  a  measure  of  reIative risk Apart 
from this approach  being  scientificaly  flawed-  the  next  section  explains  why-  the 
Product  Number is only  a means  of runking level  crossings.  NZ Rail's standards  do 
not  determine  whether  we  are  currently  spending  too  much  or too little on safety. 
The  government  Cannot  avoid final responsibility  for  the  welfare  of the general 
public  at  level  crossings.  When it was a government  department  under ministerial 
direction,  the  railways  could  have been entrusted  with this responsibility  by 
delegation.  As a government-owned  company,  expected to be privatkd, this is no 
longer tenable. 
It is illogical  that NZ Rail  should  have  power  over  the  welfare  of  road users who 
collectively  may prefer  a  different  level of protection than that  chosen  by NZ Rail 
on their  behalf.  Given full knowledge of the  relevant  facts,  road users may  be 
prepared to pay extra  for  the  advantage a higher  level  of  protection than they are 
currently  getting. On the  other hand, road  users  may  prefer  to  divert part of  the 
expenditure on level  crossing  protection  to  safety  measures  yielding  higher  benefits 
per  dollar spent (eg motorway median barriers,  perhaps): 
The  people  best  placed  to  decide on level  crossing  protection are those  who  best 
understand  the  causes  of  level  crossing  accidents  and  the  effectiveness of counter- 
measures.  Were it not  for  transgressions  and  oversights by motorists  and 
pedestrians,  the  majority  of  level  crossing  accidents  would  not  happen.  Since  the 
consequences  of  accidents  weigh  most  heavily on road  users  and  pedestrians,  should 
NZ Rail be  particularly  concerned  about  level  crossing  accidents?  NZ Rail is not in 
a position  to do much  about  level  crossing  accidents,  especially  those  resulting  from 
road  users  ignoring  the  rules. Many of the available  remedies (eg road  works  and 
pavement  markings on approaches to level  crossings,  driver  education, erc) fall 
outside NZ Rail's jurisdiction. 
Essentially  the  problem  is a fraflc one.  Analysis  of  the  causes  of  level  crossing 
accidents lies within  the  province  of traffic engineering, as do all the potential 
solutions.  Even the existing  measures,  flashing  lights  and  barriers,  come within the 
expertise of traffic  engineering.  (And it has  been  demonstrated  by  overseas  trials  at 
level  crossings  that  conventional  traffic  signals are more  respected  by  drivers than 
the  railwayman's  flashing  lights.)  The  Ministry  of  Transport's Land Transport 
Division  should  therefore  be  the  agency  responsible  for  standards of safety at level 
crossings.  This is where  the  nation's  major  traffic  engineering  and  road  safety 
resources  lie. NZ Rail does  not  profess to have  this  expertise,  nor  should i t  

crossing and they ignore  the  warning at their peril. The advisory speed sign wdd be posted 
beneath  the St Andrew's Cross. 
NZ Rail can still contribute  by  supplying data and railway  expertise  to  the  evaluation process. 

~~~ ~~ 
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ASSESSING RISK LEVELS 
The most detailed exploration  of the Product  Number  approach was a statistical 
analysis of level crossing  accidents  published in 1982 by the United States 
Department of Transportation.  Accident data were used to fit the following 
multiplicative  relationship: 

Collisions per year = kEIMTDTHPMSHTHL 

where the factors in the expression are defined as: 
k = constant HP = Highway  Paved 
E1 = Exposure Index MS = Maximum Speed 
MT = Main Tracks Factor HT = Highway Type 
DT = Day Through-trains HL = Highway Lanes. 

The three types of protection (St  Andrews  Cross, FLBs and HABs) were  estimated 
separately and the results were as follows. 
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k 
constant 

EI 
Exposure Index 

MT 
Main Tracks Factor 

DT 
Day Through-trains 

HP 
Highway  Paved 

MS 
Maximum Spced 

HT 
Highway  Typc 

HL 
Highway Lanes 

St Andrew's Cross 

0.002268 

(1 +5nt)0.3334 

exp[ 0.2094 mt 1 

(1+5d)0.1336 

:xp[ -0.616O(hp-l) 1 

exp[ 0.0077 ms I 

exp[ -0.loOO (hr-I) I 

1 

mB.5 
0.003646 

(1+5at)0353 

exp[ 0.1088 mi 1 

(1+5d)0~0470 

1 

1 

1 

exp[ 0.1380 (hl-I) 1 

HABS 
0.001088 

(1+5~d)~311~ 

exp[ 0.2912mrI 

1 

1 

1 

1 

exp[ 0.1036 (h2-1) 3 

where 
c =  
t =  
mt = 
d =  
hp = 

hl = 
ht = 

ms= 

annual average daily  traffic  (total  both  directions) 
average daily  total  train  movements 
number of main tracks 
average daily  through-trains  in  daylight 
highway  paved?  yes = 1 no = 2 
maximum  timetabled  speed (mileshour) 
number  of  highway lanes 
highway  type  factor  defined as follows: 

Rural Urban 
Interstate 1 Interstate 1 
Other Principal  Arterial 2 Other  FreewayExpressway 2 
Minor  Arterial 3 Other  Principal  Arterial 3 
Major  Collector 4 Minor  Arterial 4 
Minor  Collector 5 Collector 5 
Local 6 Local 6 
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A statistical  analyses is only as good as  the  model used- in this case the product 
Number and its exponential  relationships.  The  above  research falls down  by 
assuming  the  exposure  index, ET, to  be  a  power  relationship  involving  ttaffic 
volume. It  fails to recognise  that once  a  vehicle  has  stopped  at  a  level  crossing  to  let 
a train go  by, this stationary  vehicle  acts as a  safety  barrier to vehicles  behind it. 
Busy  roads  can therefore  be  safer than less-busy  roads!  From  the  correct  theoretical 
analysis  the  following  broad  concIusions can be drawn. 

Active Protection 
Roads  carrying  traffic  flows  in  the  range 500 to 1OOOO vehicles  a  day are the 
most  susceptible to train-hits-vehicle collisions, with the 6000 vehicles a day 
being  about  the  worst  possible  flow  rate. 
For vehicle-hits-train, better  accident  records  should be expected of two lane 
roads  carrying 500 to 5 OOO vehicles  day,  with  the  best  performance  arising at 
flow  rates of about 3 OOO vehicles  a  day. 

For train-hits-vehicle, 4000 vehicles  a  day  is  representative of a "worst cas" but 
any road with more than 500 vehicles a day has a relatively  high hazard factor. 
For vehide-hits-train, higher  accident  frequencies are to be expected from roads 
carrying 500 to IOOOO vehicles  day with a  "worst  case"  around 6000 vehicles a 
day. (On rail lines with predominantly  long trains, the  range contracts to 500 to 
8 OOO with a  worst  case  of 5 0oO vehicles  a  day.) 

Passive Protection 

Scientific  assessments  of  level  crossing  risk are of two generic types, 
epidemiological  studies  (such as above)  and  before-and-after studies. 

b EpidentioZogicnl studies of  accidents are like  studies  of  diseases  (epidemics). 
Now passively controlled  crossings  have  a  set  of  epidemiological  characteristics 
different  from  crossings with active protection.  If  the  level  crossings  receiving 
active  protection  were  randomly  sampled (eg drawn  out of a  hat)  from  the  entire 
population of crossings,  observed  differences in accident patterns could  be 
attributed  to  differences  between  active  and  passive  protection. 
Crossings  having  active  and  passive  protection  are far from  randomly  chosen. 
There is "bias by  selection".  Since  they  are used at the most risky sites, FLBs 
and HABs appear Iess effective  than  they  reaIIy  are. Thus, epidemiological 
studies  tend  to  underestimate  the  effectiveness  of  the  protection  provided. 

b Before-and-qfter studies display  the  reverse  effect.  They  tend  to  overestimate 
the  effects  of  the  upgrading  of  protection  that  took  place  between  the  'before" 
and  "after"  periods. Again the  reason  is  a  bias  introduced by the  selection 
process. In before-and-after  studies,  "regression  to  the mean" 7 makes  the  bias 
work in the  opposite  direction- the upgrading  appears  better than it really is. 8 

Upgrading is regarded as effective  if  the  "before" and "after" difference is large 
enough.  "Empirical  Bayes  estimation"  is used to judge  whether  the  difference is 
"large  enough". 

' To illustrate,  suppose 100 identical dice are  thrown twice. Three dice throwing '6' both bimes 
are  deemed "faulty" and given "remedial  treatment"- a g o d  polishing.  After  polishing  they are 
again thrown twice. There  are no double sixes. It is concluded that polishing  cures dice of 
double sixes. The  conclusion is obviously absurd,  yet the same spurious deduction is oftm made 
in before-and-after  accident  studies. 
Suppose some  crossings with  bad  accident  records are upgraded from FL.Bs to HABS. Even if the 
addition of barrier  arms is totally ineffective, regression to the mean  would  make  the bamer arms 

will conclude  that upgrading had been effective. 
appear to be effective (in t e r n  of the "after"  observations).  There is a danger is that someone 
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CONCLUSIONS 
Current  methods  of  protection are deficient.  Methods  of  protection are old  and 
inadequate,  having  remained  unchanged  during  a  post-war period that has witnessed 
extraordinary  advances in technology.  One  explanation  is that standardisation  and 
reliability  have  become  the  goal  rather than servants  of  the god, the  goal beiig 
safety.  Comfortable  acceptance  of  old  technology  fails to be shaken  by  practices in 
other  advanced  countries  because  they  too  have  stood still, leaving  the  impression 
that  world wide the  motto  is  "safety  first":  not  the  safety  of users bf level  crossings, 
rather  the  safety  that  gave  rise  to  the  saying "no one  got fired for buying IBM". 
Adherence  to  the  fault  doctrine is a major  impediment  to  progress.  Admittedly, 
errors by  road  users are a major  contributor to level  crossing  accidents.  But it is 
negative  and  wrong  to  rename  "errors" as "faults",  then use "fault" as an absolution 
for  paying  too little attention  to  accident  prevention.  Every  accident is a  cost to 
society  irrespective  of  whether  someone  was at fault.  Every  means  possible  should 
be  used to  reduce  road  user  errors-  provided  the  benefits  exceed  the costs. 

The  railwayman's  perspective is, properly,  that  of  a rail operaor. Because this is 
where he exercises his dominion,  active  protection  devices are placed within the rail 
right of way,  irrespective  of  whether  this  location is best for  safety.  Since collisions 
at level  crossings are commonly caused by transgressions or  failures  of  motorists or 
pedestrians, the appropriate  location  for  installation  of  warning  devices  or  carrying 
out  remedial  work is probably  the  road  reserve,  not  the rail reserve. 
Understandably,  the  railwayman's  efforts  at  accident  prevention fail to draw upon 
the  "Human  Factors"  branch of traffic  engineering,  which lies outside  his  training. 
Counter  measures  derived  from  Human  Factors often spring from new 
understandings,  rather  than  new  technology.  The  railwayman  of  course  has his role 
to play  in  the  conception  of  the  various  potential  remedies;  but  he  cannot be 
expected  to  think  of all the  options. 
Deciding  level  crossing  protection  should  be  a  matter  for  the Land Transport 
Division  of  the  Ministry  of  Transport.  Express  instructions  should be given  that 
decisions  are to be made on the  criterion  of  whether  the  benefits  outweigh  the costs. 
Funding  should be provided  by  agencies  representing  road  users, as this promotes 
economically  efficient  trade-offs  between  rival  safety  expenditures. In the 
occasional  instance  when an expenditures  is  solely  to  protect  pedestrians, this should 
be in the  hands  of  the  local  body  concerned. 
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Progress on the  human  factors  aspects of staff  accidents 

1. Overview 

This  report  covers HRA's progress  to  date  on  the  causal  analy- 
sis  of  staff  accidents.  Such  accidents  are  defined  to  include 
both  major  and  minor  injuries  which  may  or  may  not  result  in 
lost  time.  Such  injuries  arise  from  the  classic  categories  of 
accidents  including  slips/falls,  handling  problems,  etc.  as 
well as from  assaults  on  employees.  The  set  of  staff  acci- 
dents  also  includes  incidents  relating to contractors.  This 
heteregeneous  incident  data  set  has  been  divided  into  three 
categories for the purposes of the  causal  analysis. The 
categories  are  as  follows:- 

a.  Employee  injuries  from  accidents 
b.  Contractor  accidents 
c. Assaults  on  employees 

This  classification  is  necessary  since each category  of  data 
will  show a different  pattern  of  causes  and  different  manage- 
rial  solutions. 

Progress  on  the  human  factors  aspects  of  accidents has been 
restricted  to date because of the  concurrent  work  on the 
safety  implications of the  Company  Plan.  This  report  provides 
an  overview  of  the  progress so far  and  the  immediate  future 
plans in  this  area  of  work. 

2. Employee  accidents 

2.1 Incident  Notification Forms (INFs) 

As mentioned  in  our  previous  report  (January 1992), the  INFs 
were found to contain  sparse  information  relating  to the 
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causes  of  accidents  such  as  trips/falls,  handling  errors,  etc. 
INFs also  suffered  from  other  common  problems  of  incident 
reporting  systems  including:  variability  of  reporting,  missing 
information,  and  lack  of  appropriate  management  actions. For 
the purposes of this  investigation  it  was  decided to  look 
instead  at  Incident  Investigation  Reports  and  Senior  Manage- 
ment  Reviews  (IIRs  and SMRs). 

2.2 Incident  Investigation  Reports  (IIRs) 

A listing  of  the  IIRs  covering  the  period  June 1990 to  January 
1992 was  obtained  from  Safety  Services.  From  the  short ab- 
stracts  available a selection of 61 IIRs  was  made  to  cover a 
variety  of  types  of  incident  (injuries,  near  misses,  assaults, 
dangerous  occurrences)  (see  also  appendix 1). Unfortunately, 
not all of these IIRs were available  in  Safety Services 
although,  in  order  to  prevent  the  analysis of a biased  set of 
cases,  it  is  necessary  for  us  to  have  access  to  the  remainder 
of  IIRs  selected.  However,  an  initial  set of 25 cases  was 
made  available  for  further  study. 

2 . 3  Case  histories 

At this  stage of the  project  two  IIRs  have  been  analysed  in 
detail.  The  analysis  process  proceeds  in  three  stages.  Appen- 
dix 2 gives  an  overview  of  the  process  used  for  the  first  two 
stages.  The  stages  are  as  follows:- 

\ 

a.  Development of a descriptive  diagram  showing  the  actors, 
critical  events  and  times 

The event  diagram  starts  with  the  immediate  events  leading up 
to the  incident.  Future  diagrams  may  have  remote  events 
indicated  in a *'pre-event'*  diagram. 

Human Reliability llssiates/JZW - LUL - Febl-rw 



b.  Development  of a causal  fault tree 

The  fault  tree  concentrates on an  identified  critical  step  or 
failure  and  identifies  less  than  adequate  (LTA)  conditions 
relating  to  supervision,  procedures,  quality  assurance,  etc. 
A number  of  causal  fault  trees  may  be  developed  for a single 
event  line  depending  on  the  number  of  critical  steps  identi- 
fied. 

c. Identification  of  performance  influencing  factors 

In  addition, a set  of  performance  influencing  factors  (pifs) 
is identified  for  each  critical  event.  These  pifs  relate  to 
three  levels:  policy,  management/supervisory,  and  individual. 
Appendix 3 lists  commonly  occurring  pifs  for  each  of  these 
three  levels. 

The  two case  histories  analysed  to  date  are  presented  below. 
The  methodology  for  analysis  may be refined  as  further  acci- 
dent  case  histories are reviewed.  In  particular,  ways  of 
linking  pifs  into  the  causal  fault  trees  are  being  explored. 

The two  cases  concern  firstly a dangerous  occurrence  with 
temporary  tunnel  lighting.  It  shows  the  lack  of a system  for 
providing  such  lighting  as  well  as  violations  of  the  procedure 
for  track  working.  The  second  case  is a near miss with  poten- 
tially  serious  consequences  which  occurred  in a depot.  The 
causes  relate  to  the  provision  of a safe  system of work  and  to 
the nature  of  the  equipment  provided. 

It should  be  noted  that  in  carrying  out  these  analyses  it  has 
been  necessary  to  make  certain  assumptions  in  the  absence of 
key  human  factors  information  from  the  IIRs.  Ideally  inter- 
views  with  the  persons  concerned  in  the  incident  or  its  inves- 
tigation  should  be  carried  out  to  validate  these  assumptions. 

Huaan Reliability AssociateslJZ486 - LUL - Febl.rw 



2.3.1 Case  history 1 

SUMMARY OF THE  INCIDENT  INVESTIGATION  REPORT - 
KINGS  CROSS  INCIDENT 18/12/1991 

The  following  is a direct  extract  from  the  IIR  summary  sheet:- 

"EVENTS 

The  incident  was  "caused" by staff  making  illegal  connections 
to tunnel  lighting  and  leaving  the  tunnel  lighting  in  place  at 
the end  of  engineering  hours.  Interviews  with the staff 
concerned  identified  the  fact  that  they  had  entered  the  tunnel 
without  booking out with  the  Engineering Works Controller. 
Both  activities  are  breaches  of  the  procedures  and  the  staff 
concerned  are  being  disciplined. 

The staff  were  working  in  the  platform  invert  where  there was 
no  lighting.  This  is  not  an  unusual  occurrence  and  temporary 
lighting  festoons  have  now  been  made  available.  The  existence 
of  invert  lighting  and  the  identification  of a suitable  supply 
f o r  such  temporary  lighting  will  now be included  in  the  site 
survey report  prior  to  starting  work." 
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2.3.2 Case  history 2 

SUMMARY OF INCIDENT  INVESTIGATION REPORT - 
NEASDEN DEPOT 19/11/1991 

The  following is a direct  extract  from  the  IIR  summary  sheet:- 

“EVENTS 

On 19/11/91 at approx. 16.30 hours,  between 2 5  and 26 North 
Lifting  Shop,  Mr.  McLeary  had a problem  removing  jumper  from 
car 5079. 

He  walked  back  to  the  staunchion jumper box.  In  doing so 

there  was  an  arcing  incident  at  the  jumper  lead  box  causing 
Mr. McLeary’s  jacket  to  be  scorched. 

CAUSE 

The motor generator and  compressor  was  not  switched off, 
causing a current  load  to  be  drawn  through  the  leads. 

A contributory  factor  was  the old style  B.T.H.  type  connection 
boxes. ‘‘ 

H u m n  Reliability Auociates/JZk% - LUL - Febl.rw Page 9 



A 

v) 
I- 
z 
W 
> 
W 

0 

c 

I 

1 

I 



C A S E  H I S T O R Y  2 - C R I T I C A L   E V E N T   T R E E  

E V E N T :   R E M O V A L  O F  J U M P E R   L E A D   A T   S T A U N C H I O N  B O X  

C A U S E S   A R C I N G   A N 0   S C O R C H I N G  OF JACKET. 

n S U P E R V I S I O N  

P R O C E O U R E S  

I 

7 

Q U A L I T Y  

A S S U R A N C E  

i l  



2 . 4  Future  work 

a.  Case  history  analysis 

Providing  that  access  to  further IIRs can  be  arranged,  more 
case  history  analyses  will  be  carried  out.  For a subset  of 
these  incidents  it  would be desirable  to  interview  the  injured 
person  and/or  the  incident  investigators.  In  the  process of 
carrying  out  such  analyses  the  methodology  will  be  developed 
further. 

b. causal  pattern  analysis 

once a set of case  histories  have  been  analysed  in  detail  the 
search for common  patterns of causes  will  commence.  This 
should  identify  the  most  frequent  causes  at  different  levels 
( immediate  environment,  management,  policy)  and  common  combi- 
nations  of  factors  across  levels.  This  information  will  then 
be  used  in  building  up  generic  human  factors  accident  models 
and  in  suggesting  remedial  actions. 

c.  Review  of  management  actions 

The short  abstracts of IIRs and SMRs will  be  looked  at  again 
with  the  focus  on  the  indicated  managerial  actions, the allo- 
cation of responsibility  for  these  actions,  and  the  follow  up 
procedure on such  actions.  From  an  initial  scan  of  the IIR 
abstracts it appears  as  though  the  management  actions  are  typ- 
cially  restricted  to:  taking  .disciplinary  actions,  warning 
individuals to  take  more  care,  and  reviewing  procedures. 
Allocation of responsibility  for  actions  and  lack  of a times- 
cale for  such  actions  does  not  appear  to  be  regularly  ad- 
dressed.  This  may  result  in no action  being  taken  despite  the 
efforts  which  went  into  the  detailed  investigation. HIZA would 
immediately  recommend  that  instructions  to  future IIR investi- 
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gation  teams  should  include  the  necessity  of  allocating  re- 
sponsibility  and  time  for  carrying  out  remedial  actions. In 
addition  the  use  of  the  term "CLOSED" on  the  IIR  database 
should be restricted  to  cases  where  actions  have  been  taken. 
A separate  term  should  be  employed  where  recommended  actions 
have  not  been  acted  upon. 

d.  Repeated  events 

The IIRs  will  also  be  reviewed  to  see  the  extent to which 
similar  events  and  causes  recur.  Such  repetitions  could  be 
indicative  of  an  ineffective  organisational  response  to  prob- 
lems  (either  lack  of  response,  or  remedial  actions  which  do 
not  address  the  underlying  causes). 

3. Contractor  accidents 

3.1 Reasons  for  addressing  separately 

Accidents which  occur  to  contractors  are  being  addressed 
separately  since  they  will  have  very  different  implications in 
terms  of  managerial  control  and  policies.  Remedial  strategies 
such a s  sending  contractors  off  site,  imposing  financial 
penalties,  black  listing  contractors,  etc.  will  be  unique to 
contractor  accidents.  From HFLA's previous  experience,  it is 
expected  that  the  immediate  human  factors  causes of acci- 
dentssuch as lack  of  training,  inadequate  systems of work, 
poor  microclimate,  etc.  will  not  differ  significantly  between 
employee  and  contractor  accidents. 

3.2 Availability  of  data 

One  problem  that  has  emerged  with  contractor  accidents  is  the 
lack  of  documented  data.  INFs  may  not  always  be  completed  for 
contractor  accidents  (presumably  since  the  contracting  organi- 
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sation  will  have its own  incident  forms  and  will  notify  the 
HSE's RIDDOR data  base  where  appropriate).  Following  on  from 
the lack of INFs,  only a few 11% have  been  found  which  cover 
contractor  accidents. An alternative  strategy  other  than  case 
history  analysis  will  therefore  be  necessary  for  the  study of 
such  accidents. 

3.3 Future  work 

Useful  interviews  relating  to  control of contractors  and  hence 
to contractor  accidents  have  been  held  with  the  Central  Line 
project  team  and  with  the  Cleaning  Services  manager.  Further 
work  could  look in more  detail at either  or  both of  these 
areas  with  particular  emphasis on actual  incidents  which  have 
occurred. 

4 .  Assaults on employees 

4.1 Identification  of  risk  factors 

Assaults  are  being  analysed  as a separate  class  of  injuries 
(both  lost  time  and  non-lost  time)  since  they  will  have a 
different  pattern of causes  to  individual  accidents. 

, From  the  data  base  of  INFs  and  the summary graphs  provided  by 
Safety  Services it is  possible  to  identify a number o f  "risk 
factors"  for  assaults.  These  cover  who,  where  and  when as- 
saults  occur  and are as  follows:- 

a. Who: Grade  of  staff 

The  grade  of  staff  most  likely to be  assaulted  are  the  leading 
railman  (barrier),  the  station  foreman B, and  the  reliefs  for 
both of  these  positions. By the  nature  of  their  roles,  these 
staff are the ones most  likely  to  come  into  contact with 
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members  of  the  public.  This  is  also  borne  out  by  data  showing 
the  numbers  of  assaults  suffered  by  employees  over  an 16 month 
period. 22.5% of  those  employees  assaulted  had  suffered  two 
or more  attacks.  One  can  only  feel  extreme  sympathy  with 
those 12 individuals  who  were  assaulted  between 3 and a ( ! )  
times  over  this  relatively  short  period  of  time. 

b. Where:  Location  of  assault 

Assaults  are  most  frequent  in  stations,  that  is,  in  the  book- 
ing  hall, at the  ticket  gate  or  on  the  platform.  Figure 1 
below  gives a further  breakdown  of  location  including  lift- 

' s/escalators  and  station  entrance for a 6 month  period  during 
1991. Note  that  relatively  few  assaults  occur  on  trains. 

certain  stations  are  high  risk  locations  for  assaults  particu- 
larly  those  at  mainline  stations  and at main  interchanges 
where  the  volume  of  passengers  must  be a contributing  factor. 

c. When:  Time  of  day 

Assaults  occur  at  most  times  of  the  day  with  the  exception  of 
the  early  morning  between 2.00 to 7.00 approx.  (presumably 
this coincides with engineering  hours  when stations are 
closed). The majority of  assaults on staff  occur  in  the 
evening/early  morning  between 16.00 and 1.00. There  are  also 
smaller peaks  between 7.30 and 10.00 and  between 13.30 and 
15.00. To a certain  extent  the  distribution  may  therefore 
partly  be a reflection  of  the  volume  of  customers  travelling 
at different  times  of  the  day.  Figure 2 shows  the  peak  inci- 
dences  of  assaults  occurring  at  5-7pm  and  9-llpm  for a set  of 
102 assaults  during six months  of 1991. 

I 

The data  supplied  also  provides  some  information  about  the 
consequences  of  assaults.  The  statistics  supplied  by  Safety 
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Services  show  that for each  assault  resulting  in a LTI the 
average  number  of  days  sick  leave  is 29. Extrapolating  from 
the  figures  supplied,  in 50% of cases  where  an  assault  leads 
to time off  work  this  will  total  at  least 15 days. The  as- 
sault is most  likely  to  injure  an  employee's  head  or  upper 
body  (see  figure 3) and  the  injury  will  most  often  be  pain or 
a surface  wound. 

4 . 2  Initial  causal  analysis 

Since  the  available  statistics  did  not  produce  much  informa- 
tion  about why the  assaults  were  occuring HRA looked  again at 
the INF records  for  assaults  over a s i x  month  period  during 
1991. 102 records of assaults  were  reviewed  and a search  was 
made for causal  factors  such  as  mention  of  alcohol,  moving  va- 
grants, robbery,  etc. For  each  assault  one "reason" was 
identified.  Figure 4 below  shows  the  pattern  of  cited  reasons 
for the assault. O€ interest is  the  high  percentage at- 
tributable to fare  evasion ( 3 3 . 3 % ) .  This  raises  issues  con- 
cerning  the  costs  (probability  of  an  assault)  versus  benefits 
(increased  revenue)  of  challenging  customers  travelling  with- 
out a ticket  in  identified  high  risk  situations  (see  section 
4.1) . 12% of  the  cases  studied  involved  persons  who  had  been 
drinking. 9% of  the  reasons  relate  to  situations  in  which  the 
LUL employee  would  have  had  to  caution a member  of  the  public 
(e.g. to stop  smoking,  to  stop  abusing LUL property, or to 
move  off LUL property). A third  of  the  assaults  reviewed  did 
not  identify  any  reason  for  the  attack.  This  could  be  due  to 
poor or biased  reporting  (e.g.  perhaps  the  victim  of a racial 
attack  is  reluctant  to  report  all  the  facts)  or  to  the  nature 
of  certain  assaults. 

From this analysis it is clear  that  there  are a variety  of 
situations  which  may  potentially  lead  to  assaults  on  station 
staff : - 
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0 a customer  being  challenged  after  deliberate  fare  evasion 
d a customer  being  told to desist  if  smoking/damaging LUL 

e vagrantitout  being  moved  on 
property 

e customer  substance  abuse  (principally  under  the  influence 
of  alcohol) 

e robbery/mugging 

In  addition  there  could  be a further  set of causal  situations 
which  currently  reside  under  the  "unknown  reason"  label. 

The review  of  INFs  has  provided  an  initial  starting  point  for 
classifying assaults however the data  content  in  INFs is 
limited and hence there is a need to move to other data 
sources. 

4.3 Future  work 

The  next  stage  of  research  into  assaults  is  to  take a broader 
perspective  regarding  information  gathering. 

a. 

b. 

HRA would  like  to  talk  to  the LUL counselling  service  who 
counsel  victims  of  assaults.  This  would  be  useful  in 
order  to  gain  insights  into  potential  causes  not  apparent 
from  the  INFs ( e . g .  racial  attacks)  as  well  as  under- 
standing the psychological  impact of being  assaulted 
which  may delay  the return  to  work.  It  would  also  be 
useful  to  establish  the  level  of  use  of  the  counselling 
service  after  an  assault  and  the  publicity  methods  of  the 
service  in  order  to find out if  this  service is being 
used as effectively  as  possible. 

It  could  prove  useful  to  examine  in  more  detail  the  cases 
where  specific  employees  receive  repeated  assaults  look- 
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ing  for  common  patterns  of  location,  time  of  day,  nature 
of  injury,  etc. 

c. A further  line of enquiry is to  consider  the  training 
received by high  risk  grades  of  staff  in  coping  with 
difficult  customers in order  to  avoid a potential  problem 
escalating  into  an  assault.  An  initial  review o f  the 
Leading  Rail  Person  Induction  Course  Information  Book 
(Elliman, 1990) found  no  mention  of  strategies  to  cope 
with  difficult  members  of  the  public,  however  this  type 
of information  and  even  role  playing  exercises  may  be 
carried  out  during  the  training  course. 

d. An interview  with  an  area  business  manager would also  be 
useful  in  clarifying  management's  attitude  to  the  cost  of 
assaults  versus the benefits  of  collecting  all  fares. 
The  goals  (explicit or  implicit)  which  are  set  by  such 
managers  could  have a significant  impact  on  day  to  day 
issues  such as the  criteria  used  by  station  staff  con- 
cerning  when to insist  on  collecting a fare  and  when  to 
leave  well  alone. 

e. The human  factors case  history  method  (presented  in 
section 2.3) will  also  be  used  on a limited  number of 
IIRs  which  involve  assaults  in  order  to  see  if  any  addi- 
tional  causes  are  revealed. 

5 .  S u m m a r y  of  progress 

a. The analysis  of  individual  case  studies  of  employee 
accidents  is  proceeding  well. A preliminary  methodology 
has been  selected  and two cases  have been  analysed. 
Providing  that  access  to  further  IIRs  can  be  arranged  it 
is anticipated that this  aspect of the  project  will 
proceed  according  to  plan.  It  is  intended  that  manageri- 
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a1 actions  given  in IIRs will  be  reviewed  during  the next 
phase of this  work. 

b. Analysis  of  accidents to contractors  will  be  carried out 
through  further  interviews  and  through a study  of  inci- 
dents  to  contracted  cleaners  and  to  contractors  on the 
Central  line  project. 

c.  Risk  situations  for  assaults  are  beginning  to  be  identi- 
fied. It is felt  that  INFs  contain no further clues 
concerning  causal  factors.  The  next  stage  of  the  work in 
this area is to consider  training  of  station  staff, to 
look  at  the  work  of  the  counselling  service  for  assault 
victims,  and  to  discuss  policy  issues  for  revenue  protec- 
tion with an area  general  manager. It would  also be 
useful  to  look  in  more  detail  at  those  cases  where  indi- 
viduals  have  been  repeated  assaulted  over a relatively 
short  period of time. A limited  number of IIRs will be 
analysed  using a similar method  to that for employee 
accidents. 
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Appendix 1: 
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LIST OF IIRS  REQUIRED FOR ANALYSIS 

No. 

91/001765 

91/0(31680 

91/001628 

91/001569 

91/011083 

91/001448 

91/010978 

9V010870 

91/010846 

9V001316 

91/001293 

91/001329 

911001223 

91/001442 

91/010715 

91/001273 

91/001296 

91/001147 

91 /001153 

91/W114S 

911001133 

91/001050 

91/OolPS 

91/000987 

91/wO955 

91/001104 

91/Oo1056 

9 1 / w W n  

9 1 / 0 m o  

911010161 

91/01W70 

Date Location  Incident  Issuing MPB (where given) 

31/12/91 Stockwel1,Victoria W DTn Simons 

9/12/91 Pinlico,Victoria W Mr. J. Uhite 

5/12/91 EustodUarren St .  DO(PWaY) 

26/11/91 Kings Cross/c&H Passenger i n  doors Hr. T. Jones (19/12/91) 

17/11/91 Heathrw T1,2,3,Picc Escalator nr. 6. Taylor 

6/11/91 Uinbledon, D is t r i c t  Door irregular i ty nr. G.R.Sispoon 

5/11/91 Ruis l ip  Depot,Central Ewloyee fa ta l i ty  DTH Smith 

23/10/91 Hillinpdon, Het. ~&oyee  incident nr. A. nunro 

17/10/9l High St.Kens.,Distr. Enployee assault Rr.  R. TholDB?I 

2/10/91 Victoria,Victoria  Collision Hr. P. Neal 

25/9/91 Ha-rsmith, Picc. Passewr in dmrs Rr. A. Tofis 

18/9/91 S t .  PauL's,Central Do(evacuaticn) nr. L.nurray 

12/9/91 Putney Bridge,Distr. Signal dafect W. R.A. Davy 

12/9/91 w k f c s t e r s  Depot,P$c  Passenger incident Rr. A. Harvey 

11/9/91 L i ve rpw l  st. Eng.Ops S&E Contractors nr. li. nppleby 

9/9/91 Angel, Northern L i f t  defect nr. I. Harley 

6/9/91 Camden  Town,NQrthern Gas release Bps. LOW 

31/8/91 Ruisl ip Oepot,Central Employee fa ta l i t y  UP. 8. Richardson 

30/8/9l liyde Pk Corner,Picc Fire cat-y A IIr. P. Jesset 

29/8/91 Hamersmith Depot,ULH Boab a le r t  ilr. L. Saviour 

20/8/91 Edgeware Rd,Bskerlw 00 Hr. 1. Cock 

13/8/91 Bank, Central  Fire category A HP. J.H. James 

9/8/91 E&mnkwmt,District  Signal defect 

30/7/9l A c t a  UorkS,EOU Euployee in jury Mr. E. Leach (6M5-l) 

25/7/91 Yenbley PWHeasdon,Pic  Hear m i s s  nr. ?I* Bu l l  (9/8/5l)  

23/7/91 COvent  Gdn.,Picc DO nr. R. JOY 

19/7/91 East,Distr. w 

16/7/91 Angel, Northern Ser iau  CCnoBstion Ilr. E. S t u a r t  

15/7/91 Earls Crt, D i s t r i c t   L i f t  defect nr. D. Si- 

12/7/91 GreenfordlPerivale  Central line project J. Alton 

cmtractor  incident 

10/7/91 Greenford - ditto - employee Hr. D. Wasterburg 



91/000889 

91/M)0@28 

91/000839 

91/00tS36 

91/wO750 

91/009768 

91/000730 

91/w9697 

91/000642 

91/0006w 

91/w0640 

91/000M)O 

911000538 

91/000541 

9l/WO571 

91/000513 

91/001159 

91/000497 

91/000439 

911009497 

91l000495 

91/006998 

91/000123 

7/7/91 

30/6/91 

27/6/91 

72/6/91 

9/6/91 

5/6/91 

2/6/91 

29/5/91 

22/5/91 

20/5/91 

14/5/91 

10/5/91 

2/5/91 

1/5/91 

25/4/91 

24/4/91 

24/4/91 

23/4/91 

15/4/91 

12/4/91 

6/4/91 

2/4/91 

22/3/91 

16/3/91 

13/3/91 

26/2/91 

23/up1 
8/2/91 

8/2/91 

1/2/91 

Awrsharn, net. Do nr- D. Sexton 

Goodge St., Northern L i f t  defect 

East  Putney, D is t r i c t  Signal overrun nr. R. Simpson 

Liverpool St.,Central Do A.J. Porton 

South  Harrov, Picc  Collision i n  depot D. Xorley 

Acton Works, EOY Employee in jury J. nerkelt 

Edgeuare Rd. c8M Staff absence J. Staples 

Ruisl ip depot, Centrl DO H.P. Trotter 

Cockfosters, Picc Collision i n  service A. Tofis 

Narble Arch,Central possession overrun H. Smith 

Perivale,Central Do J. Przedncwk 

Peddington,Bakerloo 00 H. Sharp 

Leicester Sq, North Way defect A.G. Lane 

Yillesden Grn, net. Near miss J. Ooyle 

Frank Pick Hse, F i r e  category A R.K. 8pans 

Scient i f ic  Research Lab. 

Preston Rd.,Met.  Near miss D. Hwld 

Northum6erland Pk. DO 

depot,Victoria 

7 Sisters, Way w R-Taylor 

L i ve rpa l  St., net. Station closed 

Yembley  PklNeasden Pway ewloyea inc. 

Northoit,  Central  contractor  incident J.O'COWll 

L i n e  project 

Rickmansworth, net. Near Hiss T. W r y  

Clapham Nth, h a y  W F.L. Had 

White C i t y  depot, CBntral 

Holbrn,  central Near m i u  8. niddletm 

NeasdM Depot, may EQLoyae in jury P. lleads 

L i l l i e  Bridge Yd. Dewt W J .  Yhittington 

oxford  CircuslPicc. W F a y  Luckhun+ 

Circus, Bakerla, 

Eating - Depot Emloyea in jury 

D is t r i c t  

€ustCa sq., Puay w H. Allen 
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Mr. Andrew D. Livingston 
Mr. Mark Green 

Human Reliability  Associates  Ltd., 
Dalton, Lancashire,  England. 

Evaluation of Incident Invetigation Techniques and Associated Organisational 
ISSUeS 

1. Introduction 

Typically an incident report will  provide  an  organisation with a description of events 
which  principally  focuses on the  status of  the  plant  at discrete times  along a timeline. 
Reports  usually  also  place  the  emphasis of any  analysis on developing a description 
of  the consequences rather than  causes of the incident. Essentially they tell an 
organisation what  happened,  but  not why it happened.  Such  analyses are almost 
invariably  technically  orientated  involving  detailed  descriptions of plant,  equipment, 
reactions and  their  governing logic systems. To human factors  practitioners  such 
bias appears strange when one considers the pervasive  nature of human error in a 
range of recent  disasters  in the chemical,  nuclear,  aerospace and transport industries. 

Such incidents typically involve complex socio-technical systems  with highly 
automated production  and protection functions. Many  such incidents involve a 
mismatch between the  people and technology in the system. However, what 
typically  happens  in  the  majority  of  investigations  is  not  the  identification of such a 
mismatch  but a sequence of events  which,  once  human error is  implicated,  duly 
assigns  responsibility  and  closes  the  investigation.  Such a sequence is a reflection of 
the attitude that human error  is both  an acceptable  cause and explanation of 
incidents.  Consequently any recommendations  relating  to the human component in 
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the  system  tend to be  vague and ineffectual. For example:  provide  more  training, 
exhortation  to  follow  procedures or work  more  safely, and most  typically  reprimand 
of  the  individual(s)  involved. 

It has been our experience that in  the majority of incidents deeper investigation 
identifies  latent  failures at the  senior  management  md  organisational  level.  Rarely, 
however, do incident  investigations  attempt to identify these  root  causes of 
operational error and link them with specific preventative  recommendations. It  is 
only  by  adopting  investigation  techniques  which  explicitly  identify rwt causes,  that 
organisations can hope  to learn from  past  failings and avoid  similar  incidents in the 
future. 

2. Limitations of Investigative Approaches 

Different  industries  and  individual  companies within the  same  industry  often  have 
different approaches  to  incident  investigation,  some of  which are more  formalised 
than  others. All too often the  approach is  rather ad  hoc  and those leading the 
investigation  frequently  have minimal professional  training  for  the task. Companies, 
particularly in the chemical process industry, rely heavily on the investigator's 
professional knowledge and experience of the  system  under investigation. It is 
assumed  that  these are an  adequate substitute for investigative  knowledge and the 
application  of a systematic and structured  approach. As previously  stated,  this  leads 
to reports that contain a great deal  of technical information, but  which do not 
necessarily describe the  true complexity of the incident and the contribution of 
human actions and omissions to it. 

Lacking a structured  investigative  framework and clearly  defined  procedures, many 
incident reports fail to identify the incident process as being multicausal, that is 
involving a complex  set  of  interacting events, with one or  more rwt causes  being 
critical  to the  evolution  of  the  incident. The lack of I standardised  methodology for 
inciden't  investigation is demonstrated by the variable quality of many incident 
reports in terms of: the description of the facts, the  attempted investigation of 
underlying  causes,  and  the  nature  of  recommendations  produced. 

The consequence of the  above  failings  will  inevitably  be a succession of  repeat 



failures,  the  financial  costs  of  which,  notwithstanding the safety  and  environmental 
consequences, can  be enormous. For  example, in  1983  incidents  cost West 
Germany $15 billion, with indirect costs  estimated  at a minimum of three  times  this 
amount  (Hoyos and Zimolong,  1988). 

3. Incident Investigation  Techniques 

A variety  of  investigation  methodologies are used in industry,  each  with  its  different 
merits  and  drawbacks. For example,  Benner  1985,  offers a comprehensive  review 
of  methodologies  used in US Government  agencies.  The  three  methodologies  to  be 
briefly  evaluated  here  represent  fairly  structured  approaches,  all  of  which  have  been 
used extensively in industry. These evaluations will focus  primarily on how 
effectively the  techniques  represent  the incident process and to what extent they 
facilitate  the  identification  of  root  causes. 

3.1 Tree of  Causes 

This investigative method  was  developed  by the Institute  National de Recherche et 
de Skcuritk (Leplat, 1987).  The underlying principle of the method is that an 
accident results from changes or variations in  the  normal  process. It  is these 
variational  antecedents  which  the  analyst  must  identify,  list, and finally  organise  into 
a diagram in order to define their  interrelationship.  Unlike a fault tree the  method 
starts with a real  accident  and  results in a representation  which only includes  the 
branches  actually  leading  to  the  accident. Thus no "OR" gates are represented. The 
construction of the  diagram  is  guided by simple rules which  specify  event  chains 
and confluence  relationships. 

It should  be  noted  that  the  completed  diagram is not a diagram of causes, as the 
variations  are  the  active  factors necessary to generate an accident but only  in 
conjunction with other  latent  factors  already  present in the system. The method does 
recognise that there may be permanent factors in a system which need to be 
represented in order to  improve  diagram  comprehension,  and it is by representing 
these "state antecedents" that  one  moves towards a diagram of genesis which is 
deemed  to  constitute the ideal  arrangement. The goal of the  method is to  identify 
those  changes  which  can  be  introduced  to  break  the  flow  of  events in the diagram. 
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The finished diagram is used  to identify nodes representing inappropriate  acts and 
abnormal  physical states in the  system and to extract a list  of factors involved in the 
accident with a view to  improving the conditions  for human decision-making and 
action, hence improving the work environment and system design.  Also,  the 
sequence of events is analysed with the  objective of breaking the causal relations 
between nodes by either making physical  changes or providing operator-feedback 
concerning the risky course of events. Both of these interventions act as barriers 
against the  flow of events. 

Although the diagram is easy to construct and represents the incident process in an 
accessible  manner,  the method provides  little guidance on how to  collect  all the 
relevant  incident  information or identify the main events  involved. The method  also 
relies heavily on the analyst's knowledge of the system's conditions. Without this 
in-depth  knowledge, it is necessary to perform a task analysis  of  the  system  in order 
to identify all the deviations. Finally, the ability of the method  to identify the root 
causes  of  incidents  is  poor,  as i t  provides no explicit  structure  for the analyst to 
determine these factors. The root causes may  remain  undiscovered  if  the  analyst  is 
not  experienced in incident  investigation,  as the method deals  mainly  with 
identifying  direct  causes,  trigger  events  and  prevailing  conditions,  but  not  the 
underlying  causes  which lead to  these. 

3.2 The Management  Oversight and Risk Tree (MORT) 

The development of MORT was initiated by the U.S. Atomic Energy Commission 
(AEC), and is described in Johnson (1973). Mort is a comprehensive analytical 
procedure  that  provides a disciplined  method  for  determining  the  causes and 
contributing  factors  of  major  accidents.  It  also  serves  as a tool to evaluate the 
quality of an existing  safety  programme. 

MORT is designed as an investigative  tool with which to focus upon the many 
factors  contributing  to an accident. A unique  fezture of the method is a logic 
diagram which represents  an  idealised  safety sysrem based upon. the fault  tree 
method of system safety analysis. The  diagram comprises specific  control factors 
and  general  management  factors.  Detailed  consideration of the  former is 
accomplished by reasoning  backward in time  through several sequences of 
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contributing factors. This analysis ends when the question  posed by the MORT 
statements is answered "yes" or "no". The analyst  must  focus  upon  the  accident 
sequence when evaluating the specific control factors and, when evaluating the 
management  factors,  must  consider  the  more  global  or  total  management  concept. 
The diagram is supplemented by the MORT text which is a  commentary on best 
concepts and practices  found in the  safety  literature.  It  contains  criteria to assist the 
analyst in judging when a  factor  is  adequate  or  less than adequate. In short, MOKf 
provides decision  points in an accident  analysis which help an analyst  detect 
omissions,  oversights or defects. 

However, MORT does  not  aid in the  representation  of  the  accident  sequence  which 
must first be determined before the method  can  be effectively used.  Although 
MORT provides a comprehensive set of factors which  may  be considered when 
investigating an incident, it can easily turn an  investigation  into a safety  programme 
review as no guidance  is  provided on the  initial  investigative  process. 

MORT  excels  in  terms of root cause identification,  as  factors such  as  functional 
responsibilities,  management  systems  and  policies are well  covered,  but  this  strength 
of the method requires an accurate description of the incident process, and  an 
experienced MORT analyst who is knowledgeable and well-practised with the 
methodology. 

3.3 Sequentially  Timed  Events  Plotting  Procedure  \STEP) 

STEP,  described by Hendrick and Benner  (1987),  developed from a  long  research 
history on incident  investigation  methods  centred on event and causal  factor 
sequencing. STEP is based on the multiple events sequence  method  and is an 
investigative  process  which  stluctures  data  collection,  representation and analysis. 

The method  distinguishes  between  actors,  actions and events.  Actors can be people, 
equipment,  substances  etc.,  while  actions are anythiag which  is  brought  about by an 
actor.  Events are the  unique  combination  of  one  actor  plus  one  action during the 
incident  process.  The  method's  primary  aim is to help the analyst identify the main 
actors and  their  actions and map  the  relations betwen these  events  along a flexible 
time  line. 
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Based on a description  of  the  end  state  of  the  incident  the  main  actors  are  identified 
and their condition  noted. The initial state is determined by identifying  the first 
event in the  incident  which  is  an  unplanned  change by an  actor  within  the  planned 
process.  The method proceeds by developing a multilinear  events  sequence  diagram 
which  involves  listing  the  actors  down a  vertical  axis and establishing a time  line on 
the  horizontal  axis.  Each actor's  actions are traced  from  the start of the  incident  to 
the  finish.  Actions  which  initiate  changes  of  state in other  actors are also identified 
which functions to reveal new actors previously not implicated in the incident. 
Events  are  positioned relative to one  another dong the  time  Iine and c a u d  Iinks  are 
represented.  Figure 1 represents  the  conceptual  structure of the STEP worksheet. 

As the diagram  develops, a necessary  and  sufficient  ;est  is  applied to pairs  of  events, 
and  checks  for  completeness and sequencing are made.  One-to-many and many-to- 
one relations can  be represented in the diagram. If data  cannot  be  found to verify 
the  relation  between an event  pair,  then a technique  called  backSTEP can be  used to 
explore  gaps in understanding.  Essentially  backSTF.P  is a fault tree which  uses  the 
event with no arrows leading to i t  as the top node. The analyst then develops 
possible  event  flows  which  could  describe  what  happened  during  the  gap in events in 
order to  cause  the  top  node. 

When  the  STEP  diagram is complete,  the  analyst  proceeds  through  the  diagram to 
identify event  sets that constitute safety  problems,  as  determined by  the effect  the 
earlier event  had on the later event. The safety  problems  are  evaluated  in terms of 
their  severity and recommendations  for  corrective  actions made. These 
recommendations, similar to those  produced by Tree  of  Causes,  tend  to focus on 
how to break the  sequence  of  events by placing  barriers between events  and also on 
how to lessen the effects  of one event on another. 

The method  is  well-structured  and  provides  clear,  standardised  procedures  on  how  to 
conduct an investigation  and  represent  the  inciden:  process. Also the  method is 
relatively easy  to learn and  does not require the  analyst  to  have  knowledge  of  the 
system  under  investigation.  However,  the  method  alone  does  not aid the analyst in 
identifying  the  root  causes  of  the  incident, but rather  emphasises  the  elimination  of 
event  relations and weakening  the  propagation of event  sequences. 
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4. Hybrid Model of Incident Investigation 

Based on the  brief  review  of  methods  above,  the  STEP  method  provides the analyst 
with the most useful guidance in  performing an incident  investigation. Most 
importantly  STEP  consists of a set of well-defined procedures for collecting 
information, then structuring and  representing it  in a manner  which is consistent 
with a systems view of  incident causation. The resulting diagram is  easy to 
understand and  enables logic testing of  the  incident  process,  thus  highlighting any 
gaps in  understanding. 

If one has the objective of identifying root causes, the complete STEP diagram 
identifies the  causal events but  only  represents  the first stage in  the  investigation. 
The second  stage is to  identify  the  critical  actions  and  events  in  the  incident  process. 
This  involves  identifying  the  events  which  have  significantly  influenced the course of 
the  incident,  i.e,  those  events  which  acted  as  triggers  rather than events which were 
a  reaction to other  events. The STEP  diagram, by representing the flow  of  events 
and providing  the  analyst  with a structured  understanding  of  the  incident  greatly  aids 
the  identification  of  these  critical  actions/events. 

The final stage in the  investigation  aims, via a  decision tree, to identify the root 
causes  which  led  to  the critical events.  The  root  cause tree was  originally  developed 
in the U.S. nuclear  industry and has  close links with MOW. See  Armstrong,  1989, 
and  Armstrong  et  ai,  1988,  for  fuller  descriptions of its development and 
construction. It consists of six  levels  covering  equipment  failures,  quality  failures, 
management systems failure and human error. The decision tree codes critical 
actions and events. By entering the top level  of  the  tree  the  analyst has to  determine 
whether  the  critical  event  involved an equipment  difficulty, operations difficulty  or 
technical  difficulty. Based on the  answers  to  these  general  questions  the  investigator 
branches down  to  more specific levels  of  the tree which relate to: functional  area, 
equipment  problem  category,  major  root  cause  (sucn as training and  management 
system), near root  cause  (such as procedure  wrong  and training methods  less than 
adequate), and finally root causes  themselves  (such as procedural  facts  incorrect and 
decision made  not  to train). This root  cause  coding  allows  the  investigator  to  be 
specific about the underlying reason for a  given critical event. The stages of 
analysis are presented  in figure 2. 
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5. Conclusion 

The  investigative process outlined in  section 4 is  currently on trial in a major  oil 
refinery in the U.K. The development of the technique  involves  tailoring  the  root 
cause  tree  to  the  requirements of an organisafion, taking into  account  the 
organisational structure / functional departments and  the  company's activities. 
Training  course  material also needs  to  be  developed  for  company  practitioners  and 
in-house  courses  presented. 

This root cause analysis approach provides a systematic and structured method 
acceptable  to  non-specialists, which  enables the identification of causal  factors  and 
their root causes. Both the STEP  procedure and the root  cause tree provide 
consistency  across investigations and  lead  to better quality incident  reports.  The 
standardised  approach also enables an organisation to develop a database of root 
causes which address  human,  equipment, technical and quality failures. 
Consequently, rather than merely being event driven, the approach  enables  the 
identification of root cause trends and  the  development of effective  preventative 
recommendations which not only prevent repeat failures but will  also serve to 
circumvent many related  incidents. 
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1. Error  inducing  factors/immediate  accident  preconditions 

a.  stress 

high  workload 
high  time  pressure 
high  level of distractions 
high  level  of  anxiety (e-g. emergency  situation) 

b. experience/training 

ignorance  of  system 
lack  of  experience 
inadequate  training 
high  task  complexity 

c .  equipment/microclimate 

wrong/inadequate  equipment  for  task 
poor MMI 
poor work  environment  (heat,light,  etc.) 

d. morale  and  fatigue 

motivational  difficulties 
fatigue  (workhours/shift  patterns) 

e. risk  taking 

inappropriate  perception  of  hazards 
inappropriate  balance of production/safety  goals 

f. job design 

inadequate  definition of responsibilities 

poor  instructions/procedures 
inadequate  system  of  work 

g. supervision/communications 

poor  supervision 
poor  communications 



2. Line  management  factors 

a.  Operations 

manning  levels 
procedures 
scheduling 
general  working  methods 
SSW/PTW 

b. Training 

induction  training 
safety  training 
skills  training 

c.  Maintenance 

planning/scheduling 
quality  of  work 

d. Design  and  procurement 

quality of equipment 
design  of MMI 
design  of  instructions  and  procedures 

e.  Personnel 

selection  procedures 
industrial  relations 

f. Other  management  factors 

management  training  in  safety 
responsibility  and  accountibility  for R&S 
management  appraisals 

management  skills 
! safety  auditing 



3. Policy  aspects 

organisational  health  and  safety  policy 
organisational  health and  safety  culture (production 
goals/safety  trade  off,  risk  taking) 

monitoring  and  feedback  systems  (accidents,  near  misses, LTI, 
DOS ) 

rules  and  procedures  (specifications) 
auditing 
sanctions  and  enforcement 

communication  systems 

design  factors  and  ergonomic  standards  for  equipment 
- same for  instructions/procedures 
task  design/SSW  design 
standards/procedures  for job analysis/description 

training  policy  (induction,  safety,  skills,  management  skills) 

personnel  selection  policy 
costing  and  allocation  of  human  resources 

risk  management  e.g.  hazard  analyses,  safety  plans 
assignation  of  responsibilities  for  safety 

control  of  contractors 

external  influences  e.g.  economic  situation 
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STRATEGY FOR SAFETY MANAGEMENT 

Australian  National  has come a long way in the  last five years  in 
relation to the  handling of safety in the workplace and still  has some 
way to go. 

To understand  the  change  process in context, a brief description of AN 
as an organisation is useful. Formed  in 1978 through  the 
amalgamation of two Statelone  Federal  rail systems, AN is a rail freight 
and passenger  service  organisation. It is also a vertically integrated 
organisation with workshops and perway  maintenance gangs, as well 
as operational staff. The  formation of AN presented enormous 
problems  to  be  overcome by staff and management. The combined 
workforce  had  disparate  conditions of employment, different cultures 
and in the safety  arena a poor  record. 

During  the development  years of AN from 1978 until  the mid 80's many 
basic  issues  had  to  be  addressed. Cost reduction, workforce reduction 
and  rationalisation of services  had  to  be vigorously exercised before 
true development  could commence. It was the  early  stages of the 
OMELET; breaking  the eggs and blending  the  mixture  had commenced. 

Safety  management  was not high on A N ' s  agenda until about 1987 
when some indications of the cost of safety emerged through  the 
increasing  workers  compensation liability. 

However  from  a bureaucratic  and ineffective approach to safety AN 
has moved to a position  where  safety is a responsibility in every job 
and  the majority of the workforce  and certainly all management levels 
are involved  in  accident  prevention and  creating  a  healthier 
workplace. 

The  attached  statistics  reveal  the improvements achieved since 
1988189. Prior  to  that time, statistics were collated manually and  are 
not  considered  valid. 

To arrive  at AN's current  situation we had to identify our starting 
position,  plan  carefully a significant change in  the  approach to 
managing  safety  and of course  from  the beginning create  a  clear 
picture of where we  wanted to be. 
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It is true  that you  must be careful if you don't know where  you are 
going, because you  might not get there. At first our goal  was not clear 
but the only  way  was  up. It would  have  been  difficult to get  worse. 

The starting position  was  not  even  clear at first. Information  systems 
were manual, unreliable, cumbersome and provided a limited picture 
of the situation. Certainly there were  some factors that were clear 
however. 

Safety  management,  along with many  human  resource  management 
functions was centrally controlled and administered.  Responsibility, 
authority and accountability were remote from the workplace. This 
was not an uncommon situation resulting from the growth of 
centralised human resource departments. 

The centralised approach was rigid and bureaucratic. Issuing of rules 
and policing through safety officers was the approach. This was 
negative, adhoc and alienated both  managers and employees. 
Attitudes ranged from  indifference to contempt  for the safety  function. 

The unions took little  interest in safety apart from the occasional  point 
scoring exercise brought about by delayed  workers  compensation 
payments or an obvious breach of safety  rules. 

In such a dangerous industry it was surprising that  the workforce 
treated safety with contempt.  The  'macho'  railway  workers  often 
ignored hazardous  situations and worked in a dangerous  manner. At 
the same time however,  because of the 'government  railway' attitude, 
workers compensation  provisions  were abused making it difficult  for 
genuine cases to avoid the stigma attached  to claimants: 

The change strategy involved the following  elements.  Firstly, the 
development of reliable information to analyse the situation and define 
the extent of the problem. The true cost of poor  safety  management 
had to be identified along with the specific causes of accidents. 

At first, only high level analysis was possible.  From this analysis 
education and  training programs were  developed to address 
organisation wide issues of safety  concern. 
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The second  element  was to shift responsibility and accountability for 
safety back to  line management. To  do this it was necessary  to 
acknowledge that managers were not  equipped to take on the 
responsibility. They  needed  information, training and a change in 
attitude. The high level  analysis of costs  was  sufficient to gain the 
attention of executive management.  Better  information  systems 
revealed a serious situation that was getting  worse.  The  cost 
consciousness of top management  was a key to gaining  support to 
pursue  the  strategy  further. 

Further improvements to the information  systems  were supported and 
endorsement was given to a program of management  education to 
prepare them to  take back  responsibility for managing  safety. The 
next phase however,  coupled with education,  involved  changes to  the 
accountingheporting systems. 

The costs of workers compensation and lost  time  injuries  were 
allocated to  each division and then M h e r  segmented to departments 
and sections. This move  made  managers  accountable for reducing 
such costs and motivated them to accept training opportunities. 

As attitudes changed and accountabilities were included in all 
management job descriptions, the demand for more  detailed 
information increased. 

Throughout the early stages of the strategy the maintenance of 
centralised  support through the Human  Resources  Division  was  vital. 
As managers began to grapple with  the problem they  needed 
additional  expert resources to assist in accident  investigation, 
education, training and the development of accident  prevention 
programs. 

To  develop appropriate support the Human  Resources  Division had to 
change from a policing  role to a supportive,  advisory  role.  This 
required changes in personnel. New safety  advisers  were  brought in at 
senior levels and those remaining employees in the safety area were 
given training  to  support  their changed role. 
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There was also an ineffective safety  committee structure  set up in the 
early establishment of the safety management  bureaucracy. The 
Committee role and structure was  given more emphasis and support. 
Managers were given better information and training support as well 
as access to investigatory and advisory  services.  However in time that 
committee structure would also disappear to be replaced with more 
direct employee  involvement. 

To develop a more complete approach to safety management the next 
phase  required  the  introduction of a comprehensive  safety 
management system. The systems available cover all aspects of safety 
management including training, information systems,  workplace 
facilities and controls, housekeeping,  policies and procedures, 
emergency planning  requirements as well as performance standards. 

Through such a system managers would be guided through a 
structured approach and audited  or  rated annually on their 
performance. The rating process prompted goal setting and 
encouraged incremental change and improvement through extensive 
and detailed feedback following the annual reviews. 

The reviews were conducted by the  external provider of the 
management/rating system.  These  reviews were however 
supplemented by six monthly reviews by internal advisers to assist and 
encourage managers and supervisors to improve their performance. 

Throughout the change process some outstanding champions of safety 
management emerged and at the top level we were fortunate in having 
a Managing Director and General Managers who were  visibly 
committed to improving A N ' S  safety  performance. This sent a clear 
signal  to all that safety was a vital  issue.  Similarly, through regular 
reporting to our Board, their support was  given and made  visible. 

Safety was now well and  truly on the management  agenda. 

Feedback from managers however suggested that whilst  helpful, the 
management/rating system selected was considered to be 
administratively burdensome, not  focussed on  the most important 
issues. Generally our now, better informed,  more  committed managers 
had assessed the system as inappropriate  for our organisation. 
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In response an  alternative system  was  adopted that focussed  less on 
administration issues and more on workplace arrangements and safety 
performance. This change has received a positive  response  and 
encouraged managers to  share their concerns and seek  support. 

The  next step on the strategy was to introduce  safety  responsibilities 
at the workforce  level. 

During the past three years AN has restructured its awards, 
redesigning all jobs to develop a multiskilled  workforce  with 
accountability at all levels  for  quality  performance.  Throughout this 
process extensive participation and consultation at the work  group 
level was encouraged.  Over forty employee  working parties reporting 
to  joint uniodmanagement co-ordinating  committees  were  set up to 
redesign jobs and develop training programs and curriculum. 

Safety training and responsibilities were  included for all jobs. In 
addition employees were not  only  made  more  aware of their 
responsibilities, they were  given better feedback on performance and 
an understanding of their rights. Management support was  one of 
these  rights and this made them aware that they codd control the 
safety of their jobs and their working  environment. 

During  this  phase  the codes of practice and other policies and 
practices  that had been produced  centrally to assist  managers  were 
rewritten and consolidated into one  reference  manual. A working 
party consisting of managers and employees at all  levels  undertook 
this task and resulted in greater ownership  throughout the 
organisation. That Manual - ' A N ' S  Corporate  Safety  Standards' - has 

available to all  employees. 
I been  distributed to all first line supervisors  and, through them, is 

At this stage the need for extensive  centralised support was reducing 
and it was appropriate  to reduce and decentralise  such  support 
arrangements. Information systems  were  decentralised,  safety 
advisers/co-ordinators were  allocated to the line divisions  and a small 
core of three  safety specialists were retained in the Human Resources 
Division.  The dismantling of the central function was vital to prevent 
a drift of responsibilities back to  that area, as can be the tendency. 

hr-382  21  October  1992 
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The above changes have  resulted in a culture of safety consciousness 
in AN. Good safety management is recognised as a win/win and it is 
one area in which  management,  employees and unions  have  very 
limited  disputation and generally work together in a positive  way to 
resolve problems. 

A N ' S  results reflect this positive  change.  The  improved  safety 
performance and  attention  to both rehabilitation and worker's 
compensation liabilities have reduced AN's outstanding liabilities by 
60% since 1988. 

In recent times we have reviewed and changed the committee 
structures  to facilitate work group  involvement in policy  development 
and workplace change.  Managers will contiiue  to support these 
committees. Externally and internally provided training programs will 
continue to  be developed to respond to emerging  issues of concern. 

Safety suggestion and  award schemes have been  developed and give 
special recognition to individual achievements.  Implementation  of' 
safety suggestions has been of significant  commercial  benefit to AN. 
Results from rating reviews are widely distributed and engender a 
healthy  spirit of competition. 

The next stage is to establish key  performance indicators for  each 
work group and improve o m  information  systems to provide  timely 
and detailed performance feedback against these indicators. 

In summary, the  strategic approach taken by AN over a five year 
period progressively introduced the elements  necessary for 
incremental change at a pace and in a way that achieved a change in 
attitude which  above all is the key to safety management. 

The responsibility was not dumped onto managers and the workforce. 
The problem was identified and shared, accountability  was 
progressively assigned and support through training, information, 
advice and appropriate systems  development  was put in place at each 
stage. Through this  approach resistance was  minimal and 
encouragement was  emphasised. 

A N ' s  workforce as a whole now recognises and accepts its 
responsibilities for  safety management and collectively has achieved a 
turn around in our  safety performance. 
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Good information  systems and participative training that reviews real 
issues and is relevant to the workplace must be continually  reviewed 
and improved. Participation in goal setting and  self  monitoring  is 
essential to self management. 

Continued  support,  recognition and visible interest at the highest 
levels in the organisation  must  be  maintained  to  serve  as 
encouragement and a demonstrated commitment  to  safety. 

In this paper I have concentrated on  safety  management and A N ' S  

strategic approach to sharing responsibilities  throughout the 
workforce. To put this approach  in  context however the level of 
participation in all change  processes in AN is increasing  and this area 
is one of the best  examples. In addition  a major change  in the 
handling of workers  compensation  claims and rehabilitation  has 
occurred in  parallel. 

Health services  were  also  improved to demonstrate  a commitment to 
not  only  prevention of accidents but  to caring for injured employees 
and an acknowledgment of our  responsibility to help  support our 
people. 

This  aspect will be the subject of  my next  paper. 

Thank you. 
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JH EAST ANE HUMAN FACTORS IN SAFETY MANAGEMENT 

We have entered  the final decade of ihe 20th century, a  critical  period to prepare 

ourselves for  the next millennium. The 90s have already been  a  turbulent  decade 

and several critical and historical developments have taken place. So far, notable 

events in the 90s include  the Gulf War, the collapse and the  fragmentation of the 

former Soviet Union,  and  the  EC's determined progress towards a  unified Europe. 

Many things, especially  political  and economic issues, have emerged  from  a tight 

gridlock  of  narrow  ideas  into  the  open  air to be  discussed,  scrutinized  and 

re-evaluated in  an attempt to determine the future course of human society. 

Railway  transportaiion has also felt  the winds of change. In 1987, shortly  before 

the start of this historic decade, a major restructuring divided  the former Japanese 

National  Railway-  burdened  by  a  large and mounting  debt  that  reached 'i37 

trillion - into  several privately-operated railway companies. 

As  a result of this restructuring, six  passenger railway companies and one freight 

railway company were established, each of which has  since  operated  its business 

as a private enterprise, forging Its own unique management policies  and strategy. 

All of the  newly-established companies have since experienced  reasonably  good 

operating results. At JR East, our profit and passenger traffic  has  grown steadily. 

We believe this  improvement  in operating results is  due to the  efforts of both our 

management and  our employees. Privatization has fostered  more  initiative  and 

higher  levels of productivity among all of our personnel. Continued suppori from 

our  passengers, who have appreciated our grester efforts, has  also  contributed 

to our imDroved profitability. 



There are several reasons why we were  able to earn the support of our passengers. 

These are: 

Rrst,  we have provided  them wiih high-quality  service,  worthy of a private enterprise. 

We  think one of the  critical  factors  in  the  improved quality of our  service  is  the 

changed  attitude  each of our employees  has displayed, as their  status changed 

from  being a  public  servant to becoming an employee in the private sector. 

The  second  reason is that  we  have achieved a substantial improvement in safety. 

The  stimulus for  our  renewed commitment to safety was the commuter train crash 

which  occurred at HigashinaKano  on  December 5, 1988. This accident resulted 

in a heavy toll: twG people includmg the driver were killed, and over 100 passengers 

were injured. We took this accident seriously and decided to take the necessary 

steps to raise our safety  srandards to an even higher level than we had achieved 

at that time. 

I must add  that  the JR East  Trade Union also  contributed to this effort with their 

understanding  and  co-operztion. 

One of the  significant  measures we took after  this decision was to invest Y400 

billion In safety  over  the  following 5 years. This investment included introduction 

of advanced  signal  systems  such as ATS-P connected with ATS-S through  a 

transponder,  improvemer3 cf level-crossing  safety  systems,  introduction of an 
operating  control  system,  introduction of a  natural  disaster  prevention  and 

information  system,  purchase of new cars, adoption of safety measures on station 

platforms,  and  improvements  in infrastructure. By this year, the  fourth of the 

five-year plan, we have invested a  total sum of X260 billion in safety. 



This Investment  program  lets  us  acriieve  the  flist  step  towards  the  planned 

modernizatior; of our safety  systems  by  allowing  us to introduce  advanced 

technology.  This is XI area in which we have I q g e d  behirld current trends  in 

this era of advanced information technology. 

The second  step  we  took  was to address the human factor. For example, take 

the training and  education of our drivers. In the past, this task  took place either in 

the classroom  or on actual  trains in operation, with experienced  drivers  as 

instructors.  With  such  a  system, no systematic  training in driving is possible, 

much less  training in corrective  measures in accident situations, since trainees 

are unlikely t3 experience  an  accident.  With  the  intention of improving  our 

training system, we have set ~ i p  10 training centers equipped  with train-operation 

simulators,  each of which is  an exact  replica of a real train cockpit. Our drivers, 

ins!ructors, conductors and nther !r&-crew members ars now routinely trained at 

these  centers  to  refresh  their Knowledge and test their skill  and reactions during 

simulated accident conditions. 

The  third  step we took was !o establish the Safety  Research Institute where I 

work. 

At the Institu?e we have 52 researchers, some of whom undertzke basic research 

in their respective  speciality. 9thers assess safety systems by malyzing  data to  

determine how we can improve them,  simulate  accidents,  study applied technology 

to be introduced,  and so on. 



Our major R&D topics  are as fo!iows: 

i. Safety  systems:  The  main R&D themes iii this area include irnprovement'of 

existing  signal  systems and development of next-generation signal systems. 

2. Safety  analysis:  Themes  in this area are simulation of train motion, assessment 

and analysis of level  crossings,  and analysis of all types of  accidents. 

3. Natural  disaster  prevention: Research on wind behavior and natural disasters, 

such  as  snow  avalanches,  which affect  railway safety, are conducted  by our 

natural  disaster  prevention teams. They also carry-out research on predicting 

problems  such  as  landslides  and rock  falls  based upon studies of mountain 

geolcgy. 

4. The level-crossing teams are working to formulate, based  upon empirical data, 

a program of safety  measures  for level  crossings  and  proposals  for  their 

improvement. 

5. We  also  have  research  teams assessing the safety performance of railway 

cars  and other rolling stock, investigating accidents that have arisen from unknown 

causes,  and so on. 
I 

6. The  Human  factor:  R&D  in this area is now our top priority. 

I believe we have  achieved a  substantial  decrease in accidents due to the 

effectiveness of safety measures we took following the accident at Higashinakano 

in 1988, and  because of the positive attitude of our employees in carrying out 

their  assigned  tasks  in  making JR East a  safer railway system. 



Now I want to talk about the reiationship beiween railway operation and technology, 

and address  our  philosophy on fu?ure research involving the human factor. 

Chapter 1. Tne i-luman component in safety 

Technology is the mainstay of railway safety, but it's people who develop, operate 

and mainrain the  technology. Technology to support safety systems can be used 

effectively only when  these people complete their assigned tasks  with  pride  and 

professionalism, while also  improving  their  skill  and knowledge. So we consider 

the  human  component an important  subject to study  along  with technical 

development. 

The first  point to address  in  this  area  is how to make the  corporation  a place 

people  can be proud to work in. We are fortunate in this respect, as all of our 

employees have good cause to be proud of JR East,  with its reputation as one of 

the leading  railway  companies in  the world  during our brief history as a  private 

evferprise. 

Reasons  for JR East's  exemplary  performance may include  our  sound 

management,  along  with  the  pride  and  self-confidence that comes  from our 

personnel's  knowledge  that they helped  establish  the company. There is also 

our pride as  railwaymen  in maintaining and nurturing our tradition in technology. 

The moral of a!l  this  is that the first step  towards safety is to make the corporation 

a place  that  people  are  proud to work in. 

The  second  point  is  that safety must have priority over all other  management 

issues,  and  management must act accordingly. At JR East, safety has always 

been  the  most  important part of OUi  management policy. Therefore we have 

done  our  utmost to improve our safety  installations  and to develop new safety 

technology. As always, we will  keep  working on improving  safety,  with our 



management  Ieadirq the  way. 

The  third  point  concerns  the  interaction  between  men and  machines. New 

technology  enhances  safety. But, it also brings about a great change  in the 

working environment.  When new rechnology is introduced and is either difficult 

?or people to hans'le or unfriendly to them, they usually lose their willingness to 

work  with  the technology. Under  such circumstances, people not only  fail to take 

full  advantage of the new technology, but also lose confidence in  the management 

thar imposed  the  technology L'pon them. Therefore, whenever new technology 

IS adopted, it is  essential to develop a system that  is user-friendly, and to provide 

adequate  training in  its handling, to those who will operate it. 

Most successful  companies  have g o w n  by  effectively adapting to technological 

change. 

However, it is just  as  important  for the company to provide  an appropriate follow-up 

program that helps employees adjust to the new technology. 

The  fourth point  is to make front-lir?e staff participate in safety. Safety issues 

should not  be studied  and  discussed only by management and  dictated  in a 

, top-down  fashion.  Discussion of safety  should also include "hands-on" input 

from  front-line  staff. For a  safety pragram to succeed it  is important  that these 

people  take  part,  that  they  propose  safety measures based upon  their daily 

experiences  and  that  they  help  put  safety measures into effect which will achieve 

the  desired result. The  "Challenge  Safety" campaign we  have undertaken at JR 

East  since !a88 is  an  action  program that encourages such  participation by all 

personnel. 



The  fiith  point  is IO develop  a  corpsrare  culwre  based u p m  mutual w s t  and 

respect tetween all  levels of the organization, while encouraging all personnel to 

ihink cf iiii: C O V ? Z ~ ~ I ~ ' s  SLicceSs ES theii owrl persntia: achievernent.  This %/ill 

heip  srrengthen  the foundation  upon  which  the  corporation is  laid  and  oifer its 

employees  an  opportunity to enrich  their working lives. The  basis of this concept 

may  be  related to cultiiral factors, or perhaps it can be thought  of  as harmony 

among  people  who  share  a  common goal.  However, for our practical purpose, it 

can be  summarized by the follcwing  sdage: A corporaticr; that nurtures its people, 

will in  turn be nurtured by  those people. 

Chapter 2. Meeting  the human component challenge 

At our  Railway  Safety Research Institute ws have conducted studies on the human 

component  bsing  various approaches so we can better advise our  top management 

on railway  safety. 

The  primary  problem that the  Institute  must deal with is the  interface  between 

man  and machine.  For  example, the Institute is now developing  a  new concept 

for  designing  the  driver's cockpit.  Until now, research focused  mainly on the 

layout of different  devices  in the cockpit to minimize !he chance of human error in 

their  halltiling.  Our current research is aimed at  developing a new type of integrated 

driver's  cockpit  that  combines  components  such as a  digital  display,  character 

display,  and  advanced commun!cation systems into a  single unit. The Institute is 

now  manufacturing a model of this driver's cockpit for new Shinkansen  lines and 

is working to improve the  controller through simulator training. One of our criteria 

for  the  new  type  of  integrated cockpit is tha? it be simple enough to be operated 

by every member of cur  front-line staff. Accwdingly,  the Institute is focusing its 

efforts on determining how the cockpit design can achieve this goal. 



Tba second subject beiiicj  studied at the  Institute  is CA; (Computer-Aided 

Instruction).  Until now, driver  training has been dove mainly by our experienced 

drivers. But, because of the 6iversificatiorI in ?he types of csrs we use, as well as 

the  iniroduction of various  types of new tech!xAogy, such  a  system has only 

served to widerl  the  difference in skill ievels ammg our trainees. To overcome 

this prgblem, we developed  an  interactive,  csmputer-assisted  instruction system 

with  related software. 

The CAI uses  a  NEC 9800 series  computer. It can easily be  used  for on-site 

training  and to program software. The Safety Research institute is now developing 

a more  effective  instruction  system  than the existing CAI, along with its basic 

technology. We'll be able t o  expand  this new system by modlfying its software to 

accommodate new situations that may arise irl the future, such as the introduction 

of a  new  type of car or chenges in rqu!ations.  Qenbers cf w r  front-line staff arc 

expectea to contributa 10 this  developxent with tneii practical knowledge in relevant 

areas. 

The  third research  theme is focused  on deternining a new approach to driver 

aptitude testing. The aptitude  test  has been one of the  traditional  technical fields 

involving human factors. 'Jntil now, the Krepelin test, which mainly focuses on a 

driver's  physical ability to operate  a ;rain, has been used. However, because of 

diversification  in :he types of train operation and changes in the nature of each 

operarion, s x h  a tesi has  become  inadequate. To deal with this situation, we 

are  conducting research to design  a  method to test driver aptitude more precisely 

from a wider  perspective,  including  incorporation of a multiple reaction test. Part 

of the results from the  new test will be  shown IO individuals who undergo the test 

so they can recognize how  thelr personality and aprirude can improve. Counseling 

to help  each  individual  overcome his or her weak poin?s is also being studied. 



The  purpose sf these  studies is to help  design  the best possible  method for 
training  and  instruction. To accompiish this objective, we  are &ing  research on 

ways to accurltely eval@?e an individual's ability, personl!ity,  and attitude towards 

safe:y, during interviews. 'vVe are also doing researcn  on formulating an integrated 

traininG and instruction system t k t  incorporates effactive cwnseling  and improved 

communications to fostei better  human  relations within the  work place. Further 

studies  are  being  conriucted to develop an ideal  human-centered  environment 

within  the  corporation  which will let its people work with more freedom, to better 

themselves  and  help  better  the company. 

The Institute is  also  involved in the  area  sf crisis management, which concerns 

the handling of various :!!pes of accident we may face in the future, particularly 

naturs.1 disas!ers such as earthquakes,  iyphoons,  f!oods,  and  olher  serious 

acciaenis.  Eesearch  subjects  include  such issues as: how the corporation and 

11s employees  should  aeal with such  events, what acrions should  be  taken  by 

staff  members  in  these shaticns, an3 whzt  sort of information should  be given, 

?nr !heir beneflt, to our  passenprs  apd to pecple  in !he area  affected by the 

xcident or disaster. 

The human  component is multi-faceted. We realize, however, that our efiorts 

would be  useless if they were not human-centered. That is, if they were not 

based I;?on respsct for every individual as a person.  JR East is dealing with the 

human  component by forging a philosophy of hurnan-resource management that 

will  nurture  both  the  corporation and its perscnnel. The Safety Research Institute 

for  its part, is now  undertaking  studies to determine how JR East can realize this 

goal of helping  all  individuals  within  our organization achieve their fullest potential. 
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1 

Introduction: 
More and more, rail experts  agree  on  the  importance of  human 
facrors for railway  safety. 

Vigilance is widely  regarded as a basic  demand  for  safety  actors. 
Therefore, SNCF Direction commissioned  an  internal  task-force(1)  to 
define precisely the meaning(s)  of  the  concept.  The  first 
conclusions were  published in Informations  Mgdicales, the SNCF 

explore further the paths surveyed by the taskforce. 
internal medical review. A s  members of the taskforce, we  wished  to 

Exhorted  everyday to be  vigilant to quality while  purchasing, to 
moral  obligations in civil  life,  vigilance  sounds  for  us  as  a 
familiar  and  intuitive  concept.  Specifically  for  railmen used to 
safety, vigilance is a  familiar  demand.  Think  about  the  vigilance 
expected  from  track  maintenance  lookout-man  while  monitoring 

expected  from  drivers. In this  later  example, 'vigilance'  is 
incoming  trains to alert his  colleagues, or about  vigilance 

mbnitoring  the  driver's  acquitting  knowledge  of  yellow  signals. 
quoted(++)  as  a  job-word  referring  to  the  technical  system 

concerned with human factors:  Psychologists,  Ergonomists,  Human 
(1) This taskforce met in 1990, and  was  composed  of  specialists 

backgrounds including driver's managers. 
factors specialists,  physicians,  raimlen from  different  technical 

(it) in  french railways 



Vigilance  carries  then  different  meanings  for  railmen,  both  common 
and  specific  to  rail  jobs. 

1 Let's pay  attention  to  vigilance! 

used  to  mean  in 1380 'insomnia'  and  evolved to  the  meanings  of 

Relationship  between  vigilance  and  awakeness  started  only  at  the 
'watchful  monitoring,  without  any  fault,  in 1530. 

beginning  of  the  20th  century  with  the  physiological  studies  on 

Quoting  Vigilance  today  refers  to  different  fields: 
sleep  and  drowsiness. 

According  to  the  Robert  french  language  dictionary,  vigilance 

- sleepiness  and  awakeness 
- stressing  the  capacity of  monitoring  watchfully  and 

- standing  attention to face a moral  obligation. 
faultlessly a task 

pragmatic  viewpoint'  the complexity to the  phenomenon  (Kant 1796): 
Emmanuel  KANT  signaled  as early  as 1796 in its 'Anthropology from a 

'I Distraction  is  mood  when  attention  looks  away  from  certain 
dominant  representations,  and  is  scattered  among  others  different 
representations  from  various  character.  When  intended it is  called 
misbehaviour;  when  involuntary,  it  is  to  be  absent-minded." 

Following  Kant,  we  could  define  vigilance  in  opposition  to 
misbehaviour. 

More  recently,  Raymond  Duval, a contemporary  french  philosopher, 
explained  in  his  book  'Time  and  Vigilance'  that: 

knowing  when,  how,  and  under  which  circumstances  it  would  happen, 
" Being  vigilant  is  to  keep  ready  to  react  to  an  event  without 

even  when  ignoring  whether  it  would  happen.  Being  vigilant  is  to be 

know  it:  would  the  master  of  the  home  know  the  time  in  the  night 
ready  to  an  uncertain  event  in  order  not  to  be  surprised:  'thou 

when  robbers  would  come,  he  would  stay  awakened  and  would  bar  him 
drilling the wall.  Therefore,  you  too,  get  ready,  for  you  ignore 

' demanded  when  the  meaning  of  what  would or could  happen  can  only 
the  time  His  Son  will  come"  (Matthew  24,  43-44).  Vigilance  is 

decided  before  and  not  when  it  happened:  if  not  ready,  we  would 
fail  to  grasp a too  quick,  lightning,  undistinguishable  event, 
occurring  too  quickly  for  our  slow  detection  and  replying 
capacities.  When  it  would  occur,  it  will  be  already too late  for  us 
if  we  were  nor  prepared  to  watch  it.  Just  like  being  ready,  on  the 
road,  to  face  driving  hazards." 

Vigilance is here  connected  with  the  capacity of anticipating  an 
event  which  may or may  not  occur. 

However,  being  ready  to  face  events  demands  being  awakened  and  fit 

awakened.  Vigilance  stands  here  no  longer  for  insomnia  but  for  what 
for  feeling,  thinking  and  acting  without  sleeping!  One  shall  be 

physiologists  name  'conditions1: 

word,  assimilate  them,  and  transmit  them  to  other  organs  through 
sensor-motor  coordination.' 

These  specialists  link  very  often  vigilance  with  awakeness,  as 
defined : 

'optimal  conditions  when  brain  receive  informations  from  external 



~ 

active  awakeness  is  the  humane  operator's  maximal  capacity 
(hypervigilance) to handle  in  the  best  way a specific  job.  Active 

awakeness  is  the  humane  operator's  minimal  capacity  (hypovigilance) 
awakeness  is  characterized  by  presence  of  beta  rhythms.  Diffused 

presence  of  alpha  rhythms. (2) 
to  handle  properly to a specific  job. It is  characterized  by 

When  used  by  neurophysiologists,  vigilance  points  to  all  body 
adaptative  phenomenons  including  nervous  system  functional  answers 
or  linked  behaviour  modifications  such  as  variations  during  sleep- 
awakeness  cycle. 

~ 

2 Vigilance  as a physiological  substratum , 
The  etymological  meaning  of  vigilance  is  "awakenessl'.  Awakeness 

characterizes  one  of  the  stages  in  the  sleep-awakeness  cycle.  Study 
of  cyclic  organisation  of  sleep  and  awakeness  and  of  other 

neurophysiological  structures,  and  neurotransmitters  combined  to 
'nycthermeral'  cycles(3),  and  research  on  polygraphy($), 

define  vigilance as a physiological  clue. 

evolve  on  cyclic  patterns:  they  characterize  the  humane 
chronobiological  rhythms.  These  rhythms  can  be  regarded  as  sinus 
function  of  time,  and  scientists  use  to  define: - period  (T)  defined  in  time  units,(  or  frequency  as  1/T) 

- amplitude(C) 
- phase (Q) referred  to  origin  or  reference  phase,  inside  or 
- mean  level  (mesor)  corresponding  to  the  adjusted  rhythm  level 

Main  humane  physiological  functions  and  physiological  parameters 

outside  the  biological  system. 

during  the  considered  epoch. 

factors,  the  'synchronizers',can  influence  and  modify  period  and/or 
Biological  rhythms  are  hereditary.  Bur  different  environmental 

phase.  Synchronizers don't create  rhythms  but  do  alter  them.The 

a time-basis in the body.  Most  of  biological  rhythms  can  be 
classified  in  three  types,  according  to  frequency: 

to 30 minutes 

good  example  is  circadians  rhythms  with a 24 hours  period. 

2,5 days  to  very  long  ones  such  as  one  year. 

i rhythmic  evolution  of  physiological  parameters  and  functions  build 

-'ultraday' rhythms  with  high  frequency:  period  from one second 

- mean  frequency  rhythms  period  from 30 minutes  to  2,5  days;  one 

- low  frequency or 'infraday'  rhythms,  with  period  going  from 

different  rhythms,  like  the  humane  temperature: 
the  first  circadian,  the  second  monthly,  the  third  yearly. 
Then,  several  different  cyclic  variations  with  their  own 

frequency  can  be  observed  in  the  same  bilological  parameter. 

(2) ergodatabank,  Laboratoire  d'anthropologie  appliquee de 
l'Universit8 de Paris V, Ed 1985 
(3) chronobiologists  define  'nycthemeral'  as  the  lapse  of  time 
including  one  day  and  one  night,  which  corresponds  to a biological 
cycle. 

parameters  such as EEG (brain)  and ECG (heart). 
(4) simultaneous graphic  recording of  several  physiological 

The  same  biological  parameter  may  present  simultaneously 3 



One of the  most  powerful  synchronizer  is  the  daily  alternative 
shift  between  light  and  darkness,  combined  with  socioeconomical 
organisation ... Chronobioloqy  studies  these  periodic  variations  of 
body  functions. 

modifications  occur  for  healthy  people  isolated  for a long  time 
from  their  usual  synchronizers.  In  that  case,  gaps  in  circadians 
rhythms  can  be  observed  from  the  usual 24 hours  pattern,  although 
phase  relations  remain  on a stable  pattern. 
But  disharmonious  time  structures  changes  can  also  affect  human 
body:  modifications  of  periods,  andfor  phase  synchronisation  can 
also  be  observed.  Such  modifications  may  be  induced  by: 

phase  changes  exceeding 5 hours ( such  as  repeated  schedule 
changes,  transmeridian  flights, ...) 

Body  time  structure  may  be  modified  harmoniously:  such 

- specific  socio-ecological  conditions  including  synchronizers- 

- specific illness 
- specific cures  (REINBERG,  1974). 

obvious  cyclic body  functions. In  working conditions, the  sometimes 
Sleep-awakeness activity-rest alternations are  among the  more 

perturbed  rhythms  of  these  alternations  have  been  regarded  as  one 
of the  main  factors  of  stress  and  tiredness of weekly  shift- 
rotating  workers. 

Authors  agree on the  decreasing  of  stamina  and  mood  average 
levels  during the period  between  9pm  and 5 am.  Important 
desynchronisation  occurs  during  this  time  lapse  corresponding to 
delayed  synchronizers  phasage  of 6 hours  (like a transatlantic 
flight). 

desynchronisation  than  perverse  consequences  of  early  awakening  (at 
3 to 4 am)  cutting  drastically  paradoxal  sleep  which  happens 
precisely  during  night  ends.  Tiredness  felt]  by  workers  would 
result  more  from  sleep  perturbations  than  from  body  time-structure 
changes. 
Chrononharmacoloqv  proved  the  existence  of  cyclic  productions  of 
chemical  substances  and  the  reactivity  of  their  nervous  system 

Observations on 5am-lpm  shifts  workers,  show  fewer 

' targets. 

physiological or pathological  variations  can  be  coupled  with 
"Consequently,  tiredness or stamina  expressions  and  their 

alteration  of time structures.  They  could  result  from  some 
secretions  desynchronisation  (cortisol,  catecholamines, ...) or  from 
usually  react  to.  (REINBERG,  1974) . some nervous  structures  desynchronous  reactivity  to  substances  they 

Vigilance,  as  used  originally  by  neurophysiologists,  points to 
bodv  adantative  phenomenons,  including  nervous  system  functional 

with  alterations  of  sleeping  cycles. 
answerings or behaviour  modifications,  specifically  when  coupled 

For a pragmatic'point,  we  shall  separate: 

- attention 
- activation  level 
- consciousness  field  mobility 

Activation  level  represents  quantitative  aspects of vigilance. 
It is  partly  linked  with  unspecific  systems  activity,  and  can  be 
estimated  through  physiological  measures ( quantified  EEG). 



Attention  is  the  aptitude  to  focus  on  useful  information. 

consciousness  field  mobility  provides  the  capacity  to  move  the 
attention  focus  point  and to draft a strategy  adapted  to a ever 

well-know  single  line  model,  with  limited  compiling  capacity  and 
complex  reality.  Working  man  processes  information  according  to  the 

saturation  risks. 

problems.  Psychological  testing,  using  simple  or  complex  tests, 
Physiological  and  psychological  methods  can  both  deal  with  these 

seeks  to  evaluate  regularity  levels or  missing  ratios  when  facing 
rare  signals . . . a  

Physiological  testing  try to point  out  reliable  and  repeatable 

decreases.  Therefore,  brain  electro  recordings (EEG) are  used  to 
criteria  for  vigilance  (and  more  specifically  activation)  levels 

study  the  variations  of  the  ratio: 
(rate  of  alpha  waves)/  (rate  of  beta  waves). 

As a matter  of  fact,  Alpha  waves  point  to  lowered  vigilance  level. 
Numerous  research  teams  recorded  variations  of  heart  frequency, 

breathing  frequency. 
eyelid  moves,  spontaneous  reactions  (actometry),  variations of 

Any  of  these  methods  delivers  reliable,  valuable  and  sensitive 
measures  in  laboratory  which  proved  very  unfortunately  far  less 
accurate  and  risky  when  applied  in  working  environment,  namely  in 
milieu  disturbed  by  electromagnetic  fields.  Purthermore,  tracking 
down  hypovigilance  phase  may  be  useful,  but  the  very  point,  safety 
men would  be  interested  by,  is  predicting  them  before  hazards  may 
happen. 
Vigilance  is  subject  to  cyclic  variations,  even  after a normal 
night  sleep.  Twice a day,  mainly  between 3 and 5 pm  and  between 2 

through  the  complex  combination  of  different  interregulated  systems 
and 5 am,  vigilance  decreases  significantly.  Awakening  arises 

characterized  by  positive  or  negative  answers  to  some 

' Psychopharmacological  studies  explore  possibilities  of  maintaining 
neurotransmitters. 

vigilance  on a very  long  time  and  enabling  sustained  attention. 
Among  the  numerous  tested  chemical  substances,  the  best  known  are 
caffeine  and  amphetamins.  Although  great  progresses  have  been 
already  performed,  results  in  this  field  remain  yet  reserved  to 
specific  applications  far  away  from  day  to  day  operations. 

As a conclusion  of  this  short  review of bio-psycho-physiological 
components  of  vigilance  and  of  structures  underlying  sleep- 
awakeness  alternation,  let us not  forget  that  the man's happiness 
with  thinking  and  information  processing  relies  on  his  fondness  for 
sleeping  and  dreaming. 

3 multiple  significations  of  vigilance 

We just  saw  how  wide  were  the  fields  referring  to  vigilance.  Even 

meanings,  according  to  applied  psychological,  cognitive 
restricted  to  scientific  domains,  this  concept  refers  to  different 



psychological,  general  psychological,  psychophysiological 
fields. (5) 

General  psychology  and  numerous  connex  fields  also  use  the  notion 
of  'attention'  to  improve  our  understanding  of  problems  posed  by 
the  common  signification  of  vigilance. 

Ergonomists  use the "mental  load"  concept,  although  its  definition 
remains  quite  fuzzy,  varying  along  the  numerous  authors,  and  along 
the  considered  reality  levels: - physiological  parameters, 

- answering to psychotechnical  testing, 
they  apprehend  vigilance  or  processing  capacity?) ... - results  and  performances  in  information  processing  (but  do 

Through  our  bibliographic  screening,  appeared  limited  approaches  of 
vigilance ...., but  not a single  one  could  encompass  comprehensively 
the various  aspects  already  quoted  previously  in  our  review! 

Various  meanings  of  vigilance  from  'attention', ' job processing 
capacity',  'lack of distraction',  'awakened  state'  build  all  the 
power  and  the  ambiguity  of  this  notion. To grasp  its  precise 
signification,  one  shall  first  fix  both  the  references  of  the 
scientific  method  and  of  the  reality  level  considered. 

more  insights,  if  indeed  no  concept  confusion  occurs  and  scientific 
Nevertheless,  the  confrontation  of  different  theories  could  set 

contexts  remain  clearly  stated. 

Remarks  on  laboratory  conditions: 

Many  experiments run in  laboratories  all  over  the  world  are  often 
based  on  restricted  sampling.  Though  some of them do reproduce  some 
of the  real  working  conditions,  their  results  shall  still  be 
regarded  cautiously,  for  many  recorded  or  unrecorded  internal  or 
external  parameters  can  alter  the  measures. 

significant  differences  in  performance  levels  between  'outwards- 
Scientists,  such as Michael W. Eysenck [1989], have  noted 

oriented'  or  'inwards-oriented'  people.  Further  on,  J.C.  Sperandio, 
a leading  french  ergonomist,  declares  that  physiological  vigilance 

efficiency.  He  stresses  that  'inwards-oriented  people'  achieve 
level  is  in  no  way  the  single  factor  conditioning  the  monitoring 

'better'  performances  while  EEG  (brain  electrical  recording)  show 
no  noticeable  differences  with  'less  performing'  'outwards- 
oriented'  people. 

some of  them,  such  as  works  by T. Akerstedt  (Sweden),  R.  Amalberti 
(5) Numerous  publications  on  vigilance  could  be  quoted.  We  reviewed 

(CERMA,  France) , A .  Chapon  (INRETS  Lyon,  France) , A. Coblentz 
(Laboratoire  d'Anthropologie  Appliquse,  Paris,  France),  F.  Lille 

Paty (Groupe  de  Psychophysiologie  Cognitive,  Bordeaux I1 
(Salp6triSre  Hospital,  Paris), A. Muzet  (Strasbourg,  France), A. 

University,  France), J.-C. SpGrandio  (Paris V University), J.F. 
Richard  (Paris  VI11  University),  and  also J.A Adams,  D.R.  Davies, 
J.C.  Miller,  R.G.C  Fuller,  R.R.  Mackie  in  english  speaking 
countries  and K. Hashimoto  in  Japan ... 



Recent  studies  [Amalberti, 19891 confirm  older  researches (1972, 
1969, 1951) in  stressing  both  the  importance  of  the  concept  widely 

meaning.  For  instance,  routine  behaviour  and  lack  of  attention 
labelled as 'vigilance'  and  difficulties  to  address  its  precise 

would  be  evoked  in  analysis  of  some  incidents  or  accidents , as 
worktime  organisation  and  job  monotony,  could  be  regarded  as 

error  may  result  from  over-focussing  on a single  aspect  of  the job 
'causal  factors'  of  'human  errors'.In  other  accidents  analysis, 

(while  'forgetting'  the  others),  over-cautiousness,  over-vigilance 
(up  to  stress)  or  from  informations  delivered  to  the  operator .... 
Without  forgetting  to  cite  events  where  errors  have  nothing  to  do 
with  vigilance  or  attention,  but  are  due  to  inadequacy  of 
procedures  (which  may  be  throughout  un-readable  and  fuzzy) , lack 
Most  present  specialists  or  research  workers  regard  definitions 
of  training,  vocal  information  gap,.... 

usually  proposed  of  'vigilance'  as  either  too  narrow  or  too 
sketchy.  As a matter  of  fact,  the  notion  of  vigilance  as  observed 

whole  organic  symptoms  observed  by  physiologists.  In  this  context 
by  psychologists  in  behaviour  studies  do  have  connections  with 

which  arises  the  'reactivation'  notion  (through  job,  external 
the  key-notion  is  'activation'  of  the  central  nervous  system,  from 

stimuli  such  as  bips  or  bell  ringing,  appropriate  drugs,...). 

monotonous  shifts,  rare  signals  detection,  sleep  deprivation, 
Causes  of  activation  level  decrease  are  well-known:  long  and 

certain  drugs  or  medicines  consumption ... 
Nevertheless,  researchers,  and  namely  'cognitive  psychology' 
specialists  stress  the  inadequacy  and  inaccuracy  of  known 
physiological  methods to comprehend  activation.  As a matter  of 
fact,  fine  correlations  between  performances  and  slight  activation 

be reliable.  These  slight  variations  seem to occur  more  frequently 
level  variations ( awakeness,  active  watchfulness)  are  too  fuzzy  to 

psychologists  re-introducted  another  notion,  used a long  time  ago: 
than  broad  variations  (sleep,  or  hypovigilance).  Therefore, 

attention. 

4 a complementary  concept:  attention 

Attention  points  to  both  ideas  of: 
- mind-  focussing 
- control  and  guidance  of  mental  activity. 

We already  mentioned  its  definition  as  the  aptitude  of  focussing  on 
useful  information.  Vigilance  stands  then  as a necessary  but  not a 
sufficient  condition  for  appearance  of  attention  mechanism.  Issue 

understanding  of  how  attention  works and  what  could alter  or 
shifts  from  physiology  to  psychology, and  focuses  on the 

promote  it. 
Following  some  highly  regarded  experts'  opinion,  such  as  REASON, 
ANDERSON,  RASMUSSEN,  attention  is  conditioned  by  the  very  kind  of 
knowledge  stocked  in  memory  (procedures,  diagrams,  technical 

with  the  different  kinds  of knowledge  mobilized  and  used  by 
knowledges  or  know-how...). Any  operational  manager  is  familiar 

operators  on  duty,  according to 
- their  experience,  and  how  long  they  have  practicing  the  job, 
- the 'normal'  or  Ilunusual"  context  or  situation. 
Some  knowledges  are  considered  as: 

-1) declarative  when  they  deliver  descriptions 



of  systems,  such  as,  in  railways: 

onboard  systems  in  locomotives  cabs  (like  TVM 300 and 
switching  posts  systems 

TVM 430 cab-signalling  systems  on  TGV). 
or  of  descriptions  of  environment,  such  as,  in  railways: 

lateral  signalling  (opposed  to  cab-signalling) 
electrical  diagrams, ... 

-2) procedures,  when  they  are  used  for  action. 

Declarative  knowledges are a prerequisite  for  procedure  knowledge, 
but  are  not  sufficient to  build  up  the  'professional  know-how'. 

Jens  Rasmussen,  researcher  of  the  Danish  Riso  National  Laboratory, 
separates  several  different  functioning  levels  in  worker's 
activity: 

- beginners'  behaviour  is  based  on  declarative  knowledges 
which  are  knowledges  linking  expected  facts  (when A occurs, B shall 

- in  unusual  situations,  behaviour  is  based  on  production  rules, 
follow) 

- in  usual  situations,  behaviour  is  based  on  know-hows; a very 
much  'automatic'  behaviour  may  occur  without  any  mental  control, 
characterizing  the  trained  worker. 

What  about  the  ergonomists'  approach?  Their  records o f  on-line 
variations  of workerps performance in real  working  conditions, 
clearly  show  that  the  more  complex  the job, the  less  significant 

physiological  vigilance. As a matter  of  fact,  other  factors  may 
and  relevant  the  relationship  between  performance  variation  and 

modify  the  performance: 
- nature  of  signals  (stimuli) 
- ways  of  performing  the  activity 
- physiological  conditions  of  the  worker 
- working  environment. 

Considering  the  importance  of  those  different  factors,  ergonomists 
build  up  the  concept  of  "mental  load"  which  refers  to  the  worker's 
global  mobilisation  on  task  achievement.  Nevertheless,  contrary  to 
physical  load,  'mental  load'  has  no  direct  clue,  and  therefore 
cannot  be  measured,  but  only  estimated  and  used  to  compare 
different  working  conditions  for  the  same job. 
Ergonomists  do  not  reject  the  two  notions  of  vigilance  and  of 
attention,  but, as cognitive  psychology  specialists,  consider  they 
should  not  be  mixed. 

Furthermore,  according  to JC Sperandio [1984] quoting  Pieron (1934, 
in  'Nouveau  trait6 de psychologie'  of  Dumas)  attention  has a 
twofold  characterization: 

activity1#  and  "overrule  of  one  form  of  activity  on  any  other  form 

Attention  would  require  first  some  vigilance  level  and  some 
available  right  on  the  spot." 

mobilisation  of  nervous  processes  (Neither  too  few,  nor  too  much). 

i 

an increase  of  the  level of apprehensive,  mental  and  motor 

I 5 few  convenient  solutions  to  railways  problems I 



The  reviewed  bibliography(*)  confirm  Robert  R.  MACKIE s statement 
(1987): although  theoretical  progresses  have  been  achieved  in 
vigilance  and  attention  fields,  few  practical  measures  have  been 
implemented  to  counter  lack  of  vigilance",  only  classical  and  quite 
inefficient  measures: - work  control  and  psychotechnical  testing 

- "safety  nets",  such  as  interlocking  systems  for  switching 
posts,  or  other  technical  systems. 

It's  of  peculiar  interest  for  railmen to note  that  technical 
systems  used  in  our  operation  were  set  up  and  improved  regardless 

apart,  documents  facing  the  vigilance  and  attention  sustaining 
of  any  theoretical  reference  to  vigilance.  Very  few  references 

issues  fail  to  propose  any  convenient  solution  in  working 

According  to  R.R.  MACKIE,  this  persistent  failure  can  be  explained 
conditions. 

by  the  gap  between  theory  and  experience  due  to: 
1) researchers  'choice  and  appeal  for  'esoteric'  simulation 

testing 

Results  from  applied  or  theoretical  researches  on  vigilance  are 
2) researchers'  appeal  towards  generalisation. 

more  dependant  on a specific  working  activity  than  usually 
acknowledged  by  research  workers. 
Theory  lays  down  the  choice  of  the  considered  variables,  far  much 
than  real  problems  facing  operators  do.  Therefore, we do  know  few 
about  the  real  interest  of  the  variables  studied. 

According  to  R.R.  MACKIE,  the  researches  conducted  during  the 
last  forty  years  could  enable  us  to  set  up  "engineering 
principles"  to  put  the  finishing  touch to verifiable  and  testable 
systems to cope  with  lack  of  vigilance  effects. 

J.A. ADAMS (1985), quoted  by  Mackie,  considers  as  an  error  the 

by  step  resolve  these  problems.  He  thinks  the  control  of 
idea  endorsed  for  many  years  that  fundamental  research  could  step 

vigilance  related  phenomenons  requires  still  studies  during 
decades  or  centuries!  According  to  Adams,  scientists  are  prone  to 
follow  classical  models  derived  from  physical  sciences,  where 
identifying  variables  is  the  first  step  before  inducing  general 
laws.  An  other  american  researcher, A. Craig (1984), is  sceptical 
towards  applications  of  these  different  models,  for  psychology 
would,  on  his  opinion,  'invent'  its  own  experimental  tasks. 
Without  questioning  quality  or  quantity  of  existing  results,  one 
can  still  be  much  disappointed  when  comparing  the  amount  of  time 
and  money  spent  and  the  poor  practical  results  achieved. 

Regarding  railways,  Japanese  studies  on  vigilance  seemed  to  have 
been  stopped  since  the  end  of  the 60's. A SNCFJUIC  study  exploring 
in 1965 the  different  kinds  of  vigilance  and  attention  testings 
concluded  on  the  difficulty  to  elucidate  whether  they  were  actually 
testing  attention  or  vigilance.  It  suggested  that  vigilance  could 
be a softened  kind  or  even  may  be a radically  different  form  of 
attention;  vigilance  would embody the  perceptiveness,  the 
psychomotricity  of  the  operator. 
Furthermore,  the  SNCF/UIC  study  stressed  how  arbitrary  were  the 
definitions  of  these  concepts.  Anyway  this  study  collected a great 

(*)and  quoted  at  the  end  of  this  paper 



deal  of  valuable  insights  on  statistical  elucidation  of  signals 
collected  through  testings,  and  on  physiological  modifications: 
electro-brain-recording, electrocardiogram,  electro-eye-recording. 

More recently, researches conducted in France  since  the beginning 
of 1980's by  Laboratoire d'Anthropologie Appliqu6e (LAA) on behalf 
of SNCF, on  the  VACMA system  (vigilance control system with 

of an  approach  focussed  on  the measure of a single physiological 
sustained  bearing f o r  trains' drivers) concluded also on  the limits 

parameter. 

As a conclusion,  most of specialists  agree  on  the  great  difficulty 
of  understanding the 'inner  mechanisms'  of  vigilance  and  of 
attention,  all  the  greater  when  studies  are  limited  to  tests  in 
laboratory.  Some  scientists  suggest a greater  use  of  ergonomics  to 

relationships  with  knowledges  required  in  different  jobs,  and  the 
enlighten  the  notions of vigilance  and  attention:  their 

on  these  notions.  In  order  to  achieve, at last,  practical 
way  automatised  systems  affect  behaviour  could  give  good  insights 

solutions,  studies  could  be  specifically  targeted  at: 
- error  possibilities - analysis  of  incidents  or  accidents 

I 6 vigilance  in  french  railway  context:  the  drivers  example I 
All the  notions  previously  developed  in  our  review  are  of a 
significant  relevance  for  railway  operation  and  for  railmen  in 
charge  of  safety  activities,  whenever  they  act  only  partly  in 
safety  jobs,  or  are  implied  in  full  time  jobs  related  with  crew 
safety  or  train  safety. 

A s  previously  noted,  the  relevance  of  vigilance  problems  may  vary 
with  the  different  jobs,  according  to  specific  working  environment 
and  risks  faced  by  operators. 
We  choose  here to restrict  our  attention  on  the  very  specific 

- among  safety  jobs,  the  drivers  work  is  the  most  time-constricted 
without  or  with  few  safety  loops  to  recover  mishaps 
- the  driver  may  face  sting  and  sudden  intensity  variations  of 
his(p)  activity  following  long  periods  of  monotonous  low-activity 
tasks,  specifically  on  freight  night  trains,  where  sleeping- 
proneness  may  occur. 

These  reasons  induced  all  over  the  world  numerous  studies  on  the 
so-called  'vigilance  problems  of  train  drivers'.  Our  understanding 
of  the  problem  is  that we should  address  rather  the  "attention 
sustaining  in  monotonous  situation"  issue,  instead  of  the  solely 
physiological  vigilance  problems. 

A s  previously  noted,  we do not  question  the  quality  of  studies 
already  performed,  but  we  think  that  their  operational  accuracy 
could  have  been  better  focussed.  We  believe,  that  the  definitions 

tremendous  importance)  expected  from a driver  can  only  be  drafted 
of  the  'qualities'  (among  them,  of  course  vigilance  is  of 

( p )  his  or  her,  though  the  overwhelming  majority  of  drivers  are 
male:  only 3 female  drivers  on  more  than 16000 drivers  in SNCF. 

' issue  of  drivers'  vigilance,  for  at  least  two  reasons: 



~ 

I 
in  consideration  with  the  real  working  conditions,  and  not  in 
general  and  global  terms.  Our  first  step  shall  therefore  be  towards 
a more  accurate  definition  of  what we expect  from a driver  in  his 
real  driving  conditions. 

Without  developing  here a comprehensive  study  of  driving  activity, 
let us list  some  of the most  representative  'qualities'  needed  by a 
driver: - quick  mobilisation  of  prerequisites - 

training  to  prescribed  task, 

technical  knowledge  of  the  locomotive(s)  and  or  of 
safety  regulations, 

practical  experience 
driving  know-how 

rail-car ( s )  

- ability to identify  properly  or  to  look  for,  relevant 
information  may  be  scattered  and  present: 
information  at a specific  timing  during  his  task-handling;  these 

written  instructions,  Facia,  pips,  radio  messages,  signified  noises 
coming  from  the  engine ... ) 
track  surroundings,  road  vehicles  nearby  crossing  levels,  people  on 
the verge  of  falling  on  the  track ...) 

either  in  the  driving  cabined  (pictorials,  dials,  indicators, 

either  all  over  in  the  environment  (signals,  other  tyrants, 

them  for a connex  process,  to  build  up a diagnosis  which  could  lead 
to  further  information  investigations. 

- capacity  of  processing  these  information, or of  memorising 

- frequent  time-stress  (speed  of  trains,  braking  distances, 
punctuality),  which  demand  adaptative  action  processing. 

- capacity  of  instant  reaction,  at  any  time,  to  face  the 
unforseen,  sudden,  hazardous  events  as  soon  as  they  are  detected. 

variations.  (information  identification  and  processing) 
This  capacity  induces  very  strong  and  sudden  cognitive  activity 

In  this  working  situation,  beyond  the  job  strictly  prescribed  by 
regulations, 

his  activity;  these  strategies  demand a maximal  integration  of 
I 1  the operator  shall  use  individual  on-line  strategies  to  manage 

available  data  in a model  encompassing  all  the  hazards  processing; 
the  construction  of  this  model  is  part  of  the  operator's  domainll. 
(FAITA  and  VALLORANI, 1986). ( ! )  
Starting  from  an  analysis  of  the  driver's  behaviour  while  facing 
signals  (specifically  the  single  red,  which  in  SNCF  rules  demands 
stop, and  proceed  at  caution  'marche 5. vue'),  Faita & Vallorani 
stressed  that  drivers  were  not  only  complying  I'passively,  and 
immediately1'  to  signals  orders(#),  but  were  compelled  to  develop a 
an  active  identification/analysis  of  signals  shown.  (think  about 
temporary  speed  limits  due  to  track  works  combined  with  direction 
changes  demanding  speed  restrictions).  Uncoding  complex  and 

( ! )  M. Vallorani  is a member  of  one  of  the  drivers  trade-unions, 
and  used to  represent  workers  in  SNCF  Board  meetings. 
(# )  the  first  SNCF  safety  rule  expects  'every  railman  to  comply 

would  have said,  to  do  his duty ...) passiveley and  immediately to  signals'  (and of course  as  Nelson 



combine  in  composite  information,  is  one  of  the  main  feature  of  the 
interfering  data,  which  could  be  shown  one  after  the  other  and d,  

driver's  job. 

We  agree  with  these  authors  when  they  concluded:  "Beyond a 
regulatory  corpus  demanding  integral  and  passive  regard  to  coded 

mental  activity to conduct  instantaneous  analysis  of  any  normal, 
information  and  prescriptions,  driver  shall  sustain a faultless 

exceptional  or  un-normal context.Il 

! 

7 Inadequacy  and  limits  of  the  vigilance  concept  to  face  all  the 
demands  of  the  driver's  job. 

It is  time  now to wonder  whether  vigilance,  defined  here  as 
'sustained  attention',  is a prerequisite  enabling  drivers  to  handle 
their  job. 

Dr A. Ombredane  and Pr J.M. Faverge  answered  this  question  as  early 
as 1955 in  their  book  "l'analyse  du  travail"  (job  analysis). 
Specifically, A. Ombredane  recalls  in  the  foreword,  his  experience 
of  job-analysis  for  metro-drivers  conducted  on  behalf of RATP 

testing  for  drivers  selection.  Although  metro  driving  used  no 
(Paris  urban  transports  authority)  to  devise  psychotechnical 

automatic  system,  his  team  conclusions  are  still  of  great  relevance 
for  railmen  today; let's quote A .  Ombredane: 
I was  said  that  the  railcar-driver's  job  in  tunnels  demands 

attention,  and  that  he  shall  pay  attention  to  signals.  Here  is, 
labelled  in  terms  of  worker's  psychological  attitude, a demand 
arising  from  the  job.  But  what  shall  we  understand  by  attention? 
Its  own  etymology  points  to a state  of  watchfulness,  tensed  towards 

possible reactions, with  somekind  of  stress  and anxiety rate 
something which  may happen,  inhibiting  current concerns, ready  for 

specific to alert  situations.  Early  overreaction  and  erroneous 
anticipations  may  be  feared  in  this  situation.  Fresh  new  drivers 
unquestionably  show  such  dispositions,  which  are  subdued  up  to 
disappearance  with  routine.  The 'old'  driver  turns  over  freely  in 
his  mind  his  worries  and  glees,  brakes  and  starts  again 
unconsciously,  reacting  to  signals  without  hurry  or  delay.  He  would 
be  at  odds  to  say  whether  he  actually  paid  attention  or  not(+).  But 
he  could  reasonably  confirm  that  he  actually  obeyed  to  signals.  It 
is  quite  obvious  to  understand  the  impossibility  to  define a 
permanent  demand  on a job through  the  worker's  reaction  capacity 
while  this  capacity  may  fluctuate so much  and  be  absorbed so 
dramatically.  What  job  demands  is  not  attention(€)  but  compliance 
with  signals  under  an  optimal  pattern  between  some  tolerance 
boundaries,  regardless  of  the  driver's  disposition,  as  far  as  he 

be  drafted to precise the  definition of  compliance. How many 
complies.  Arising  from these  signal compliance,  significations  must 

different  signals  types?  How  can  they  be  discriminated?  How  are 
they  scattered  along  the  track?  Do  they  show  redundance  (repeated 
signals)?  Are  they  temporary  of  permanent?  expected  or  not?  How 
long  is  the  delay  left  to  react  after  signal  occurrence?  Do  their 
time-space  structure  fits  with  the  space-time  structure  of  the 

I 

(+) we  could  say  'whether  he  was  vigilant . . . I  



reaction ? ( I )  What is  the  seriousness  of  neglecting  them  and  which 
sanctions  would  trigger  this  neglect,  probably  or  surely ?.. . I t  

Dr  Ombredane's  statement  makes  clearly  the  point:  through  his 
relevant  insistence on task  and  on  the  role  of  disposals  guiding 
the  operator's  actions ( we  would  speak  today  of  t'man-machine 
interface  quality" ) ,  he  stresses  rightly  that  optimum  safety  level 
doesn't  depend  solely  on  individual  physiological  or  psychological 
parameters,  but  results  also  from  the  global  technical  and 
organisation  complex. A. Ombredane  showed  us  the  way to a long 
neglected  human  factors  approach  of  human  work,  aiming  at  context 
clearing  and  adapting  it to physical  and  cognitive  capacities  of 
operators. 

As a conclusion,  our  review  of  the  relevance  of  the  vigilance 

hypovigilance  as a relevant  factor  of  occurrence  of  accidents.  The 
concept  in  railway  safety  shows  that  no-one  can  pinpoint 

but  common  sense:  we  shall  not  tolerate  sleeping  drivers  in  our 
single  conclusion  on  physiological  vigilance  needs  no  big  studies 

cabs ! 

~ ~~ 

Conclusion 

None  of  the  single  notions  of  vigilance,  attention,  mental  load  can 

relevance  in a specific  context,  and  may  reflect  the  operator's 
encompass  alone  an  operator's  performance,  but  each  has  its 

activity  in  some  respect. 
Bibliography  shows  that  mechanisms  managing  the  vigilance  and 
attention  may  fluctuate,  and  are  based  both  on a physiological 
substratum  and  on  knowledges,  know-how,  and  know-how-to-be  used  by 

theoretical  studies on vigilance  and  attention,  sustained  very few 
operators  in  real  working  conditions.  Progress  achieved  in 

practical  solutions,  lest  for  railways. 
Meanwhile  SNCF  does  feel  concerned  by  this  issue,  and  decided  as a 

towards  improved  efficiency.  Ways  of  progress  shall  use  practical 
first  step  to  conduct  this  review  of  the  topic  to  guide  new  efforts 

their  social  acceptability  both  by  managers  and  workers. 
results  in  any  relevant  scientific  domain,  while  taking  care  of 

Improvements of man-machine  interfaces  ergonomics,  and  construction 
of  new  safety  nets  (such  as KVB, presented  by M. Joing  in  these 
conference),  and  of  new  safety  loops,  are  already  on  course.  But  we 
shall  not  neglect  managing  methods  which  today  remain  well-suited 
to  face  this  issue: 

- crew's  training 
- plain  and  pragmatic  information  on  factors  crippling  vigilance 

! 

and  attention  such as day to day  life  hygiene,  risks  provoked  by 
some  medicines, .... 
Simulator  training  seems a very  promising  way,  when  used  by  crew 
for improving  their  weak  points. 

( I )  think  about  speed  limits  signals  for  instance! 
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Thank  you,  Mr.  Chairman. 

Ladies and gentlemen,  together with the company  management of 2 
years  ago, I speak  as  a  representative of the  JREU, which sponsored the 
International  Railway  Safety  Conference  in  Tokyo. 

In  Spring of this  year,  our  JREU  was criticized by  a  journalist who 
called it  a  "Mafia".  The  criticism  is that we intervened  in  the  operation 
of JR-East  Company  and  are  controlling  it from  inside. He based his 
censure on the  idea  that  "labor  and  management  consult with each other 
on everything  including  industrial  facility investment". 

It is true that the  labor  and  management of JR-East  Company hold 
various  discussions  associated with  facility  investment.  Starting with the 
installation of the ATS-P safety  device,  the results of these  discussions 
include  improvement of the  platform  facilities,  based on the opinions of 
the  conductors  and  station  masters,  the  development of the  approaching 
train  alarm  device,  reflecting  the  ideas of the  trackmen,  and 
improvement of the  motorman's  cab based on the opinions of the 
motormen. 

This  journalist  criticized  these  measures  as  unfair labor union 
intervention  into  management.  We  believe,  however, that they are 
absolutely  necessary  and  indispensable  for safety. It is unfortunate,  but 
this  episode  shows  that  the  old way of thinking,  which will not allow 
labor  unions  to  set  foot  within  the  sacred  domain of  management, has 
strong  roots  that  still  remain In Japanese society. . 

There  are  many  examples  that  can  be taken from recent  events in Japan 
to  illustrate  what  happens  when  business  managers ignore  proposals 
from  labor  unions  and  workers on the spot.  One  year  ago, there was an 



i !  

accident involving the Tokaido Bullet Train, in  which the train  was 
going  at a speed of over 200 kmhour with  the axles in the locked 
position. Fortunately, for reasons of good luck, the train did not derail, 
but about 6 kilograms  of steel was thrown off  in sparks and the wheel 
edge touching the  rail became flat  for a length of 300 millimeters and 
30 millimeters in depth. 

During a spot  check the previous night, the inspector noticed that the 
lubricating oil of the gear case  ba$.boiling,- and he reported the 
revolution stoppage,  but  his  opinion $as ignored. On the day in 
question,  the  motorman reported the occurrence of damage based on the 
alarm in the motorman’s cab,  but the control section instructed the 
driver to continue. This accident occurred as a result. 

This year, the new T kaido Bullet Train has started to run at a 
maximum speed o f?&mhour. It appears that Gouble has occurred 
repeatedly, including  the dropping off of machinery under the train 
right after it starts moving. On May 6, the bolt attached to the  main 
motor fell off. The violent shaking of this motor caused the WN joint 
to  come off, which in turn caused great damage to the machinery under 
the train. As a result, the brake  hose cut off, causing the train to  be 
stopped  for a five  hour period. In this case as  well, the accident 
occurred  because the ideas  from the labor union to improve the train 
cars, based on people working on the spot, were ignored. 

The JR-Tokai Company is responsible for running the Tokaido Bullet 
Train. The management  at this company felt a strong hostility towards 
the existence of the labor union, which strongly voiced its opinion 
representing the workplace, and it decided to infiltrate the union with 
people from management.  Thus, the labor union  was  changed into a 
controlled union  with  the total support of management. I strongly warn 
that tragic accidents  are  likely to occur  due to  this  kind  of management 
attitude. Case  in  point is what happened to a train of the R-West 
Company,  which, believing that safety only the concern of management, 
did  not  participate in the International Railway’Safety Conference held 
in 1990. A short  half  year  later, the Shigaraki-Kogen Railway was the 
site of a head on collision  that claimed the lives of 42 people. The  over 
confidence  of  management in terms of safety will lead  to  big losses. 
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Fortunately, the JR-East Company is  undertaking  both eamest as well as 
frank consultations between management  and labor for  the sake  of 
safety. Recently, an accident occurred in which a large  truck entered a 
railroad crossing directly in front of  an oncoming passenger train, 
killing the motorman. Just by saying that  the  accident was caused by the 
truck driver's reckless driving will not bring the motorman back to life. 
Therefore,  we made a  request to management concerning the immediate 
improvement of the motorman's cab, asking them  to  make further 
investigations in order to save the life of the motorman  in a similar kind 
of accident and to adopt a new train car design. 
Railway safety is being protected by the joint effort of management  and 
front  line workers in the field. From  this matter of  fact reality, it is 
absolutely necessary for  the railroad industry that  the  problems raised 
by labor unions, based on workers in the field, are heard through face- 
to-face consultations. This  fact has been established by the Japanese 
experience, including several tragic accidents, in  the 2 years since the 
International Railway Safety Conference. 

We greatly appreciate the  attitude of the JR-East Company management 
which faithfully responded to the problems raised by the JREU. Of 
course, there are many points of confrontation between management 
and labor in the JR-East Company. Intense debate associated  with the 
working environment of  the one-man driver motorman  and how to deal 
with the aftermath of accidents that have occurred is continuing. We 

the points of view  of management and labor, and  that  they will 
definitely not go away. 

I think that these kinds of confrontations do not go  beyond a difference in 

The problem is not that confrontation exists, but  that  there is no place to 
earnestly discuss and resolve the points of confrontation. It is the 
workers in the field that know  the  most about safety. 

I believe  that we  will continue to strongly voice our  opinion to 
management  from now on for the sake of the  safety of laborers working 
on trains and railways. I think that this is necessary at  all costs to raise 
the  standard of railway safety another notch. 
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At the same time,  we  have actively accepted opinions from  management 
concerning the necessary education needed by  workers for safety  and 
other problems associated with  safety. The reason why is because 
although safety is not something that  can  be  guaranteed  unilaterally 
from above, the  opposite of that statement is also true. 

In the majority of the  cases, it is indispensable for  the labor union to 
raise grievances and opinions from below, that is,  from  the front line, 
and to build towards theories and policies that have adjustability as a 
labor union. In other words, I do not think it is fair  to hit the company 
directly just with feelings and opinions from  the  front line. The 
problem here is that these feelings, grievances and  opinions have some 
sort of basis and that they are  fomled according to  the specific 
circumstances of each workplace. 

Therefore,  efforts and abilities that constantly improve the quality of 
labor union leadership and uniformly construct, as  much  as possible, the 
various grievances and opinions according to each set of circumstances, 
are necessary. 

Labor unions cannot  neglect or remain idle concerning this issue. 
The reason why is that labor unions must  have fixed  medium  and long 
term views and strategies to move towards the future, not only to cope 
with the present, and they must attempt to solve problems by promoting 
their  integration. 

If the labor unions were only to emphasized the straight opinions of 
union members, there is a danger that this would  only contribute to the 
growth of the confrontation between labor and  management.  Many 
policies associated with safety  have  been  based on the experience of 
various accidents that occurred in the past. At  the  same time, it aims at 
absolute value in terms of safety and zero accidents, which seems to be 
very difficult to realize. 

For example, there are 80 railroad crossings in the operating area of the 
newly built Yamagata Bullet Train "Tsubasa" line, bur it is not possible 
to actually have  them all abolished or solidified due to budget  and other 
considerations. In addition, it is not possible to obstruct  the force of a 
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30 or 40 ton dump truck that comes flying in after the  gate  mechanism 
of the crossing has gone down (blocking  the  entrance to the crossing 
with a 10-centimeter thick steel bar  would be a different story 
though...). 

If  both labor and management have  the attitude to advance consultations 
and discussions energetically, decisively and  responsibly,  then  the 
possibilities for reducing the number of accidents  down  to zero will  be 
endless. The idea that there "have to be"  accidents  for there to be safety 
will disappear. For that very reason, the road  towards "0 accidents" or 
absolute safety must be earnestly, scientifically, and passionately 
pursued above all else, but it is also  necessary for labor  and 
management to discuss their differences humanely  and to promote 
bilateral policy. 

In the history of the Japanese railroad industry, sadly it has not  been 
possible to liberate ourselves from the  situation  in which accidents occur 
one after the other while, in terms of safety, management sees things 
only from its point of view, labor sees things only from its  own point of 
view (because the points of view of labor and  management are 
necessarily different to begin with),  the assertions increase mutually, 
the conflict intensifies, and no points of agreement  can be found. Within 
the process that  achieves national railway reform  through division and 
privatization, in  the JR-East company, labor and  management  get 
together at least  once  a month to really talk,  confront  each other, and 
exchange opinions on all aspects of running the  business,  and above all, 
to aim at discussions that will  lead to understanding concerning safety 
problems. ... not every thing will be agreed on  of course, but ... 

Also, in addition to the management conferences participated  in  by the 
heads of both labor and management, sectional meetings are held with 
the union president and the company vice president associated with 
safety problems in charge. At these meetings,  resolution measures are 
thoroughly discussed after watching on-location videos concerning the 
cause of as  well  as measures concerned  with  the  accident  that occurred. 

This directly advances the discussion of accidents and safety problems, 
but at the same time, labor and  management  will  overcome  each specific 
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barrier through discussions to reduce the number of accidents to zero, 
while building a mutual feeling of trust. 
The vice president of JR East company  in charge is not  only a 
technically related authority, but  also possesses superior  talent to 
promote the discussion of safety problems  based on  human engineering 
and human respect. 

In this way, the JREU, with its unique style of confrontation  between 
management and labor, but not infiltration (nearly equal) is radically 
and therefore progressively promoting  this  movement. (Still, it cannot 
be denied that the bureaucratic structure of national enterprises 
continues to depend on separate labor  and  management). So it is 
steadily  moving  forward. 

I think it is truly a shame  that, not all of  the labor unions participated in 
this  conference,  considering it was held  in  Japan. I strongly hope that 
cooperation between labor  and management  will  continue  in the future 
and that an international labor and  management  conference for safety 
will be  held soon. Thank  you very  much for your  kind attention. 
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CARJ3 MANAGEMENT OF WORKERS COMPENSATION 
AND REEIABILPTATION 

The AN experience in this area of Human Resource management is 
best  described as shifting  from an  uncaring approach  to one of caring. 
The  caring however is not  purely a moral caring  but  more  a  concern 
for  sound  management of an  issue  to  support those motivated toward 
the goals of the  organisation  and  managing  the issues for those who 
are pre-disposed to  taking  advantage of the system. 

In  the  early  days of AN, workers  compensation was not identified  as  a 
specific cost or issue. Like many  public  service  organisations  the  rail 
systems that  formed AN were  not  directly accountable for workers 
compensation. The cost was treated as an overhead that was 
administered rather  than managed. 

For example, a  security  guard  injured  at work who  was not able to 
perform  that job  was returned to work in the Signals and 
Communications area. He was employed by the Signals and 
Communications  Branch,  but  was  paid  through  the  budget of the 
Security  Department.  For  Security, even though  he was  on their 
budget  he was out of sight  and  out of mind. To Signals and 
Communications he was a 'free' employee up to a point. However they 
regarded him as a liability  because if re-injured or if he aggravated 
his injury the cost and  his wages would then be picked up by Si,gnals 
and Communications. 

Consequently life was difficult for  injured employees. They were not 
wanted in light duties positions and  rehabilitation was not 
contemplated.  This  was  largely  due  to a need  to  reduce staff numbers. 

As the workforce  numbers  reduced  and the organisation became leaner 
there were  fewer  positions in which  injured people could be 
accommodated. The question of how  to  use  these people was put in 
the too hard  basket. Costs increased  through  workers compensation 
and  lack of management. 

The  total cost of A N ' s  workers  compensation liability was  not known 
until  a review was  requested in 1985186. This  action was taken  as a 
result of the  increasing  number of employees on AN's payroll who were 
either  at home and never  likely to  return  to work or  at work on 'light 
duties'. 

hr-383 21 October 1992 
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The other  issue  that  alerted management to  the need to identify the 
true cost was the  increasing amount of litigation. Under the 
arrangements in Australia prior to 1988 employees  could, in addition to 
claiming workers compensation,  claim  damages at common  law, with 
no limitation on the amount and with no effect  on  compensation paid 
to date. These claims were often  in the order of $100,000 up to. 
$300,000. Lawyers were becoming better at it and courts more 
generous. 

In 1985/86 the liability was estimated to  be  around $110m.  However 
this figure was not accurate. It was not until 1990 that a valid 
actuarial assessment was made because information systems  could 
define  the costs. Estimating of cIaims  was  aIso  based  on a management 
approach that did not make provision for cost reduction through 
rehabilitation  or case management. 

Once the costs were known, the task of separating  the components  was 
necessary to define the problem.  These  Components  were  common law 
claims, long  term claimants (at home and not likely to return to work), 
light  duties employees and general  claims for minor  injuries. 

In parallel  with  the review of workers  compensation the accident 
prevention and safety management in AN was being  focussed  on to 
handle  the problem at  the cause. 

The liability however  could  only  be reduced slightly and over a very 
long period of time if the post injury situation was  not better managed. 

! 

A key component in the strategy of handling the workers 
compensation problem was and is rehabilitation. Rehabilitation 
however, to be successful, required not only  professional support  but 
also a change in attitude  to claimants. The stigma attached to workers 
compensation had to be removed. 

As early as 1988 a policy of rehabilitation was endorsed. It was an 
approach promoted and administered by the Human Resources 
Division with significant resistance throughout the workforce for the 
reasons mentioned above. 
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The policy identified the need for AN to commit  itself to a 
rehabilitation  program  for  injured employees. It also  identified the 
responsibilities of all involved in the process  ie: 

Australian National believes that a planning rehabilitation program 
will: 

- minimise time away from  work 
- maintain good  employee relations 
- reduce  uncertainty  and  restore productivity of the injured 

- maintain self esteem 
- be ultimately cost efficient for Australian National and the wider 

worker 

community 

Rehabilitation Unit Responsibilities Include: 

identifying rehabilitees 
informing Managers as necessary 
arranging  early contact with employees 
reducing anxiety caused by financial or domestic  problems 
developing Case Management Plans 
arranging work trials and securing co-operation of supervisors 
and staff 
arranging  adjustment of work station if necessary 
educating  supervisors and managers 
assisting by referral  to professionals 
following up work trials. 

If all attempts at rehabilitation are unsuccessful,  recommending other 
appropriate action eg medical retirement. 

Line Manager/Snpervisor Responsibilities Include: 

- identifying rehabilitees and taking an early interest in their 

- referring  rehabilitees  to the Rehabilitation  Unit 
- assisting professionals as required in assessment of job 

- actively supporting and encouraging an employee undertaking a 

welfare 

placement and design 

rehabilitation program. 

hr-383 21 October 1992 



4 

Rehabilitee Responsibilities Include: 

- communicating regularly with  Rehabilitation Unit supervisor 
- taking an active part in the rehabilitation  program 

Whilst the introduction of legislation  in  Australia in 1988 assisted  and 
supported this approach  by  making  rehabilitation  mandatory, its 
success relied on  a  complete attitude change in the management and 
workforce ranks. 

Successful rehabilitation is defined  as 'the combined and co-ordinated 
use of medical,  psychological,  social,  educational and vocational 
measures to restore function or achieve the highest  possible  level of 
function of persons at work following injury or illness'.  (Australian 
College of Rehabilitation). 

Key players in the process  therefore  had to be the supervisors, 
managers and rehabilitation staff.  One of the first steps taken was to 
design and run professional  rehabilitation  management and 
supervisory training programs, develop and eo-ordinate return  to 
work  programs,  establish a rehabilitation  information  system to track 
and assist in case  management and to actively  support  managers and 
supervisors in handling the  return to work of iqjuredlincapacitated 
employees. 

It was  also  recognised that  the most essential  ingredient in AN'S 
rehabilitation program  was  motivation.  Motivation  toward 
rehabilitation on the  part of the injured  worker and his  manager, 
supervisor and eo-workers. A shared  concern for the individual and a 
positive attitude  to  returning to  work is a  guarantee of success. 
Without it of course there is limited  success. 

The  change required in AN can be represented  as follows: 
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COMPARISON - COMPENSATION VS REHABlLpTATION 

II OLD I NEW 

Emphasis on compensation rather  than 

(compensation neurosis). 
payouts, medical/legal conflict emphasis 

rehabilitation, limits on common law rehabilitation,  increasing common law 
Emphasis on and incentive towards 

payouts,  vocational  consensus emphasis on 
work return. 

Employer encouragement rather  than 
responsibility for  work  return (consultative encouragement  (workplace  based). 

Employer responsibility as well as 

basis). 

Lack of co-ordination; medicaVvocational  Co-ordinated procedure involving case 
employerlemployee, e t c  manager. 

Foeus on cost containment  through Focus on cost containment through 
retirement (partiaUtotal disability) work 
return not a priority. 

rehabilitation, earlier work return. 

Attitudinal barriers - negative 'compo' Attitudinal challenge  'problem  solving' 
mentality, light duties. mentality alternative dutieslretraining. 

Lack of individual access to rehabilitation, Clear access, specific mandatory referraL 
delayed  referral. 

- 

- 

An education program for managers and supervisors  informed them 
about the issue. A N ' S  situation was  made  clear and in a  seminar 
format real cases were discussed and later followed  through. Through 
professional support  an increasing number of successes  were 
experienced and these encouraged all involved as well  as  workers  and 
managers in other areas. 

Top  level support was required from executive  management for 
flexibility in approach and in  putting aside  budget  issues, taking an AN 
view and demonstrating respect and care for the individual. 

The results to date  are indicated through these  statistics. 

eg:  Average working days lost by  long  term injured ie greater than 
one month absence - 

Pre December 1988 - - 171 days 
Post December 1988 - - 71 days 
December 1990 - - 60 days 
June 1992 - - 27 days 

hr-383 21 October 1992 
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Return to work rate - 
1988189 52% 
1989190 70% 
1990191 75% 
1991/92 88% 

The approach clearly has  been successful.  Responsibility and a 
positive attitude is shared and the culture has changed. 

Of course not all employees  could  be  rehabiIitated.  The  long term 
employees  left at home for years were  often  beyond return for various 
reasons.  Some  were injured  to  the extent that they  were  permanently 
incapacitated, some had become set in this situation with a mental 
block to change and some were 'playing the system',  ie accepting 
payment yet working  elsewhere  without declaring it. 

There were also the $25 million  worth of Common  Law claims to be 
dealt with  and long term light duties employees  not willing to 
participate in further rehabilitation. 

In brief the long term cases were  reviewed. In cases of suspected 
fraud investigations were made and even  surveillance employed. 
Similarly in relation to some Common  Law  claims similar  approaches 
were employed. 

With Common Law claims another approach  adopted  was negotiated 
entitlements rather  than seeking resoIution  through the courts.  The 
approaches taken in this area have  reduced this liability  by $20 million 
in  three years with claims being settled on  average for less than 50% of 
the amount under the  court system. 

Long term light duties employees  were  given  increased  medical  review 
as were long term workers compensation  cases.  Through this 
assessment, opportunities were revealed and pressure was put on 
individuals to consider work-related options 

hr-383 21 October 1992 



One option taken by a significant number of such  people was that of 
retrenchment  with a severance payout based  on A N ' s  redundancy 
scheme  provisions. This 'payout' relied on demonstrated rehabilitation 
and  return to work and therefore an end to the employer-employee 
relationship on termination retrenchment, eliminating all future salary 
and wages  costs. 

Those approaches  to manage the problems  caused  through the 'old 
culture'  and successful rehabilitation today  and for the future have 
resulted in AN's liability for workers compensation  reducing 
significantly: 

1989190 $92m 
1990/91 $60m 
1991/92 $46m 

In conclusion I can only stress the importance of the role of managers 
in the rehabilitation process. Caring for injured workers is not 
optional and the managers role does not  end  when  a  worker is injured; 
it intensifies. 

If managers do not  participate in rehabilitation only  two stand to lose, 
the injured  worker  and the company. There can be no better reason to 
care. 

hr-383 21  October  1992 
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INCIDENT INVESTIGATION 
AND DISCIPLINE PROCEDURES 

Until relatively recently  little was known about  the  phenomena of human error, and the  analysis of incidents 
Iald strong  emphasis on the  disciplinary  aspect.  This  led  to  greater  uniformisation  and the increasingly 
systematic  application of penalties  to  the  detriment of analysis of the event itself, the  circumstances  which 
led to  it,  and  the  professional  qualities of the  individual  in  question. 

Thls observation  was  underscored by  the  various  projects carried out in 1989  concerning the revision of the 
safety  pollcy in the light of the  catastrophes  which  occurred in 1988. 

A new approach  has  been  defined based on: 
- enriching  feedback, 
- dealmg  with individual cases on a  personalised  basis. 

A full  and  detailed  knowledge of incldents  and  irregular  situations, and a close analysis to reveal their ongm 
and the  processes set Into motion  make it possible to deduce the actions  required to prevent their re- 
occurrence.  This  has  made I t  necessary  to  implement  specific  tools (data bases) to gather and analyse  a 
suostamai  mass of information.  But if such an approach is to be successful, a  state of mind and a  climate of 
trust must  be  bulk up, overcoming  any hesitation on the part of an employee with a  safety  responsibility to 
express  himself, by making him aware that his errors  and difficulties could be  instructive to others,  provided 
they are  made  known and exploited. 

To move  towards this objectwe, it proved  essential to modify the previous  corporate  approach  regarding 
penalties. An error 1s now no longer  considered  systematically as misconduct, for which  a penalty should be 
Imposed,  but  as a deviation  from  the norm, whose  causes must be found to prevent it arislng again, or to 
reduce its posslble  consequences The search  for  causes is dissociated from the apportloning of 
responsib~lity. 
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The new approach implemented in 1989 had  the following objectives: 

- to enrich our knowledge  of the events which  in  fact  caused the incidents, 

- to favour a positive approach: 
. by analysing what happened with the employee  involved  in an incident or a case of  apparent 

misconduct, 
. by devising an action programme in  conjunction with the employee if a refresher course proves 

necessary; 

- to  recognise and take into account the concept of human  error, 

- to  distinguish clearly  and explain the various stages of incident  processing,  namely: 
. immediate corrective measures (if necessary), 
. analysis, and the devising of an action programme, 
. penalty (if  necessary), 
. suspension from  duty for safety reasons. 

- to use a discipline procedure adapted to the individual cases in which  this  approach seems useful to rectify 
the situation, 

- to assert the importance the company attaches to certain "golden"  safety  rules by introducing a system of 
penalties devised as a collective communication tool, 

- to assert the responsibility and autonomy of  the local division. 

) 
The new system put  into place is  shown in diagrammatic form on the  table  in  the appendix. It  comprises the 
following stages. 

Analysing causes 

If the local manager, after being informed of a case of apparent  misconduct or a breach of safety rules, 
harbours a doubt about the overall capacities of the employee,  or  observes a succession examples of  of 
apparent minor misconduct which could  amount to a safety risk, he undertakes - in  liaison with the unit 
headquarters and with the employee  in question - a full analysis of the causes. 
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This analysis can be  based on a document listing all the relevant parameters: 

- events leading to the incident or case of apparent  misconduct, 
- entries indicating the technical data relating to the incident, 
- similar cases recorded earlier, particularly through  feedback; 
- human parameters: age,  work schedule, working conditions,  environmental  particularities ... 
- work organisation: structure in place, instructions for  application ... 
- conditions relating to the training, qualification and  continuous  training of the individual in question. 

Assessment  balance-sheet 

Once the analysis of causes has been completed, a balance-sheet  should  be  drawn  up  with  the  employee 
concerned, to determine the underlying reasons for  the anomalies observed.  If  necessary  the  balance-sheet 
can be backed up by medical  or psychological examinations if these  seem  relevant to the final  diagnosis. 

If necessary, the balance-sheet is used as a basis  for  the definition, in conjunction  with the employee, of an 
appropriate action programme if a refresher course is needed to enable  the  employee  either so that he can 
obtain the safety qualification required to occupy his previous post,  or  be  transferred to a post  which is better 
adapted to his abilities. 

The action programme could be: 

- a refresher course, 
- temporarily adapted duties, 
- a medical procedure. 

. 'Preventive  measures 

If the  analysis of  causes,  or the assessment balance-sheet,  leads a manager to doubt  the  overall  capacity of 
an employee to fulfil his safety functions, he must  relieve  him  temporarily of his duties. 

This  measure should enable: 

- the  employee to regain the balance which he may have  lost following an  incident or accident, 
- the local manager to wait, without taking any  safety risks, before  making his definitive  judgment, after an 

interview with the individual concerned, and after the results of the  additional  examinations  requested 
have been obtained; 

- the activation of the action programme decided  during the assessment  balance-sheet  phase. 



The suspension from duties is of limited duration, and ceases  as  soon  as the local manager  has  come to his 
verdict. 

This procedure is provided for in the staff  regulations,  and  does  not  constitute a penalty. I 

Penalties 

Apparent cases of minor misconduct and of clear  but  isolated  professional error result in  the  implementation 
of a minimum concerted action programme and a feedback-type  analysis. 

The most serious types of misconduct, which give rise to the  heaviest  penalties, are those committed  wilfully 
or deliberately. In view of their nature they  result  in the immediate  temporary  withdrawal of an employee 
from his duties and suspension. The employee will not be allowed to return to his duties until  the action 
programme agreed between  him and the head of his unit has been  completed. The following cases fall into 
this category: 

- alteration of mechanisms or use of means to overcome  interlocking devices effected for such mechanisms, 
- fraudulent use of devices, 
- drunkenness, 
- train driving without due care and attention ... 

Other types of misconduct  can  be  classified  under  the  heading  "professional  environment  misconduct". 
Thcse are serious cases of apparent misconduct or serious  professional errors. In this case it  is  necessary for 
the company ro clearly indicate that certain  breaches of  rules,  whatever the circumstances,  could  potentially 
have serious consequences and cannot be  tolerated. 

' In addition to  the imposition of a penalty, which could be  as serious as suspension, an action  programme is 
devised, and the conditions in which the error occurred  are  analysed  in detail at  local  or  regional  level. 

This  category includes breaches of rules such as: 

- the authorisation of wrong-line or wrong-direction  running  without first having ensured  that  the  part of 
the track concerned is free and will remain so, 

- failure to follow the fundamental rules of single-trackmnning, 
- agreeing to works without ensuring the  protection of the track, 
- passing an absolute stop signal, 
- serious irregularities concerning the  application of measures specific to electric traction  (catenary 

protection) 
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The local hierarchy is responsible for determining the nature of the misconduct in each  case. 

Penalties as a whole should therefore be consideredas corporate communication  tools, and should  have: 

- individual impact: indicating that the incident  has been recorded  and  dated, 
- collective impact: emphasising the absolute necessity of  not going beyond certain limits. 

This  new policy seems to be bearing fruit, as for example in the case of passing stop signals, the following 
have been observed in recent years: 

- a strong increase in the number of incidents reported, which are then  analysed, 
- no significant variations in the number of near-accidents. 

What is observed therefore is not a deterioration of the safety level, but in  fact a better knowledge of what is 
actually not functioning correctly. 

This approach, adopted 3 years ago, is long and  difficult. It must  be conducted  tenaciously  and  with 
perseverance, as it represents a major dimension of corporate culture. 
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Introduction 

It  is now widely  accepted  that  the perfomce of  people  is  the  major 
factor  in  determining  the  safety  of a railway and all of  its  activities. 
Human  factors  are  increasingly  the f a  of attention  both  in  accident 
investigations  and in the  developwnt  of  strategies towards safety 

its  research  programnes  building on the mrk reported  by  Taylor  (Ref 1) at 
improvements.  The  purpose  of  this paper is to describe  progress by BR in 

the  1991  International  Railway Seminar. 

The  mphasis  placed on this  activity by BR is  illustrated by reference to 
the  1992  Safety  Plan: 

of  research to understand and apply the  les- of 
"It  is  British Rail's  policy  to be in  the  vanguard 

academic  research  into  the causes of error and the 
often misguided and well  intentioned  misuse  or 
neglect  of rules and  instructions." 

The  paper  will  briefly  outline  research  into  human  behaviour,  perceptions 
and attitudes  covering  three  key  railway  cccupational  activities - 
driving,  shunting and track  work. 

Resources 

The  study  is  being  conducted  within  British Rail through  its Research 
Centre and benefits  fran  an  academic  link  with  the  University  of 
Manchester. 
Gniversity's  department  of  psychology,  with  post  graduate  researchers 

The  in-house  Human  Factors Team works closely  with  the 

working  under  the  guidance  of  Professor  Reason. 

Approach 

Fundamental  to  meaningful  research  in each of  these areas is  the  need  for 
the  researchers to understand  the  true  nature  of  the  appropriate  job  and 
to  establish a relationship  with  the  workers to prmte a free flow of 
information. 

This has been achieved  through a n m k r  of  actions  including  the 
researchers  joining  induction  courses  for  new  entrants,  joining  gangs and 
carrying out  the same t asks  as the  other members of  the gang, talJung to 
local Trade  Union  officials and freely  answering  questions  raised about 
their  research. 

Infomtion w a s  gathered  in a n&r of  ways  including  observation, 
interview,  general  discussion  and  quantitively  through  questionnaires. 

Driver  Study 

The  first  phase  of  this  study  concentrated on evaluating  the  perceptions 
of drlvers ampred with  those  of  their managers and mre senior mgers. 

RKTl-529 
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give  their  views on the  relative inprtanr% of a nunhx of  factors on the 
subjects fran each of the three levels of the  organisation  were  asked to 

safety of the  railway.  In  addition  they  were  asked to indicate how they 
thought  people  in  the other two levels  would  rate  the same issues. 

It  revealed  the  existence  of  misperceptions between different  levels  of 
the  organisation. 

The second phase  of  this  study  is  exploring the link between 
misperceptions and annnmicaticms. Fkgular safety  meetings  have been 
introduced  by BR as part of  the  safety prcqamw, as a means of 
establishing a two way  flow  of  information on matters  affecting  safety. 
views  of  drivers on this prccess and other cammications  links and 
management  were  collected  by  questimnaire  at  the end of  their  first 
attendance  at a safety  meeting.  Their  views will be sought following 
attendance at several  such  meetings  to see h w  they  might  change. 

The  first  round  of  safety  meetings  for  drivers  were  conducted  by  the Train 
Crew  Leaders  in a m e r  which  encouraged two way discussion. All those 
attending  were  encouraged to contribute  their  views  to  the  discussions. 
The  success  of  the  meetings was reflected  in  the  drivers'  views  (Fig I), 
seeing  the  process as useful (mean 4.06) and  feeling  those  mnducting  the 
meeting  listened to their  views (mean 4.06). 

In contrast camiunicaticns  are seen as FCCX (mean 1.94) an3 m g e r s  are 
not seen as a0ing a geed job (mean 2 . 2 2 ) .  Further analysis  of the driver 
respnses  reveals  that  of all the  factors mted their view of 
ccmrmnications  is  the mst significant  predictor  of  driver  attitudes 
towards  managers. 

Shuntinq  Study 

Shunting  is a high  risk  activity on BR, resulting  in 19 fatalities  between 

accidents  statistics  investigating  the  relationship  between  causes  and the 
1982 - 1990. An initial  phase  of th is  stdy was the  analysis  of  shunting 

consequence of the  accident. It showed (fig 2) that  the mst ccm~rn 
cause  of  minor  injuries  (collisions) was different  fran  the m t  w m ~ n  

, cause of death or major injury (caught  coupling). 

The  next  phase  concentrated  on  the  way  the  shunting  activity  is performed 
on a daily  basis  rather than the  circumstances surr- accidents. 
Opinions of shunters  were  sought  in  confidence to establish  which d e s  
were  violated  and  the reasons for the  violations. 

Using  the d e s  identified  by  the  shunters  themselves as being nvsst 

categories  best  described as carrpetence,  attitude and conditions. 
frequently  violated,  the reasons for  the  violations  fall  into three 

Factor 1 - Canpetence - Inexperience 
- Laziness 
- Kmagemnt turn a blind  eye 

Factor 2 - Attitude - Skilled  shunters can work  safely 
- It's a nacho way 
- Management  turn a blind  eye 
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Factor 3 - Conditions - Design  of  sidings 
- Rule  is  impossible to wxk to 
- Inexperience 

There  is  strong  correlation  between  the  rule bmken and the  factor,  in 
m t  cases a single  factor,  causing  the  Violations. 

violate  high  risk  rules and investigate  the  link  between  violations and 
?he  next  phases  of  the work will  concentrate on establishing  when pple 

uxpliance and conformity. 

"rack work Study 

The  research  in  human  factors  in  track work activities  formed  the  basis  of 
the paper at  the 1991 Seminar (Ref 1).  It showed that  many  of  the 
day-to-day  problems  encountered on the  railway  originate  in  the  decision 
making  process at the  strategic management level  and  are brought abut by 
a lack  of  awareness  of  the  implications  of  those  decisions.  The  decision 
making  process  might be considered as the  first  step  in  the  accident 
causation  process, which intrduced  general  failure  processes  which in 
turn  lead  to  error  enforcing  conditions. 

Building  on  the  earlier mrk, a p- of  concentrated  research was 
centred on discovering mre about  the error enforcing  conditions  and  their 
origins. It involved  the  use  of  knowledge  elicitation  techniques  with 
infrastructure  supervisors to obtain  their  view of the  relative  influence 
of  28  factors or conditions on the likelim that staff  WOuId make errors 
or ccmnit  violations. 

Although  the  difference  between  errors and violations was explained to the 
supervisors  the  responses  suggest  they  were  rated as one  (Fig 3 ) .  l'hus 
"tight  time  constraint"  and  "ambiguous/ccmplex rules" were  in  the  top fwr 
for bth error  and  violation  enforcing  conditions. 

There was goOa  agreemnt  between  supervisors f m  different  activities 

telecamunications)  and  by  averaging all the  results,  the  relative 
(civil  engineering,  overhead  line  &pent,  plant and signal and 

influence  of  the  workplace  conditions on unsafe  acts  is obtained (Fig 4 ) .  

The General Failure  Frocesses  derived  fran  earlier phases of the  research, 
were  profiled  using  the "Problem Based Profiling"  technique. "h is  
technique  is part of PRISM (Proactive  Railway Instruments for  Safety 
Management)  which  is  being  developed  by  the  research  team.  Supervisors 
were asked to list  safety  related  problems which they had enmtered and 
then to rate  the  mntribukion of each General Failure Process to the 
problems. 

R K T 1  -S29 
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The  differences  in  profiles  obtained  for  different  activities  confinned 

Training  and  carmunication  were seen to provide  the m t  problems  for S&T 
the  technique as a measurement  tool for General  Failure  Processes. 

(Fig 5) and OLE whilst  planning was the major influence  for  civil 
engineers  (Fig 6). The high scores for inadequate  defences  and 
environment ammg Plant  Staff  (Fig 7) is  probably  due to those profiling 
supervise an area where  tunnel work forms a significant part of  the job. 

The  F-mblen Based Frofiling  technique offers a nears of  obtaining 
information  about  the  safety  health of different  activities  relatively 
quickly. other profiling  techniques being researched as part of PRISM, 
such as indicator  profiling,  appear  susceptible to techmlqical and 
operational  change.  The  advantage  of hroblem Eased  Profiling  is  that  it 
utilises  information  about  activities  that  individuals hold in their heads 
and  this  is  constantly  ugdated. 

Reference 

1. Presented  at  the 1991 Intematicxd Railway  Safety Seminar at 
Latimer  House, UK. 
"Human Ermr Research - Individual and organisationdl  safety 
culture" 
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Figure 3 
Error and violation  enforcing  conditions 
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FIGURE 4 

Condition 
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Poor communication  among staff 
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Constant  changes in line of command 
Equipment that  is  difficult to use 
Frequent  changes  in  team  members 
Poor social  relationships withimtween teams 
Belief that  managers  will tum a blind  eye 
Onerous  environmental  conditions 
Lack of equipment  or  materials 
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INTRODUCTION 

Protection of the safety of human life and limb is unquestionably one of the 

most important  considerations in transport investment and regulatory 

decision-making. If such decisions are  to generate an efficient allocation of scarce 

resources it is therefore  clearly  essential to have explicit monetary values of safety 

and costs of risk so that  safety effects can be  weighed directly against  other costs 

and benefits. 

The  fundamental question is then how monetary values of safety and costs of 

risk are  to be defined and  estimated for any particular  transport mode. In the case 

of road  safety,  there  is now widespread agreement, both in this  country  and abroad, 

that  the willzngness-to-pey (WTP) approach provides the appropriate valuation 

and  costing methodology (see, for example, Jones-Lee et a1 [1985], Department of 

Transport [1988], Dalvi [1988], Miller et a1 [1988] Persson and Cedervall [1991] and 

Miller and  Guria [1991]). Essentially,  this approach seeks to  capture  the amount 

that a safety improvement is worth to those that are affected by it. More 

specifically, under the LVTP approach, the value of a particular safety improvement 

is defined in terms of the aggregate  amount  that those  who  benefit  from the 

improvement would be willing to pay for it. Defined in this way, values of safety 

clearly act as vehicles for the expression of individual preferences  over  competing 

objects of expenditure  in the face of scarcity  and. as such. play precisely the same 

role as monetary values determined by the Interaction of the forces of supply and 

demand  in  a  market  context. 

Because most safety improvements afford any  particular  individual  a very 

small reduction  in the probability of his or her own death  or  injury, the  WTP 

approach typically focuses upon the (usually  quite modest) amounts  that affected 

individuals would  be willing to pay for these  small probability reductions. In fact. 

in order  to  standardise  the results that emerge, in  practice WTP values are 



4 

normally estimated  on  the basis of small individual probability  reductions that  are 

such a.s to  entail  the  expected prevention of precisely one fatality (or injury) in a 

large group of people during a forthcoming period - the  resultant aggregate 

individual willingness to  pay being referred to as the value of preventing one 

"statistical"  death  (or  injury) or more succinctly as the "value of statistical life". 

Thus,  suppose  that 100,000 people would, on average, be  willing to pay el0 per head 

for a safety improvement that would reduce the risk of death  during  the coming 

year by 1 in 100,000 for each and every individual in the group. The value of 

statistical life for this  group would then be e10 x 100,000 = elm. 

Clearly, the  prevention of death and injury not only reduces individual risk 

but also avoids various "direct" economic costs, such as loss of output or income, 

medical costs  and - in the case of transport risks - the costs of vehicle or system 

damage  and  disruption. To  the extent  that individuals typically do not take 

account of the avoidance of such  costs in determining  their personal willingness to 

pay for risk reduction (and  there is evidence that  they do not - see Jones-Lee et  al 

[1985)), it is necessary to  add  an allowance for them  to  the aggregate individual 

willingness-to-pay figure. 

In the U.K., the  Department of Transport  (DTp) currently uses a WTP 

I based  value of statistical life of some i ' iO0,OOO in 1992 prices in its cost-benefit 

analysis of proposed new road schemes. Of this figure, L620,OOO is a pure aggregate 

individual willingness-to-pay component,  the  balance of L80,OOO consisting 

principally of avoided net  output losses, but also including an allowance for medical 

and  ambulance costs. The  output loss  is "net" in the sense that  it is average output 

per capita minus average  consumption per capita,  this being the average amount of 

output  that  the rest of society "loses" when a  productive individual dies 

prematurely. In the c a e  of non-fatal injuries, the DTp is currently in the process 

of deciding upon the  appropriate level at which to  set  WTP values in the light of 
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work undertaken by the  authors. While no firm decision has  yet been taken, it 

seems  probable that  the WTP-based value of preventing a statistical serious' 

non-fatal road injury will be set in the region of f60,OOO - f80,OOO (of  which some 

t55,OOO - L75,OOO is the pure willingness-to-pay component) while the 

corresponding figure for  a  slight non-fatal injury will be between f1000 and f6000. 

In the case of the  value of preventing fatal and non-fatal accidents (as opposed to 

casualties)  the  DTp  adds a further allowance for the avoided costs of damage to 

vehicles and  property  and avoided police and administrative costs. 

1. VALUING SAFETY ON LONDON  UNDERGXOVND : ISSUES OF 

PRINCIPLE 

Given that  the  DTp and  other  public sector and related agencies in the U.K. 

and  abroad have now adopted  the  WTP approach to the valuation of safety, two 

key questions arise for LUL, namely : 

Should LUL also employ WTP based  values  in its safety expenditure 

and investment decisions? 

And if so, how should the  magnitude of such values relate  to those 

currently used by DTp? 

In the  light of LUL's business objective of "maximizing net social benefit within 

available  funds  and  subject  to a defined gross margin target" the answer to the first 

of these questions is unequivocally in the affirmative. The reason is quite simply 

that in the context of conventional social cost-benefit analysis and social welfare 

'A "serious"  injury  is defined by the  DTp as "an injury for which a person  is detained in 
hospital as an 'in-patient',  or  any of the following injuries whether or not he  is detained in 
hospital:  fractures,  concussion,  internal  injuries, crushings, severe cuts and lacerations, 
severe general shock requiring medical treatment, injuries causing  death 30 or more days 
after  the acczdent" (Road Accidents Great Britain 1989). In turn, a "slight" injury is 

judged  to be severe, or  slight shock requiring roadside attention" (Road Accidents  Great 
defined as "an  injury of a minor  character such as a  sprain, bruise or cut which are not 

Britain 1989). 
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maximization,  "net social benefit'' is defined in terms of individual 

willingness-to-pay precisely in  order  to  ensure  that social choices reflect the 

preferences  and  wishes of the people who will  be affected by  those choices. 

This  having been said,  it is important  to bear in mind that LUL's business 

objective  involves  maximization of net social benefit subject to the constraints of 

available funds  and the gross margin target. This means that in addition to a  pure 

WTP  component, LUL's costs of risk and values of safety should also take account 

of the effect of accidents upon LUL's financial position. Prima Jacie, this suggests 

that while DTp  and LUL values should  both  contain a pure WTP component, they 

will differ with  respect to  the financial  impact referred to. However,  when one 

considers the categories of financial consequences of accidents for LUL, it becomes 

clear that  there  are close parallels between the accident costing and valuation 

procedures appropriate for the  roads and for the Underground, at least in principle. 

Thus, it  will be recalled that  the DTp's value of preventing a  fatal accident 

comprises the  sum of : 

A component  reflecting avoided damage to vehicles and  property 

A component  reflecting avoided medical and police costs 

A component  reflecting avoided output loss,  net of consumption 

A pure WTP component 

If it is to  take  account of net social benefits, as well as effects  upon its own financial 

position, then LUL's value for preventing a fatal accident should  clearly comprise 

the  sum of 

A component  reflecting avoided costs of damage to  the Underground 

System, including loss of revenue due  to disruption  and/or  adverse 

customer  reaction 

A component  reflecting avoided medical and police costs 



A component reflecting the avoided cost of legal compensation (or, 

equivalently,  the cost of insuring  against claims  for compensation) 

A pure  WTP component 

Clearly, in qualitative terms there is a direct parallel between the  first, 

second and fourth components of the LUL value and the corresponding components 

of the  DTp value. Furthermore, in the case of legal compensation for death  or 

injury, English courts award damages on an essentially compensatory (rather  than 

penal or deterrent) basis. In the case of a fatality in particular,  the  sum awarded to 

the surviving dependents of a deceased victim is intended to be reflective of their 

financial interest in his or her  continued survival2 and such a sum may broadly 

correspond with the  victim's  "net  output", as defined by the DTp. 

There are several  other (possibly  controversial) issues  which may also have a 

bearing on the  value used by LUL to appraise  projects involving safety 

improvements, and we shall  draw attention  to these in Section 4. But first we 

consider the more straightforward  aspects of the four components identified above, 

and for each in turn we discuss whether,  and  in what ways, the values  used in 

decisions about  Underground  safety  might differ numerically from those used  in the 

context of road safety. 

2Though apparently in some recent cases an additional sum has been awarded in respect of 
the "subjective losses" associated with loss of companionship and the distress arising from 
bereavement. 



2. THE  RELATIVE  VALUE OF UNDERGROUND  AND  ROAD  SAFETY 

2.1 Material  Damage and Lost Revenue (MDLR) 

Within the timescale of this  report, we are not in a position to  quantify the 

costs to LUL of MDLR relative to  the number of fatal and non-fatal injuries. If 

LUL does not  already have an  estimate of this figure (or at least the range within 

which it is likely to  lie), we believe that  an  appropriate figure (or range) could be 

derived from  some  combination of historical data and elements of the  fault tree 

analysis  already  undertaken.  At this  stage, we confine ourselves to two conjectures : 

It seems likely that, on average, the MDLR associated with an 

Underground fatality (or other  injury) will be substantially higher 

than  the corresponding costs associated with a road accident fatality 

(or comparable  injury). 

It  may well be  that  these costs increase disproportionately with the 

number of fatal  and non-fatal injuries resulting from any particular 

incident. 

So, for example, even if one disregards for the moment ail the costs involved 

in implementing the recommendations of the Fennel1 Reports, the MDLR associated 

with the King’s Cross fire, which resulted in 31 deaths  and at least two dozen 

serious non-fatal injuries, may conservatively be estimated at more than  l20m. By 

contrast,  the  damage  to vehicles and  infrastructure associated with road accidents 

resulting in a  similar  total of deaths  and injuries is unlikely to exceed e lm on even 

the most extreme  assumptions - and could  well  be  less than half that figure. 

3We shall come back to  this point  in Section 4. 



2.2 Medical and Police Costs 

We do not  have  the  data necessary to determine whether the medical and 

police costs associated with deaths/injuries resulting from "small scale" 

Underground  incidents are  appreciably different from the costs involved in road 

accidents of similar scale. However, as in 2.1 above, we suspect that  the  costs 

associated with largerscale incidents, which tend  to  make abnormally heavy 

demands on the  emergency services, may be disproportionately high. 

2.3 Net  Output  LossJLegal  Compensation  (NOLJLC) 

On the face of it,  there is no obvious reason to expect the costs per 

fatality/injury  under  this heading to differ greatly between  Underground  and road 

accidents. However, certain  possibilities may repay further investigation. We 

highlight two : 

NOL/LC depends  to a considerable  extent on the age, employment 

status  and expected future earnings of the victim. If there are 

significant differences in  these respects between the population at risk 

on the Underground and  the population at risk on the roads, there 

would  be a case for an appropriate differential under this heading. 

Certain kinds of non-fatal injury (e.g. permanent brain damage, 

paraplegia  and  injuries  resulting in permanent inability to  follow 

chosen occupation)  may  entail particularly large XOL/LC. So if the 

frequency of such  injuries  relative  to  others differs greatly between the 

Underground  and  road  contexts, some account should be taken of this. 

However, firm estimates of these relative frequencies are not yet 

readily  available even in the case of road transport,  due  to problems 

of classification  and under-reporting of the less  serious  injuries. We 
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suspect that similar  problems are present to  an equal or greater extent 

for LUL, so that  it  may be difficult to argue strongly for a significant 

differential  one way or  the  other under this heading. 

2.4 The  Pure W T P  Component 

Both  introspection  and  more formal studies in cognitive psychology and 

economics indicate  that people tend t o  be markedly more averse to  the prospect of 

being killed or injured  in  one  set of circumstances rather  than another (see, for 

example, Slovic e t  a1 [1981], Jones-Lee et a1 [I9851 and Mendeloff and  Kaplan 

[1990]). Given this,  it is clear that many people will quite rationally be willing to 

pay different amounts for a given reduction in the risk of death (or injury) by 

different causes - in which case, (as one of us has argued elsewhere,  see  Jones-Lee 

[1990]) the logic of the  WTP approach clearly entails the necessity to specify 

different values for avoiding death or injury in different contexts. 

How, then,  are people likely to view the prospect of being  killed or injured in 

an Underground accident vis-a-vis the prospect of sustaining a similar degree of 

injury on the  roads?  In  what follows, we identify a number of relevant factors 

whose combined effects point to  the conclusion that  the pure WTP component for 

the Underground will  be substantzally larger than  its road transport  counterpart. 

Heightened Aversion  to the Prospect of Underground Injuries 

As indicated  above,  there is ample evidence that people regard different ways 

of dying (or being injured)  with differential degrees of distaste.  We do not 

know of any  existing  study which provides direct evidence for comparisons 

between road  and  Underground, but we can think of three potentially 

significant  considerations. First,  the time taken for rescue and medical 
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services to  gain access to Underground casualties will typically be 

substantially  greater  than  in most road accidents, so that Underground 

accident victims may well have  to endure  a more protracted period of 

suffering immediately following the accident than is the case on the roads. 

Second, most people will almost  certainly view the prospect of sustaining a 

given degree of injury in a confined space "deep in the bowels of the  earth" 

with particular dread.  Finally, given that two of the more prominent 

potential causes of Underground fatalities  are flooding and fire, and given 

that most people view the prospect of death by drowning or fire with 

considerable horror,  this is also likely to lead to a heightened aversion to 

potential  Underground  accidents,  relative  to  their road counterparts. 

8 Controllability of Underground Risks 

A second reason why people may display  greater aversion to physical risk on 

the  Underground  than on the roads  relates to the question of the 

controllabzlity of risk and the  related distinction between "voluntary" and 

"involuntary" risks. 

Many drivers  perceive that  the risks that they face on the roads are  to a 

considerable degree under their own control. To a somewhat  lesser degree, 

the same can  also be said for car passengers, in that they can communicate 

directly with  the driver. By contrast,  the risks faced by Underground 

passengers are almost  entirely out of their control and,  at least once 

passengers have  entered  the Underground  system, essentially involuntary. 

As a result,  one would expect that most people's aversion to Underground 

risks would be  substantially  greater  than  to corresponding road  risks so that, 

quite  apart  from their  differential distaste for the prospect of Underground 

injuries vis-a-vis road injuries,  they would  be prepared to pay  more for a 
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given reduction  in  Underground risk than for the  same reduction in road risk. 

A further consequence of the uncontrollable  and  involuntary nature of 

Underground risks is that passengers will almost certainly feel that LUL has 

a  markedly  greater  responsibility for the provision of safety than does the 

DTp  in  the case of road  safety. 

Cataslrophe Risks 

While  fatal road accidents do occasionally lead to large  scale loss of life, the 

vast  majority of such  accidents involve only one or two fatalities.  On the 

Underground, however - as Moorgate  and King's Cross remind us - there  is 

considerable  potential for loss of life on a catastrophic scale. indeed,  major 

flooding or system power fajlure could result in the loss of several hundreds, 

or even thousands of lives. 

Given that many people appear  to view the prospect of death  or  injury  in  a 

catastrophe  with even greater  distaste  than a corresponding injury  incurred 

in  an  accident involving only one or two fatalities,  a  number of authors  have 

advocated  that  the prospect of the loss of one  life  in a  catastrophe should be 

weighed more heavily in the decision making  process than  the loss of one life 

in  an  "everyday" accident on  the roads  or in the workplace (see for example, 

Bodily [1980], Keeney [1980] or the Royal Society [1983]). Indeed, the 

Health  and  Safety  Executive [1989] has proposed that physical risk should be 

thought of as comprising two dimensions, namely : "individual" risk (the risk 

of death or injury for any particular individual) and "societat' risk (the risk 

to society of large  scale loss of life or injury). 

However, we suspect that  it is not simply the scale of the loss of life, as such. 

that provides the  grounds for setting  the value of statistical life  for 

catastrophe risks at a  premium,  but  rather  the element of uncertainty  and 
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ambiguity that derives from the relative rarity and uniqueness of 

catastrophic  events. After all,  one can predict with some  confidence the 

approximate  number  and  nature of road accidents and  (though perhaps with 

less precision) the number of small-scale Underground accidents for the 

coming year. But who  knows when, and on what  scale, and under what 

circumstances  the  next  train,  plane or  Underground catastrophe will occur? 

We consider that  it is the aversion  to the uncertainty  and  ambiguity 

associated with  catastrophe risks that justifies the addition of a premium to 

the value of statistical life  in the case of such  risks. This seems to accord 

with  the  findings of Slovic et a1 [1981, 19841, and more recently, Kunreuther 

et a1 [1992]. 

3. BEGINNING TO  QUANTIFY THE DIFFERENTIAL BETWEEN 

VALUES OF UNDERGROUND  AND  ROAD  SAFETY 

In the previous  section we have  identified four  possible  reasons why it  might 

be appropriate  to  set 'CVTP-based values of Underground safety at a premium in 

relation  to  their  road  counterparts,  namely : 

0 The  material and  system  damage component of Underground values 

will almost certainly  exceed the corresponding component for road 

values by a substantial  margin. 

0 People may well  be markedly  more averse to  the prospect of incurring 

any particular severity of injury in  an  Underground accident than on 

the  roads. 

0 Passengers  almost  certainly  regard Underground  risks as being largely 

beyond their control. In addition, these risks are essentially 

involuntary, whereas road risks are to  a far greater  extent both 

controllable  and  voluntary.  This will tend to  further increase people's 
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willingness to pay to reduce Underground risks vis-a-vis road risks. 

Aversion to  the uncertainty and ambiguity associated with 

catastrophes such as occurred at Moorgate and King's Cross may well 

justify  setting  the  value of reducing catastrophe risks higher than  the 

value  appropriate for risks of accidents involving smaller numbers of 

casualties. 

Thus,  there  appears  to be a case for setting  the values of preventing all 

severities of Underground  injuries at a premium in relation to their  road 

counterparts;  and  there also appear  to be  good grounds for increasing the size of this 

premium  when  considering  safety  measures  intended to reduce the risk of incidents 

involving large-scale loss of life. But if, for the time being at least, LUL wishes to 

work with a single  value of statistical life that does  not differentiate between 

catastrophe  and  other risks, we suggest that such a value should consist of a 

weighted  average of the  value  appropriate for accidents involving small numbers of 

fatalities  and  the value appropriate for catastrophes, with the weights reflecting the 

expected  proportion of fatalities  occurring in the two types of accident. 

However, safety  measures are not  concerned esclusively with fatalities. In 

order to  have a comprehensive  approach it is therefore important  to be clear about 

the way in which non-fatal injuries  are to be dealt with in LUL's safety  expenditure 

and  investment decision making. In fact,  there would appear to be two quite distinct 

ways of proceeding,  and while there is something to be said in favour of each of 

these  two  possibilities4,  it is absolutely  essential  that LUL should  ezplicztly  adopt  one 

or  other and then employ it conszstently. More specifically, the alternatives are : 

4Though later we give reasons for preferring one, rather  than  the  other. 



To focus  only on the  number of fatalities that will  be prevented by a 

programme of safety expenditure, but to recognise that, on average 

for each  fatality prevented  there will  also tend to be a number of 

avoided non-fatal injuries. Under this approach, the value accorded 

to the prevention of one fatality will  really be a value for preventing a 

"package" of one  fatality and a number of non-fatal injuries. 

To deal  with  fatal and non-fatal  injuries explicitly and separately. 

Under this approach  it would be  necessary (a)  to predict the number 

of fatalities  and/or non-fatal injuries of varying severity  that would 

be prevented by a particular safety countermeasure and (b)  to  have 

(at  least) two  distinct  values : one for the prevention of a  fatality;  and 

(at  least) one for the  prevention of the corresponding array of serious 

and slight non-fatal injuries. 

3.1 The  Value of Preventing  a  "Package" of One Fatality and Associated 

Non-Fatal Underground  Injuries 

Under this  approach  it is necessary to convert  non-fatal injuries into 

"fatality  equivalents".  For  this purpose  one needs to know (a) the number and 

severity of non-fatal injuries avoided per fatality prevented and (b)  the "conversion 

rate". At present, we can do no better  than  to employ the F-S/FhIECA curves 

specified in D005-ESHbI-91-Z and D006-ESHhI-91-Z "extended" back into 

the  area of non-fatal injuries, with the value of preventing a serious non-fatal 

injury  treated as being 10% of the  value of statistical life and the value of 

preventing  slight  injuries as 1%.  While  it is clear that  a  great deal of empirical 

work would be required  to  put such percentages  onto  a firm foundation, it should  be 

said that  the figure of 10% for a serious non-fatal  Underground injury is not grossly 

out of line with corresponding figures that have  emerged  from our work  for DTp, 
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although we should be surprised if the  pure  WTP component of the  value for 

preventing  a slight non-fatal Underground injury were anywhere near as high as 1% 

of the value for preventing  a  death. Still, for  convenience of exposition, let us 

accept the 1% figure for the  time being. 

On this basis, it  would seem  appropriate  to proceed as follows. The F-N 

curves specified in D005-ESHM-91-Z and D006-ESHM-91-Z  all take  the form 

F = i, a > 0, with N further  restricted in D006-ESHM-91-Z to lie in the  interval 

0.01 _< N 5 100. This implies that the expected annual number of Underground 

fatalities is given by : 

la t d F  = 4.6a, 
O.Ola 

while the  expected  annual  number of "fatality equivalents" for  non-fatal injuries is 

given by : 

Iiooa a  a dF  = 4.6a. 

It is clear,  therefore, that given the assumptions that underpin the F-N 

curves in D005-ESHM-91-Z and D006-ESHM-91-Z, the non-fatal injuries 

associated with each fatality  amount to exactly one fatality equivalent. Under these 

circumstances,  the  "package" of one fatality  and associated non-fatal injuries is 

equivalent to precisely two fatalities. 

If one  then defines a catastrophe as an event involving ten or more  fatalities, 

the expected  proportion, p, of fatalities  occurring in such events in relation to all 

fatalities is given by : 
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-0.  l a  r $ dF 

Denoting  the WTP premium for Underground casualties in relation to road 

casualties of corresponding  severity by Q, the premium for "catastrophe" casualties 

by p, the pure WTP component of the  value of statistical life  for road risks by v and 

the  pure  WTP  component of the  value of preventing a "package" of one 

Underground  fatality  and associated non-fatal injuries by u, it follows that : 

u = 2[0.5 (1 + Q)V + 0.5 (1 + 0) (1  + a).] 
= (1 + Q) (2 + B)v. 

Setting v = 1620,000, the implied pure WTP component of the value of 

preventing a "package" of one Underground fatality and associated non-fatal 

injuries for various illustrative values of Q and f l  will therefore be as shown in 

Table 1 overleaf : 
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Table 1 : The  Pure W T P  Component of the Value of Preventing a "Package" 
of One Underground Fatality and Associated Non-Fatal Injuries (E) 

P 0.0 0.2  0.6 1 .o 1.5  2.0 

a 
~ 

0.0 1,240,000 1,364,000 1,612,000 1,860,000 2,170,000 2,480,000 

0.2  1,488,000 1,637,000 1,934,000 2,232,000 2,604,000 2,976,000 

0.4  1,736,000 1,910,000 2,257,000 2,604,000 3,038,000 3,472,000 

0.6  1,984,000 2,182,000 2,580,000 2,976,000 3,472,000 3,968,000 

0.8  2,232,000 2,455,000 2,902,000 3,348,000 3,906,000 4,464,000 

1.0 2,480,000 2,728,000 3,224,000 3,720,000 4,340,000 4,960,000 

While the "package"  approach  appears to have the appeal of simplicity, it  is 

important  to  appreciate  that  it  has  three significant drawbacks. 

First,  it effectively assumes not only that half of all deaths will occur in 

catastrophic  incidents,  but also that half of all serious and slight  injuries are 

expected to occur in similar circumstances. This  latter assumption appears to us to 

be very dubious : from the  returns we have seen, it seems  likely that  the  (great) 

majority of non-fatal Underground injuries occur in small-scale incidents, many of 

which involve no fatalities  at all. Thus,  to apply the catastrophe premium to half of 

all non-fatal injuries, as in  the "package"-based Table 1 above,  is  likely to result in 

a (substantial)  overestimate. 

Second, there is a danger that, if it were  used  casually  or at second-hand, 

Table 1 might be misconstrued  and/or lead to  doublecounting. As stated earlier, 

the figures in  Table 1 relate  to a "package" which  is equivalent to two fatalities. 

However, if this caveat is overlooked, and the figures come to be thought of simply 

as the  value of preventing one fatality,  as such, then  there is a risk that a farther 

amount  might erroneously be added for non-fatal injuries, neglecting the  fact that 
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the  value of preventing  these  injuries is already “built-in” to the figures  in Table 1. 

Third,  having a “package“ involving some particular  ratio of fatal : non-fatal 

injuries seems to us to be too  crude an instrument for  use at  the level of individual 

project  appraisal,  where some projects may be  targetted  more a t  preventing 

fatalities in catastrophic incidents, while others may be designed to reduce the 

frequency of smallerscale accidents  predominantly resulting in non-fatd injuries. 

For these reasons we therefore incline towards the alternative approach 

outlined below. 

3.2 The  Ezplieit  and  Separate  Valuation of  Preventing  Fatal  and NortFatal 

Underground  Injuries 

If  we again define a catastrophe as an event involving ten or more fatalities, 

then  the expected proportion, p, of fatalities occurring in  such events in relation to  

all fatalities is, as before, 0.5. 

Once  again denoting  the  WTP premium for  Underground casualties in 

relation  to road casualties by a, the premium for catastrophe casualties by p, and 

the  pure  WTP component of the value of statistical life  for road risks by v, the  pure 

WTP component, fi, of the value of preventing  one Underground fatality, as such, is 

given  by : 

fi = 0.5 (1 + a ) v  + 0.5 (1 + a)  (1 + /3)v 

= 0.5 (1 + a)  (2 + P)v. 

Again, setting v = f620,000 the implied pure WTP component of the value 

of preventing one Underground  fatality, as such, for various values of CI and D will 

therefore be as shown in Table 2 : 
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Table 2 : The  Pure W T P  Component of the Value of  
Preventing  One Underground Fatality, As Such (e) 

13 0.0 0.2 0.6 I .o I .5 2.0 

cy 

0.0 620,000 682,000 806,000 930,000 1,085,000 1,240,000 

0.2 744,000 818,000 967,000 1,116,000 1,302,000 1,488,000 

0.4 868,000 955,000 1,128,000 1,302,000 1,519,000 1,736.000 

0.6 992,000 1,091,000 1,290,000 1,488,000 1,736,000 1,984,000 

0.8 1,116,000 1,228,000 1,451,000 1,674,000 1,953,000 2.232.000 

1.0  1,240,000 1,364,000 1,612,000 1,860,000 2,170,000 2,450,000 

It is important  to appreciate  that when considering a programme of safety 

expenditure which is  expected to  prevent non-fatal injuries as well as  deaths,  under 

this approach an  appropriate  pure  WTP component for injuries must be added  into 

the calculations,  presumably in the form of the value of preventing the number of 

"fatality  equivalents"  corresponding  to  the non-fatal injuries concerned.  However, 

as indicated  in  Section 3.1, we think  it unlikely that half  of all serious and slight 

injuries could be expected  to occur in catastrophic incidents. We have therefore 

constructed  Table 3, whose columns show  how the  WTP value for preventing  one 

"fatality  equivalent", denoted by w, varies when we assume that  the proportion, x, 

of non-fatal injuries  occurring in catastrophes ranges from  zero to 0.5. The six rows 

give the  appropriate values for six  illustrative pairs of cy and 13. Other values can be 

derived  from the  formula : 

w = ( l - x ) ( l + c y ) v  + r ( l + a ) ( l + b ) v  

= (1 + cy) (1 + rP)v 
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Preventing One Underground  "Fatality Equivalent" (e) 
Table 3 : The  Pure WTP Component of the Value of 

li 0.0 0.1 0.2  0.3  0.4  0.5 

{a; Dl 
0.2,0.2  744,000  759,000  774,000 789,000 804,000 818,000 

0.2,0.6 744,000 789,000 834,000 879,000 924,0001 967,000 

0.6,0.2 992,000 1,012,000 1,032,000 1,052,000 1,072,000 1,091,000 

0.6,0.6 992,000 1,052,000 1,112,000 1,172,000 1,232,000 1,290,000 

1.0,l.O 1,240,000 1,364,000 1,488,000 1,612,000 1,736,000 1,860,000 

1.0,2.0 1,240,000 1,488,000 1,736,000 1,984,000 2,232,000 2,480,000 

So, for example, if it is thought  that serious and  slight non-fatal 

Underground  injuries amount  to one "fatality equivalent" for every  actual  fatality, 

the  total WTP component for preventing death and injury is arrived at by adding 

the  appropriate figure from  Table 3 to  the relevant figure  from Table 2. Thus, if we 

assume o = 0.2, D = 0.6 and ?I = 0.1 (that is, 10% of all  non-fatal injuries occur in 

catastrophes), we combine w = 2789,000 with ij = f1967,OOO to give a total of 

21,756,000. 

Separating out  fatalities from non-fatal injuries in the way implied by the 

explicit  and  separate  valuation of preventing  fatal  and non-fatal Underground 

injuries seems to us to  have several advantages. 

First, besides being less vulnerable to misinterpretation  and 

double-counting,  it  is also more  straightforward  to vary the ratio of fatalities to 

"fatality equivalents". We have assumed that ratio to  be 1 : 1, but i f  further 

consideration  suggests that 1 : 2, or 1 : 0.5, or some other  ratio is more appropriate, 
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the  total  WTP component for preventing death and injury can  be readily computed 

as fi + 2w, or d + 0.5w, etc. And, of course, there is the  extra degree of freedom 

provided by detaching the  estimate of II from the  estimate of p. 

Second, it may make  it easier to combine the pure WTP component with the 

other  components - MDLR, police and medical costs, NOL/LC - that  enter  into 

the overall value for preventing  death  and/or  injury.  It seems quite possible that 

the  total figure for these  "other" components associated with a  "fatality  equivalent" 

set of serious  and  slight non-fatal Underground injuries might be  quite different 

from the corresponding  figure associated with an actual fatality. Separating 6 from 

w facilitates  the  construction of an overall value for preventing a fatality and a 

(possibly  rather  different) overall figure for a "fatality equivalent" set of non-fatal 

injuries.  When  further evidence has been collected. it may be possible to extend 

this process further - as DTp  are doing - to arrive at an overall figure for a serious 

injury and an overall  figure for a slight  injury.  This should be  the medium-term 

objective.  In the meantime,  the kind of analysis represented by  Tables 2 and 3 

provides a first  approximation. 

4. CONCLUSIONS  AND  RECOMMENDATIONS 

The terms of reference for  this report are  to consider the value that might be 

used by LUL for preventing  death  (and  injury) on the Underground relative to the 

value  used by the  Department of Transport in the context of road safety. 

In Sections 1 and 2 we discussed how one should decompose the overall figure 

into  broadly  comparable components, namely : material damage and lost revenue 

(MDLR); police and medical costs; net  output loss/legal compensation (NOLILC); 

and a pure willingness-to-pay component. 

Focusing for the moment on the case of a fatality, we saw no obvious reason 

to  expect any  significant differential under the headings of police and medical costs, 



23 

and  net  output  loss/legal  compensation - although further study may reveal a case 

for some differential. 

However, we suggested that there were good  grounds for expecting that  the 

MDLR figure would  be considerably higher for the Underground vis-a-vis the 

roads. In arriving at that conclusion, we took into account the weight that should 

be given to  the  damage  and lost revenue resulting from occasional catastrophic 

incidents,  but we explicitly disregarded the costs of implementing a  battery of 

recommendations such  as those  contained in the Fennel1 Report. We indicated that 

we would return  to  this  point,  and we shall deal with it later in this section; but at 

' present we continue to  set those costs on one side. 

There does not  appear  to exist any very firm estimate of what MDLR,  police 

and  medical costs, and  NOL/LC might amount  to in the case of the (weighted) 

average  Underground fatality,  but for the  sake of argument let us work with a figure 

of 1500,000. 

This means that i f  LUL  wishes to  justify an  overall figure of 12 million per 

avoided  fatality - this  being  the figure referred to in D006-ESHM-91-Z,  p.2 - the 

pure WTP component should  amount  to 11,500.000. Since we are here focusing on 

a  single actual  fatality, as such, (rather  than a "package" of one  fatality and 

associated non-fatal injuries),  the  appropriate table to consult is Table 2 (or for 

greater precision, the  formula for d which generates that table). To produce a figure 

of approximately L1,500,000 would require combinations of {a$} such as { 1.0, 0.4}, 

I0.75, 0.75), {0.6, 1.0) or I0.2, 2.0). How plausible is it  that cy and should take 

values such  as these? 

Without  the  benefit of research directly  targetted on eliciting values of (Y and 

from members of the population of (potential) Underground customers, we can 

only  draw on indirect  evidence tempered by judgement. For example, Mendeloff 

and Kaplan (1990) conducted a  survey i n  which they kept the number of avoidable 
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deaths  constant but varied the  naturelcontext of those deaths. There we no 

Underground (nor even railway/boat/plane or "bowels of the  earth") scenarios, but 

there were three road safety scenarios, and even within these there were noticeable 

context effects. In fact,  what Mendeloff and  Kaplan did was something like (but 

not precisely analogous to) holding  constant  and looking for variations  in cy. Their 

conclusions, based on their own work and  the work of others, was that context does 

have an  impact,  although a much more modest one  than is often supposed. 

Nevertheless, two-fold aggregate differences  were  by no means out of the question. 

This would translate  to a possible value of up to 1.0  for cy. 

However, our judgement at this  stage would be  to  take a more cautious view, 

on the grounds that Mendeloff and  Kaplan's  study,  and  others to which they refer, 

do not  use an explicit willingness-to-pay approach,  and do not  directly address the 

particular factors we highlighted  in Section 2.4. Nevertheless, it is not a t  all 

implausible  to  contemplate values of cy in the range 0.2 to 0.6. 

Let us now consider p, the coefficient representing a  catastrophe premium. 

As indicated  in  section 2.4 there is a body of literature suggesting that  it is 

appropriate to place special weight  on reductions in the risk of catastrophic 

incidents. However, there is no  consensus about the threshold for introducing such 

a premium, nor about  whether  and how it should vary with the magnitude of the 

catastrophe. 

Some  authors have argued that  the pure WTP component should increase as 

some power of the  number of lives lost - see, for example, Wilson [1975], Ferriera 

and Slesin [I9761 and The Royal Society (19831. Wilson, for instance, suggested that 

a power of 2 should be  used, implying that 10 lives lost simultaneously should be 

regarded as the  equivalent of 100 lives lost separately. We would find this size of 

differential impossible to defend, and we are dubious about whether the "power" 

approach - even  when the power takes  more modest  values - can be sustained over 
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large  numbers of fatalities. Nevertheless, it  has exerted some attraction, and  it is 

clear that, if implemented,  it would produce larger figures than  those shown in 

Table 2. An illustration of the sort of values that might  emerge under this approach 

is given  in Appendix 1. 

Instead, we have  adopted a relatively simple approach which takes  a 

threshold of ten  simultaneous  fatalities  and  sets  a fized premium  per catastrophe 

death  prevented,  relative  to  the value per death prevented in smaller scale incidents. 

Moreover, we have  emphasised the  importance  not only of the number of fatalities, 

but of the ambiguity  and  uncertainty  associated with  such low probability/high 

consequence  events. 

At  present, there is very little relevant data to guide us on plausible values 

for p; but  the  results  reported by Kunreuther  et a1 [I9921 are of some interest. In 

one  part of that  study, professional underwriters were  asked to  quote financial 

premia for various scenarios involving quite small risks - 0.01 or 0.005 - of 

substantial  (but not huge) financial losses - $ lm or $'lorn. When given precise 

information  about  both  the  probability  and  the size of loss, quoted premia exceeded 

the expected values of losses in  a way that reflected underwriters' aversion to "pure" 

risk. However, when presented with essentially the same scenarios but with some 

zmpreciszon or ambiguity about  the probabilities and some uncertainty about the 

possible  magnitude of losses, the average difference  between premia  and the 

expected values of losses frequently trebled. This kind of differential seemed quite 

robust across three  different  contexts - earthquake, leakage of toxic chemicals, and 

a "neutral" scenario involving an unnamed hazard. 

Clearly,  one  should not place too much weight  on  any single study; but it 

was clearly the case that professional underwriters  (and  other insurance 

professionals,  including actuaries) appeared quite consciously to  inflate premia by a 

&like factor when faced with  ambiguity  about probabilities and uncertainty about 
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losses. 

One might  suppose that when it is life and limb that  are  at  stake,  rather 

than purely financial losses, the  premium  might  be even larger. However, once 

again - bearing in  mind the limited and  indirect  nature of the available evidence - 

we shall  take what seems to  us to be a cautious  stance,  and suggest that /3 may lie in 

the  range 0.5 to 1.5. 

Others  may  form a different judgement - and in due course, further research 

may clarify the issue - but let us consider the implications of assuming that cy lies 

between 0.2 and 0.6, and  that lies between 0.5 and 1.5. Taking the lower end of 

both ranges would produce a WTP component of l930,OOO for an avoided fatality,  as 

such, on  the Underground - a figure exactly 50% higher than  the DTp's f620,OOO. 

Taking  the upper end of both ranges produces a figure of fl,i36,000, while the two 

mid-points interact  to  generate a  figure of  .EX,302,000. If we then  add  the sum of 

l500,OOO for all "other" components, we arrive  at  an overall value for avoiding a 

fatality  on  the Underground somewhere in the range C1,430,000 to l2.236,000, with 

a mid-point figure of just over f1,500,000. Thus  the figure of f2m quoted from 

recent LUL documents lies inside this range, albeit towards the upper end - and 

would (just) continue to  do so even if the  sum for "other" components were  reduced 

to l300,OOO. 

It may be thought  that  at various stages of the analysis we have been 

relatively conservative. Possibly that is true.  There is so little firm direct evidence 

to go on that we have  had  to exercise a degree of judgement and - being somewhat 

averse  to  uncertainty ourselves - we have tempered that judgement with caution. 

We  have also quite deliberately  restricted ourselves so far to considering 

components which closely parallel  those which enter  into  the  DTp's road safety 

values,  and on lhat basis alone we have come to  the conclusion that  it would not be 

unwarranted for LUL to  use an overall  "value of a statistical life"  which  is at least 
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1.5 times,  and possibly as much as 3 times,  the size of the figure  used  by DTp in 

relation  to road safety.5 

However, before concluding  this  report, we  wish to draw attention to two 

other issues which may bear on the relationship between the value of safety on 

London Underground  and the value used by DTp for the roads. 

We also wish to  raise  the question of whether and how to discount the 

benefits of future expected  reductions in deaths and injuries attributable  to current 

safety  investment. However, although  this question has substantial implications, it 

is a  somewhat separate  matter,  and we therefore deal  with it in more detail in 

Appendix 2. 

So let us now turn  to  the two further  arguments which  seem to us to be 

pertinent  to an assessment of the level at which values of Underground safety should 

be set vis-a-vis their road counterparts. We refer to these as the  "externality" 

argument  and  the "excessive reaction"  argument. 

Essentially, the  "externality" argument is  based  upon the  idea  that in 

addition  to  the costs  and benefits of Underground travel perceived  by  passengers. 

there  are  further "social"  costs of pollution and congestion associated with road 

travel  that will be avoided if road  journeys can be diverted to the Underground. 

Since  a fully worked social cost-benefit analysis ought to take account of these 

avoided costs, the value of anything  that is  likely to lead to  substitution of 

Underground travel for road  travel - such as Underground safety inlprovement - 

should  be  accorded  its  contribution  to  this avoided cost. Of course.  precisely the 

5It should, of course, be borne in mind that all of our monetary estimates have been made 
on the basis of the DTp's  current  WTP value of statistical life of 1700.000. To  the extent 
that  the DTp has chosen to set its value at the bottom end of the range of available 
empirical  estimates, one could argue that  the figure of liOO.000 is itself too low a base. 
However, we believe that  any  attempt  to justify LUL's value on these grounds would  not 
be fruitful  and that  the  central issue for present purposes is the  appropriate relattuity of the 
Underground  and road values. 
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same  argument  applies  to any  other kind of improvement that makes Underground 

travel more attractive - such as improved comfort and  convenience or punctuality. 

Nevertheless, to  the  extent  that improving safety - and in particular, reducing fears 

of catastrophic  accidents - helps to  divert travellers from  road transport  (and 

especially from private  cars),  it  constitutes a positively valued social  benefit  which 

is consistent  with  LUL's business objective,  and should be recognised as such. 

More controversially,  perhaps,  the "excessive reaction"  argument is  based on 

the premise that  formal enquiries  set  up in  the wake of major accidents tend, in 

general,  to result in a host of "belt, braces and safety-pin'' recommendations. 

Reading  through the  lists of such  recommendations,  there seems to be little evidence 

that the  authors  have seriously considered how the marginal benefits of many 

recommendations  compare with the costs of implementing them. Xevertheless, it is 

not unusual for the managements concerned to be required by  the political process 

to implement the bulk of these recommendations without further ado, even if it 

means  undertaking  many projects which  could  not be justified under normal 

appraisal procedures. 

The  sums involved are far from negligible, as an example will illustrate. 

Suppose  that LUL's status quo position is that  an incident on the scale of the King's 

Cross fire can be expected to occur, on average, once every 25 years (a supposition 

entirely consistent  with the F-N curve analysis used earlier). .4nd suppose each 

such incident is followed by a  report such as the Fennel1 Report which requires 

expenditures  amounting (at a conservative estimate)  to f150m more than would 

normally be justified on the  grounds of a  "value of life"  in the range arrived at 

earlier in this  section. If (also on the basis of the F-N curve analysis) LUL eupects, 

on average, 9 or 10 fatalities/fatality equivalents each year for the next 25 years, the 

excessive expenditures  average  out a t  f600,OOO per fatality. If this figure is added 

to our earlier estimates,  it shifts the lower end of the "value of statistical life" range 



to  slightly more than  12m, and the upper end to more than 12,800,000. 

It may appear somewhat  paradoxical  that by (quite  rationally)  anticipating 

the risk of having to  undertake excessive expenditure, the value of safety may  be 

raised to an extent which encourages LUL to undertake some projects that would 

not otherwise be regarded as justified. 

But what is the  alternative? ideally, it would  be to persuade those who 

commission or sit on enquiry  panels  to  adopt good project appraisal practice when 

formulating  their  recommendations. In the absence of any such  welcome 

developments,  LUL's business objective leaves little choice but to build in an 

additional component to allow  for "Fennel1 effects". 

Under these  circumstances,  our considered judgement is that a figure of  L2m 

per avoided fatality seems  entirely  acceptable - and possibly  even slightly on the 

low side.  Pending further research yielding more direct evidence. we recommend 

the  (continued) use of that figure in appraising safety programmes on London 

Underground. 

University of Newcastle upon Tyne 

University of York 

June, 1992. 
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APPENDIX 1 : TfIE"P0WER" APPROACH TO DEFINING THE 

VALUE OF STATISTICAL  LIFE FOR CATASTROPHE RISKS 

As in  Section 3, let v denote  the  pure  WTP component of the value of 

statistical life  for road risks. Taking  the "power" approach, the  pure WTP 

component of the  value of each statistical life saved by preventing an event that 

would involve N fatalities is then given by vN , 0 2 0. Under the "explicit and 

separate  valuation" approach to dealing with non-fatal injuries, the  pure WTP 

component of LUL's  average "cost of a  fatality"/"value of statistical life", ij, for the 

F-N curve, F = $, 0.01 5 N 5 100, would then by given by : 
a 

0 

fi = (l+cy) J',.ol,""e : dF 

where, as before, cy denotes the  premium for Underground casualties in relation to 

road casualties of corresponding  severity. In order to simplify matters. consider the 

case in which a = 1, so that F = The above expression for u then simplifies to : m. 
ij = {l+cy) l(O.01) - llv. -0 

4.60 
Hence, setting v = 2620,000, with cy = 0.2 and 0 = 0.1 for example, 

ij = 1946,000, 

while with cy = 0.2 and b' = 0.2 

ij = 11,223,000, 

and in turn,  with cy = 0.2 and 0 = 0.4, 

II = 12,147,000. 

Under the  alternatlve "package" approach to dealing with non-fatal 

Underground  injuries, these figures would  be  11,592,000,  P2,445,000 and 14,293,000 

respectively. 



Clearly,  then,  under  either  approach to incorporating non-fatal injury 

effects, the  pure WTP component of the value of statistical life is  very much  more 

sensitive  to  variations  in  the  parameter 9 than it is to variations in the fixed 

catastrophe  premium, b, used in Section 3 of the main text. 
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APPENDIX 2 : DISCOUNTING  ANDSAFETY 

Discounting for futurity is a  central  feature of  commercial project appraisal. 

This reflects the  fact  that nominal (and  real) interest rates are typically positive 

and that revenues and costs are generally  subject  to more uncertainty the  further in 

the  future  they  are likely to arise. 

In turn,  albeit for somewhat subtler reasons, it is generally held that  future 

benefits and costs should also be subject to discount rates in public sector project 

appraisal  and cost-benefit analysis. 

Does this  mean  that LUL's costs of risk and values of safety for various 

severities of injury  should be subject  to discounting for  those projects whose safety 

effects can be  expected  to manifest themselves over a number of future years? We 

believe that  the  answer depends upon which component of the WTP based "cost of 

risk"/"value of safety" is  being considered. 

In the case of those  components that relate directly to LUL's financial 

position and gross margin  target  (ie  the  costs of legal compensation and system 

damage),  there  seems  to us to  be  every reason for  proceeding in precisely the same 

way as with  other  factors  that  impact upon LUL's gross margin. That is, these 

components  should  be  discounted at  LUL's standard  rate of S.j%. 

As far as medical  and police costs are concerned. we are not  clear how these 

affect LUL. If these costs are  ultimately borne by LUL, then they should plainly be 

treated in precisely the same way as legal and  system damage costs. If, by contrast, 

these costs fall upon (and  "stay  with")  the public sector then they should. in 

principle, be treated as having a  direct  impact on "net social benefit" and  hence  be 

subject  to the  prevailing public sector discount  rate. 

When we turn  to  the pure WTP component of LUL's "cost of risk"/"value of 

safety" however. matters become altogether more controversial. As far as we are 
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aware,  those U.K. agencies that employ WTP based values of safety currently 

subject  these  values to discounting in  their project appraisal procedures.  However, 

we believe that  such discounting is unwarranted and we are,  apparently, not alone in 

this view -see Broome  and Ulph [I9911 Ch. 3, Spackman [1991] and Parsonage and 

Neuburger [1991]. Essentially, the issue is this. If LUL's discount rate of 8.5% is 

applied to the  pure  WTP component of the value of statistical life then the current 

"net social benefit" of preventing a fatality in the year  2012 will be  treated as being 

about one fiflh of the corresponding benefit from preventing a fatality in 1992. We 

can  think  of no persuasive moral or ethical principle (other  than one  founded  upon 

severe doubts  about  the continued survival of the human race beyond a  twenty year 

horizon) that would treat  the  death of someone  selected at random from the 

population  existing  in  the year 2012 as being only  "one fifth as bad" as the  current 

death of a randomly selected person. Yet such differential treatment is an 

inescapable consepence of discounting. 

Of course, it might be argued  that since individual willingness to pay for 

safety will rise with income (and  there is ample evidence that it does - see 

Jones-Lee et a1 [1985], Persson [1988] and Miller  and Guria [1991]), then given 

growing real  incomes, the  pure WTP component of the "cost of risk"/"value of 

safety" will tend to increase with futurity so that, in real terms, the  (undiscounted) 

WTP value of preventing  a  fatality in twenty years' time will be substantially larger 

than  the corresponding value for a fatality now. In the unlikely event that LUL's 

project  appraisal procedures were to  take explicit account of this phenomenon, then 

some  sort of discounting would undoubtedly be  called  for.  However, we cannot 

escape the  strong moral  intuition that, under these circumstances, the discount rate 

to  apply  to  the  pure  WTP component of a "cost of risk"/"value of safety" should be 

chosen so as to offset preczsely the real-income elasticity of individual willingness to 

pay for  safety. 
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Thus, if our arguments concerning discounting are well-founded, it is not 

only essential that LUL should have well-specified WTP based costs of risk and 

values of safety but  it is also vital  that LUL should  be  clear about the way in which 

these costs and  values  break down into  their component parts. 

We illustrate  the  point with an example. Suppose an investment in safety 

this year (to) is expected  to prevent exactly one fatality next year ( t l )  and each 

year for  19 years after  that - at which point,  it ceases to have any  further effect. 

To keep things simple,  suppose also that  the safety investment requires only a 

lumpsum expenditure  this year i.e. disregard maintenance costs etc. 

Working with an overall value of  L21n per avoided fatality,  discounting a l l  20 

lives saved during the period tl  to  t20 by applying the 8.5% discount rate  to  the full 

L2m in each case would generate a total present value of the benefits of  L18.93m. 

But suppose instead  that  the €2m per life were  decomposed into L500,OOO of 

discountable costs and €1,500,000 due to pure WTP which should not be discounted. 

The  total present value of benefits under these assumptions would  now be L34.73m - 

almost twice the figure  calculated  the  other  (and we  would argue, wrong) way. 
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