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In 1986, Bovine Spongiform Encephalopathy (BSE) was identified in the United Kingdom. Millions of 
BSE-infected cows and were slaughtered and over 150 people contracted variant-Creutzfeldt Jakob Disease 
(vCJD), an inevitably fatal human form of BSE. The purpose of this study was to test the ability of 
Rasmussen’s (1997) risk management framework to explain how and why BSE (and later vCJD) entered 
the human and animal food supply from 1986 to 1996. This study represents the first test of the ability of 
Rasmussen’s framework to explain how and why accidents occur in the food production domain. Using a 
case study methodology, this study investigates how well the evidence of the case study supports the 
framework’s seven predictions of how and why accidents occur in complex socio-technical systems. All 
seven of the predictions were supported by the evidence. 

 

INTRODUCTION 

In 1986, the beef production system in the United 
Kingdom (UK) became contaminated with Bovine 
Spongiform Encephalopathy (BSE). Ten years later, despite 
the efforts of regulators to protect against BSE’s potential 
risks, over 160,000 infected cows had been slaughtered and 
ten young people had confirmed cases of the inevitably fatal 
disease variant Creutzfeldt-Jacob Disease (vCJD), the human 
form of BSE thought to be transmitted through the 
consumption of contaminated beef. As of 2006, approximately 
150 people have died from vCJD in the UK (The National 
Creutzfeldt-Jacob Disease Surveillance Unit, 2006) and 
millions of cattle have been slaughtered.  

Tragic incidents such as this provide valuable 
opportunities to understand and improve the safety of complex 
socio-technical systems. The purpose of this thesis was to test 
the ability of Rasmussen’s (1997) risk management 
framework to explain how and why BSE (and vCJD) entered 
and continued to be transmitted through the human and animal 
food supply in the UK from 1986 to 1996. If the events that 
transpired during that ten-year period are accommodated by 
the framework and the properties of the framework are 
validated by the events that occurred, then the framework may 
prove useful for system re-design to prevent future accidents 
related to similar hazard sources in the food production 
domain. This study represents the first test of the utility of 
Rasmussen’s risk management framework for explaining how 
and why accidents occur in the food production domain.  

Rasmussen’s (1997) risk management framework for 
complex socio-technical systems has two components: a 
structural hierarchy of the actors and organizations in a system 
(Figure 1), and the dynamic forces that can cause the system 
to change its behavior (Figure 2). The exact number of levels 
in the hierarchy and titles of each level can vary depending on 
the system being studied.  Generally speaking, the bottom 
level of the hierarchy describes events related to the process 
being controlled. The next level describes activities of 
frontline staff. The following level describes the activities of 
people that manage or supervise the staff, and the level above 

describes the activities of the entire company or organization. 
The level second from the top describes the activities of the 
regulatory bodies, and finally, the top level describes the 
activities of the government, which determines public policy. 
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Figure 1: Structural hierarchy of actors in a complex socio-technical system. 
Adapted from Rasmussen (1997) and reprinted from Vicente (2002). Quality 
and Safety in Healthcare, 11, 302-304. With permission from the BMJ 
Publishing Group. 
 
According to Rasmussen’s (1997) framework, vertical 
integration across all levels of a complex socio-technical 
system is required for the system to function safely. That is, 
decisions made at the higher levels of the hierarchy need to be 
disseminated to the lowest levels of the hierarchy, and 
information about what is happening at the lower levels of the 
hierarchy needs to circulate to the higher levels, creating 
feedback loops. These feedback loops allow decisions made at 
the higher levels of the system to reflect the goals and 
capabilities of the lower levels.  
 

Following this theory, safety is an emergent feature of a 
system and is impacted by the actions and decisions of 
individuals and organizations at multiple levels. System 
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stability is difficult to achieve because external forces (Figure 
1, right side) influence complex systems, especially in today’s 
dynamic society where change is more frequent. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Dynamic forces and behavioral change Adapted from Rasmussen 
(1997) and reprinted from "The Human Factor: Revolutionizing the Way 
People Live With Technology", © Kim Vicente, 2003. 
 

Figure 2 illustrates how two dynamic forces, financial and 
cognitive efficiency pressures, affect the behavior of a 
complex socio-technical system over time (Rasmussen, 1997). 
As these forces interact, people at all levels of the system 
adapt their work practices to allow operators to work with 
fewer resources. The changes in work practices may 
appropriately address the financial and efficiency goals 
imposed, but they often cause a system to migrate closer to the 
proscribed boundary of safety; one that is defined by official 
work practices. Over time, people migrate beyond this 
proscribed boundary of safety towards the “real” boundary of 
safety where accidents occur. This migration may take years; 
therefore, subsequent to a major disaster, the people involved 
often do not understand what has happened because their 
actions did not deviate greatly from those in the recent past. 

What is distinctive about Rasmussen’s risk management 
framework is that it advocates for the development of 
descriptive models of actual human behaviour so that an 
understanding of the behaviour shaping mechanisms that 
influence human decisions and actions can be gained. By 
understanding what shapes operator performance, particularly 
in ways that violate established defenses and diminish the 
margin between safe operation and accidents, efforts to 
improve safety can be appropriately targeted. 

METHOD 

A qualitative case study research method (Yin, 2003) was 
adopted. According to Yin, a case study has five components: 
questions, propositions, unit of analysis, logic linking data to 
the propositions, and criteria for interpreting the findings. The 
propositions are the seven predictions of Rasmussen’s risk 
management framework (described later).The unit of analysis 
for this study is the release of BSE into the human and animal 
food supply. The logic linking data to the propositions is 
provided by the framework’s tools – the AcciMap (Figure 3) 
and the Conflict Map (Figure 4) – which help to highlight 

patterns in the data as they relate to the seven predictions. 
Characteristics of these tools (e.g., boxes on the AcciMap, 
connections between boxes, annotations on the Conflict Map) 
provide the criteria for interpreting the findings.  

Yin’s (2003) case study methodology provides methods 
for enhancing a study’s quality. Three different methods were 
used to enhance construct validity. The first was the use of 
multiple sources of evidence to allow for triangulation of the 
data. The Lord Phillips Report, used as the main data source, 
is over 5,000 pages in length. It represents data that has been 
triangulated from multiple sources including over 1,000 
witness statements, 138 days of public oral evidence, and 
more than 3,000 government files. The second method was to 
establish a chain of evidence. The AcciMap provides an 
explicit means for establishing a chain of evidence linking the 
information in each box on the hierarchy to the release of the 
hazard source. The third method was the use of key informants 
to review the analysis. There were two key informants who 
participated in reviewing the results of this case study – Prof. 
Erik Millstone, professor of Science and Technology Policy at 
the University of Sussex in the UK and co-author of the 
chapter titled ‘Mad cow disease’ 1980s-2000: how 
reassurances undermine precaution in the European 
Environment Report Late lessons from early warnings: the 
precautionary principle 1896-2000 (Van Zwanenberg & 
Millstone, 2001) and Dr. Ron Rogers, Senior Scientific 
Advisor in the Bureau of Microbial Hazards at Health Canada.   

RESULTS 

The events that contributed to the release of BSE can be 
seen in the AcciMap (Figure 3). Factors from each level that 
strongly contributed to the critical event are presented in this 
section, followed by a discussion of how each of the 
framework’s seven predictions are supported. 

Factors Mapped onto the AcciMap 

Equipment and Surroundings. Several of the factors at the 
bottom level of Figure 3 relate to the nature of BSE. BSE was 
an unknown entity until November 1986. Identifying this new 
disease in cows was difficult because on many farms there 
was a pattern of only a single cow in a herd being affected. 
This factor, combined with the similarities between BSE 
clinical symptoms and other cattle diseases, delayed the 
identification of index cases. Further delay was due to BSE’s 
incubation period (five to six years), which made it difficult to 
identify cattle feed as the transmission source.  

Certain cow tissues such as brain and spinal cord are 
known to have a high titre of the BSE agent in clinically 
infected cows. Ingestion of less than a gram of brain tissue 
from clinically affected animals is enough to transmit the 
disease to a calf. This degree of infectivity was not realized by 
the Ministry of Agriculture, Fisheries and Food (MAFF) until 
1994. MAFF’s ignorance early in the epidemic about what 
amount of highly infective tissue was required to transmit the 
disease meant that precautionary measures put in place to 
protect the public did not have the desired effect because they 
did not protect against small amounts of infected material 
entering the human and animal food supply. 
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