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This report describes a joint project conducted by HSL and the University of Liverpool Engineering 
Department to integrate risk concepts into their undergraduate engineering course. The project defined 
risk education learning outcomes that can be integrated into an undergraduate engineering curriculum 
and implementing them by merging new teaching materials (involving real accident case studies) into core 
engineering modules. The success of the project has been evaluated in terms of student’s understanding 
of risk, at different points during their course, and interactions of the project team with academic staff. A 
student questionnaire of approximately 50 multiple-choice questions to ascertain student’s understanding 
of risk was developed to support both development of materials and their evaluation. The report makes a 
number of recommendations for future collaboration between HSE and a range of stakeholders and relates 
these to HSE’s ‘Be part of the solution’ strategy (2009), the ongoing sensible risk campaign and the EU 
campaign (2008-2009) to promote and demystify the risk assessment process. Issues raised, which other 
educational institutions seeking to undertake a similar process should consider, are: (1) Promotion of the 
risk theme to other members of staff who do not view it as a priority and gaining their support to allow 
inclusion of new materials in their modules; (2) Overcoming competing demands for time on the curriculum; 
(3) Motivating students to engage with the materials from the perspective of relevance, interest and marks; 
and (4) Remaining focused on the key objectives. 

This report and the work it describes were funded by the Health and Safety Executive (HSE). Its contents, 
including any opinions and/or conclusions expressed, are those of the authors alone and do not necessarily 
reflect HSE policy. 

HSE Books




© Crown copyright 2009 

First published 2009 

All rights reserved. No part of this publication may be 

reproduced, stored in a retrieval system, or transmitted 

in any form or by any means (electronic, mechanical, 

photocopying, recording or otherwise) without the prior 

written permission of the copyright owner.


Applications for reproduction should be made in writing to:

Licensing Division, Her Majesty’s Stationery Office,

St Clements House, 2-16 Colegate, Norwich NR3 1BQ

or by e-mail to hmsolicensing@cabinet-office.x.gsi.gov.uk


ii 



ACKNOWLEDGEMENTS 

The authors wish to thank the HSE and the University of Liverpool (Studentship Awards) for 
funding this work.  Information and advice received from Brian Fullam and Richard Wilson of 
HSE, Paul Davies of the Institution of Engineering and Technology (IET), Patrick McDonald, 
Chief Scientist of HSE, Paul Davies and Jim McQuaid, former Chief Scientists of HSE, Richard 
Taylor of the Inter-Institutional Group on Health and Safety, Joseph-Jean Paques of the Robert 
Sauve Institute Canada, Martin Keay of EnSure, Linda Newnes of the University of Bath and 
Liz Williams of the British Standards Institution (BSI), Steve Joel, Graham Norton and David 
Gregory of HSL, is gratefully acknowledged.  

The authors would also like to acknowledge the encouragement and support of all the main 
engineering institutions of the UK, in particular the Institution of Mechanical Engineers Safety 
and Reliability Group (IMechE SRG), Inter-Institutional Group (IIG), and the Hazards Forum. 
Also the Safety and Reliability Association (SaRS), Royal Society for Prevention of Accidents 
(RoSPA), Institution of Occupational Safety and Health (IOSH), in particular Jill Joyce, Higher 
Education Academy (HEA) Engineering Subject Centre, Universities Safety and Health 
Association (USHA) working group on student health and safety, European Network for 
Education and Training in Occupational Safety and Health (ENETOSH) and the European 
Health and Safety Agency, in particular Sarah Copsey. 

Grateful thanks are due, for the preparation and delivery of lectures, to Martin Keay of EnSure, 
Graham King of HSE, Graham Dalzell of TBS cubed, David Edwards formally University of 
Loughborough and William Wong, visiting lecturer, University College London. 

iiii 



iv




CONTENTS 

1 INTRODUCTION......................................................................................... 1 

2 WHY THE UNIVERSITY OF LIVERPOOL? ............................................... 3 

3 INTEGRATING RISK CONCEPTS INTO AN UNDERGRADUATE  
ENGINEERING COURSE .................................................................................. 5 
3.1 Why take an integrated approach? .......................................................... 5 
3.2 the Desired Learning Outcomes .............................................................. 6 
3.3 Assessment of students’ awareness of risk concepts.............................. 7 
3.4 Course and materials development ......................................................... 8 
3.5 Evaluation.............................................................................................. 10 
3.6 Scope for ongoing support..................................................................... 11 

4 PROMOTION AND LIAISON.................................................................... 13 

5 CONCLUSIONS........................................................................................ 15 

6 RECOMMENDATIONS............................................................................. 17 

7 REFERENCES.......................................................................................... 19 

8 PUBLICATIONS ....................................................................................... 21 

9 BIBLIOGRAPHY....................................................................................... 22 
9.1 Books..................................................................................................... 22 
9.2 Journals ................................................................................................. 23 
9.3 Royal Academy of Engineering ............................................................. 23 
9.4 European agency for health and safety factsheets ................................ 24 
9.5 HSE Free Leaflets ................................................................................. 24 

APPENDIX A – LIST OF RESOURCES .......................................................... 25 
A.1 developed as part of this project............................................................ 25 
A.2 identified during the project.................................................................... 26 

APPENDIX B – STUDENT FOCUS GROUP QUESTION SET ....................... 29 

v 



vi




EXECUTIVE SUMMARY 

Objectives 

This report describes a collaborative project between the Health and Safety Executive (HSE), 
the Health and Safety Laboratory (HSL) and the University of Liverpool in support of HSE’s 
commitment, in its strategic plan 2001/2004, to work with higher and further education 
institutions to ensure that safety-critical professionals received adequate education in health and 
safety risk management. The overall goal of the project was to ensure that all students who 
complete their engineering course have a basic understanding of safety and health risk issues 
relevant to their specific course of professional study. The objectives required to achieve this 
goal were: 

- To define a set of learning outcomes;  

- To design a tool to ascertain students’ awareness of risk issues and key concepts; 

- To develop engaging teaching materials to integrate health and safety risk concepts 
into the engineering course making use of accident case studies and; 

- To do this in liaison with key stakeholders in health and safety risk management 
and engineering education, ensuring consistency with their relevant strategies, 
policies and earlier work. 

Main Findings 

All UK Engineering Institutions require chartered engineers to have some knowledge of their 
professional responsibilities for managing risk. However, the extent to which they are specified 
in requirements for accredited engineering courses is variable and difficult to interpret or audit. 
Several universities offer specialist diplomas, foundation degrees and master’s degrees on 
occupational health and safety and risk management for major hazard industries. However for 
students not wishing to specialise in these areas the extent and content of risk education is not 
clear. There is a scarcity of published literature in this area and therefore it is not easy to find 
out what other universities are doing except through personal contacts. 

A template consisting of a set of risk education learning outcomes that can be integrated into an 
undergraduate engineering curriculum has been developed, implemented by merging new 
materials into core engineering modules and evaluated at the University of Liverpool 
Engineering Department. A questionnaire consisting of some 50 multiple-choice questions 
developed during this project has proved useful to ascertain new engineering students’ level of 
understanding of risk concepts and to aid the development of suitable teaching materials 
although motivating students to complete the questionnaire without marks being allocated was a 
major challenge. 

Implementation of the new materials was only made possible by close collaboration with a 
member of staff taking responsibility for this process and liaison with other members of staff. 
The process was not without its difficulties, namely (1) promotion of the risk theme to other 
members of staff who didn’t view it as a priority, (2) overcoming competing demands for time 
on the curriculum, (3) gaining the support from other members of staff to allow development 
and implementation of new materials for inclusion in their modules, and (4) remaining focused 
on the key objectives.  These issues should be considered by other departments seeking to 
undertake a similar process. 
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The risk education project links well with the adoption of the MIT lead “New Approach to 
Engineering Education, Conceive Design Implement Operate” (CDIO) standards. Active 
learning methods are used (CDIO Standard 8) in the form of role-play of real-life scenarios to 
engage students to consider the wider implications of their activities as professional engineers in 
society (CDIO Standard 7). Moreover it supports CDIO syllabus items 2.5 Professional Skills 
and Attitudes, 4.1 External and Societal Context and to some extent assists in the development 
of 3. Interpersonal Skills and 2.3 Systems Thinking. 

The project described in this report supports the HSE “Be part of the solutions” 2009 strategy 
consultation and ongoing sensible risk campaign. It is also relevant to the EU campaign for 
2008 and 2009, which seeks to promote the use of risk assessment and demystify the process. 

This project has generated a great deal of interest and support. It has benefited from advice 
received and previous work conducted by the acknowledged professional bodies, networks and 
working groups with the consequence of establishing excellent industry/academia links. 

Recommendations 

HSE and HSL should continue to build upon the working relationship with staff at the 
University of Liverpool to ensure that the longevity, potential and impact of the materials 
developed during this project are fully realized. Specifically an active involvement of the 
Industrial Liaison Board, delivery of the occasional lecture, assisting staff to build materials into 
their courses and co-supervision of student projects with summer placements as described 
below. 

The development of a virtual-reality supported version of the Ramsgate accident investigation 
laboratory should be completed such that it can be embedded into an e-learning package suitable 
for use on University learning management systems.  

A laboratory safety training and competency assessment e-learning package suitable for use on 
University learning management systems should be developed that incorporates materials 
developed and identified during this project.  

A depository for the materials should be established once any copyright and intellectual 
property issues have been considered. This should be web-based and part of a forum to allow 
industry, institutions, regulators and academics to review the use of the materials, exchange 
ideas and information. This forum needs to be adequately funded to ensure that as a minimum 
the materials remain up-to-date and relevant, preferably grow and develop. Key stakeholders 
who would need to work together to achieve this are the HSE and the Higher Education 
Academy Engineering Subject Centre, Ethics and Engineering Centres for Excellence in 
Teaching and Learning (CETLs). Through this forum attempts should be made to gain an up-to-
date insight into the extent of integration of risk concepts in undergraduate engineering courses 
at other Universities. 

Contacts need to be maintained to exchange ideas and information with the other organizations 
mentioned in this report. In particular with: 

- The chair of the Inter-Institutional Group on Health and Safety to provide input into their e-
learning project as this would provide an ideal platform for the effective dissemination of 
the material developed during this project in a format which students will find both 
engaging and instructive. 

- Institution of Mechanical Engineers (IMechE SRG) through their Safety and Reliability 
Group, particularly in light of education being a key theme this year, to discuss how the 
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work of this project could best be taken forward with other universities with due 
consideration of the accreditation process. 

Other receptive Universities in the UK need to be identified and assistance or training provided 
to help them make effective use of the materials e.g. those Universities striving to fulfill the 
requirements of the CDIO initiative. 

Consideration should be given to running a workshop/seminar, with the interested parties 
mentioned throughout this report, in order to develop and agree an action plan to promote the 
teaching of the management of health and safety risk. This could coincide with the launch of the 
depository and web-based forum/community. 
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1 INTRODUCTION 

“If a man can’t make a mistake he can’t make anything” 

Abraham Lincoln, President of United States of America 1861 -1865 

Experience may be the best teacher but when it comes to industrial accidents the price can 
simply be too high to pay, as illustrated in Figure 1. The long history of engineering has left a 
rich and varied collection of examples of mistakes and catastrophic failures. The challenge 
therefore is for engineers to learn through their own mistakes and those of others without 
endangering their own health and safety or that of others. 

Figure 1 The price of mistakes, more than 200 lost lives year on year 

The regulatory framework for health and safety in the UK firmly places the responsibility for 
managing risks with those who create and work with them. This is not just from a moral 
perspective; it acknowledges that those who create and work with risks should also have the 
understanding and direct opportunity to manage them. Engineers play a vital and central role in 
this process. But engineers (and their managers) need to have a strong belief in success if they 
are ever to bring a project to fruition. Unfortunately this can lead to reluctance to really explore 
what can go wrong. Time and time again accidents have shown that there has been a failure to: 
either understand how to manage risks, or to take the opportunity to do so. It is therefore 
essential that safety-critical professionals such as engineers are educated and encouraged to 
assess and manage risks. 

The Health and Safety Executive (HSE) made a commitment, in its strategic plan 2001/2004, to 
work with higher and further education institutions to ensure that safety-critical professionals 
received adequate education in health and safety risk management [1]. This was after a 
consultation exercise in which a third of respondents specifically mentioned the importance of 
covering health and safety issues. Lord Cullen also made a specific recommendation relating to 
the education of engineers in his report on the Hatfield rail accident [2]. 
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Around the same time various professional bodies and institutions [3], [4] also recognised the 
need to educate engineering undergraduates in aspects of risk relevant to their degree and future 
professional working life. The European strategy on health and safety 2002-6 [5], [6] identified 
education and training as key factors to prevent accidents among young people when they first 
enter the workplace. The Inter-Institutional Group1 on Health and Safety and the Hazards 
Forum2, went further by developing a syllabus template [7] and series of lectures [8]. The Safety 
and Reliability Society (SaRS) also produced a template but to the authors’ knowledge this was 
never published. The EU campaign for 2008 and 2009 seeks to promote the use of risk 
assessment and demystify the process. 

Several universities offer specialist diplomas, foundation degrees and master’s degrees on 
occupational health and safety and risk management for major hazard industries [9]. However 
for students not wishing to specialise in these areas there is evidence that, across degree courses 
in the UK, the extent and content of risk education is varied, and there was the potential for it to 
not always be proportional to the level of risk that undergraduates could be responsible for 
managing in their professional working life [10]. To address this, HSE commissioned two 
projects. This report describes a joint project of the Health and Safety Laboratory (HSL) and the 
University of Liverpool, to incorporate risk education into the curriculum of an undergraduate 
engineering degree course. The other (led by the chair of the UK engineering institutions Inter-
Institutional Group on Health and Safety, with the assistance of HSL and CMG Logica), was to 
develop an e-learning package that can be used flexibly in support of engineering degree 
courses or employers’ graduate training programmes. The work so far completed on this latter 
project is summarised in a recent paper [11] and described fully in HSE research reports [12], 
[13]. The project is mentioned here due to its relevance to the project at the University of 
Liverpool. 

The overall goal of both projects was to ensure that all students who complete their engineering 
course have a basic understanding of safety and health risk issues relevant to their specific 
course of professional study. 

Integrating health and safety risk concepts into the engineering course at the University of 
Liverpool first involved defining a set of learning outcomes [14], and designing a tool to 
ascertain students’ awareness of risk issues and key concepts [15], [16], [17].  These then 
informed the development of teaching materials. Taking into account Abraham Lincoln’s and 
current opinion [18] the materials use real accident case studies, student interaction and 
experiential learning as appropriate to enhance students’ understanding of the concepts of 
hazard and risk. 

1 This influential group (www.theiet.org/publicaffairs/panels/iig/) is composed of senior representatives from the 

main engineering institutions in the UK, plus the Hazards Forum and the HSE. 
2 The Hazards Forum (www.hazardsforum.org.uk) was established in 1989 by the four major engineering 

institutions, the Institutions of Civil, Electrical and Electronic, Mechanical and Chemical Engineers to provide an 

interdisciplinary focus for the study of disasters and the promulgation of lessons learned from them. Since then the 

Forum has broadened its remit to inform the public understanding of risk, while continuing to develop its work on the 

assessment of hazardous events, dissemination of lessons learned and the promotion of risk reduction strategies.   
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2 WHY THE UNIVERSITY OF LIVERPOOL? 

“Students develop their understanding and engineering skills 

through doing and reflecting on what they have done.”  

Prof. Padfield, Head of Engineering Department, University of Liverpool  

The location of the University of Liverpool and the headquarters of the Health and Safety 
Executive in the same city provides unrivalled opportunities for collaboration and dialogue. 
This close proximity has been instrumental in the success of the project. 

The primary reason, however, why this project was initiated at the University of Liverpool was 
to take advantage of the opportunities created by a strategy of long-term investment in the 
Engineering Department and the ‘revitalisation’ of their engineering courses. The risk education 
project has therefore evolved against a backdrop of strategic developments namely: 

1.  The alignment of teaching and learning within the Engineering department to the CDIO 
standards3. This requires a curriculum that stresses the fundamentals of engineering, set 
in the context of Conceiving – Designing – Implementing – Operating systems and 
products [18]; 

2.  Several learning and teaching initiatives that aim to enhance the engineering education 
experience by developing programmes which strike an appropriate balance between 
theory, real-world applications, professional and personal development; in particular 
through a more active experiential approach to learning [19]; 

3.  Industrial engagement in the development of the curriculum and extra-curricular 
activities through an industrial liaison board of which HSE and HSL are now active 
members; 

4.  Enhanced learning environment through investment of around £30M in a major 
refurbishment of engineering research laboratories and in building new teaching 
facilities for future generations of engineering students as can be seen in Figure 2. 

The project therefore was timely in 
terms of its promotion and 
implementation as it allowed greater 
scope to introduce new materials into 
a developing curriculum in line with 
current thinking in engineering 
education. The academic year 2008/9 
marks the fruition of these 
developments and official launch of 
the new ‘Liverpool Engineer’ 
programmes that will contain the risk 
education materials developed since 
2004. 

Figure 2 New Active Learning Laboratory at Liverpool 

 Developed by MIT in the US, Chalmers and the Royal Institute of Technology in Sweden with input from academics, 

industry, engineers and students. It is adopted in total or in part by over 30 universities worldwide, see www.cdio.org 
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The new approach to teaching the engineering programmes at the University of Liverpool aims 
to stimulate the active learning of sound engineering principles and practices within an 
environment which fosters creativity, innovation and professional responsibility.  Consequently, 
students will find their learning experience more stimulating and rewarding. 

Professional engineering is about problem structuring and solving; applying theoretical 
knowledge in the conception, design, implementation and operation of new products, systems, 
processes and services. Technical knowledge and skills are complemented by a sound 
appreciation of the process involved, along with an awareness of the ethical, safety, 
environmental, economic and social considerations involved in practicing as a professional 
engineer. 

Emphasis in the new programmes is therefore placed on creativity, project management, 
teamwork and hands-on engineering experience, which are achieved through a range of 
practical design-build-test activities, role-play and real-life simulations, many of which contain 
several of the desired learning outcomes in risk concepts.  Other activities contain a major 
component of safety and risk issues, namely the Ramsgate role-play accident investigation lab 
in year one [20] undertaken by all disciplines and the Constructionarium project in year two 
[21] of the civil engineering course. 

Future graduates with a degree from the Department of Engineering will become a ‘Liverpool 
Engineer’, having gained a thorough understanding of engineering principles, and having 
learned and practiced the skills to enable them to be creative, innovative and professional in 
their future career. They will be more prepared to meet the needs of modern industry and 
society; well rounded, qualified, risk aware and highly employable.  Both the ‘Liverpool 
Engineer’ and risk education projects have been seen to benefit each other during this period of 
change and regeneration in the Department of Engineering at the University of Liverpool. 

Quality and relevance of engineering education at the University of Liverpool will continue to 
be monitored, reviewed and informed by departmental and university learning and teaching 
strategy and the engineering institutions’ accreditation panels.  The relevance and rigour of this 
education provision will also be underpinned by an active and highly rated research programme 
and established industrial links.  In this, the HSE has an important role to play to ensure that its 
policy on risk education continues to be promoted at the highest possible level through on-going 
student project technical support and sponsorship initiatives, participation in workshops and on 
the industrial liaison board, and visiting appointments. 
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3 INTEGRATING RISK CONCEPTS INTO AN 
UNDERGRADUATE ENGINEERING COURSE 

“Good Engineering is about making systems that are fit for purpose in an 

economic, effective and efficient way. A system is not fit for purpose if it is unsafe 

or cannot be built properly” 

Joint Board of Moderators – Degree Guidelines 

3.1 WHY TAKE AN INTEGRATED APPROACH? 

Risk within educational institutions can all too easily become associated with overzealous 
health and safety officials, compliance with legislation, tedious form filling and the fear of 
litigation should a student or member of the public be injured. To counter this the philosophy of 
the risk education for engineers project, described in this final report and the numerous 
publications listed in section 8, was to demonstrate how risk is part of everyday life and an 
essential responsibility of every practicing professional engineer. More specifically that the 

management of risk was a thread, rather like the 
writing in a stick of rock shown in Figure 3, 
that runs through everything a professional 
engineer designs, the judgements and decisions 
that they make. Furthermore, that risk 
management is not a bolt-on extra and cannot 
simply be left to the end user or safety officer to 
write and police the procedure that will keep 
everyone safe and healthy. This is consistent 
with the latest strategy of HSE [22], published 
for consultation at the time of writing this 
report. 

Figure 3 Management of risk like writing running through stick of rock 

There are also sound pedagogical reasons for taking an integrated approach. Risk concepts can 
be introduced in several different contexts and at different times throughout the years of the 
course. In this way the learning is reinforced so that awareness can be developed into good 
understanding and skills based on experience in accordance with Bloom’s taxonomy [23]. 
Moreover, this avoids the learning becoming specific to the regulatory context, thereby enabling 
better recall [24] in contexts not normally associated with risk management, such as during the 
design process. This also avoids a sense of the topic being detached from the rest of the course. 
Developing material that supports the learning of other topics also reduces the burden upon 
students thereby improving the chances of the messages being absorbed. 

Finally, there are overwhelming practical reasons for taking the integrated approach. The 
primary reason is a lack of time and space on the curriculum. Any new module is almost 
certainly, therefore, going to be optional and only reach a limited number of students.  Allowing 
students to in effect ‘opt out of risk management’ does not fit into the underlying philosophy of 
this project. 

It is more feasible, due to lack of space on the curriculum, to add a lecture to several different 
modules or a few new slides to existing presentations or just emphasise relevant points. 
Furthermore the motivation, time, expertise and resources needed to develop and assess a 
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