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Executive Summary
 
This report is a summary of lessons from other high hazard industries and focuses on how a usercentred 
approach to design can help improve safety in healthcare by systematically addressing the system and 
design factors that can lead to human error. 

The report describes principles and processes that can be used in developing a usercentred approach to the 
design of healthcare facilities. 

Decisionmakers involved in the planning, design and development of healthcare facilities will find examples 
of practice from other safetycritical industries on how to consider human factors at each stage of facility 
development. 

Why consider human factors in design? 

•	 ‘Human factors’ is a discipline devoted to the interrelationship between humans, the devices and 
equipment they use, and the environment in which they live and work. 

•	 Designing to fit the needs, capabilities, limitations and characteristics of facility users can result in 
numerous benefits for patients and staff. 

•	 Human factors research indicates the importance of designing to reduce contributory factors that can 
impact on human error and safety, such as noise, fatigue, poor workplace design and inadequate 
standardisation. 

A review of lessons from safetycritical industries such as the nuclear, rail, underground, aviation and air 
traffic control industries has identified a set of design principles and a usercentred design process to ensure 
human factors is systematically applied, together with a set of techniques that can be used during design to 
identify and evaluate hazards. This report presents these for use in the design of healthcare facilities. 

Design principles 

These cover topics such as assembling a representative project team with strong leadership, identifying and 
prioritising hazards and risks, and evaluating design solutions. Key considerations should include designing 
for usability, functionality and flexibility, and planning around major organisational processes and vulnerable 
populations. In addition, simplicity and standardisation should be maintained in all design decisions. 

The usercentred design process 

Usercentred design considers users and their needs, activities and experiences in detail at the outset in 
order to determine how the facility can best meet these demands and the safety issues associated with 
them. An iterative process of seven main steps includes determining the project scope, establishing facility 
users and key activities, and identifying, analysing and prioritising safety issues. Later steps require the 
development of potential design options and solutions, and the evaluation of these prior to the design 
implementation stage. 

Human factors techniques 

The appendices contain a summary of human factors methods and techniques that can be used in this 
process. A full list of technical references and sources of further information, including those from other 
industries, is also provided. 

A summary report of this approach is available, at: www.nrls.npsa.nhs.uk/design 

The approach outlined in this report should be considered alongside current national guidance on healthcare 
estates, design and procurement processes1. 
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A. Introduction
 
Who should read this and why? 

This publication is intended for all those involved in the planning, design and development of healthcare 
facilities, whether new build, rebuild or refit, particularly: 

•	 project teams – private and public sector: 

 architects and designers; 

 project directors; 

 funding consultants; 

 building construction contractors; 

 healthcare planners; 

 clinicians; 

 engineers; 

 facilities managers; 

 manufacturing industries supplying the healthcare sector. 

•	 healthcare organisations and NHS trusts: 

 project directors; 

 project teams; 

 facilities and estates directors; 

 design champions. 

Experience from safetycritical industries, such as aviation and nuclear power, has shown that systems, 
facilities and equipment are safer if they are designed to match the abilities and behaviour of the people 
that use them, to help avoid human error. In particular, experience has shown that the earlier such 
‘human factors’ knowledge is considered in the development process, the safer the system will be. 

This report is a review of the practices of other safety critical industries. It provides information on 
general principles used in other industries to ensure that human factors is considered throughout the 
design process. 

This approach focuses on interaction safety and does not include assessing and testing for construction, 
electrical, chemical, waste, fire and material safety. These are outside the remit of this document but are 
vital elements to be considered alongside patient safety. 

This report is one of a series on safer design, on topics such as medication packaging and the built 
environment. All of these reports, together with a summary of this report, are available at: 
www.nrls.npsa.nhs.uk/design 

The approach outlined in this report should be considered alongside all current international and national 
legislation and guidance on both patient safety and health and safety. Sources of this guidance include: 

•	 Department of Health Gateway Review Estates and Facilities Division; 

•	 Medicines and Healthcare products Regulatory Agency; 

•	 Health and Safety Executive; 

•	 European Union Directives. 
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B. Why consider human factors in design? 
‘Human factors’ is a discipline devoted to the interrelationship between 
humans, the devices and equipment they use, and the environment in 
which they live and work2. 
Human factors includes both the study of physical ergonomics (the environment, workplace layout or 
equipment interfaces) and the systematic analysis of work processes, user needs and vulnerable groups, as 
well as understanding and identifying the factors that increase risk and lead to errors. 

Human factors techniques such as human error identification (HEI), task analysis (TA), hazard and operability 
(HAZOP) studies, and other formal approaches, can help avoid poor design, such as: 

•	 Hand washing gel dispensers that are the same colour as the wall, too high for wheelchair users and 
have no place for people to put down handbags or other items they are carrying. This means they are 
inaccessible to some, not seen by most and require people to pick their items up from the floor after 
washing their hands. 

•	 The distribution of departments around a healthcare facility resulting in vital departments being placed 
long distances apart (e.g. operating theatres and recovery units on different floors, emergency units and 
imaging departments in different buildings). This leads to unnecessary patient transfer during critical 
care, increased patient stress, increased chance of infection and reduced patient privacy. Consideration 
of functional relationships and clinical adjacencies can help minimise these problems. See, for instance, 
Health Building note 1002: Day Surgery Facilities (Department of Health). 

•	 Drug preparation areas on wards that are busy, cluttered and poorly lit, leading to distractions during 
complex drug calculations. 

•	 The storage of equipment, drugs and supplies in inaccessible areas, leading to extra staff journeys, extra 
workload and potential shortcuts in procedures. 

•	 A lack of consideration given to the compatibility of equipment, such that patients cannot be moved 
with vital monitoring equipment due to the lack of specific power supplies or space. 

•	 Reception desks that cannot be reached by people in a wheelchair, reducing accessibility. 

•	 Different drugs being stored next to each other in similar packaging, increasing the risk of medication 
selection errors. 

•	 Inaudible patient alarms due to ambient noise or the layout of working areas. 

The importance of designing to reduce or minimise contributory factors that can impact on performance 
and safety, such as noise, fatigue, inadequate standardisation and human error, should be reflected in the 
design brief, goals and procurement process. 

It is recognised that there are a number of differences between healthcare and other industries: 

•	 Other high hazard industries (rail, nuclear) are largely automated and standardised. 

•	 Healthcare equipment, tasks and activities are more diverse. 

•	 User groups are often very vulnerable in healthcare. 

•	 Patient treatment is delivered in onetoone (or fewtoone) handson fashion that is, by its nature, 
highly susceptible to error. 

•	 The safety of onetoone healthcare delivery is dependent on efficient teamworking, communication, 
situation awareness and decision making in distributed and complex networks. 
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However, even in view of the differences described above, lessons from other high hazard industries can be 
of value because: 

•	 there exists a wealth of research and knowledge demonstrating the successful integration of human 
factors in design; 

•	 there exists evidence of the benefits of incorporating human factors within the design process in terms 
of improving usability, user acceptance of facilities and equipment, and reducing the opportunity for 
human error; 

•	 many techniques that were developed within one high hazard industry have been successfully applied to 
other different hazard industries; 

•	 some of these techniques to assess human factor issues have been developed and successfully applied 
already within the healthcare sector. 

Evidence from other industries 

Some high hazard industries have undertaken detailed assessment of 
human errors and hazards, in part stimulated by increased recognition of 
the importance of the human contribution to safety and risk following high 
profile accidents (e.g. Bhopal, Chernobyl, Clapham Junction). 
The Advisory Committee on the Safety of Nuclear Installations compiled a report considering the role of 
organisational factors in enhancing safety within the nuclear industry. Reviewing evidence from accidents, 
such as the King’s Cross underground fire, the capsize of the Herald of Free Enterprise and the Clapham 
Junction railway accident, the report concluded: “Safety programs must incorporate systematic 
consideration of human factors in addition to technical and engineering safeguards”3. 

High hazard industries, such as the nuclear industry, are now reaping the benefits from assessing human 
error, risks and hazards within the design process. These include: 

•	 reduced incidents and accidents; 

•	 improved usability – operators find the equipment easy to use and understand; 

•	 improved safety for users; 

•	 development of costeffective design solutions; 

•	 reduced likelihood of operator error; 

•	 reduced risktaking behaviour. 

The following case studies demonstrate some of the benefits high hazard industries have seen from 
applying human factors in design. The specific design changes described must be taken within context. 
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Space craft design 
(National Aeronautics and Space Administration – NASA)4 

Due to the complexity of space crafts and the potentially catastrophic consequences of human error, in 
terms of loss of life, cost and media coverage, NASA have developed a specific set of design principles that 
underlie their design process and aim to: 

•	 reduce mental workload; 

•	 reduce risk of potential for errors; 

•	 increase usability; 

•	 reduce mission cost. 

Examples of design principles: 

•	 Design should consider methods to reduce operational complexity and interdependencies. 
•	 Design should consider accommodation of early inflight demonstrations of spacecraft functional 

capability to identify potential flight/ground system shortfalls. 

•	 Design for operability, in terms of reducing the number of tasks and the sequence complexity of tasks. 

Nuclear control room redesign5 

In a control room for a nuclear power plant, the displays and controls used by operators for emergency 
situations are displayed on both the front and back panels of a control unit. This configuration 
contributed to increased potential errors in operator actions during emergencies and hence overall risk 
levels for the plant. 

A TA was conducted for the tasks undertaken by operators in the control room to determine in detail 
how the configuration of displays impacted on performance. The TA was developed by conducting 
interviews with operators to identify user experience and running detailed scenarios simulating a number 
of conditions to analyse how configurations affected task performance. It allowed graphical 
representations of all operator tasks and subtasks in the control room to be developed. From this, the 
types of errors that could be caused through display configuration could be identified. 

Error types identified included: 

•	 task performance errors – configuration can impair individual task performance if displays and 
controls for a specific task are spread across individual panels and outside of peripheral vision; 

•	 communication errors – the configuration can make communication difficult and lead to 
communication errors; 

•	 performance verification error – the configuration can make it difficult for supervisors to verify an 
operator’s actions. 

Having identified these potential errors, recommendations were developed aimed at eliminating them, 
such as: 

•	 reducing the number of transitions between panels in order to improve performance and 
communication; 

•	 improving the configurations so it is easier to observe actions and understand which actions have 
been taken, so performance can be verified. 

These recommendations helped to improve: 

• operator communication; 

•	 efficiency in operator actions. 
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Oil platform redesign6 

A study was undertaken to examine the effects of introducing drilling to an offshore platform that had 
only ever been used for production. A HAZOP study had identified communication between the drilling 
crew and production crew as a key potential contributor to increased errors and risks. To help identify 
where communication errors may occur between the two teams and how these potential errors could be
avoided, a TA and communications analysis (analysis of communication routes and systems) were 

 

conducted based on informal interviews with personnel on the platform. 

The TA detailed tasks undertaken by operators, information available to decide the correct course of 
action, and the type of feedback provided from this action. The communication analysis recorded who 
was communicating, their locations, the facilities available to aid communication and any other factors 
that would affect performance. 

The results of the TA and communication analysis revealed that: 

•	 the levels of noise made by public address systems were ineffective. 

•	 pagers were made ineffective through background noise. 

•	 the production control room is visually isolated from the rest of the platform. 

The findings led to a number of recommendations including: 

•	 the public address system should have an automatic volume so it does not become ineffective when 
background noise increases; 

•	 telephone pagers should have a visual display to avoid reliance on audio alerts; 

•	 closed circuit television (CCTV) should be used to ensure that the production control room can observe 
what is happening on the platforms. 

These recommendations led to a number of potential safety benefits, such as: 

•	 the reduced likelihood of operator error; 

•	 a reduction in operator downtime; 

•	 quick and effective response to emergencies or abnormal conditions; 

•	 a reduction in accidents. 
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Evidence from healthcare 

For healthcare facilities and associated equipment to operate 
effectively, they should be designed to support all of the people 
who will use them. 
A usercentred approach can help design for the needs, capabilities, limitations and characteristics 
of all the people who will be using the healthcare facility and to understand in detail the hazards 
and risks associated with the activities these users will undertake. Specifically, usercentred 
design can7,8,9,10: 

• minimise the prevalence and implications of human errors in the delivery of care; 

• minimise/reduce health and safety risks to patients, staff and public; 

• promote recovery and patient wellbeing. 

Healthcare research 

Empirical evidence and narrative reviews from healthcare suggest that addressing the needs, 
capabilities, limitations and characteristics of facility users leads to improvements in the 
following areas4,7,8: 

• patient stress, anxiety and safety; 

• healthcareassociated infection (HCAI); 

• sleep quality; 

• slips, trips and falls (patient, staff and visitor); 

• patient transfers (cost and medical error); 

• staff satisfaction and turnover; 

• staff fatigue; 

• quality of staff–patient communication. 
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C. Design principles 
A review of design principles from other industries has been 
summarised below. 

These cover topics such as assembling a representative project team with strong leadership, identifying and 
prioritising hazards and risks, and evaluating design solutions. Key considerations include designing for 
usability, functionality, flexibility, simplicity and standardisation. A summary of the key principles is shown 
below and further explanation is given in the following sections. 

These have been developed from the experience derived from successful projects and lessons learnt in a 
range of safetycritical industries (references are given for the sources of each principle). These principles 
should be considered alongside national guidance on healthcare estates, design and procurement processes. 

The project team 

• Use multidisciplinary teams including human factors and risk specialists11,12,13,14

• Adopt consistent and effective leadership12,15,16

• Involve users early and throughout the design process12,15,17

• Engage all stakeholders12,15,18

People and process 
• Design around major organisational processes12,15,19

11,20,21• Design around the key vulnerable populations

• Understand the user experiences and journeys3,20,21

3,15,16• Mockup and evaluate concepts at every stage

Address known problems 
• Address known hazards to patient, staff and visitor safety in the physical environment16,18,19

• Use/assess existing designs and incident data for common problems15,19,21

• Identify contributory factors and latent conditions16,18,20

• Identify and mitigate any new risks that may be introduced12,19,20

Key design considerations 
• Design for standardisation3,11,15

• Design for usability, functionality and flexibility15,17,18

• Focus on simplicity15,17,20

• Focus on systems, not just individual elements12,13,20

• Design for visibility11,18

• Design for workflow11,18

Design evaluation 
• Evaluate design with real users15,17,19

• Ensure that the design process is iterative3,12,13

• Feed back evaluation results and learn from the process11,15,20

• Disseminate results nationally11,13,20
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Explanation of design principles 
This section provides more details on each of the design principles, summarised from other industries. 

The project team 
Use multidisciplinary teams including human factors and risk specialists 

Design needs a variety of skills and perspectives in order to fully address the requirements of different users 
and stakeholders. To help achieve this, the design team should utilise a number of different experts (human 
factors specialists, risk specialists, microbiologists with HCAI knowledge), users and stakeholders. 

The involvement of key facility users is essential; excluding any group means their views and safety issues 
will not be captured, thereby introducing risk. 

“The mix of knowledge and experience will lead to a broader, more comprehensive and balanced 
consideration of human factors issues.” 

European Organisation for the Safety of Air Navigation22 

Adopt consistent and effective leadership 

Consistent and effective leadership is needed to implement and drive the design process. Indeed, positive 
leadership from senior trust administrators, including sustained commitment and involvement from the top, 
is necessary if safetyoriented design is to be an ongoing priority. 

Leaders should undertake the following key duties: 

•	 Facilitate the development of a vision for the facility and ensure that designers, users and stakeholders 
accept and ‘buyin’ to that vision, building on a strong safety culture. 

•	 Facilitate the exchange of ideas between stakeholders and encourage constructive feedback. 

•	 Develop, implement and manage a design strategy, decisionmaking processes and strong safety culture. 

•	 Identify and resolve barriers that may inhibit design. 

•	 Facilitate senior management buyin and participation. 

•	 Illustrate the desire/necessity to deliver the project. 

•	 Promote training and development to enhance competency of team members. 
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Involve users early and throughout the design process 

Involving all users of the facility (clinical and nonclinical staff, 
public and patients) in the design process provides a valuable 
source of knowledge about the context of use, the tasks and 
processes undertaken in the facility and how users will work or 
interact with the facility. Early user involvement ensures that 
the facility will support the people who use it and enhance 
safety. 

“Best practice in human factors integration (HFI) is to appoint 
a human factors manager who is responsible for planning, 
monitoring and co coordinating HFI activities. For large 
projects it is recommended that the human factors manager 
is a dedicated role, staffed by specialists.” 

Health and Safety Executive23 

Engage all stakeholders 

Stakeholder representatives for families, patients, staff, 
regulators, professional bodies, designers and community 
bodies should be engaged at the start of the design process 
and at all design stages in order to ensure that the design 
process is open to multiple views and has the support of 
influential groups and governing bodies. If not, there is a risk 
of creating facilities or equipment that are not fit for purpose 
or do not meet all stakeholder needs. 

Stakeholder engagement involves identifying: 

•	 the stakeholders; 

•	 their expectations, requirements and conflicts of interest; 

•	 the strengths of each stakeholder group; 

•	 how these strengths can be effectively utilised; 

•	 the best methods of working with each 
stakeholder group. 
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People and process 
Design around major organisational processes 

To enhance safety, facilities should be designed around major organisational processes. Early definition and 
documentation of these processes helps to paint a clear picture of reality ‘on the ground’ for staff, patients 
and visitors. From this, the design process can start to address the major operational needs of staff, patients 
and visitors as well as helping to identify major areas for hazard identification and solution development. 

“The equipment will need to be designed to match specific characteristics and requirements of 
the people and processes.” 

London Underground24 

Design around the key vulnerable populations 

The facility needs to support and protect vulnerable patients and therefore the design process must address the 
requirements of vulnerable patient groups. Minority or vulnerable groups are frequently overlooked. Addressing 
their needs at an early stage often does not add cost to the design, but making changes at a later stage can be 
costly in time and resources. 

It is also important that the facility supports vulnerable activities – that is, people who are not in one of the 
vulnerable patient groups but, because of their treatment, are vulnerable at certain points within the hospital, for 
example, whilst anaesthetised, in surgery or in recovery. 

Understand the user experiences and journeys 

It is important to understand the experience of users when they are in the facility and key events in their journeys. 

“The main purpose of conducting an operating experience review is to understand current work practices 
so potential impacts of planned change can be assessed and operational problems and issues in current 
designs can be addressed.” 

US Department of Energy16 

Mockup and evaluate concepts at every stage 

Design concepts should be mockedup and evaluated to ensure that they meet the requirements of users and 
enhance safety. Mockups facilitate the active involvement of front line staff, promote a multidisciplinary approach 
and allow users to experience the solution in a much more meaningful way than would be possible with 
drawings or simple representations. The level of realism in mockups can vary but should allow users to carry out 
simulations of everyday and critical tasks. 
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Address known problems 
Address known hazards to patient, staff and visitor safety in the physical environment 

The design of the facility should tackle the known hazards relating to patients, staff and 
visitors that have been identified and documented within the healthcare field (see examples on 
page 33). 

Use/assess existing designs and incident data for common problems 

A number of information sources can be used to help identify and understand hazards and to 
develop design solutions. Analysing current facility designs, incident data and reports from 
other healthcare or safety critical organisations can help to tackle known hazards. 

“Important lessons can be learned from existing working environments. Aspects will have been 
optimised during use of existing systems or modifications made to remove problems. Aspects 
should be captured to avoid repeating existing mistakes.” 

London Underground24 

Identify contributory factors and latent conditions 
A number of contributory factors including latent conditions and active failures usually contribute to 
an incident. 

Latent conditions 

These are preexisting factors and conditions that can combine to cause an undesirable event, 
e.g. excessive noise, stress, difficulttoclean surfaces. 

Active failures 

An error that occurs at the level of the frontline operator (healthcare professional, visitor or 
patient) and whose effects are felt almost immediately, e.g. medication errors, back injuries, 
slips and falls. 

Identify and mitigate any new risks that may be introduced 

Design solutions that address known hazards can introduce new risks. The design team will 
need to identify and tackle any new risks that design solutions introduce. One of the key issues 
in designing for safety is balancing one risk against another, which is why risk assessment is a 
vital part of the process. 
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Key design considerations 
Design for standardisation 

Standardisation has many benefits for patients, staff and visitors. If effectively managed it can help to 
reduce costs, reduce mental workload, reduce errors and makes errors and deviations from normal working 
easier to detect. It also supports the transfer of skills and staff between organisations, and reduces the 
requirement for training. 

Design should therefore aim to ensure maximum standardisation of hospital infrastructure technology, 
equipment, computer systems, electrical equipment layouts, interfaces, room design, storage and 
navigation, and systems and processes. 

Design for usability, functionality and flexibility 

Designing for usability means that the equipment or facility should be easy to learn, effective, efficient and 
satisfying to use for everyone who will work in, stay at or visit the facility. 

Designing for functionality helps to ensure that the facility design supports work process and workflow. 
Also, because technology, work processes and population needs are increasingly changing in healthcare, the 
facility needs to be designed to accommodate ongoing change. 

“Good usability is a conscious and deliberate design goal. We often don’t notice usability but we almost 
always notice poor usability.” 

UK Rail Safety and Standards Board12 

Focus on simplicity 

The simpler a facility, the easier it is to understand and use. The lean manufacturing philosophy is a useful 
approach to help simplify processes and reduce waste (see appendix 5), therefore speeding up production 
and reducing error and inefficiencies. 

“Limit the number of interactions a frequent user must perform…Present information in a manner that is 
understandable and concise.” 

NASA11 

Focus on systems, not just individual elements 

Elements and functions of a facility should not be seen in isolation. To fully understand the operational 
functioning of a facility, a systematic approach is needed where the design team takes into account the 
relationships and interactions between functions and elements in the facility. Failure to do this can result in 
conflicting working procedures and unexpected or unplanned interactions between parts of the system that 
can lead to error and increased risks. 

Design for visibility 

Facilities should be designed to enhance the visibility of patients and staff in order to help ensure patient safety. 

Design for workflow 

Facilities should be designed to support and enhance workflow. Designing for workflow can increase 
performance and productivity, and reduce the risk of errors and accidents by allowing staff to undertake 
duties logically and systematically. 
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Design evaluation 
Evaluate design with real users 

Design solutions should be evaluated using actual potential users 
of the facility. This will not only help to ensure that the design of 
the facility meets the requirements of all users, but that any 
potential new risks related to the design solution can be identified 
and tackled. 

“It is critical that those end users involved in informing and 
evaluating the design are representative of the eventual end 
users.” Involving end users in this way: “Assists with gaining buy 
in and ownership.” 

London Underground24 

Ensure that the design process is iterative 

Findings from each stage should be fed back to early stages 
within the design process. The design process should be iterative. 

Feedback evaluation results and learn from the process 

In order to enhance the development and quality of the design 
process and the facility, it is important to ensure that evaluation 
results are fed back to everyone involved. 

“It is useful to make effective use of the very valuable insights and 
lessons learned throughout the human factors case process, i.e. 
what worked and what didn’t work. This can help prevent 
problems and save resources in future projects.” 

European Organisation for the Safety of Air Navigation22 

Disseminate results nationally 

In order to enhance learning and improve the quality of 
healthcare facility design, successful and unsuccessful outcomes 
achieved from the design process should be disseminated across 
the industry. 
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D. Design process 
At the outset, usercentred design considers the facility users and their needs, 
activities and experiences to determine how the facility can best meet these 
demands and the safety issues associated with them. 
This report outlines seven steps for a usercentred approach to designing safer healthcare facilities, based on 
learning from other industries. 

These steps are: 

Step 1: Determine the project scope 

Step 2: Identify users and key activities 

Step 3: Identify the safety issues 

Step 4: Analyse and prioritise the safety issues 

Step 5: Develop potential design options and solutions 

Step 6: Evaluate design solutions 

Step 7: Implement the design 

The figure on page 19 shows the usercentred design process that starts at the initial concept for the facility 
and should be repeated iteratively until the facility satisfies the specified user and organisational needs and 
requirements. Each step is described along with associated methods and techniques. 

Although all the steps described in this document are relevant, the relative focus and level of effort for each 
one will depend on the size and type of facility that is being built. A large project, involving the 
construction of a completely new hospital, will need a large multidisciplinary team. A smaller project 
involving the redesign of a particular aspect of a facility may need a smaller design team and is likely to use 
a limited range of methods and techniques to complete the steps. 

Also, this process should be considered alongside national guidance and best practice on the design and 
procurement of healthcare facilities, such as that contained in the Health Building Notes (HBN) and Health 
Technical Memoranda (HTM) issued by the Department of Health Gateway Review Estates and Facilities 
Division. 

The Health and Safety Executive guide for integrating human factors into the design process within onshore 
and offshore industries stresses that human factors should not be left until the later stages of design: 

“Human factors activities cannot be left until detailed design of equipment and workplaces. Successful 
application of human factors depends on a proper process of conducting the appropriate human factors 
activities into the various stages of the system development cycle.” 

Health and Safety Executive23 
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• Determine design constraints and requirements 
• Create design team (include all key users) 
• Develop design strategy (key stages, budgets, 

timeframes, milestones) 
• Establish inputs/communication with all 

key stakeholders 

Staff 

Public 

Patients 

• Determine vulnerable patient groups 
• Identify known, key clinical risks 
• Identify hazards associated with main activities 

• Analyse risks and latent conditions. 
Techniques available include: 
- Failure modes effects analysis (FMEA)
 
- Root cause analysis (RCA)
 
- Human error identification (HEI)
 
- Hazard and operability (HAZOP) studies
 

• Prioritise issues to be considered during design 

• Develop solutions: 
- participative design 
- user-centred design 

• Examine feasibility of soulutions 
• Choose best option 

1. Determine the 
project scope 

• Identify all users, their characteristics 2. Identify users 
and requirements 

and key activities • Identify all main activities and processes 

3. Identify the 
safety issues 

4. Analyse and prioritise 
the safety issues 

Information 
design 

Work process 
design 

5. Develop potential design 
options and solutions 

Facility 
design 

Equipment 
design 

• Determine evaluation criteria 
• Hazard analysis 
• Develop prototypes and mock-ups 
• Conduct testing with real users 

6. Evaluate design solutions 

• Identify new risks from solutions • Strategy for implementation 
• Pilot roll-out and review 7. Implement the design 
• Measure impact of solution and feedback 
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Step 1: Determine the project scope 
Aims: 

•	 To determine the initial design scope. 

•	 To create the design team. 

•	 To ensure a usercentred approach is taken. 

•	 To develop the risk management strategy. 

Key considerations: 

•	 The community and population that the facility will serve. 

•	 The range of services required. 

•	 Who will use the facility – patients, staff, public. 

•	 The requirements for flexibility to meet future demands. 

•	 Who should be on the project team. 

Design principles relevant to this stage (and all subsequent stages): 

•	 Use multidisciplinary teams including human factors and risk specialists. 

•	 Adopt consistent and effective leadership. 

•	 Involve users early and throughout the design process. 

•	 Engage all stakeholders. 

1.1 Determine the design scope, constraints and requirements 
The initial project scope should be clearly defined (i.e. the overall facility design requirements) 
by considering: 

•	 endusers, e.g. the population serviced by the facility and the type of patient that will use the facility 
based on services provided; 

•	 services that the facility will provide; 

•	 constraints, e.g. resources, the degree of flexibility required from the design, stakeholder interests; 

•	 requirements, e.g. staff numbers, occupancy rates, number of beds, percentage of singlebed and 
multibed wards. 

This task will not only help reflect on the overall scope of the facility but will assist in an initial consideration 
of the types of user experience the facility design will need to consider. 
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1.2 Create the design team 
In order to ensure that the design process addresses the needs of all users and 
helps to improve safety, a multidisciplinary design team is needed (i.e. a team 
including representative, key users and experts such as human factors and risk 
experts, individuals with HCAI specialist knowledge) and appropriate consultation 
and communication needs to be established with key stakeholders. 

“Project teams are multidisciplinary the wider scope of the human machine 
system is addressed by parallel involvement of those responsible for technical 
aspects (system developers) and non technical aspects (end users, human factors 
specialists, support personnel and trainers).” 

Health and Safety Executive23 

For the design team to work effectively it must have: 

•	 clear roles and responsibilities for designers, stakeholders and expert 
consultants; 

•	 a clear team leader; 

•	 decisionmaking processes in place that are clearly understood by all team 
members; 

•	 processes to review the performance of the team throughout the design 
process; 

•	 team members who utilise the best available research evidence and good 
practice to inform design for creating safer hospitals. 

The team composition and detailed involvement is likely to change as the project 
progresses, but a core set of user representatives and designers should be involved 
throughout its duration. 
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1.3 Develop the usercentred design strategy 
For the project to be successful, the design team should manage and implement a robust usercentred 
design strategy supported by the stakeholders. 

Ensuring [human factors] considerations are integrated into the overall project lifecycle is fundamentally an 
issue of project management and systems engineering… Neglect of human factors requirements can lead 
to systems that cannot deliver the performance expected.” 

London Underground24 

The leaders should anticipate any potential barriers that may inhibit the design of the facility and try to 
tackle them before they become a major problem. The strategy should also have enough flexibility to 
accommodate any foreseeable changes. 

A usercentred design strategy should have the following objectives to: 

•	 take account of all the activities required during the design, development and implementation of the 
facility that will address user requirements, risks, hazards, safety issues and usability issues; 

•	 include users in the design process; 

•	 ensure the programme identifies time periods to eliminate or mitigate the impact of risks, hazards, and 
usability/safety related issues on all users; 

•	 consider normal, abnormal, degraded and emergency operating conditions. 

To achieve these objectives, a usercentred design strategy should: 

•	 provide a strategic framework so that all user requirements, risks, hazards and usability/safety related 
issues will be addressed throughout the design process; 

•	 provide clear indicators as to what are considered to be acceptable and unacceptable levels of 
patient safety risks; 

•	 have a process to record, track and eliminate or mitigate identified risks, hazards and usability/safety 
related issues; 

•	 set out responsibilities of all external contractors and internal personnel with respect to implementing 
and managing the usercentred design process; 

•	 anticipate potential barriers. 
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1.4 Establish input/communication with all key stakeholders 
Effective stakeholder engagement is essential in order for the design project and design 
team to be successful. 

•	 Accurately identify all key stakeholders, such as: 

 clinical and nonclinical staff; 

 representatives; 

 industry representatives; 

 architects, engineers, equipment representatives, 
private finance initiative consortiums (PFIs) and the trust executive team;
 

 human factors and risk management experts.
 

•	 Identify their expectations, requirements, conflicts of interest and strengths. 

•	 Determine how these strengths can be effectively utilised, how conflicts can be managed and the 
best methods of working with each stakeholder group. 

•	 Determine which stakeholders should be actively involved with the design team. 

•	 Determine a plan to communicate and obtain input from those stakeholders that are not actively 
involved with the design team. 

A responsible, accountable, supportive, consulted and informed (RASCI) chart can be a useful tool to help 
identify and determine: 

•	 who should be in the design team; 

•	 the roles and responsibilities of team members; 

•	 at which points within the design process to communicate with different stakeholders. 

See appendix 2 for details on constructing a RASCI chart. 

23 



Further reading 

•	 Department of Health/NHS Estates. Advice to 
trusts on the main components of the design 
brief for healthcare buildings. The design brief 
working group. (2002). 
This document provides a lot of information 
on the key issues that need to be considered 
when identifying the aim and capabilities of a 
facility and developing a design strategy. 

•	 Department of Health. Design development 
protocol for PFI schemes. (2004). Available at: 
www.dh.gov.uk/PublicationsAndStatistics 

•	 Department of Health. The design brief 
framework for PFI public sector comparators at 
OBC stage. (2004). Available at: 
www.dh.gov.uk/PublicationsAndStatistics 

•	 Department of Health. Health technical 
memoranda. Available at: 
www.dh.gov.uk/PublicationsAndStatistics 
These guidance documents are produced 
by the Department of Health Gateway Review 
Estates and Facilities Division for use by 
architects and other professionals involved in 
the design process. 

•	 Department of Health. Health building notes. 
Available at: 
www.dh.gov.uk/PublicationsAndStatistics 
These guidance documents are produced by 
Department of Health Gateway Review 
Estates and Facilities Division for use by 
architects and other professionals involved in 
the design process. 

•	 Building regulations. HMSO publications, 
London 
Statutory legislative documents which regulate 
building standards. 

•	 Health and Safety Executive. Human factors 
integration. Implementation in the offshore 
and onshore industries. (2002). ISBN: 07176 
2529 
This document provides information about 
putting together a human factors strategy. 

•	 Hallows J. The project management office 
toolkit. AMACOM, USA. (2001). ISBN: 
0814406637. 
This book provides details on project 
management and how to improve 
project management. 

•	 Johnson D, Johnson F. Joining together: group 
theory and group skills. Allyn & Bacon, Boston, 
USA. (2005). ISBN: 0205367402. 
This book provides a lot of information 
about building teams and developing 
team processes. 

•	 Federal Aviation Administration. Systems safety 
handbook. (2000). Available at: www.faa.gov 
This document covers guidance on 
developing a human factors programme – 
roles and responsibilities, planning key stages 
and milestones. 

•	 London Underground Ltd. Good Practice in 
human factors integration. (2002). Report 
number: M1035A1 
This document provides good practice for 
developing a design team to include all users, 
identifying operational requirements and 
developing strategic design plans. 

•	 US Department of Transport. Planning and 
design guidelines for airport terminal facilities. 
(1988). Report number: 150/536013 
This guidance covers initial planning 
considerations, design methodologies, 
functional relationships, building space 
and accessibility. 

•	 European Organisation for the Safety of Air 
Navigation. Guidance for human factors 
integration. (2004). European Air Traffic 
Management report number: HRS/HSP003
GUI01 
This guidance provides a stakeholder task 
matrix, which gives a useful checklist for 
activities that should be covered by the design 
team and processes that should be in place 
before the project begins. 
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•	 American Institute of Architects (AIA) 
and Facility Guidelines Institute (FGI). 
Guidelines for design and construction 
of hospital and health care facilities. 
(2006) ISBN: 157165013 
These are professional guidelines from 
the AIA and the FGI. 

•	 Health and Safety Executive. Human 
factors assessment model validation 
study. (2004). HSE report number 194. 
ISBN: 071762809 4 
This document provides details of the 
HSE human factors assessment model 
that helps organisations understand the 
extent to which they are following good 
practice in addressing human factors in 
the design process. 

•	 American Bureau of Shipping (ABS). 
Guidance notes for the application of 
ergonomics to marine systems. (2003). 
Report no. ABS 86 
Guidance notes on incorporating human 
factors into design. 

•	 International Standards Organisation. 
Ergonomic principles in the design of 
work systems. (2004). ISO document 
reference: ISO 6385 
This guidance document provides details 
on incorporating ergonomics into the 
design process. 

•	 Federal Aviation Administration. User 
manual for ATC human factors checklist. 
(1995). ASIN: B0006QDO5Q 
This guidance covers information on 
developing a human factors 
integration plan. 

•	 SRD Association, Ball P. The guide to 
reducing human error in process 
operations. AEA Technology. (1991). 
ISBN: 0853563578 
This guide covers reducing errors 
through addressing human factors. 

•	 Norwegian Petroleum Directorate. HF 
assessment method for control rooms. 
(2003) 
This document details a human factors 
assessment method and good practice. 
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Step 2: Identify users and key activities
 
Aims: 

•	 To obtain a thorough understanding of the facility users and experiences. 

•	 To start to develop an understanding of how the facility can help support endusers, promote positive 
patient outcomes and minimise risks to all users. 

Key considerations: 

•	 Who are the users of the facility and what are their characteristics, capabilities and limitations? 

•	 What services will this facility provide? 

•	 What are the main activities each user group will undertake or experience? 

Specific design principles relevant to this stage: 

•	 Design around major organisational processes. 

•	 Understand the user experiences and journeys. 

•	 Adopt consistent and effective leadership. 

2.1 Identify all users, their characteristics and their requirements 
An essential part of usercentred design is to identify all potential users of the facility, their characteristics 
and their requirements. This allows their needs to be fully considered and lays the foundation for 
undertaking detailed risk and hazards identification and assessment that will lead to safer facility design. 

When identifying all the potential users of the facility, it is important to ensure that the design team takes 
account of the full spectrum of users and is not just focused on the general population. 

Specific user groups must be considered and identified from these three generic groups: 

•	 staff – clinical and nonclinical; 

•	 patients – inpatient, outpatient, critical and noncritical; 

•	 public – visitors and local community. 

The user characteristics of each group should be identified. The characteristics would include, for example, 
age, language abilities, skills and competencies, mobility and experience using the facility. A detailed set of 
user characteristics that should be considered is provided in appendix 3. 

The table on page 27 is an example of a matrix that can be used to begin to identify key users and their 
characteristics. This matrix allows the design team to systematically identify users and determine their level 
of vulnerability, characteristics, needs, and safety and design implications. The categories of user groups can 
be developed and expanded as more details on the users become available. 
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User group matrix 

User group User 

characteristics 

Vulnerable group 

Y/N 

Main activities 

and/or processes 

Goal of 

task/activities 

Investigative for 

safety risk Y/N 

Implications for 

design 

Comments 

Patients Ambulatory 

Non
ambulatory 

Complicated 
conditions 

Planned 

Emergency 

Staff Clinical 

Nonclinical 

Public Patient visitors 

Local 
community 

2.2 Identify all main activities and processes 
Identifying the users of the facility and developing an overview of the activities and processes that will take 
place within the facility is the starting point for identifying and understanding the user experience for each 
specific user group. These processes should be reviewed in advance in order to ensure that the design team 
understand the key organisational processes to design around. 

“Analysis should be carried out of the tasks that will be involved in performing safety functions to 
determine the demands on personnel in terms of perception, decision making and action.” 

Nuclear Installations Inspectorate21 

In order to identify main activities and processes, the following stages should be completed: 

•	 Elicit information regarding processes and activities from real users of similar facilities through 
observations, interviews, surveys and workshops. 

•	 Create a model of workflow or process mapping. This should consider: 

 services provided; 

 goals, major tasks and subtasks for each service provided; 

 relationships and interaction between services. 

•	 Use participative workshops with real users to confirm the accuracy of this workflow model. 

•	 Review policies and procedures within the organisation or wider in order to understand the existing 
recommended working practices. 

•	 Be aware of differences between recommended and realistic working practices. 

Relevant characteristics of the physical and social environment should also be considered. 
These can include: 

•	 the materials and equipment people use; 

•	 characteristics of the workspace; 

•	 environmental characteristics of the environment such as temperature, humidity and noise; 

•	 work practices. 

There is much to be learned from lean manufacturing approaches when designing around core processes. 
Lean manufacturing focuses on identifying core processes, and the activities and services required to 
support them. Appendix 5 gives further details. 
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Applying lean production to rail vehicle maintenance25 

A rail vehicle maintenance depot reviewed their maintenance work by using an approach called ‘pit stop 
maintenance’ adapted from the lean philosophy (used in the automotive industry to reduce waste during 
production). This approach is a method for analysing the organisation’s maintenance processes and then 
reducing the materials, skilled resources and time required to complete scheduled maintenance. 

As a prerequisite, all employees were provided with a day’s training on the principles of lean production. 
The benefits of this included enhancing morale by demonstrating belief in the value of all employees and 
recognising that they can contribute to business performance. 

At the outset of the redesign, a teambased method was used that involved maintainers, unions and 
personnel from different functional levels across the organisation. 

Using a number of participative workshops, the following activities were undertaken: 

•	 Three separate teams each observed a man who was conducting an examination on a rail vehicle. 
The team were specifically looking to observe the tasks undertaken within the examination, the time it 
took to complete these, and how the availability of tools and equipment affected their completion. 

•	 Each team discussed the results of their observations with the rest of the workshop. The common 
finding was that workers seemed to waste a lot of time walking to the equipment stores to get parts 
and tools to repair the rail vehicle. 

•	 A design solution was developed within the workshop. A trolley was built that would allow equipment 
and parts to be wheeled to the maintainers and stop them from having to waste time walking to and 
from the equipment store. 

The benefits of this approach include: 

•	 reduction in maintenance failure; 

•	 increased train availability; 

•	 improved safety by reducing time pressure; 

•	 more rapid enhancement of team skills and competency; 

•	 clear standards and procedures of working; 

•	 increased morale and employee contribution. 

The following techniques can be used to identify users, requirements and key activities 
(see appendices 1 and 4 for more details): 

•	 observation; 

•	 interviews; 

•	 questionnaires and surveys; 

•	 participative workshops; 

•	 scenarios; 

•	 walk/talkthroughs. 

28 



Further reading 

•	 US Food and Drug Administration. Medical 
device user safety. (2000). US Department of 
Health and Human Services report number: 1497 
This guidance document provides information 
about identifying user characteristics and the 
type of characteristics that should be considered. 

•	 International Organisation for Standards. Human
centred design processes for interactive systems. 
(1999). ISO document reference: ISO 13407 (E) 
This document provides guidance on identifying 
the characteristics of intended users, the 
tasks/activities undertaken and the characteristics 
of the physical and social environment. 

•	 Association for the Advancement of Medical 
Instrumentation. Human factors design process 
for medical devices. (2001). AAMI document 
reference: ANSI/AAMI HE74:2001 
This document provides guidance on the 
methods that can be used to identify user 
characteristics and requirements and the main 
activities and processes within a facility. 

•	 Rail Safety and Standards Board. Understanding 
human factors a guide for the rail industry. 
(2006). ISBN: 0955143519 
This guidance document covers usercentred 
design in the rail industry. 

•	 Bicheno J. The new lean toolbox: towards fast, 
flexible flow. Picsie Press, England. (2004). ISBN: 
0954124413 
This book provides details of the lean 
production technique. 

•	 Amaro VA. A practitioner’s guide to lean 
manufacturing. (2006). ISBN: 0978741102 
This document is a guide to lean manufacturing. 

•	 Cooper RG, Edgett SJ. Lean, rapid and profitable 
new product development. (2005). Product 
Development Institute. ISBN: 0973282711 
This book details lean manufacturing for 
product development. 

•	 Health and Safety Executive. Reducing error and 
influencing behaviour. (1999). Report number: 
HSG 48. ISBN: 0717624528 
This guidance document provides information on 
designing to reduce errors. 

•	 Sawyer D. Do it by design – an introduction to 
human factors in medical devices. US Food and 
Drug Administration. (1996) 
This document provides information on the 
integration of user characteristics and the 
operating environment in the design process. 

•	 Ministry of Defence. Human factors for designers 
of equipment. (1988). Report number: defence 
standard 0025 
This document outlines the standards covering 
the type of user characteristics that should be 
covered in design. 

•	 United States Military. Human engineering design 
criteria for military systems, equipment and 
facilities. (1999). Document reference: 
MILSTD1472D 
This standard provides information on practices 
to integrate humans (their requirements) into 
systems and facilities. 

•	 International Standards Organisation. Ergonomic 
principles in the design of work systems. (2004). 
ISO document reference: ISO 6385 
This guidance document provides information on 
incorporating ergonomics into the 
design process. 
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Step 3:
 
Identify the safety issues
 

Aim: 

•	 To identify the key safety issues that require further detailed 
analysis. 

Key considerations: 

•	 People – identifying vulnerable patients and patient groups. 

•	 Outcomes – investigating known clinical risks and 
precarious events. 

•	 Processes – analysing procedures, working practices, patient 
journeys and care pathways for risks. 

•	 Places – identifying activities and locations that need to be 
subjected to detailed hazard and risk assessment. 

Step 3 identifies the key, top level safety issues relevant to the 
facility. More detailed assessment of these issues in step 4 will 
then determine which can be addressed by the facility design 
(rather than via work, equipment or information design). 

Specific design principles relevant to this stage: 

•	 Design around the key vulnerable populations. 

•	 Understand the user experiences and journeys. 

•	 Address known hazards to patient, staff and visitor safety 
in the physical environment. 

•	 Use/assess existing designs and incident data for common 
problems. 

•	 Identify contributory factors and latent conditions. 

•	 Adopt consistent and effective leadership. 
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3.1 Determine vulnerable patient 
groups and vulnerable activities 
It is important to design around vulnerable populations and vulnerable activities (treatments that leave 
individuals who are not within vulnerable populations at risk) as they are likely to be the most susceptible 
and provide the greatest challenges for the design to address. 

Vulnerable patients can be considered as people: 

•	 who are more susceptible to errors, risks and hazards (e.g. patients suffering from complex conditions, 
those needing multiple or emergency interventions); 

•	 who are more fragile than the average patient (e.g. children and the elderly); 

•	 for whom the outcome of incidents would be more serious (e.g. falls in the elderly); 

•	 with whom communication may be difficult (e.g. due to language difficulties, hearing problems, 
unconsciousness, confusion); 

•	 who are categorised as having special needs (e.g. physical, mental and/or emotional). 

Vulnerable activities include: 

•	 surgery; 

•	 patients being anaesthetised; 

•	 recovery from surgery; 

•	 transfers and handovers; 

•	 interface between specialities. 

“When making design choices the solution should work for the most vulnerable patients.” 

Center for the Study of Healthcare Management18 

The range of services to be provided by the facility will determine the relevant patient groups and 
vulnerable patients and activities. Attention needs to be paid to the community and target population that 
the facility will serve, as this may identify demographic issues that need to be considered when identifying 
the vulnerable groups, such as those where multiple languages are spoken. 

Understanding the activities undertaken, treatments, equipment, devices and medicines used, and the 
characteristics of the environment in which these activities and treatments are undertaken, will help to 
identify the requirements and potential hazards associated with them. Observations, workshops, surveys 
and formal studies can be undertaken to assess needs and requirements, although these approaches may 
need to be adapted to accommodate certain vulnerable patient groups. 
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3.2 Identify known, key clinical risks 
Research conducted in the healthcare sector has identified issues that should be considered when designing 
a healthcare facility

1
. Known clinical risks include the spread of infection, treatment errors, delays in 

emergency care, slips, trips and falls, and injuries through manual handling. 

Below is a list of some of the recognised hazards within hospital facilities and the associated facility design 
issues that should be considered in order to control these risks9,10 . 

This is not an exhaustive list, but is used to illustrate some of the risks that need to be considered during 
facility design: 

Healthcareassociated infection: 

•	 level of air quality; 

•	 bed configuration – single or multibed rooms; 

•	 provision of hand cleaning facilities; 

•	 number of patient transfers; 

•	 design of curtains at beds, sanitary ware and 
windows. 

Slips, trips and falls: 

•	 design of floor surfaces; 

•	 removal of sharp edges; 

•	 appropriate use of hand and grab rails; 

•	 design of room to reduce unassisted movements; 

•	 degree of patient visibility. 

Stress: 

•	 levels of noise; 

•	 wayfinding; 

•	 access and control of environment; 

•	 space and social support. 

Manual handling injuries: 

•	 levels of patient transfers and the need for 
manual handling; 

•	 accessibility and usability of manual handling 
equipment; 

•	 size of rooms, bathrooms and doorways to 
accommodate staff assisting patients; 

•	 size of rooms and doorways to accommodate 
equipment for bariatric patients. 

Treatment errors: 

•	 level of standardisation of rooms, storage and 
equipment; 

•	 ease of access to equipment – reduce shortcuts 
and task steps; 

•	 levels of noise and lighting at task location and 
at charting station; 

•	 ease of staff movement around bed and 
bathroom; 

•	 number of patient transfers/movements; 

•	 communication areas; 

•	 access to information notes and information 
technology equipment. 

•	 storage of equipment, medication and supplies. 

Poor patient visibility: 

•	 location of rooms and bed(s); 

•	 accessibility of rooms and bed(s); 

•	 location and design of nurse station; 

•	 design of door and/or observation window; 

•	 level of visibility required for the type of patient 
and the type of operational room they occupy; 

•	 levels of natural light and extent to which 
lighting is standardised so all patients look the 
same under the light; 

•	 mechanisms to improve visibility (e.g. cameras, 
although cameras can reduce patient privacy). 

As well as considering known medical risks and precarious events, the design team should proactively 
identify any other hazards and risks associated with the use of the facility, for example, by using hazards 
checklists. Guidance on developing such checklists is provided in HSE publications26,27 . 
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3.3 Identify hazards associated with main activities 
Healthcare facilities, and particularly hospitals, are large, complex systems and it is important to identify all 
hazards associated with the main and most frequent activities. These could be: 

•	 very frequent or practised activities that are subject to slips in human performance, accepted violations 
or established workarounds; 

•	 rare or exceptional activities that staff may have little opportunity to practice; 

•	 locations that have specific functions, e.g. operating rooms, reception areas; 

•	 locations that may have safety implications for many activities, e.g. stores, movement areas, 
blood banks. 

Examples of potential areas are: 

Potential facility areas for consideration Examples of risks to consider 

Operating theatres Infection; medication errors 

Recovery units Poor staff visibility of patients 

Patient wards (singlebed, multibay) Infection spread; patient stress 

Reception areas Slips, trips and falls; violence to staff 

Examples of potential activities are: 

Potential facility activities for consideration Examples of risks to consider 

Resuscitation Equipment not maintained on resuscitation trolleys; 
items not replaced 

Clinical handover Access to information systems such as whiteboards 
and records; areas for staff meetings; visibility of 
patients 

Bedside checking and prescribing Provision of working areas; lighting; access to 
patients, devices and equipment 

This activity will also help to identify key areas for mockups and user testing in the next stage of the design 
process. It will now be possible to start to determine not only which specific areas of the facility will be 
examined but also which hazards and risks will need to be assessed in greater detail. 

It is important that all risks are recorded (even those not selected for further evaluation) and addressed in 
the design solution and evaluation stages. 
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Further reading 

•	 Department of Health. Design Guidance for new 
build and major refurbishment of facilities for the 
provision of primary dental care. (2007). R&D 
Project B(01)17, NHS Estates. 
This document is a report from the NHS 
Estates research into the design of facilities 
for primary care. 

•	 Ulrich R et al. The role of the physical 
environment in the hospital of the 21st century: 
a once in a lifetime opportunity. Report to the 
Center for Health Design for the Designing the 
21st Century Hospital Project. (2004) 
This document reports on research which 
indicates the benefits of facility design to help 
tackle known medical risks and precarious 
events. 

•	 Department of Health/NHS Estates. Exploring the 
patient environment. (2004). ISBN: 0113224885 
This provides details of empirical evidence 
detailing the positive effect that building design 
has on patient outcomes. 

•	 Rooney JJ, Vanden Heuvel LN. Root cause 
analysis for beginners. Quality Progress 
(American Society for Quality, USA). (2004; July) 
This article describes the steps to conduct a RCA 
and worked examples. 

•	 Kirwan B, Ainsworth LK. A guide to task analysis. 
Taylor & Francis, London. (1992). ISBN: 
0748400575 
This book provides detailed information on how 
to conduct HAZOP studies, walk/talkthroughs, 
desktop exercises and TA. 

•	 National Patient Safety Agency. Root cause 
analysis toolkit. NPSA 2008 Available at: 
www.nrls.npsa.nhs.uk/rca 
An online guide to RCA. 

•	 US Nuclear Regulatory Commission. Human 
factors engineering program review model. 
(2004). Document reference: NUREG 0711, REV 2 
This is guidance on utilising operator experiences 
to identify safety areas and risks. 

•	 International Electrotechnical Commission. 
Medical electrical equipment – Part 11: general 
requirements for safety – collateral standard: 
safety requirements for medical electrical 
systems. (2000). Report number: IEC 6060111 
Ed. 2.0 b:2000 
This report describes the safety requirements 
necessary for medical electrical equipment to 
provide protection for the patient, the operator 
and surroundings. 

•	 Ministry of Defence. Human factors for designers 
of equipment. (1988). Defence standard 0025 
This document outlines the standards covering 
the types of hazards and stresses that should be 
addressed in design. 

•	 NASA. Userinterface guidelines. (2006). Report 
no.: DSTL095033 
This document provides guidance on the types 
of external factors that should be addressed 
in design. 

•	 International Standards Organisation. Ergonomic 
design of control centres. (1999–2000). ISO 
document reference: ISO 1106413 
This guidance document addresses ergonomic 
issues through design. 

•	 Engineering Equipment & Materials Users' 
Association. A guide to design, operational and 
human interface issues. (2002). ISBN: 085931 
1368 
This document covers operational issues to be 
addressed in design. 
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Step 4: 
Analyse and prioritise 
the safety issues 
Aims: 

•	 To analyse safety issues in detail. 

•	 To identify those safety issues to be addressed by facility 
design solutions. 

Key considerations: 

•	 Conducting a detailed analysis of selected areas 
and activities. 

•	 Ensuring that appropriate analytical tools and methods are 
selected and used. 

•	 Determining which issues are amenable to facility design 
and which are best addressed through equipment, 
information or work process design. 

•	 Appropriate involvement of ‘real users’. 

Specific design principles relevant to this stage: 

•	 Address known hazards to patient, staff and visitor 
safety in the physical environment. 

•	 Use/assess existing designs and incident data for 
common problems. 

•	 Identify contributory factors and latent conditions. 

•	 Adopt consistent and effective leadership. 

The main aim for this step of the design process is to prioritise 
safety issues. The assessments should involve real users talking 
through or enacting the activities that they will undertake in 
the facility as part of the process in order to specifically identify 
and describe the hazards and usability issues. 

The analysis will determine where in a sequence of actions 
these hazards and usability/safety issues occur, as well as their 
severity and likelihood of occurring. This gives a clear indication 
of which issues can be addressed by design solutions, and 
therefore where time and resources should be focused. Finally, 
the depth of knowledge obtained from this analysis will allow 
for the development of more effective and practical design 
solutions. 
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4.1 Analyse risks and latent conditions 

Hazards and risks need to be identified before they can be eliminated or mitigated through design. 

Some hazards can lie dormant for long periods of time and may only lead to incidents when they combine 
with other factors; these are sometimes referred to as latent conditions or latent factors. Examples of latent 
conditions and their associated risks are: 

Noise 

Lack of sound 
proofing/damping to 
minimise ambient noise 

Inadequate assessment of 
user activities and 
procedures does not 
identify the range of 

equipment and devices that 
may be used in combination 

with each other 

Multiple auditory 
alarms may be present 
around one patient or 

in one unit 

Critical alarms are masked 
leading to poor monitoring of 
patient status, errors in drug 
administration and failure to 
detect critical conditions 

Ambient noise may mask 
auditory alarms on 
equipment or devices 

Ambient noise may make 
communication between 

staff difficult 

Failure to detect and 
respond to audible alarms 
and alerts leading to poor 
monitoring of patient 
status, errors in drug 

administration and failure 
to detect critical conditions 

Stress for patients and staff 
leads to: miscommunication 
between staff resulting in 
errors in diagnosis, 

medication and treatment 

Human factors 
design issue Latent condition Consequences Patient safety 

implications 
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Human factors Patient safety Latent condition Consequences design issue implications 

Unnecessary and excessive Design of facility or 
staff journeys needed to Reduced time available and 

subsequent re organisation 
carry out everyday tasks, performance adversely 

results in equipment, 
e.g. to collect/record notes, affecting reaction times, 

devices, medicines and 
test samples and results, concentration, judgement and 

supplies being stored away 
staff meetings decision making 

from point of use 

Errors such as misreading 
and misinterpreting 

Fatigue information, skipping critical High temperatures and Increased fatigue 
steps, misdiagnoses, noisy environments 

incorrect dosages or settings 
for treatments 

Errors such as misreading 
and misinterpreting 

Poorly designed and Increased fatigue information, skipping 
managed staff shifts and stress critical steps, 

and rotas misdiagnoses, incorrect 
dosages or settings for 

treatments 

Control and displays on Errors are made in 
equipment settings due to equipment interfaces use Non standardised unfamiliarity with the design different operating interface design on or incorrect mental model of conventions, e.g. setting equipment or devices how the interface works, 

dosage, flow rates, times, resulting in medication or 
alarm limits treatment errors 

Staff have established Assumptions are made on 
Non standardised and practiced methods how patient information 

Inadequate working procedures of operation that and test results are 
standardisation across units or trusts conflict with procedures managed, which can result 

in other units in miscommunication 

Information on allergies, 
dosage and patient Patients given incorrect Non standardised 
identification are dosage, prescribing prescribing systems 

recorded differently on protocols or drugs 
drug charts 
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Methods available to analyse risks 

The following methods can be used to prioritise 
specific hazards, latent conditions, usability problems 
and other safety related issues: 

•	 failure modes and effects analysis (FMEA); 

•	 hazard and operability (HAZOP) studies; 

•	 task analysis (TA); 

•	 human error identification (HEI) techniques; 

•	 heuristic evaluation; 

•	 user trials; 

•	 mockups. 

An indication of these methods is given in 
appendix 4. 

Root cause analysis 

Root cause analysis (RCA) is a useful method that can 
be used to analyse incidents and near misses to 
identify precarious events and their root causes. A 
variety of techniques are used including interviews or 
workshops with multidisciplinary facility staff. 

For more details on conducting an RCA 
see appendix 4.2. The NPSA has developed 
an RCA toolkit specifically for patient safety 
incidents28 . 

“The need to identify hazards, assess risks and select, 
implement and monitor preventive actions is an 
essential foundation of safety management the 
avoidance of latent failures.” 

Advisory Committee on the Safety of 
Nuclear Installations3 

Nuclear chemical plant design5 

To enhance safety and operability, a number of 
human factors techniques were utilised during the 
design of a large thermal oxide reprocessing plant. 
The main objective was to evaluate the safety 
adequacy of the plant’s usermachine interfaces and 
identify design recommendations that could help 
reduce error and risk, and improve safety and 
operability. 

A suite of methods was used based on interviews, 
observations, analysis of design plans and mockups, 
such as: 

•	 hierarchical TA – to identify operator tasks within 
the control room and to examine the extent to 
which operators would be able to cope with 
these complex tasks; 

•	 human error analysis – to identify and categorise 
potential errors that can arise from tasks carried 
out within the control room and help 
determine where problems could be rectified 
through redesign; 

•	 ergonomic checklists to identify potential usability 
issues in the design of control panels. 

Results from the analysis identified a host of useful 
findings to help redesign, such as: 

•	 display screens should be hierarchical to 
facilitate understanding; 

•	 irrelevant digital detail in the screen should be 
avoided; 

•	 size and labelling should be used to show 
important items on the panel; 

•	 certain buttons on the control panel are not 
readily discriminable from each other; 

•	 lack of CCTV means it is difficult for operators to 
observe the functioning of certain facilities from 
the control room. 

These findings led to a number of significant design 
changes including: 

•	 revised layouts of emergency shutdown panels 
and control panels; 

•	 enhanced colour coding across the facility to 
improve navigation and understanding; 

•	 identification of control protection devices. 

In addition, the assessment program helped to 
identify projected staffing levels while the hierarchical 
TA became one of the major methods for 
determining training and procedural content. 
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4.2 Prioritise which safety issues can be addressed by facility design 

An initial screening should now be undertaken to identify which hazards can be addressed by 
facility design; some issues will be better addressed through the design of equipment, information, 
or work processes. 

Prioritise which hazards and risks will be examined in detail 

Hazards then need to be prioritised to decide which warrant further investigation. Hazards are generally 
prioritised in terms of perceived severity or consequence for patients, staff and the public, and perceived 
likelihood of occurrence. The likelihood needs to consider both the probability per activity, and the 
frequency of the activity. 

A risk matrix such as the one below can be used to identify which combinations of severity and likelihood 
should be considered for detailed examination. All hazards above moderate should be examined in more 
detail in the next stage of the design process. 

Risk matrix 

Consequence 

Likelihood 

Rare 

1 

Unlikely 

2 

Possible 

3 

Likely 

4 

Almost certain 

5 

5 Catastrophic 5 10 15 20 25 

4 Major 4 8 12 16 20 

3 Moderate 3 6 9 12 15 

2 Minor 2 4 6 8 10 

1 Negligible 1 2 3 4 5 

For grading risk, the scores obtained from the risk are assigned grades as follows: 

13 Low risk 46 Moderate risk 812 High risk 1525 Extreme risk 
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Further reading 

•	 Designing to optimise mental health in care 
homes for older people, 2007, R&D Project 
B(02)06, NHS Estates. 

•	 A comparative study of the impact of 
environmental upon hospital patients and staff, 
2000, R&D Project B(97)05, NHS Estates. 

•	 Norris B, Wilson J. Designing safety into 
products. Department of Trade and Industry, 
England. (1997). ISBN: 0952257122 
This document provides guidance for identifying 
potential hazards, user trials and choosing the 
best method. 

•	 Kirwan B, Ainsworth LK. A guide to task analysis. 
Taylor & Francis, London. (1992). ISBN: 
0748400575 
This guide provides detailed information on 
conducting the majority of techniques to identify 
hazards and prioritise risks, such as HAZOP 
studies, FMEA and TA. 

•	 Wilson J, Corlett N. Evaluation of human work – 
a practical ergonomics methodology. Taylor & 
Francis, London. (2005). ISBN: 0415267579 
(third edition) 
This report provides detailed information about 
conducting TA, walkthroughs, simulations, user 
trials and observations. 

•	 Tyler B. HAZOP: guide to best practice. Institution 
of Chemical Engineers, UK. (2000). ISBN: 
0852954271 
This is best practice guidance from the chemical 
industries on conducting HAZOP studies and the 
approaches that can be taken. 

•	 Ammerman M. Root cause analysis handbook: a 
simplified approach to identifying, correcting and 
reporting workplace errors. Quality Resources, 
USA. (1998). ISBN: 0527763268 
This handbook provides detailed information on 
conducting RCA along with walkthrough 
examples that illustrate the method and show 
how to implement it. 

•	 Nielsen J. Usability inspection methods. John 
Wiley & Sons, UK. (1994). ISBN: 0471018775 
This book provides details of methods used to 
assess usability, including heuristic evaluation. 

•	 Carroll J. Scenariobased design. John Wiley & 
Sons, UK. (1995). ISBN: 0471076597 
This book discusses an array of scenariobased 
design approaches and demonstrates their 
practical applications. 

•	 Dumas J, Redish J. A practical guide to usability 
testing. Intellect Ltd, UK. (1999). ISBN: 
1841500208 
This guide covers planning, testing, and 
reporting of the results from usability tests as 
well as discussing the strengths and weaknesses 
of usability testing. 

•	 Vincent C. Patient safety. Churchill Livingstone, 
London. (2006). ISBN: 0443101205 
This book details the steps needed to complete a 
FMEA and worked examples. 

•	 Harris D et al. Using SHERPA to predict design
induced error on the flight deck. Cranfield 
University, UK (2005). Item number: 1826/980 
This provides a description of the SHERPA 
technique and example of its use in aviation. 

•	 Rail Safety Standards Board. Rail specific HRA 
tool for driving tasks. (2004). RSSB report 
number: 5013727 
This document provides details of the 
TRACER technique and its application within 
the rail industry. 

•	 Department of Health and Design Council. 
Design for patient safety: a systemwide design
led approach to tackling patient safety in the 
NHS. (2003). Product number: 32768 
This provides examples of poor practice, 
description of TA, and recommendations for 
designing for patient safety. 

•	 Sawyer D. Do it by design – an introduction to 
human factors in medical devices. US Food and 
Drug Administration. (1996) 
This document provides information on 
conducting observations, interviews and 
hazard analysis. 

•	 Federal Aviation Administration. User manual for 
ATC human factors checklist. (1995). ASIN: 
B0006QDO5Q 
This guidance covers human factors testing. 

•	 Advisory Committee on the Safety of Nuclear 
Installations. Organising for Safety. HSE Books. 
(1993). ISBN: 0717608654 
This document covers the impact of latent 
conditions in the nuclear industry. 

•	 Nuclear Installations Inspectorate. Safety 
assessment principles for nuclear power plants. 
HSE Books. (1992). ISBN: 0118820435 
This document covers risk and hazard 
assessments for the nuclear industry. 
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Step 5: 
Develop potential design 
options and solutions 

Aims: 

•	 To develop potential design options that are likely to improve safety by 
reducing risk and meeting user requirements. 

•	 To select potential design solutions that are feasible, practical and 
merit detailed evaluation. 

Key considerations: 

•	 Involve a broad spectrum of users (especially marginalised groups) to 
help develop and consider potential design solutions. 

Specific design principles relevant to this stage: 

•	 Address known hazards to patient, staff and visitor safety in the 
physical environment. 

•	 Identify and mitigate any new risks that may be introduced. 

•	 Design for standardisation. 

•	 Design for usability, functionality and flexibility. 

•	 Focus on simplicity. 

•	 Focus on systems, not just individual elements. 

•	 Design for visibility. 

•	 Design for workflow. 

•	 Adopt consistent and effective leadership. 
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5.1 Develop solutions 
The previous step generates a list of risks, safety issues and usability issues to be addressed by the 
facility design. The next step is to generate potential design solutions that minimise risks and 
promote positive outcomes by: 

• removing hazards where practicable through design; 

• mitigating hazards where appropriate; 

• reducing the potential for human error, especially in the delivery of care; 

There are a number of approaches that can be taken in order to ensure that design solutions help 
to improve safety and meet the needs and requirements of the endusers of the facility. 

Participative design actively involves users in the development of solutions and the decision
making process regarding which solutions are chosen. This approach has a number of advantages 
in that it utilises the operational knowledge of endusers and helps to ensure that design 
solutions are better received and used by the endusers because they themselves played a major 
role in developing them. 

The design process should include users from all key vulnerable groups, especially those who are 
commonly marginalised or ignored (such as the elderly or individuals with disabilities). 

“Accident rates tend to be lower when participative relations exist… 
That is, all members of staff help identify hazards.“ 

Advisory Committee on the Safety of Nuclear Installations3 

Methods to use include (see appendices 1 and 4 for more details): 

• focus groups; 

• workshops; 

• individual interviews; 

• questionnaires and surveys. 
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5.2 Examine feasibility of solutions 
It is likely that several potential design solutions to tackle identified hazards will be 
generated and considered. Feasibility can be assessed using mockups where 
appropriate (see also step 6.3). 

The key steps for initial selection include: 

•	 basic feasibility; 

•	 the creation of any new risks or safety issues from the option; 

•	 the likely cost benefits of the option. 

Costbenefit analysis aims to identify the potential costs of implementing the design 
solution and compares them with the potential benefits. Both costs and benefits are 
given a monetary value, thereby allowing a business case for implementing a 
particular solution to be built. In order to enhance the business case for a solution, 
costbenefit analysis also allows benefits that cannot be given a monetary value to be 
included, such as patient or staff satisfaction. 

Cost considerations can include: 

•	 available budgets; 

•	 time; 

•	 labour or expertise required; 

•	 materials; 

•	 maintenance and testing costs; 

•	 frequency of use; 

•	 replacement costs (lifecycle); 

•	 disruption; 

•	 training. 

Benefits can include: 

•	 safety improvements 
(accident/incident rates); 

•	 reliability of facility; 

•	 maintainability of facility; 

•	 efficiency benefits (reduced length 
of patient stay, increase in number 
of patients that can be treated); 

•	 patient, staff and public satisfaction; 

•	 quality of relationship between staff 
and patient; 

•	 cost savings and/or increased 
revenues. 
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5.3 Choose the best options 
To help identify the ‘best’ design options (i.e. those to take forward for detailed evaluation), further 
consideration should be given to: 

•	 Does the solution offer real improvements in patient safety and usability? 

•	 Maintainability – can the solution be maintained over a long period of time and can the facility afford to 
maintain the solution? 

•	 Affordability – can the solution be built and implemented? 

•	 Flexibility and adaptability – how easily will the option accommodate future changes in demand or use? 

•	 Time – how quickly can the option be implemented? 

•	 Disruption – how much disruption is caused by the potential option? 

The following are examples of design solutions that have helped to reduce the occurrence of precarious 
events8,9,10: 

•	 Doublefolded doors in bathrooms give staff more room so they can provide patients with assistance from 
both sides of the toilet, bath or shower. 

•	 Standardised drug drawers and contents reduces additional decision making when finding drugs, helping to 
designout medical errors. 

•	 Sensors on beds or automatic lights within rooms that will detect or turn on when there is movement help 
patients to see when they get up and notify staff that a patient is moving. This helps to reduce falls and 
maintain visibility. 

•	 Reducing the size/amount of ledges and curved edges, as well as removing curtains and using blinds within 
doubleglazed windows, reduces dust. This makes cleaning easier reducing the collection of dust, supporting 
infection control. 

Navigation around large facilities can be improved by: 

•	 placing directional signs at every major intersection and major destinations; 

•	 using a series of cues, such as change in the colour of flooring to indicate to users that 
they are moving from one area to another. 

This assists with wayfinding and navigation, and reduces the number of times directions are asked as well as 
levels of stress. The following methods can be used to develop design solutions (see appendices 1 and 4 for 
more details): 

•	 failure modes and analysis (FMEA). 

•	 root cause analysis (RCA). 

•	 hazard and operability (HAZOP) Studies. 

•	 task analysis (TA). 

•	 human error identification (HEI). 

•	 user trials; 

•	 mockups; 

•	 participative workshops; 

•	 interviews; 

•	 computeraided design. 

44 



Further reading 
•	 Clarkson J. Inclusive design: design for the 

whole population. SpringerVerlag, UK. 
(2003). 
ISBN: 1852337001 
This provides details of the purpose and 
application of inclusive design involving 
marginalised groups within the design 
process. 

•	 Design guide: The design of hospital main 
entrances, 1993, HMSO, ISBN 0113214227. 

•	 Design guide: The design of community 
hospitals, 1991, HMSO, ISBN 0113214022. 

•	 International Organisation for Standards. 
Human centred design processes for 
interactive systems. (1999). ISO document 
reference: ISO 13407 (E) 
This document covers guidance on 
developing design solutions. 

•	 AON Consulting. Evaluating cost
effectiveness and outcomes of asthma 
treatments. (2002) 

This document provides details of 
cost/benefit analysis, worked examples and 
tips for success. 

•	 Purser R. The selfmanaging organization: 
transforming team work through 
participative design. Simon & Schuster Ltd, 
UK. (1999). ISBN: 068483734 

This book provides details on undertaking 
participative design. 
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Step 6: Evaluate design solutions 
Aim: 

• To evaluate and evolve a design solution so that it is fit for implementation. 

Key considerations: 

• Involving ‘real users’. 

• Ensuring that the design solution meets user requirements. 

• Identifying additional improvements. 

• Identifying new risks that design solutions may bring up. 

Specific design principles relevant to this stage: 

• Engage all stakeholders. 

• Adopt consistent and effective leadership. 

• Mockup and evaluate concepts at every stage. 

• Evaluate design with real users. 

• Ensure that the design process is iterative. 

6.1 Determine evaluation criteria 
The design solutions should be evaluated against a clear set of performance criteria. These should be a 
set of specifications or indicators that must be met in order to ensure that the design meets minimum 
safety criteria. Criteria will stem from the following considerations: 

• elimination or reduction of identified risks/hazards; 

• how well the design meets user requirements; 

• ensuring that the design does not introduce additional significant risks or safety issues; 

• the overall costbenefit of the design. 

Many methods outlined in appendix 4 can be used to assist the design evaluation process. As design 
evaluation progresses, there will normally be an increase in the attention paid to detailed aspects of the 
design. Therefore the evaluations are likely to move from paper, computer and tabletop evaluations to 
prototypes and mockups, i.e. increasingly towards a reallife evaluation. Key elements in the design 
evaluation are likely to include: 

• hazard analyses; 

• prototype and mockup evaluations; 

• enduser testing. 
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6.2 Hazard analysis 
Hazard analysis can be conducted at any stage of the detailed design development. When 
there is no prototype or mockup available, the following methods can be used (see appendix 
4 for more details): 

•	 scenarios; 

•	 participative workshops. 

In all cases, a form of HAZOP study can be used to identify sequences of activities and the 
extent to which hazards are eliminated, as well as where new hazards may occur and their 
consequences. 

6.3 Develop prototypes and mockups 
The closer testing is to reallife conditions, the more accurate and useful the evaluation will be. 
Therefore when the design has reached an appropriate point, the evaluation should include 
use of mockups and/or prototypes. During the early stage of the design process, when it is 
not realistic or feasible to develop a full prototype, parts of the design can be mockedup. 

Aspects of the facility that can be mockedup include: 

•	 dimensions; 

•	 dynamics between the users and parts of the facility; 

•	 surfaces and moving parts; 

•	 position and orientation of a part of the facility (e.g. bed, bathroom, cupboard, 
reception desk etc) in relation to the user and/or other parts of the facility; 

•	 information (signage, labelling, instructions, icons and symbols). 
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6.4 Conduct testing with real users 

“It is critical that those end users involved in informing and evaluating the design are 
representative of the eventual end users.” 

London Underground24 

To ensure design solutions actually eliminate hazards/errors, it is important to carry out user 
testing with people from the facility’s key user groups. 

User tests should involve a representative sample of users carrying out a specific task or activity. 
To ensure that the user sample is representative, it is useful to think about who will actually use 
the part of the facility being tested and which characteristics are important for this specific test. 
In particular, it is important to ensure that key groups of users are represented according to 
criteria such as range of skills, training, experience and vulnerability. 

User tests should recreate the full range of potential scenarios such as: 

•	 different users and their characteristics; 

•	 different tasks and activities; 

•	 different characteristics and parts of the facility; 

•	 different environmental characteristics, such as noise, temperature and interactions with 
other parts of the facility; 

•	 unusual or emergency circumstances, such as power outage or breaks in other essential 
utilities. 

During the user tests, a number of methods can be utilised to help identify: errors or hazards; 
usability issues that can lead to hazards or errors; and potential new hazards and/or errors that 
may arise from the design solution (see appendix 4). 

“Involve real users, and give the users real tasks to carry out including normal, degraded, 
abnormal and emergency conditions.” 

UK Rail Safety and Standards Board12 

Always make sure that any alterations are evaluated by the people who do the job and 
take care that a change introduced to solve one problem does not cause difficulties 
somewhere else.” 

Health and Safety Executive13 
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6.5 Identify new risks generated 
by possible solutions 
It is important to appreciate, and be on the look out for, new risks that occur because of design solutions, 
for instance, changes in work practices, introduction in new equipment, or incompatablilty with existing 
systems. All of the methods described in this ‘evaluation’ chapter can be used to help identify new potential 
risks (see appendicies 1 and 4 for more details). 

The following methods can be used to evaluate design solutions (see appendix 4 for more details): 

•	 interviews; 

•	 questionnaires and surveys; 

•	 participative workshops; 

•	 scenarios; 

•	 HAZOP studies; 

•	 user trials; 

•	 mockups; 

•	 failure modes and effects analysis (FMEA); 

•	 human error identification (HEI); 

•	 computeraided design; 

•	 heuristic evaluation; 

•	 costbenefit analysis. 

Further reading 
•	 A&E design evaluation: Evaluation of 2 proposed Accident & Emergency Depts. 2004, ISBN 

0113224893, The Stationary Office 

•	 Kirwan B, Ainsworth LK. A guide to task analysis. Taylor & Francis, London. (1992). ISBN: 0748400575 
This guide provides detailed information on using techniques such as FMEA, HAZOP studies etc. 

•	 Norris B, Wilson J. Designing safety into products. Department of Trade and Industry, England. (1997). 
ISBN: 0952257122 
Guidelines on user testing. 

•	 Federal Aviation Administration. User manual for ATC human factors checklist. (1995). ASIN: 
B0006QDO5Q 
Guidance covering evaluation of designs. 
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Step 7: Implement the design
 
Aims: 

•	 To develop a robust and successful implementation strategy. 

•	 To ensure early feedback on facility use is obtained for learning and improvement. 

Key considerations: 

•	 Developing a programme to successfully rollout and review the facility. 

•	 Timescales and budgets. 

•	 Engaging all stakeholders. 

•	 Developing an approach for gaining useful feedback from users’ experiences. 

Specific design principles relevant to this stage: 

•	 Engage all stakeholders. 

•	 Ensure design process is iterative. 

•	 Adopt consistent and effective leadership. 

•	 Feedback evaluation results and learn from the process. 

•	 Disseminate results nationally. 

7.1 Strategy for implementation 
Design implementation is frequently where many projects fail. Designs can be degraded due to inadequate 
implementation and issues can arise from: 

•	 inadequate resources; 

•	 late and inadequately considered amendments; 

•	 failure to build to the required standards and quality; 

•	 compromises made in order to meet programme timescales or cost requirements; 

•	 poor change management; 

•	 cultural barriers (beliefs, different working styles etc). 

The development of an implementation strategy should involve all key stakeholder groups who will 
influence, and have a vested interest in, the facility. 

The implementation strategy should consider: 

•	 who is leading the implementation; 

•	 the logistics of implementation; 

•	 how the implementation will be resourced; 

•	 key roles and responsibilities of the design team, delivery team and other stakeholder groups; 

•	 timescales and key stages; 

•	 who will be responsible for reviewing the pilot facility; 

•	 what the key performance indicators are for the review; 

•	 the communication routes and decisionmaking process between the design team, delivery team and 
other stakeholder groups; 

•	 the potential barriers to implementation, and actions for overcoming these barriers. 
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7.2 Pilot rollout and review 
Pilot rollout and review creates an evidence base that can help further evaluate the facility design and feed 
into other similar facility designs. 

The pilot rollout and review also allows staff, patients and the public to use the facility. This helps them to 
understand how it operates and what the design is trying to achieve, while also giving them the opportunity 
to identify any problems with the facility design that may have an impact on safety. 

7.3 Measure impact of solution and feedback 
When conducting the pilot rollout and review, ensure that: 

•	 surveys and questionnaires are used to get user feedback; 

•	 field studies are conducted in order to obtain information about actual use and any issues arising, 
including the impact of the solution and any risks introduced; 

•	 quality checks are maintained in order to ensure that the review process is meeting its objectives; 

•	 ongoing feedback is provided to endusers regarding how the pilot rollout and review 
is going; 

•	 it is made clear to endusers how the feedback they provide is going to be used. 

“Many human factors issues can only be addressed by attending to several areas of design… 
Best practice is achieved only when human factors are integrated into the mainstream of 
systems development.” 

Health and Safety Executive23 

Further reading 
•	 International Organisation for Standards. Human centred design processes for interactive systems. (1999). 

ISO document reference: ISO 13407 (E) 
This guidance document covers implementing design solutions, and long term monitoring and evaluation 
of products. 

•	 Association for the Advancement of Medical Instrumentation. Human factors design process for medical 
devices. (2001). AAMI document reference: ANSI/AAMI HE74:2001 
This document provides guidance on implementing and monitoring design solutions. 
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Next steps 
The steps described here present a process for incorporating human factors into design 
and applying a usercentred approach for designing for patient safety. Similar approaches 
and methods have been used in other high hazard industries with positive results, such 
as reduced incidents and accidents, improved usability and safety, costeffective design 
solutions; reduced likelihood of user error and reduced risktaking behaviours. 

To implement the approach described in this guide, firstly review the current or proposed 
project build process to ensure that the following stages have been fully developed: 

1.	 Determine the project scope – especially consider stakeholder engagement and a 
usercentred design strategy. 

2.	 Identify users and key activities – ensure that all users and main process are described 
and accounted for. 

3.	 Identify safety issues – key consideration should be given to vulnerable groups and 
activities. 

4.	 Analyse and prioritise the safety issues – use the suggested techniques to prioritise 
and systematically assess the safety issues. 

5.	 Develop potential design options and solutions – ensure that all key users are 
involved in the development of potential design solutions. 

6.	 Evaluate design solutions – consider the extent to which the solution reduces risk and 
does not bring about new risks. 

7.	 Implement design solutions – planning and evaluation of the implementation should 
be a key consideration. 

Secondly, review the current/proposed process to ensure that the following design 
principles are met: 

•	 Use multidisciplinary teams including human factors and risk specialists. 

•	 Involve users early in and throughout the design process. 

•	 Design around the key vulnerable populations as well as regular (daily) users. 

•	 Mockup and evaluate concepts at every stage. 

•	 Identify contributory factors and latent conditions. 

•	 Identify and mitigate any new risks that may be introduced. 

•	 Design for standardisation. 

•	 Design for usability, functionality and flexibility. 

•	 Ensure that the design process is iterative. 

•	 Design to the parameters of the cost–benefit analysis. 

This approach should be considered alongside current national guidence on healthcare 
estates design and procurement processes1. 
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FMEA Failure modes and effects analysis 
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RASCI Responsible, accountable, supportive, consulted and informed 

RCA Root cause analysis 
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Appendix 1 – Assessment techniques and useful outputs 

There are a number of human factors techniques that can be used throughout the design process to help 
identify and manage risks. 

Different techniques may be appropriate at different stages; also some techniques can produce a number of 
outputs that will be useful at different stages of the design process. Essentially, this means that a technique 
can be applied once, but the outputs can be used within a number of design stages. 

For example, different outputs from a failure modes and effects analysis (FMEA) can help to identify and 
prioritise potential hazards, identify potential design solutions and evaluate design solutions. Hence, carrying 
out a FMEA can provide three sets of outputs that will be useful for three different stages within the design 
process. 

The table below suggests which assessment techniques can be used at each design stage, based on the 
type of outputs they provide. Each of the techniques is summarised in the subsequent appendices. The 
following references provide further useful information on the techniques: 

•	 Kirwan B, Ainsworth LK. A guide to task analysis. Taylor & Francis, London. (1992). 
ISBN: 0748400575 

•	 Wilson J, Corlett N. Evaluation of human work – a practical ergonomics methodology. Taylor & Francis, 
London. (2005). ISBN: 0415267579 (third edition) 

•	 Norris B, Wilson J. Designing safety into products. Department of Trade and Industry, England. (1997). 
ISBN: 0952257122 

Design stage 1. Identify users 
and key 
activities 

2. Identify the 
safety issues 

3. Analyse 
and prioritise 
the safety 
issues 

4. Develop 
potential 
design options 
and solutions 

5. Evaluate 
design 
solutions 

6. Implement 
the design 

Observation Shows how 
activities are 
undertaken in 
similar facilities and 
any problems 
encountered; 
identifies how well 
the existing facility 
supports the 
activities. Reveals 
detailed information 
on physical task 
performance, social 
interactions and 
environmental 
influences 

Interviews Primarily qualitative 
information 
regarding user 
requirements and 
characteristics. Can 
quickly reveal 
issues additional to 
observations, 
however analysis 
can be time 
consuming. 

Primarily 
qualitative user 
opinions relating 
to reducing errors 
and risks. 

Ideas for 
design solutions. 

User opinions 
relating to 
design solutions 
and potential 
improvements. 

User 
suggestions for 
improvements 
to design 
solutions. 
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Design stage 1. Identify users 
and key 
activities 

2. Identify the 
safety issues 

3. Analyse 
and prioritise 
the safety 
issues 

4. Develop 
potential 
design options 
and solutions 

5. Evaluate 
design 
solutions 

6. Implement 
the design 

Questionnaires Provides Users’ opinions 
and surveys qualitative and on design 

quantitative data solutions, 
regarding user allowing the 
types, needs and design team to 
key activities. start to identify 
Allows potential 
consultation with improvements. 
a wide range and 
large number of 
people, however 
information is 
often not as rich 
as that obtained 

User suggestions 
for 
improvements 
to design 
solutions. 

from interviews. 

Participative Helps the design List of potential Potential pros 
workshops team start to design solutions and cons for 

identify the that will need to design solutions 
activities be examined in that will need to 
undertaken by more detail. be examined in 
users and their These are likely more detail. 
requirements. 
Reveals collective 
experiences, ideas 
and issues of the 
participants 
relating to the key 
activities and user 

to be more 
detailed than 
those developed 
by some of the 
more deskbased 
systematic 
techniques. 

Suggestions for 
improvements 
to design 
solutions may 
also be 
generated. 

requirements. 
However, 
outcomes may be 
influenced by 
stakeholders’ 
personal agendas. 

Scenarios Identification of 
key tasks relating 

Initial list of 
usability issues 

to high level and associated 
activities and the risks. 
requirements of 
users to undertake 
these activities. 

Initial list of 
operational and 
safety issues 
associated with 
the facility. 
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Design stage 1. Identify users 
and key 
activities 

2. Identify 
the safety 
issues 

3. Analyse 
and prioritise 
the safety 
issues 

4. Develop 
potential 
design options 
and solutions 

5. Evaluate 
design 
solutions 

6. Implement 
the design 

Walk/talk Provides a detailed 
throughs map of how users 

‘use’ the facility 
and their potential 
decisionmaking 
processes. 

Provides 
operational and 
safety information 
based on real users 
‘using’ the facility. 

This in turn 
highlights the 
potential 
requirements of 
users. 

Root cause List of relevant List of 
analysis (RCA) known medical recommendations 

risks and to eliminate or 
precarious mitigate root 
events and the causes. 
root causes. 

Unknown risks 
cannot be 
identified using 
this technique. 

Hazard and List of hazards List of hazards List of List of hazards 
operability associated with that affect recommendations that have been 
(HAZOP) studies the main both safety and to reduce eliminated, 

activities of the operability, potential hazards. hazards that 
facility. These along with have not been 
hazards can consequences, eliminated and 
then be causes, any new hazards. 
examined in frequency and 
more detail severity. 
within the next 
design stage. Identification 

of safety and 
Identifies both operability 
safety and issues. 
operability 
issues, and 
provides early 
detection of 
hazards, along 
with potential 
consequences. 
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Design stage 1. Identify 
users and key 
activities 

2. Identify 
the safety 
issues 

3. Analyse 
and prioritise 
the safety 
issues 

4. Develop 
potential 
design options 
and solutions 

5. Evaluate 
design 
solutions 

6. Implement 
the design 

Failure modes List of failures List of potential List of failures 

and effects that can occur design solutions that have been 

analysis (FMEA) within a 
sequence of 

that can help to 
eliminate or 

eliminated, 
failures that 

events, along reduce the have not been 
with their possibility of a eliminated and 
potential failure occurring. new failures 
consequences. that have 
The frequency arisen. 
of these 
failures can 
also be 
considered. 

Descriptions of 
errors and risks 
can be lengthy. 

Task analysis (TA) List of tasks 
and subtasks, 
and sequence 
of actions that 
can feed into 
other error 
identification 
techniques. 

Initial 
consideration 
of potential 
errors and risks 
that can occur 
within a 
sequence of 
actions. 

List of potential 
recommendations 
that can help to 
reduce risk or 
errors and aid 
decisionmaking 
processes. 

Any potential 
recommendations 
would require 
further 
development. 

Human error Identification of List of solutions List of errors 
identification potential errors aimed at that have been 
(HEI) and associated reducing the eliminated by 

human likelihood of design solutions, 
performance identified list of errors that 
and influencing human errors. have not been 
factors for the eliminated and 
activities a list of new 
analysed. errors caused by 

Causes of these 
errors are 

the design 
solution. 

provided, along 
with 
consequences. 
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Design stage 1. Identify users 
and key 
activities 

2. Identify the 
safety issues 

3. Analyse 
and prioritise 
the safety 
issues 

4. Develop 
potential 
design options 
and solutions 

5. Evaluate 
design 
solutions 

6. Implement 
the design 

Heuristics Provides list of List of heuristic 
evaluation usability principles that 

problems the design 
associated with solution violates 
an aspect of a and a list of 
facility. heuristic 
However, the principles that 
list is unlikely the design 
to be solution meets. 
exhaustive. 

User trials List of usability 
issues and 
associated risks 
and errors. 

Information on 
how users will 
‘actually’ use a 

List of potential 
redesigns that 
need to be 
tested and 
examined. List of 
suggestions from 
‘real users’. 

List of usability 
and performance 
issues associated 
with design 
solutions. List of 
design solutions 
that aid usability. 

facility rather Also provides an 
than how the opportunity for 
facility is user feedback 
intended to be and suggested 
used. improvements. 

Computer List of potential List of potential 
modelling design solutions issues associated 

that can be with design 
further examined. solutions that 

need to be 
examined in 
more detail, as 
well as a list of 
design solutions 
that aid usability 
and help to 
reduce identified 
errors and risks. 
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Appendix 2 – RASCI Charts 

Many organisations use RACI or RASCI charts as a useful project management tool for key project activities. 
These charts ensure that responsibilities and accountabilities are clearly defined and understood. They also 
ensure that appropriate experts and stakeholders are consulted and informed at each stage. 

RASCI means: 

R = Responsible – identify who is responsible for the management of certain activities in the 
design process. 

A = Accountable – this is the person who is ultimately accountable for the work carried out within 
each activity. 

S = Supportive – the individuals who can provide resources for achieving an activity and play a 
supporting role. 

C = Consulted – individuals who should be consulted during each activity and may have information 
and capabilities needed. 

I = Informed – individuals who should be informed of the results from an activity. 

Constructing a RASCI chart; steps in a RASCI process: 

1.	 Identify all the activities detailed in the usercentred design strategy. 

2.	 Identify the individuals who will need to be involved to achieve each activity. 

3.	 Construct and complete a matrix identifying the R, A, S, C and I for each activity. 

4.	 As a general rule, only one person should be responsible for each activity. 

5.	 Overlap occurs when there is more than one person responsible for an activity. If this is the case, the 
activity may need to be broken down into several other activities. 

Example of a RASCI chart: 

Tasks Team member 1 Team member 2 Team member 3 Team member 4 Team member 5 

Task 1 R A S C I 

Task 2 I C S A R 

Task 3 S R A I S 

Task 4 S I C R A 

Task 5 A S R I C 

R = individual responsible for managing task.
 
A = individual accountable for task performance.
 
S = individual who can provide useful support for task completion.
 
C = individual who should be consulted when undertaking task.
 
I = individual who should be kept informed regarding task progress.
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Appendix 3 –
 
User characteristics and user requirements analysis
 

This section gives details of the user characteristics that should be investigated and provides a checklist to 
aid in the identification of user requirements. 

User characteristics that should be investigated 

User characteristic 

Personal characteristics 

Examples 

Age, gender, education, literacy, language, 
socioeconomic background, clinical history 

Anthropometric characteristics Static body measurements (weight, limb length, stature) 
Dynamic measurements (movement, reach) 

Strength Momentary or sustained forces (pushing/pulling strength, 
lifting, manual handling) 

Motor skills Psychomotor (hand–eye coordination, reaction times) 
Gross motor skills (balance, movement) 

Psychological characteristics Perceptual abilities (visual and auditory perception) 
Cognitive abilities (information processing, spatial ability, 
decision making) 

Experience and exposure Experience of similar facility and/or performing tasks 

Personality Motivation, risktaking behaviour, attitude 

Physiological characteristics Fatigue, endurance, energy expenditure 

Behaviour Skilled performance of tasks and/or activities specific 
to facility 

Sensory characteristics and tolerance Vision, hearing, vibration, sensitivity to temperature 
and light 

Cultural differences Physical, social, language 

Disabilities Permanent and/or temporary conditions 

Adapted from: Norris B, Wilson J. Designing safety into products. Department of Trade and Industry, 
England. (1997). ISBN: 0952257122 

Checklist for user requirement analysis 

It may be helpful to use the following questions to help determine and document user requirements: 

• Source – who asked for this requirement? Why is it being asked for? 

• Ownership – who needs this requirement? 

• Priority – how important is this requirement? 

• Performance – how well must this requirement be met? 

• Urgency – how soon should this requirement be met? 

• Stability – is the requirement clear and accepted so it can be addressed by design? 

• Acceptance – will the tests used satisfy the user that the requirement has been met? 

Adapted from: Rail Safety and Standards Board. Understanding human factors. A guide for the rail 
industry. (2006). ISBN: 0955143519 
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Appendix 4 – 
Analytical methods 

The following section describes in detail a 
number of methods that have been developed 
specifically for analysing how people use facilities 
and identifying risks, hazards and problems with 
usability. 

Regardless of which assessment method is used, 
there are a number of principles that will help to 
improve the results of the assessment. 

These principles are: 

•	 Engage all stakeholders at the very beginning 
of the assessment or evaluation processes. 

•	 Involve real users within the assessment or 
evaluation. 

•	 Ensure that the range of users involved covers 
all potential users. 

•	 Ensure that those people undertaking the 
assessment and/or evaluation are fully trained 
and competent to undertake such an activity. 

•	 Ensure the purpose and objectives of the 
assessment and/or evaluation are valid, 
realistic and clearly understood by the design 
team. 

•	 Ensure that the assessment incorporates the 
results of a cost–benefit review, either formal 
or informal. 

•	 Ensure that individuals undertaking 
assessment and/or evaluation have a good 
working knowledge of the system. 
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A4.1 Failure modes and effect anaylsis (FMEA)
 

Description of technique 

This technique is used throughout high hazard 
industries to identify the possible failures during an 
activity or task, and the severity, causes and 
consequences of these failures. Conducting a FMEA 
involves: 

1. Identifying and mapping all tasks involved within 
an operation. 

2. Working through the following headings for each 
task (tabular format): 

•	 possible errors or risks; 

•	 recovery steps; 

•	 severity of risk/error; 

•	 frequency; 

•	 causes and consequences; 

•	 recommendations. 

Potential outputs 

Identification of hazards and errors within a 
sequence of events, along with their severity, 
frequency, causes and consequences, as well as 
potential recommendations to eliminate or mitigate 
them. This information can be represented in a 
tabular format and include the following sub
headings: 

•	 task step; 

•	 error type (action omitted, action too early, 
action too late); 

•	 recovery steps; 

•	 causes and consequences; 

•	 recommendations (facility design, equipment 
design, work process redesign). 

Advantages 

•	 Encourages team to think about the work 
processes. 

•	 Provides a systematic method for identifying 
potential hazards. 

Disadvantages 

•	 Can be very time consuming. 

•	 Descriptions of errors and risks in complex 
systems can be lengthy. 

When to use this technique 

To analyse and prioritise the safety issues: 

•	 Identifies and lists potential failures (human and 
system). 

•	 Helps to determine frequency, severity and 
potential consequences of these failures. 

To develop potential design solutions: 

•	 Helps to identify and list potential design 
recommendations that can reduce the possibility 
of a failure occurring. 

To evaluate design solutions: 

•	 This systematic approach can be used to identify 
the extent to which design solutions have 
reduced the likelihood of failures occurring 
within a sequence of events, as well as any 
potential new failures. 

Practical advice 

•	 Carefully identify the high risk area(s) that need 
to be subjected to a FMEA. 

•	 Use a multidisciplinary team to conduct the 
FMEA. 

•	 To help analyse and identify potential errors, a 
human error taxonomy checklist should be used. 

•	 Description of tasks, errors and their effects 
should be clear and comprehensive. 

•	 Before conducting an FMEA, it is helpful to 
organise the information in a hierarchical TA (see 
section 4.4) 
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Illustration of technique 

This FMEA was conducted to identify potential failure modes and effects for 
the design of the front lefthand door of an automobile. 
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A4.2 Root cause analysis (RCA) 

Description of technique 

RCA is a technique often used in the rail, nuclear, 
marine and healthcare industries to identify and 
categorise the underlying causes of accidents, 
incidents and near misses. 

The NPSA has developed an RCA toolkit specifically 
for investigating patient safety incidents which is 
available at: www.nrls.npsa.nhs.uk/rca 

The process involves: 

•	 Data collection regarding incidents/accidents/near 
misses. 

•	 Causal factor charting. This is a sequence 
diagram describing the logical steps/tasks leading 
up to the accident, incident or near miss, as well 
as the conditions surrounding it. 

•	 Root cause identification. This is establishing 
underlying reasons why the actions took place, 
thereby identifying reasons for the 
accident/incident/near miss. 

•	 Development of recommendations to help 
prevent reoccurrence of the incident, accident or 
near miss. 

Potential outputs 

Root cause summary tables that detail a general 
description of actions, their causes and the 
conditions associated with these actions, as well as 
recommendations to stop their reoccurrence. 

Categorisations can include: 

•	 equipment (interface design, work equipment 
defects); 

•	 individual (training and procedures); 

•	 environment (workplace conditions); 

•	 management (supervision and work 
organisation). 

Advantages 

•	 Systematic method for identifying underlying 
causes that can inform design. 

•	 Enhances learning. 

Disadvantages 

•	 The taxonomies and reporting systems used to 
record accidents, incidents and/or near misses 
can limit the level and usefulness of the 
information recorded. 

•	 Techniques can be perceived as a tool to 
apportion blame. 

•	 It can be difficult to get to the root causes. 

When to use this technique 

To identify safety issues: 

•	 Identifies and lists relevant known medical risks 
and precarious events that should/can be 
addressed through design, along with root 
causes of these events. 

To develop potential design options and solutions: 

•	 Identifies and lists potential recommendations 
that can eliminate or mitigate the root cause. 
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Practical advice 

•	 Need to encourage buyin from stakeholders and communicate the understanding that RCA is about 
learning and not apportioning blame. 

•	 Information collection should include conditions before the accident/incident, as well as during and 
after the accident/incident. 

•	 Select or develop an appropriate and easytounderstand root cause code. 

•	 RCA will identify root causes that relate to organisational, individual and design issues. It is important 
to distinguish between the three and concentrate on the issues that can be addressed through 
facility design. 

Illustration of technique 

Following is an example of the fishbone technique, which can be used to identify contributory factors and is 
part of the NPSA’s RCA toolkit: www.nrls.npsa.nhs.uk/rca 

Pt listening to 
walkman and not 

included in procedure 

No formal induction 
for locum SpR 

Lack of senior medical 
supervision of 

junior/inexperienced 
staff 

Lack of consultant 
support for locum 
when SpR left 

Pt had requested 
change of treatment 

plan 

Pt was late and 
stressed 

Patient factors 

Education and 
training factors 

Drug checking 
procedure not 

followed (Further 
analysis  five whys) 

No check of 
competence/ 

experience built into 
task 

No visual clues in 
allocated bay about 
risks associated with 

procedure 

Task factors 

SHO not trained or 
registered to carry out 

the task 

Locum SpR unfamiliar 
with ward and policies 

SHO unquestioning 
and helpful working 
outside competence 

Individual staff 
factors 

Lack of team safety 
vigilence 

Lack of clarity of 
roles and skills 

Lack of leadership – 
nobody revisited 

allocation of staff as a 
result of changes to 
treatment plan and 

staff absence 

Team and social 
factors 

No safety features on 
chemotherapy drug 

fridge 

Lack of 
appropriately 
trained staff 

Able to connect an IV 
syringe to an 

Intrathecal route 

Equipment and 
resource factors 

Neither clinician 
checking drug route 

SHO stated “Vincristine” 
SpR did not pick up 

incorrect drug 

Breakdown of 
multidisciplinary team 

communication 

SpR consistently referred 
to Methotrexate as 

“Chemo” 

Communication 
factors 

Interruptions from 
bleep 

Ward emergency 
during procedure 
took SN away 

Workload and staff 
absence left two staff 
unfamiliar with pt and 
protocols to carry out 

procedure 

Time pressures, 
other pts waiting 

Working 
conditions 

Lack of safety 
culture/awareness 

Hierarchical structure not 
conducive to discussion or 

questioning 

Lack of Systems for 
managing locum staff 

Organisational and 
strategic factors 

Failure to identify 
incorrect drug and 

route 
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A4.3 Hazard and operability (HAZOP) studies
 

Description of technique 

HAZOP studies are commonly used in the chemical 
and nuclear industry to identify and eliminate 
hazards. The process involves: 

1	 Mapping the sequence of tasks or activities 
relating to a priority area. 

2.	 Identifying errors and hazards relating to each 
task/activity. 

3.	 Identifying causes of these hazards and errors, as 
well as their consequences in terms of 
safety and operability. 

4.	 Identifying and developing recommendations for 
solutions. 

Potential outputs 

Information represented in a tabular format that 
covers the following headings: 

•	 action/task step; 

•	 potential hazard associated with that action or 
task step; 

•	 potential cause of that hazard; 

•	 potential consequence of that hazard; 

•	 solutions/recommendations to eliminate or 
mitigate the hazard. 

Advantages 

•	 Identifies both safety issues and operability 
issues. 

•	 Provides early detection of hazards within the 
design phase. 

Disadvantages 

•	 Time consuming. 

•	 HAZOP studies may not be needed for all priority 
areas. 

When to use this technique 

To identify the safety issues: 

•	 Identifies and lists general hazards associated 
with the main activities of the facility. 

To analyse and prioritise the safety issues: 

•	 Helps map out the tasks that need to be 
undertaken in order to complete an activity and 
identify associated hazards, along with their 
severity, frequency, cause and consequences. 

To develop potential design options and solutions: 

•	 Having identified causes of the hazards, HAZOP 
studies allow the analyst to start to identify 
potential recommendations to eliminate or 
reduce them. 

Evaluate design solutions: 

•	 HEI can be used to identify the extent to which 
design solutions have eliminated or reduced the 
likelihood of human error and any new potential 
errors that are due to the design solution. 
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Practical advice 

•	 Team leaders need to have experience of conducting HAZOP studies in order to guide the group and 
stimulate discussions. 

•	 Utilise the experience of human factors experts, otherwise the causes of human errors can be missed 
and resulting recommendations can be vague. 

•	 The team should consider all the consequences and recommended actions in relation to each other, as 
the solution to one problem may lead to another problem. 

•	 Ensure that one team member is assigned to recordkeeping (the secretary) and has sufficient technical 
background to understand and condense the information. 

Illustration of technique 

Below is an extract from a HAZOP study investigating problems in offshore drilling. 

Ref No. 

5.1 

Deviation Causes Consequences Additional noted/recommendations 

No movement Kelly valve not 
closed 

Forget to open 
hook to 
ensure free 
rotation 

With stabilizer in the 
hole, the drill string 
will rotate when 
pulled out, which 
may cause damage to 
the hook 

Mud on drillfloor A new (mud saver) valve was 
discussed. A preset pressure 
valve for which prevents flow 
for pressure below 200 psi – 
i.e. a mud column equal to 
the length of the 
kelly assembly 

5A/5D Lift and set aside kelly. Ensure hook is free to rotate 

5.2 Reverse 
movement 

Lifting kelly 
too high 

Failure of 
lifting 
equipment, 
e.g. drill line 
breaks, or 
operator error 

Damaged hoses, 
piping etc. 

Injuries to 
operators 

Falling objects 
causing damaged 
equipment 
and injuries 
to operators 

Q.7 Should sensor alarms be 
provided on guide dolly? 

Q.8 How do we ensure that 
kelly is not lifted too high? 

R.2 Consider safe location of 
driller’s cabin in designing 
new rigs 

Reproduced from: Kirwan B, Ainsworth LK. A guide to task analysis. Taylor & Francis, London. 
(1992). ISBN: 074840057 
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A4.4 Task analysis (TA) 

TA is a method frequently used in most high hazard 
industries to help support the design of specific 
areas, for example the layout of control rooms, train 
cabins and other such facilities. 

TA is used to analyse a specific activity and identify 
all the tasks needed to complete that activity, as 
well as the conditions needed to successfully 
undertake each task. 

The process involves: 

•	 collecting information on a specific activity; 

•	 stating the goal the individual is trying to 
achieve; 

•	 detailing the tasks and subtasks that must be 
completed in order to achieve the goal, as well 
as the conditions needed to successfully 
complete the tasks; 

•	 identifying risks and errors associated with tasks 
and making recommendations to eliminate or 
minimise the effects of these risks and errors. 

Potential outputs 

•	 Hierarchical or tabular representation of the 
goals that individuals are trying to achieve within 
a facility, the tasks needed to achieve these goals 
and the conditions needed to achieve the tasks. 

•	 Indication of where errors and risks will occur in 
the sequence of actions, their potential severity 
and recommendations to reduce them. 

Advantages 

•	 Economical method for gathering and 
organising information. 

•	 Hierarchical structure means analyst can focus 
on crucial tasks within the context of the 
overall activity. 

•	 Forms the basis for many other assessments, 
such as FMEA or communication analysis. 

Disadvantages 

•	 TA requires collaboration with managers, staff 
and designers, and therefore time, commitment 
and effort is needed from people who may be 
extremely busy. 

•	 The technique is not a simple procedure and 
the analyst will need to develop skills 
through practice. 

When to use this technique 

To analyse and prioritise the safety issues: 

•	 Helps to map out the tasks that need to be 
undertaken in order to complete an activity and 
identifies associated errors, as well as their 
causes and consequences. 

To develop potential design options and solutions: 

•	 Having identified causes, the analyst can start to 
identify potential design solutions. 

To evaluate design solutions: 

•	 Identifies errors that have been eliminated, those 
that have not and any new errors that arise from 
the design solution. 

Practical advice 

•	 In order to enhance the validity of the data 
collected, a number of different information 
sources should be used. 

•	 Construct a TA while collecting data, otherwise 
data collection will result in a large amount of 
unstructured information. 

•	 Establish a clear purpose, scope and goal for the 
TA. This may change throughout the analysis. 

•	 Establish a stop rule – that is the point at which 
the TA stops, and tasks and subtasks are no 
longer broken down. 

•	 Use walk and talkthroughs, as well as 
observations, to help identify decisionmaking 
processes. 

•	 Once the analysis is complete, use an expert to 
help check for accuracy and consistency. 

69 



Illustration of technique 

This is a TA describing the tasks and subtasks involved in operating an overhead projector. 

O. Operate 
overhead 
projector 

Plan O: At least 12 hours before lecture  1:
 
Immediately prior to lecture  2:
 

As lecture commences  3:
 
If the projector light fails  4  6  3:
 

If other problems arise that the operator cannot deal with  4  5:
 
At end of lecture, if projector is still on  4:
 

At end of lecture, if there were problems  7:
 

1. Ensure standby 2. Set up 
projector 

3. Show slides 4. Switch off 5. Finish session 6. Deal with 
projector light 

failure 

7. Notify technicians 
equipment available according to lecture projector without projector of problems 

 spare bulb schedule 
spare fuse 

Plan 6: Do 1, If OK EXIT 
Plan 2: 1  2  3  EXIT Otherwise do 2  EXIT 

1. Ensure projector 2. Switch on 3. Establish correct 
image	 

1. Switch to 2. Change fuse 
is plugged in projector to ensure standby bulb 

it is working 

Plan 2. 3: 1  2  3
 
If picture is properly framed and in focus  EXIT.
 
Otherwise, repeat from 2.
 

1. Ensure projector 2. Adjust 3. Focus projector
 
head is pointing in projector/screen
 
correct direction	 distance to fill
 

screen
 

Reproduced from: Kirwan B, Ainsworth LK. A Guide to task analysis. Taylor & Francis, London. (1992). 
ISMN: 0748400575 
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A4.5 Walk/talkthroughs 

Description of technique 

Walk/talkthroughs are used to assess the usability 
of interfaces and control rooms within high hazard 
industries, as well as to identify the requirements 
of endusers. 

Walkthroughs require real users to perform tasks 
within realistic surroundings (possibly a mockup 
of an existing facility), often in different operational 
scenarios. Talkthroughs are very similar except 
the user will verbalise tasks as opposed to 
demonstrating them. Performance of the task 
is observed in order to assess the extent to which 
the design supports the user. 

Potential outputs 

•	 Provides a detailed map of how users ‘use’ the 
facility and their potential decisionmaking 
processes. 

•	 Provides details of potential areas for hazard/risk 
assessment. 

•	 Provides information on potential 
recommendations for reducing risks and hazards. 

Advantages 

•	 Provides operational and safety information 
based on real users ‘using’ the facility. 

•	 Details not just operations but decisionmaking 
processes. 

•	 Provides a good indication of potential 
operational and safety problems. 

Disadvantages 

•	 Users may act differently within a 
walkthrough situation. 

•	 Skilled observers are needed. 

•	 Users may find it difficult to walk and talkthrough 
their actions. 

•	 Further risk assessment or hazard analysis 
is needed. 

When to use this technique 

To identify users and key activities: 

•	 Users demonstrate or talk through the tasks they 
undertake, allowing the design team to identify key 
activities and requirements. 

Practical advice 

•	 Use a number of different users, such as staff, 
patients and visitors, to ensure that your sample 
covers the range of users that is expected to ‘use’ 
the facility. 

•	 Make sure the walkthrough is as realistic 
as possible. 

•	 As far as is reasonably possible, all problems should 
be anticipated and solved before the walk/talk
throughs are conducted, otherwise apparent 
unpreparedness can have a negative effect on 
participants. 

•	 Respondents may omit important information 
when conducting a task and it is important that 
the team are on guard for these omissions. 

•	 Ensure the confidentiality of comments made 
by respondents. 
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A4.6 Scenarios and desktop exercises
 

Description of technique 

Scenarios and desktop exercises are used 
throughout the high hazard industries to help: 

•	 identify the needs and requirements of end
users; 

•	 understand the impact of specific risks and 
evaluate design solutions. 

Desktop exercises consist of a group of experts and 
stakeholders meeting together to define or assess 
particular tasks or activities undertaken by users. 
A number of exercises can be used to aid these 
discussions, one of which is scenarios. The aim is to 
understand the tasks that users undertake within a 
facility and the conditions needed to successfully 
complete these tasks. Within the meeting, users will 
be asked to work though scenarios while other 
members of the team record information and ask 
further questions in order to understand in detail 
the specific subtasks and decisionmaking processes 
that are involved in achieving a task. 

Potential outputs 

•	 Initial mapping of operational steps for 
users within a number of different 
operational scenarios. 

•	 Helps the design team to consider how 
individuals may behave within different 
scenarios. 

•	 Provides an indication of where risks may occur 
within different operational scenarios. 

Advantages 

•	 Allows designers to consider the operational 
and safety issues associated with a number of 
different scenarios. 

•	 Facilitates discussions regarding different users 
and different operations within a facility. 

Disadvantages 

•	 Users may find it hard to describe their actions. 

•	 Further risk hazard analysis is needed. 

When to use this technique 

To identify users and key activities: 

•	 A few general high level scenarios can be 
conducted with people who currently work at or 
use similar facilities and/or are likely to work at 
or use the facility in order to identify key tasks 
relating to high level activities. This can also 
identify the requirements of users undertaking 
these activities, and provide an initial list of 
operational and safety issues associated with 
the facility. 

To evaluate design solutions: 

•	 Real users can undertake scenarios in order to 
assess the extent to which design solutions aid 
usability, reduce associated errors and risks, and 
cause potential problems. 

Practical advice 

•	 Use a number of different users (staff, patients, 
visitors) for each scenario. 

•	 Scenarios need to be as realistic as possible and 
easy for the participant to understand. 

•	 Make scenarios and the subsequent discussions 
as structured as possible. 

•	 The analyst will need to be competent in 
using probing questions and paraphrasing to 
help the respondent describe their actions 
within a scenario. 
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A4.7 Human Error Identification (HEI)
 

Description of technique 

HEI techniques such as SHERPA* and TRACEr^, 
(for example), are used within, the rail and aviation 
industries in order to identify potential errors that 
could be made by train drivers or flight crew. 

The process involves: 

1.	 Constructing a hierarchical TA to represent the 
tasks to be analysed. 

2.	 Classifying tasks into a type of behaviour such as 
action, retrieval, checking, and selection or 
information communication. 

3.	 Considering the errors associated with each 
type of behaviour. Credible errors are described 
along with associated consequences and 
remedial actions. 

4.	 Representing information in a tabular format 
reporting the probability and criticality of the 
error occurring. 

Potential outputs 

Tabular output provides: 

•	 classification of tasks; 

•	 identification of potential errors and associated 
human performance and influencing factors for 
the activities analysed; 

•	 consequences; 

•	 remedial action; 

•	 criticality and probability of the error occurring. 

Advantages 

•	 Provides a structured and comprehensive 
approach to error identification, classification 
and prediction. 

•	 The error taxonomy provided acts as a 
useful prompt to help the analyst identify 
potential errors. 

Disadvantages 

•	 Can be very repetitive and time consuming. 

When to use this technique 

To analyse and prioritise the safety issues: 

•	 Helps to identify and group errors according to 
the behaviour that the error is associated with. 
Severity, frequency, causes and consequences of 
errors are also identified. 

To develop potential design options and solutions: 

•	 Having identified causes, the analyst can start to 
identify potential design solutions. 

To evaluate design solutions: 

•	 Identifies and groups errors that have been 
eliminated, those that have not been 
eliminated and any new errors that arise from 
the design solution. 

Practical advice 

•	 Base investigation on a detailed and robust TA. 

•	 In order to ensure that the hierarchal TA is robust 
and valid, use a number of methods to collect 
data, with a variety of different users performing 
the task under analysis. 

*SHERPA: Systematic Human Error Reduction and Prediction Approach.
 
Embrey DE. Paper presented at the International Meeting on Advances in Nuclear Power Systems, p148193. 1986;
 
Knoxville, Tennessee
 
^TRACEr: Technique for the Retrospective and Predictive Analysis of Cognitive Error.
 
Shorrock ST and Kirwan B. The development and application of human error identification tool for air traffic control.
 
Applied Ergonomics. 2002; 33: 319336.
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Illustration of technique 

Below is an example of the application of HEI in order to identify the errors leading to a train driver 
believing a signal was green when it was indicating caution. 

Name of assessor: 

Date of assessment: 10th March 2004 

Incident report number: Incident report 3 

Error number in report (e.g. 1 of 3, 2 of 3): Incident report 3 

Time to analyse error using TRACE (hh:mm): 20 mins 

Brief error description: Driver thought T2 was at green when in fact it was at caution 

Casual Contributory Yes Compounding Noncompounding 

R1 Task error Train driver error 

R2 

Cognitive domain Perception 

Error Mode Misssee 

Error Mechanism(s) 
Expectation 

Tunnel vision 

R3 Information keywords Signal and associated diagrams Signal aspect 

R4 detection 

How aware of error Not detected 

Feedback medium N/A 

Error detection PFs None 

R4 recovery 

What driver did to 
recover error 

Not corrected 

How driver recovered 
error 

N/A 

Error detection PFs N/A 

R5 

Negative performance 
Factors (list on separate 
lines) 

5.6 Familiarity 
8.1 Alertness (medium) 

Positive performance 
Factors (list on separate 
lines) 

None 

Assumptions None 

Error 
statement 

The driver misread the aspect at signal T2 due to expectation and tunnel vision caused by familiarity 
with the route and expectation. 

Recommend
ations based 
on the above 
information 

The driver appears to be familiar with this route which tends to lead him to expectation of what 
normally happens when he approaches Retford. The driver should be reminded not to expect to 
recieve the signal aspects he normally would. It would also be beneficial for him to receive 
unobtrusive monitoring. 
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Internal Error Modes Psychological Error Mechanisms 

Perception 

Mishear 
Mishearing a repeated communication 
or transmission. 

Expectation 
Perceptual errors driven by expectations. 

Missee 
Misreading, misperceiving, or misidentifying 
visual information 

Confusion 
Misidendtifications and misperceptions due to similar 
or confusable appearance or spatial position. 

No detection (auditory) 
Failing to detect, or being late to recognise 
the significance of, a readback or 
transmission. 

Discrimination failure 
Failing to see or hear something that is vague 
or of short duration. 

No detection (visual) 
Failing to detect, or identify visual 
information, or detecting information too late 
to be effective. 

Tunnel vision 
Fixating, tunnelling or ‘blackholing’ on 
information, to the exclusion of other relevant 
information. 

Overload 
A large amount of incoming information. 

Vigilance 
Failing to detect or identify information due 
to boredom or underloaded. 

Distraction / Preoccupation 
Momentary distraction or longerterm 
preoccupation. 

Reproduced from: Rail Safety Standards Board. Rail specific HRA tool for driving tasks. Phase report 6. 
(2004). RSSB report number: 5013727 
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A4.8 Participation workshops 

Description of technique 

Participation workshops are used in most high 
hazard industries in order to kickstart the design 
process and begin to understand user needs. These 
workshops can also be used to examine risks and 
hazards, develop design solutions and evaluate 
these solutions. 

The workshops involve potential users of the facility, 
stakeholders and designers discussing design 
requirements, plans and issues. The idea is to have 
stakeholders engage in the design process and for 
designers to start to understand what user issues 
and requirements will need to be addressed. 

Potential outputs 

•	 Identification of key issues to be addressed 
through design. 

•	 Initial identification of user requirements. 

•	 Initial identification of potential design solutions. 

•	 First stage of evaluating design solutions in terms 
of potential pros and cons for design solutions 
that will need to be examined in more detail, as 
well as suggestions for improvements to 
design solutions. 

Advantages 

•	 Utilises a number of user and stakeholder 
perspectives and encourages participation. 

•	 Useful first stage for identifying design issues 
and user requirements, and evaluating 
design solutions. 

Disadvantages 

•	 More detailed analysis is needed. 

•	 Users and stakeholders may have their own 
agendas and these will need to be addressed. 

When to use this technique 

To identify users and key activities: 

•	 Allows stakeholders and a range of users to 
discuss the tasks they undertake, along with 
their needs and requirements. 

•	 Helps the design team to start to identify the 
activities undertaken by users and their 
requirements. Reveals the collective experiences, 
ideas and issues of the participants relating to 
the key activities and user requirements. 

To develop potential design options and solutions: 

•	 Through workshops, a range of stakeholders and 
users can start to develop design solutions in 
order to tackle identified hazards. 

To evaluate design solutions: 

•	 Participative workshops bring together a 
representative sample of users to discuss the pros 
and cons of potential design solutions. 

Practical advice 

•	 Ensure that the roles and responsibilities of 
users and stakeholders within the workshop 
are made clear. 

•	 The needs of users and stakeholders should 
be made explicit and addressed, as is 
reasonably possible. 

•	 A clear plan and a set of desired outcomes from 
the workshop should be detailed upfront. 

•	 Strong chairperson skills are needed in order to 
avoid individuals dominating the group. 

•	 Participants must be clear as to the objectives of 
the session and what is expected of them. 

•	 In order to encourage frank discussions, assure 
participants that comments are confidential. 
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A4.9 Heuristic evaluation 

Description of technique 

Heuristic evaluation is a method used within high 
hazard industries for identifying usability problems 
in interface design. 

This process can be applied to facility design and 
involves a set of evaluators examining the desired 
parts of a facility and judging its compliance with 
a set of heuristic principles. 

Heuristic principles include: 

•	 visibility of system status; 

•	 error prevention; 

•	 user control and freedom; 

•	 flexibility and efficiency. 

Heuristic evaluation involves each individual 
evaluator inspecting the desired part of the facility 
several times and checking different components of 
the facility design against the heuristic checklist. 
Once all evaluators have finished, their findings are 
aggregated and can be presented verbally or in 
a written report. 

Potential outputs 

•	 A written or verbally presented report that lists 
potential usability problems in the design with 
specific reference to the heuristic principles that 
were violated. 

Advantages 

•	 Provides a systematic and relatively quick 
and cheap approach to identifying initial 
usability problems. 

Disadvantages 

•	 The heuristic evaluation does not provide a 
systematic way to generate solutions to the 
usability problems. However, as the evaluation 
helps explain each observed usability problem 
with reference to the heuristic principles, it is 
often fairly easy to generate recommendations 
for redesign. 

•	 Although a number of heuristic checklists are 
available for interface design, there are none 
specific to facility design issues. 

When to use this technique 

To analyse and prioritise the safety issues: 

•	 Will help to check the usability of a facility 
against a set of heuristic principles. 

To evaluate design solutions: 

•	 Experts examine the usability of a design solution 
based on heuristic principles, such as user control 
and freedom, and flexibility and efficiency, 
usually using a checklist proforma. 

Practical advice 

•	 It is advisable to use more than one evaluator. 
This is because one person is unlikely to be able 
to identify all usability problems. 

•	 Around three to five evaluators should be used 
in order to ensure that all potential usability 
problems are identified. 

•	 Heuristic checklists should be used. 
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A4.10 User trials 

Description of technique 

User trials are used within the nuclear, aviation and 
rail industries in order to assess usability; identify 
hazards; provide an indication of potential design 
solutions; and evaluate these solutions. 

User testing is an evaluation process whereby a 
number of users are observed conducting a 
task. This can be done through simulation or in 
‘natural settings’. 

The process involves: 

1.	 Recruiting a sample of participants that 
represents the type of people who will use the 
facility. 

2.	 Identifying and creating the testing environment 
(natural or simulation). Testing environments 
should address different user characteristics, 
tasks, environmental conditions and facility 
characteristics. 

3.	 Observing and recording individuals’ 
performance, feedback and problems while 
undertaking tasks. 

4.	 Analysing data in order to identify usability 
problems and hazards. 

5.	 Developing potential recommendations. 

Potential outputs 

•	 Indication of how individuals will use a facility. 

•	 Identification of usability issues. 

•	 Identification of potential hazards or risks. 

•	 Identification of how the environment may 
inhibit performance and operations, thus 
facilitating the development of design solutions. 

Advantages 

•	 Provides a realistic evaluation of a facility. 

•	 Facilitates the identification of usability 
and safety issues that may not have been 
picked up elsewhere within the design and 
evaluation process. 

•	 This type of method has greater face validity 
than deskbased options. 

•	 Provides an opportunity for user feedback and 
suggested improvements. 
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Disadvantages 

•	 User trials ideally need a sample that represents 
all potential users of the facility and recruitment 
can be difficult. 

•	 Users may not act realistically. 

When to use this technique 

To analyse and prioritise the safety issues: 

•	 Real users undertaking activities (natural 
environment or simulation) allows usability issues 
and associated risks and errors to be identified. 

To develop potential design options and solutions: 

•	 Watching people undertake their tasks helps 
observers to begin to identify potential 
design solutions. 

To evaluate design solutions: 

•	 Real users ‘using’ the new design solutions helps 
to identify usability issues and associated risks 
and errors, as well as any potential new risks and 
errors. 

Practical advice 

•	 Obtain a sample of participants that adequately 
represents all potential users of the facility (staff, 
patients and public). 

•	 To help ensure that a representative sample is 
obtained, think about what exactly 
‘representative’ means in relation to the designs 
you wish to test. What human characteristics 
and demographics indicate a ‘representative 
sample’? 

•	 Ensure that the assessment criterion is valid and 
reliable. 

•	 Ensure that a robust assessment method is 
applied during the trials – avoid showcasing a 
mockup of the facility in place of user trials. 

•	 Encourage participants and provide them with 
feedback in order to maintain their motivation to 
perform to a realistic standard within the trial. 

•	 Ensure that all participants are provided with the 
same instructions and information. 



A4.11 Mockups 

Description of technique 

Mockups are used to test the usability of facilities 
such as control rooms, train cabins and cockpits in 
order to identify potential hazards and make 
design recommendations. 

Parts of the facility can be ‘mockedup’ and act like 
a simulation to evaluate usability. Participants are 
then observed undertaking specific tasks using the 
mockup. Observers watch individuals undertaking 
these tasks and identify potential usability problems 
and hazards caused by the design. The participants 
are also asked to comment on the usability of the 
design and potential recommendations for 
improvement. Information is collated and design 
solutions are developed. 

Potential outputs 

•	 Indication of how people will ‘use’ parts of the 
facility. 

•	 Identification/indication of possible risks/hazards. 

•	 Identification/indication of how the environment 
may impact on usability, thus helping to develop 
design solutions. 

Advantages 

•	 Cheap and easy to use. 

•	 Helps to evaluate designs within the early phases 
of design processes. 

•	 Provides an opportunity for user feedback and 
suggested improvements. 

•	 This type of method has greater face validity 
than deskbased options. 

•	 A costeffective approach that can be applied 
during the early stages of solution development. 

Disadvantages 

•	 May be difficult to simulate a number of 
different conditions within the mockup. 

•	 Users may act differently within the mockup. 

When to use this technique 

To analyse and prioritise the safety issues: 

•	 Real users undertaking activities within a mock
up allows usability issues and associated risks 
and errors to be identified. 

To develop potential design options and solutions: 

•	 Watching users within a mockup helps 
observers to identify potential design solutions. 

To evaluate design solutions: 

•	 Creates a realworld environment for users to 
test design solutions in order to examine the 
extent to which they aid usability and reduce 
risks/errors/hazards. 

Practical advice 

•	 A sample of participants should be obtained that 
adequately represents all potential users of the 
facility (staff, patients and public). 

•	 A number of different scenarios should be used. 

•	 Base the development of a mockup on accurate 
and valid information. 

•	 Ensure that a robust assessment method is 
applied during the mockup – avoid showcasing 
a mockup of the facility in place of user trials. 

•	 Mockups can provide a large quantity of 
information, so thorough preplanning of the 
session is important, with the analyst identifying 
target actions and anticipating any highly 
complex tasks. 

•	 A number of different observers should be used. 

•	 A simple proforma for recording observations 
should be used as opposed to complex checklists. 

•	 Utilising video recordings can aid data capture. 
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A4.12 Computeraided design 

Description of technique 

Computeraided design is used throughout high 
hazard industries to assess the layout designs and 
usability of interfaces, as well as to develop and 
evaluate design solutions. 

Computergenerated models are used to model the 
interactions between individuals and the facility. 
They can assess aspects of the individual’s task or 
the ergonomic layout of workplaces. Designers 
simulate interactions over a number of scenarios, 
using a variety of different user and task 
characteristics in 3D in order to systematically 
observe and identify potential issues and problems. 

Potential outputs 

•	 Provides a basic assessment of user interactions 
and movements. 

•	 Helps to identify potential operational and safety 
issues, assisting the design team with the 
development of design solutions. 

Advantages 

•	 Two dimensional and virtual reality models can 
be generated. 

•	 Models can help to calculate safety tolerances 
(i.e. the minimum distances allowed between the 
user and moving parts of the facility). 

•	 Evaluations can be quick, and models can be 
reused and adapted. 

Disadvantages 

•	 Models can be unrealistic or limited. 

•	 The accuracy of the model will depend on the 
data available. 

•	 Using real users in usability trials is more realistic. 

When to use this technique 

To develop potential design options and solutions: 

•	 Computer generation can allow the design team 
to model movements and explore potential 
design solutions. 

To evaluate design solutions: 

•	 Computer generation can allow the design team 
to model design solutions and examine their 
potential benefits in terms of usability and 
reducing errors and risks, along with their 
potential adverse impact on usability. 

Practical advice 

•	 Ensure the data available for model development 
are accurate and detailed. 

•	 Include a number of user types/ranges in the 
development and evaluation of the model. 

•	 In order to aid model development, use 
information on human performance based on 
observations with multiple users. This 
information can also help to evaluate the 
usability of the model. 
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A4.13 Observations 

Description of technique 

Observations are used throughout high hazard 
industries in order to gather information about user 
tasks and help identify potential requirements. 

Observations can be undertaken within ‘natural 
settings’. They allow the observer to record a full 
sequence of actions and can be supplemented by the 
user providing a verbal description of actions. 
This information can form the basis of workflow 
diagrams and HAZOP studies. 

Potential outputs 

•	 A detailed record of task sequence and 
user behaviour. 

•	 Indication of potential user requirements. 

•	 Shows how activities are undertaken in similar 
facilities and any problems encountered. 

•	 Identifies how well the existing facility supports 
the activities. 

•	 Reveals detailed information on physical task 
performance, social interactions and 
environmental influences. 

Advantages 

•	 Observation techniques can record detailed 
information regarding physical task performance, 
social interactions and environmental influences. 

•	 Allows observer to become familiar with the tasks 
that users undertake. 

Disadvantages 

•	 Individuals can act differently when they know that 
they are being observed. 

•	 Observations cannot provide information regarding 
underlying thought processes. 

•	 Observations result in a large amount of ‘raw’ data 
that can be difficult to analyse. 

When to use this technique 

To identify users and key activities: 

•	 In order to observe similar facilities and understand 
the activities and tasks carried out, as well as the 
requirements of users. 

Practical advice 

•	 Conduct a pilot session to identify any 
practical problems. 

•	 Try to predict what kind of information the 
observation is looking to gather; this is because 
some of the events being observed may be 
obvious or infrequent and easily logged, 
therefore sophisticated recording equipment 
will not be needed. 

81 



A4.14 Interviews 

Description of technique 

Interviews are used throughout the high hazard 
industries in order to gather detailed information 
from users regarding their requirements, needs 
and characteristics. 

Interviews may be unstructured during the initial stages 
of gathering information about user requirements and 
needs so as to allow the design team to gather a large 
amount of basic contextual information. Once specific 
issues have been identified, the interviews can be 
structured to gain maximum information about certain 
user requirements, needs and characteristics. 

Potential outputs 

•	 Information regarding requirements, needs 
and user characteristics. 

•	 User opinions relating to design solutions 
and potential improvements. 

•	 User suggestions for improvements to 
design solutions. 

Advantages 

•	 Most respondents are familiar with the technique 
and perceive it to be a natural approach to 
information collection. 

•	 A lot of detailed information can be gathered 
quickly within an interview. 

Disadvantages 

•	 Recording and analysing the data can 
be timeconsuming. 

•	 The interviewer may need advanced interviewing 
skills to help the respondents to accurately 
describe aspects of their work and the tasks 
that they undertake. 

When to use this technique 

To identify users and key activities: 

•	 Conducting interviews with people who use similar 
facilities, or will use the facility to be built, allows 
qualitative information regarding user requirements 
and characteristics to be gathered. 

To develop potential design options and solutions: 

•	 Interviews allow the design team to gather 
qualitative information about what real users think 
could be done to eliminate or reduce the impact of 
certain risks or hazards. 

To evaluate design solutions: 

•	 Facetoface interviews allow the design team to 
gather qualitative information about what real 
users think of potential design solutions and how 
they could be changed. 

Practical advice 

•	 It is essential to ensure that the anonymity and 
confidentiality of the respondents is secured. 

•	 Interviewers will need to ensure that they establish 
rapport with the respondents and make them feel 
comfortable and relaxed. 

•	 Leading questions should be avoided. Open 
questions should be used instead. 
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A4.15 Questionnaires and surveys 

Description of technique 

Questionnaires and surveys have a range of 
applications and can provide quantitative information 
or individual opinions and attitudes towards a 
particular aspect of a system/facility. They can be 
structured in terms of yes/no responses or in terms of 
scales, allowing the respondent to indicate the level of 
agreement or disagreement with a particular 
statement. Questionnaires allow the design team to 
gather a large quantity of information relatively quickly 
that can be easily examined. 

Potential outputs 

•	 Quantitative information regarding 
user characteristics. 

•	 Quantitative/qualitative information relating to 
current usability issues and hazard and risk areas. 

•	 Quantitative information regarding user opinions 
on current design solutions. 

Advantages 

•	 Provides large quantities of data relatively 
cheaply and quickly. 

•	 Questionnaires can be developed to ensure 
reliability and validity. 

Disadvantages 

•	 Requires large subject pool in order to obtain 
accurate and representative responses. 

•	 Information provided is not as ‘rich’ or detailed as 
information obtained from interviews. 

•	 Response rates can often be low. 

When to use this technique 

To identify users and key activities: 

•	 Use questionnaires and surveys to identify user 
characteristics, needs and requirements as well 
as gather information on the types of main 
activities users undertake. 

To evaluate design solutions: 

•	 Questionnaires and surveys can help the design 
team to gauge user opinion with respect to 
design solutions and their effectiveness. 

Practical advice 

•	 Ensure anonymity and confidentiality of 
respondents in order to enhance response rate. 

•	 Questionnaires can produce a wealth of 
information, so it is advisable to plan the type 
of analysis. 
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Appendix 5 – Lean manufacturing principles
 

Lean manufacturing is a management philosophy 
focusing on reduction of the seven wastes (over
production, waiting time, transportation, processing, 
inventory, motion and excess) in manufactured 
products or any type of business. 

By eliminating waste, quality is improved, production 
time is reduced and cost is reduced. Lean ‘tools’ 
include constant process analysis, ‘pull’ production 
and mistakeproofing. 

Lean manufacturing is based on the following 
key principles: 

•	 Perfect firsttime quality – quest for zero defects, 
revealing and solving problems at the source. 

•	 Waste minimisation – eliminating all activities that 
do not add value and safety nets, maximise use of 
scarce resources (capital, people and land). 

•	 Continuous improvement – reducing costs, 
improving quality, increasing productivity 
and information sharing. 

•	 Pull processing – products are pulled from 
the consumer end, not pushed from the 
production end. 

•	 Flexibility – producing different mixes or greater 
diversity of products quickly, without sacrificing 
efficiency at lower volumes of production. 

•	 Building and maintaining a longterm relationship 
with suppliers through collaborative risk, cost and 
informationsharing arrangements. 

Lean is basically all about getting the right things to 
the right place at the right time and in the right 
quantity, while minimising waste and being flexible 
and open to change. 

Lean introduces five core concepts: 

1. Specify value in the eyes of the customer. 

2. Identify the value stream and eliminate waste. 

3. Make value flow at the pull of the customer. 

4. Involve and empower employees. 

5. Continuously improve in the pursuit of perfection. 

The delivery of healthcare to patients is very similar in 
many ways to manufacturing, with the patient taking 
the role of the customer. Adopting the principles and 
approaches used in lean manufacturing during the 
design phase (and after) can lead to more effective 
treatment processes and hence more effective 
healthcare delivery. 

Key references include: 

•	 Bicheno J. The new lean toolbox: towards fast, 
flexible flow. Picsie Press, England. (2004). ISBN: 
0954124413 

•	 Amaro VA. A practitioner’s guide to lean 
manufacturing. (2006). ISBN: 0978741102 

•	 Cooper RG, Edgett SJ. Lean, rapid, profitable 
new product development. (2005). Product 
Development Institute. ISBN: 0973282711 
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