
 

 

CASE STUDY 

Making Smart Motorways Safe 
Motorways 

Overview  
For probably the first time, Occupational Psychology and Human Factors Professionals were 
included in the process of motorway design in the UK. Highways England commissioned 
teams from Amey and Arup to design two new Smart Motorway schemes on the M1 
motorway, between junctions 13-16 and 23a-25.  

These Consultants worked together with Road Maintainers, Road Users, Emergency 
Services and others to assess the human element of motorway design. They applied a user-
centred approach, with the aim of promoting safe behaviours through the design of various 
motorway infrastructure assets. This in turn would help Highways England achieve their 
strategic aims of improved Customer experience, road user safety and service delivery. 

Challenge 
Highways England introduced Smart Motorways to improve road safety, ease congestion 
and enable service delivery for the road user, i.e. Customers. Smart Motorways work by 
using technology to analyse data collected by the infrastructure, then providing that 
information to road users to influence their behaviour (such as variable speed limit 
reductions during congestion).  

Incidents on the UK’s Strategic Road Network contribute to approximately 25% of 
congestion, and cost Highways England an estimated £500million each year. In 2006 the 
first Smart Motorway (M42) was introduced and credited with reducing incidents by over 
50%, reducing the severity of incidents, with zero fatalities and fewer seriously injured, a 
testament to their value.  

When Psychology Consultants supporting the M1 Smart Motorways project team engaged in 
this project, they found the Motorway Designers followed DMRB standards. The “Design 
Manual for Roads and Bridges” (DMRB) specifies minimum requirements (e.g. for lighting, 
signage and road geometry) without necessarily considering users’ needs. While these 
standards aim to ensure the end-product provides a safe environment, the team identified 
shortfalls with the standard design parameters from a psychological perspective.  

Another challenge the team had to address was the novelty of this collaboration. Motorway 
design had not previously integrated user-centred design methodologies, so when the team 
did not have accompanying standards to follow, they had to verify their hypotheses through 
consultation. Design meetings and consultation workshops had to include experts, for 
example: 

• Civil Engineers, responsible for design of the physical assets (the road, drainage, 
bridges and structures) 

• Technology Engineers, responsible for the systems that make the motorways ‘Smart’ 

• Lighting Engineers 
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• Operations and maintenance specialists 

• Other specialist designers 

Approach 
Design 

The human-centred design process, as defined in the standard ISO 9241 (ergonomics of 
human-system interaction), was implemented and an integration plan for the Smart 
Motorway schemes was developed. 

The ‘human-centred design process,’ from ISO 9241-210:2010 is shown here. 

  

The team also applied psychological considerations such as: 

• Nudge Theory to increase the likelihood of user adherence to Smart Motorways. 
Nudge Theory suggests that positive reinforcement and indirect suggestions can 
influence behaviour and decisions (Thaler & Sunstein, 2008) 

• Cognitive Load Theory, ensuring a safe environment accounting for how changing 
information could impact drivers. Cognitive load refers to the used amount of working 
memory resources, differentiated between intrinsic, extraneous, and germane 
demands (Sweller, 1988) 

Stakeholder Engagement 
In line with best practice, the team identified core stakeholder groups for the team to engage 
with before and during design. This included holding multiple consultation sessions to gather 
information on each stakeholder group’s aims, goals and tasks, to understand their need in 
context of the design of the motorway. Stakeholder groups included: 

• Internal design and engineering teams 
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• to raise awareness of the value of applying psychological principles to design 

• to instil positive user-centred design behaviours 

• Operational users of the motorways: Motorway Maintainers, Emergency Services, 
Highways England’s Traffic Officers and Control Room Operatives 

• to understand their user needs  

• to understand requirements relating to different motorway assets 

• Road users: car and HGV drivers and motorcyclists 

• to understand their current concerns 

• to understand their requirements 

• to develop Personas for future project stages  

These user needs/requirements were continuously updated throughout the project and 
shared with the wider design team to enable them to produce design solutions that 
considered the needs of the stakeholders. A total of 114 separate requirements were 
identified.  

Multi-Disciplinary Collaboration 
The Psychology Consultants worked with other experts to assess and evaluate designs as 
they were produced. Given the type of project, it was determined the most appropriate 
evaluation methods were to: 

• Involve end-users during design workshops with 3D visualisations to gather their 
feedback 

• Use Personas (developed during the user engagement and research phase) and 
walk the experts through a variety of scenarios developed, based on critical 
infrastructure elements or areas of known safety concern 

The Psychology Consultants produced a set of design principles, specific to motorway 
design, for the wider multi-disciplinary design team to use. The design team considered 
these when producing their solutions, building a standardised best practice approach that 
could then be reused. Examples of these included motorway signage principles: 

• Timely provision of information  

• Information in a clear and concise format 

• Consistent design and delivery 

• Intuitive operation and maintenance 

Outcome 
Following design evaluation, 125 areas for improvement or user requirements were captured 
in an issues log. The Psychology Consultants managed these either by instigating a design 
iteration to solve the issue, or addressing the issue through change to operational 
processes. 

The interventions were delivered on time and to cost through careful project management. 
Additionally, developing designs that addressed user needs first-time saved time and 
resources by avoiding the need for re-work. The approach was also documented, meaning 
that it could be replicated on other schemes, further supporting an efficient and sustainable 
approach through best practice. 
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Improved Design  
One example of the impact made by this scheme revolves around Emergency Refuge Areas 
(ERAs). Highways England introduced a requirement for ERAs to be provided every 2.5km 
along the motorway. This gave roads users a safe area to pull into, off the main carriageway, 
in an emergency. The Psychology Consultants identified that the locations of these ERAs 
may not be intuitive to road users, so they might end up using other areas of the 
carriageway. To test this the team applied persona-based scenario testing of driver types 
against the proposed locations of ERAs. The assessment, in collaboration with Road 
Designers, identified that intra-junction ERAs were in fact counterintuitive, as drivers would 
pull off onto the slip road. The findings ensured that all intra-junction ERAs were removed 
from the design and that slip road ERAs were provided. This result placed users at the heart 
of the design and demonstrated the value of considering psychology in infrastructure design 
Programmes.  

In addition, psychological considerations were applied to work with Motorway Designers and 
Engineers to ensure that other features and assets (such as motorway signage, man access 
gantries and maintenance access routes) were designed with their respective users in mind, 
to enhance user experience and improve safety. 

Improved Signage  
Using personas alongside scenario-based walkthroughs helped all involved to understand 
the need for a user-centred design, and to visualise the impact that different design options 

had on the different road users. See ‘Before’ and ‘After’ images below for a summary of 
another one of the interventions suggested by the Psychology Consultants to improve safety 
on the smart motorway schemes. 

Before: 

 

 

After: 
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Positive feedback was received, showing the value of applying psychological principles to 
signage design. This demonstrated the difference the team made to the holistic 
considerations of the design process. “Following reviews and workshops we have modified 
our designs to make them more intuitive and consistent.” – Henry Hoggarth, Amey Arup 
Signing Lead, M1 J23a-J25 and J13-J16  

Lesson Learned 
The lesson learned for future projects was to build on positive established relationships. The 
Psychology Consultants planned to continue working with Motorway Engineers to expand 
the application of user-centred design in best practice design, rather than being a later ‘add 
on,’ and take the best practice identified to other design and engineering environments. For 
example, one difficulty of motorway design was establishing a feedback loop with road 
users, who perhaps tend to feedback only when there is an issue. On designing the next 
intervention, they planned to look for innovative ways to elicit road user feedback. 

Further information available at: https://highwaysengland.co.uk/programmes/smart-
motorways/. 
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