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THIS IS THE PLACE written and performed by Tony Walsh for Forever Manchester, 
a poem that united and provided support to the city of Manchester and beyond in the 
aftermath of the Manchester Arena Bombing.  

This is the place in the North West of England 

It’s ace, it’s the best and the songs that we sing 

From the stands, from our bands set the whole planet shaking 

Our inventions are legends! There’s nowt we can’t make and 

So we make brilliant music. We make brilliant bands 

We make goals that make souls leap from seats in the stands 

And we make things from steel and we make things from cotton 

And we make people laugh, take the mick summat rotten 

And we make you at home and we make you feel welcome 

And we make summat happen, we can’t seem to help it 

And if you’re looking for history then yes, we’ve a wealth 

But the Manchester way is to make it yourself 

And make us a record, a new number one 

And make us a brew while you’re up, love. Go on! 

And make us feel proud that you’re winning the league 

And make us sing louder and make us believe it 

That this is the place that has helped shape the world 

And that this the place where a Manchester girl 

Name of Emmeline Pankhurst from the streets of Moss Side 

Led a Suffragette City with sisterhood pride 

And this is the place with appliance of science 

We’re on it, atomic, we strut with defiance 

In the face of a challenge we always stand tall 

Mancunians in union delivered it all 

Such as housing and libraries, and health, education 

And unions and co-ops, the first railway station 

So we’re sorry! Bear with us! We invented commuters! 

But we hope you forgive us – we invented computers! 



And this is the place Henry Royce strolled with Rolls 

And we’ve rocked and we’ve rolled with our own Northern Soul 

And so this is the place to do business, then dance 

Where go-getters and goal setters know they’ve a chance 

And this is the place where we first played as kids 

And me Mam lived and died here, she loved it she did 

And this is the place where our folks came to work 

Where they struggled in puddles, they hurt in the dirt 

And they built us a city. They built us these towns 

And they coughed on the cobbles to the deafening sound 

Of the steaming machines and the screaming of slaves 

They were scheming for greatness, they dreamed to their graves 

And they left us a spirit, they left us a vibe 

The Mancunian Way to survive and to thrive 

And to work and to build, to connect and create and 

Greater Manchester’s greatness is keeping it great 

And so this is the place now we’ve kids of our own 

Some are born here, some drawn here but we all call it home 

And they’ve covered the cobbles, but they’ll never defeat 

All the dreamers and schemers who still teem through these streets 

Because this is a place that has been through some hard times 

Oppressions, recessions, depressions and dark times 

But we keep fighting back with Greater Manchester spirit 

Northern grit, northern wit in Greater Manchester’s lyrics 

And there’s hard times again in these streets of our city 

But we won’t take defeat and we don’t want your pity 

Because this a place where we stand strong together 

With a smile on our face, Mancunians Forever 

And we’ve got this* as the place where a team with a dream (*Forever Manchester) 

Can get funding and something to help with their scheme 

Because this is the place that understands your grand plans 

We don’t do No Can Do, we just stress Yes We Can! 



Forever Manchester’s a charity for people round ‘ere 

You can fundraise, donate. You can be a volunteer 

You can live local, give local. We can honestly say 

We do charity differently, that Mancunian Way 

And we fund local kids, and we fund local teams 

We support local dreamers to work for their dreams 

We support local groups and the great work they do 

So can you …help us help… local people like you? 

Because this is the place in our hearts, in our homes 

Because this is the place that’s a part of our bones 

‘Cos Greater Manchester gives us such strength from the fact 

That this is the place. We should give something back. 

Always remember. Never forget.  Forever Manchester. 

© Tony Walsh 2012 
All rights reserved. Used with the kind permission of the author. 
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POPULAR SCIENCE SUMMARY OF THE THESIS 
Providing the optimal care for traumatically injured children is very challenging. This is 

evident when one is part of a team trying to achieve that goal, an educator working with 

individuals and teams aiming to improve performances, an administrator attempting to 

improve an organisation to meet the challenges and a researcher exploring how 

improvements could be made. Overcoming these challenges is hard enough when considering 

only one severely injured child presenting to an emergency department. It is harder still when 

two arrive back-to-back and very considerable when a series of children present, as in a major 

incident, such as a coach crash or bomb blast. Even with the disruption of only one severely 

injured child arriving, the emergency department can switch from a period of relative 

quietness with department staff managing mild to moderate illness and injury, to a moment 

when multiple staff arrive from across the hospital meet to provide paediatric trauma care.  

Many international reports have indicated sub-optimal paediatric trauma care provision and 

that there is much that can be done to safely manage severely injured children and improve 

outcomes. This thesis aims to explore the challenges of improving paediatric trauma care. 

Exploration can be defined as the act of going to a place to learn about it. There is the voyage 

and there is learning. In this thesis the voyage is mine from a trauma team-member and 

educator using a tool called in-situ simulation, (that I discuss in more detail below), to a 

researcher and back. The place, the setting for this thesis, is a complex place where humans, 

as individuals and as teams, interact with technology and systems within an organisation. The 

organisation being a hospital managing severely injured children. As an explorer I used 

different ways of looking to learn with the people that inhabit this place daily as a place of 

work. I present four studies, each focusing on different aspects of the challenges of how to 

improve paediatric trauma care. Each building on the previous, and employing a different 

approach, as I learnt more about exploring. 

The first study provided a cornerstone, some foundation for the thesis. From reading the 

literature it was evident that no single factor of paediatric trauma care was linked to 

improving outcomes. But also, that a definition of high-quality paediatric trauma care was 

absent. It is challenging to improve that which one cannot define. A research approach called 

phenomenography was employed to understand what individuals (trauma team members and 

administrators to the highest level of the hospital) think and mean when they consider quality 

of patient care and how to measure it, in the context of the acute stabilisation of a severely 

injured child. The study produced a novel framework to delineate paediatric trauma care 

composed of Systems, Processes, Outcomes (data), Team-working, Individual and Culture 

perspectives. 

The second study focused on how to disseminate the learning across organisations created by 

a tool to educate hospital staff and enhance organisational learning called in-situ simulations 

(ISS). ISS can produce a safe test bed using dummy (not real) children, termed simulators, 

made to appear as severely injured children, to test how hospital systems provide paediatric 



trauma care. Most ISSs involve up to ten to fifteen members of staff, working together as a 

team with the simulators, as they would in real-life. The ISS events occur in the normal place 

that the children are cared for (emergency bays) using the hospital’s real equipment and 

systems. The ISS process allows safety threats in care systems to be identified, ideas from staff 

to improve care to be collated and can improve the safety culture of the organisation. In the 

second study ISSs were conducted in ten hospitals twice one year apart and how each hospital 

performed in terms of the trauma care provided was fed back. Working with individuals within 

the hospitals, in an iterative way using a methodology called Design Based Research, the study 

focused on how to deliver the feedback of ISSs across organisations. The findings indicated 

that rather than providing raw data for each hospital to analyse, organisations preferred a 

performance analysis approach including comparing each hospital with the rest, direct narrative 

feedback and suggested resources to improve care. Providing raw data alone did not improve 

performances one year later. Central to this study was the concept that ISS could be used to 

feedback safety threats and how to bridge gaps in performance when things go wrong in clinical 

practice, a traditional model of ISS. But also, and perhaps of equal importance, that ISS could 

be used to explore the much more frequent normal mundane actions of individuals that make 

things go right. This concept was explored in depth in next study. In doing so the exploratory 

lens of this thesis transitioned from the educational realm of Technology Enhanced Simulation 

(TES) where the focus is on how individuals learn and how teaching/learning is enacted, to the 

engineering domain of studies of resilience. Resilience Engineering is focused on how 

individuals, teams, or organisations return to normal functioning with the occurrence of an 

event that disturbs its state, such as one, two or many severely injured children. This transition 

also acted to prompt theoretical considerations as discussed at the end of this summary. 

Study three looked in detail at the normal often mundane human adaptations exhibited by 

trauma team members, across the ten hospitals, as they provided paediatric trauma care in ISSs 

from a resilience engineering perspective. A safety science method, termed Functional 

Resonance Analytical Methodology (FRAM) used to visualise the complex inter-linked 

relationships of systems that involve humans and technologies working in and outside of 

healthcare, was adapted and applied to the ISS setting for the first time. By comparing how 

teams were anticipated to work and how they actually worked, we revealed a series of human 

adaptations that improved the paediatric trauma care. This approach of allowing direct 

visualisation of the downstream consequences in a complex system of differing human 

adaptations provides a host of opportunities for advancement of ISS. This includes the ability 

to observe and discuss adaptations and their consequences that previously would not normally 

be noticed as they constitute “normal practice”. Observing and discussing these observations 

may in turn may promote profound and deeper learning where individuals may adjust their 

actions and assumptions by changing their inner norms and values.  

The fourth study explores the adaptations to practice from a resilience engineering 

perspective during a mass casualty incident, the terrorist attack on the Manchester Arena on 

May 22nd, 2017, where many severely injured children presented to a paediatric trauma 

centre. Thematic analysis of data collected in the immediate aftermath indicated adaptations 



 

 

to optimise the response and enhance resilience. The adaptations focused on team-working, 

psychological support for patients/families and staff, infrastructure changes, workarounds and 

how to preserve critical hospital functions. The findings informed national decision making 

and the redesign and testing of the hospital’s major incident plan.  

To conclude, there are commonalities in the findings of all four studies in this thesis. 

Throughout the studies the place, the context, where the exploration occurred has remained 

anchored in the management of one, then two, then many severely injured children. With 

each of the different exploratory lenses applied the complexity of paediatric trauma care 

became increasingly evident. Also, the importance of the context became increasingly 

relevant as the studies continued. As did the importance of the human at the apex of a triangle 

with technology and organisation. The emphasis placed on team-working, individual 

perspective and the importance given to culture to define and measure trauma care in Study I 

is impactful, where previously the literature only considered system, process, and outcome. 

This study provided a framework to consider quality of care as important outcome measure 

for future studies. The duality of humans as both study participants but also their importance 

as co-producers of the interventions aiming to improve patient care became evident. Be that 

at a microlevel feeding back their own expertise of how to improve where they work. Or be 

that at a macrolevel with the redesign of the feedback tool itself prior to its dissemination 

once more across their organisations. The studies also illuminated the importance of human 

adaptations as unit of variation that can be seen to have positive and negative effects across 

complex systems. Human adaptations were demonstrated to enhance resilience in both the 

simulated setting and the real world.  

Another important conclusion of this thesis was the challenge to perform multiple level 

research in terms of studying individuals, teams, and organisations. This was particularly 

evident in Study II, where the lack of a contestable overarching theory to provide an 

understanding of how learning is spread (post simulation debriefs) throughout an organisation 

was evident. The findings of these studies suggest great synergy between TES and Resilience 

Engineering (RE). On a practical level this may be the joint appreciation that “to err may be 

human” but also that humans adapt, we do it every day of our lives. Adaptations of course 

may cause harm, but most adaptations enhance safety and how we perform daily. Such 

adaptations are not the focus of our current learning strategies in the workplace. Another 

factor driving synergy between TES and RE may be the sparsity of contestable theories to 

challenge and test with studies using real-world verifiable evidence. A theory, as a simple 

sequence of ideas is presented in this thesis. This is only a thought exercise using the findings 

from this thesis, to illuminate how theories of human evolution may develop further our 

understanding of humans, there adaptations and how we might learn in complex systems.  

The voyage of this thesis began rooted in technology enhanced simulation focused on in-situ 

simulation, then chartered the waters of resilience engineering but now plans to return home 

with knowledge, experience, and new ideas to improve paediatric trauma care using 

simulation once more. 



 

 

 

 

 

  



 

 

ABSTRACT 
 

Background 

In-situ-simulation (ISS) has been adopted across the globe as an educational tool to enhance 

the quality of care provided to severely injured children. As an intervention that trains 

individuals where they work, when they work, and with whom they work, ISS is well 

positioned to overcome many of the challenges of paediatric trauma care. Recent reviews 

however indicate that ISS has yet to reach its potential. Barriers to progress include the lack 

of an effective way to disseminate learning post ISS across organisations. This is 

compounded by an incomplete understanding of the complexity of paediatric trauma care and 

a lack of definition of what constitutes of high-quality care and how to measure it. Multi-level 

empirical studies at the individual, team, and organisational levels, extending from the 

pedagogy of ISS may inform future theoretical and research directions. Resilience 

engineering (RE) has concepts that embrace complexity, focuses on context, and explores 

human adaptations resonating across complex systems. As such, RE may illuminate a path 

and stimulate ideas of how to enhance multi-level learning in both simulations and real-life. 

Aim 

The aim of this thesis is twofold:  

To deepen the understanding of the context of acute stabilisation of severely injured children 

from a multilevel perspective of individuals, teams, and organisations.  

To apply this understanding to the design of simulation-based interventions to improve 

paediatric trauma care. 

Methods 

This thesis uses a series of different approaches to reach its aims. These include 

phenomenography, Design-Based Research (DBR), Functional Resonance Analytical 

Methodology (FRAM), and thematic analysis. The studies were situated in a simulated 

setting using ISS, and in the real life setting of a mass casualty incident. 

Study I explored the relationships and hierarchy between the contrasting perceptions of 

quality and evaluation of quality in the context of the stabilisation of a severely injured child, 

using phenomenography. Thirty-six individuals, six trauma team members of all disciplines 

and roles and six administrators, two from the executive board, two from administrator 

director positions and two clinical directors in each of three hospitals took part in semi-

structured interviews. 

Study II employed an iterative DBR approach to design, test, and re-design a tool to feed 

back the performances at individual, team, and system levels during ISSs across three 

hospital organisations. Semi structured interviews and other data were collated from three 

hospitals. 



Study III explored the novel modification of FRAM and its application to ISS for the first 

time. Empirical data from twenty ISSs was modelled to permit the visualisation of human 

adaptations as they propagated across the complex systems of paediatric trauma 

stabilisations. 

Study IV was situated in the real world. A diverse sample of forty members of staff from a 

paediatric major trauma center, were interviewed in the immediate aftermath of a mass 

casualty incident. A thematic analysis provided insights on how innovations and adaptations 

catalysed the resilient response of the hospital during the incident. 

Findings 
Study I indicated a novel framework for the joint understanding of what quality means in the 

context of the acute stabilisation of traumatically injured children, and how to measure this. 

This shared framework from the perspective of trauma team members and administrators 

highlighted system, team, process, individual, data and culture, as delineating quality. A 

hierarchy of perspectives was evident from the simple, system, team, process to the complex, 

with all elements of the framework added. Great emphasis was placed upon team working, 

although this is not currently measured in clinical practice. The findings redefined both 

classical and current thinking of quality as a key and attainable measure of human 

performance in the center of a complex interconnected system of care provision. 

Study II highlighted the challenges of disseminating ISS learning across organisations to 

impact change using a tool to capture and promote reflection post the debrief. Conducting 

standardised ISSs one year apart, with such a tool, did not improve performance in the three 

hospitals studied. The iterative design approach embedded in the study highlighted the need 

for a performance analysis tool to provide knowledge transfer in an understandable and 

contextualised format. This study also illuminated theoretical conceptions and directions for 

empirical studies to explore how learning post the ISS debrief can overcome the complexity 

of multilevel learning in hospitals. One such theoretical consideration was how to embrace 

complexity as had been conceptualised in the science of resilience engineering.  

The guiding principle of Study II was to capture and disseminate not only that that did not go 

well but as much as possible of that which went well also. The study illuminated how Safety I 

and Safety-II information can be disseminated. The findings of Study III indicated that it was 

possible to model and visualise how things went and not so well using ISS in the context of 

paediatric trauma care. Using human adaptations as a base unit of variability, FRAM 

modelled comparisons of “work as imagined” and “work as done”, permitted visualisations 

of the propagation of variability across the complexity of trauma care systems. The case 

series of variations and the added value to ISS of observing and reflecting on the mundane 

normal adaptations of when things go well, and how this may promote second order learning 

was demonstrated. The findings of Studies II and III, the position of humans in the center of a 

complex sociotechnical system continually adapting to the environmental ecology in which 

they found themselves, lead to theoretical conceptions of how knowledge post ISS may 

disseminate across organisations in the face of complexity.  



 

 

The findings of this thesis transitioned from the simulated world to the real world of a mass 

casualty incident. In doing so, the unit of analysis remained the same that of human 

adaptations. In this case the adaptations to the hospital major incident plan. Analysis through 

the lens of resilience engineering, identified five themes of 1. team-working, 2. psychological 

support, 3. reconfiguration of infrastructure, 4. information and technology workarounds and 

5. the preservation of key critical safety functions. 

Conclusion 

By extending the pedagogy of ISS into RE, this thesis deepens the understanding of the 

context of acute stabilisation of severely injured children from a multilevel perspective of 

individuals, teams, and organisations. The complexity of the system of paediatric trauma care 

provision is analysed and described in detail from several perspectives. Quality of care is 

delineated and positioned as a key outcome measure across organisational levels, that can be 

measured in future studies of ISS & RE. The depth of the complexity of the clinical complex 

adaptive system of trauma care is described. However, the challenges posed by a second 

complex system, that of disseminating knowledge across the multiple levels of an 

organisation to improve care is also illuminated.  

The two interventions described in this thesis, the FACT report tool, and the SWI-FRAM 

approach both have the potential to improve future paediatric trauma care. The iterative 

design and re-design of the FACT tool indicated the potential of a performance analysis 

approach to transferring Safety-I and Safety-II information across organisational levels. The 

SWI-FRAM resilience engineering approach has illuminated human adaptation as a visible 

unit of variation for analysis. This approach provides the opportunity to learn not only from 

errors but also mundane often unnoticed adaptations that improve care. The development of 

these tools has also afforded the opportunity to consider theoretical concepts of how to 

empirically study adaptations of care as units of analysis and the transfer of knowledge across 

organisations as they evolve.  
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PROLOGUE 
You are called to attend the Emergency Department at midnight, a resuscitation team has 

failed to stabilise the first blast victim, a second child who arrived with her parents is coming 

through the resuscitation bay doors. A major incident is declared. More children are coming 

in paramedic ambulances…  

This thesis began in 2015, as an exploration of how to optimise the preparedness of hospitals 

to receive traumatically injured children in the UK, in the wake of a series of reports that 

highlighted care provision was sub optimal. Because of the reports, the UK trauma service 

was reconfigured to centralise services to a network of large adult and paediatric Major 

Trauma Centres (MTC) and smaller adult Trauma Units (TUs) that can manage children. The 

goal was for those children assessed at the scene to be sufficiently stable to be driven past 

local hospitals to attend MTCs if possible. The motivation for this thesis was that unlike 

adults, severely injured children pose significant problems to local TUs, mainly related to 

lower frequency of presentation and lack of experience (staff and hospital system) to manage 

such severe trauma. These issues and others might not be addressed by the reconfiguration or 

could be exacerbated (by driving past). This would be particularly acute with children 

deemed unstable at scene, such time critical injuries (for example head injuries or major 

haemorrhage) would still present at local hospitals or TUs.  

As an experienced paediatric transport physician specialising in leading the stabilisation of 

critically ill children in local hospitals and working in a paediatric MTC as trauma team 

member receiving severely injured children, I began this thesis believing that a well-designed 

intervention or a combination of interventions could invoke individuals and organisations to 

change and improve. Particularly if we focussed upon using training strategies that promoted 

reflection and attempted to support individuals to become advocates of change. As I 

progressed on my journey as a doctoral student, I began to realise that the situation was much 

more complex, on several levels. These included an absence of understanding of what a high-

quality stabilisation or resuscitation means. I began to understand that if an intervention was 

to be successful in invoking any changes it had to evolve with the very individuals that would 

use it to make changes. Finally, it became evident to me that to optimise the preparedness of a 

hospital to receive traumatically injured children, there was a need to visualise the interplay 

between individuals, teams, and the organisation (the hospital) as a complex adaptive system. 

I began to view the acute phase of care provided to severely injured children, as both a 

combination of social and technical subsystems that heavily interact and that the entire 

complex system adapts in a dynamic sometimes unpredictable way to both internal and 

external changes. Then the Manchester Arena Bomb Attack happened, on the night of the 

22nd of May 2017. 

With many colleagues I was called into the paediatric MTC in Manchester just over one hour 

after a terrorist detonated an explosive device containing large nuts and bolts in an exit 

packed with children and parents leaving an Ariana Grande concert. In the immediate 

aftermath with the experience gained from my doctoral studies to that point, I aimed to meet 



the MTC leadership’s goal of capturing how the acute phase of emergency response was 

managed, to provide immediate national feedback. I attempted to capture learning through the 

lens of a complex adaptive system focusing upon the adaptations made to improve patient 

care. Interviewing forty consenting individuals from diverse parts of the hospital facilitated 

the collection of a wealth of data. The process also enabled direct signposting to the 

psychological support available to staff. I analysed the data and provided it to the national 

NHS England emergency service debrief following the incident. Analysing and reflecting on 

this data to this point, has provided me with the opportunity to view the events from a host of 

different perspectives that I have learnt from my doctoral studies so far. This has also been a 

valuable part of my own healing process. I believe my doctoral studies have opened my eyes 

to many ways of understanding complex issues in healthcare, in the following pages I present 

my journey thus far.
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1 INTRODUCTION 
This thesis focuses upon the use of in situ simulation (ISS) as an educational intervention to 

improve the care of traumatically injured children. A series of studies at the individual, team 

and organisational levels explore the current challenges to improve this care. Discoveries are 

made in the standardised simulated setting, but also by reflecting upon real-life stabilisations 

of injured children and in the aftermath of a mass casualty incident. As this project 

progressed, conceptualising the complexity and the importance of context, became key 

drivers to extend the current pedagogy of ISS to inform future theoretical and research 

directions. Central to this exploratory approach has been to combine concepts of ISS with 

those of complexity, resilience, and Safety-I plus Safety-II. It may be useful to define these 

concepts at this juncture.  

ISS has been defined as “simulations that occur in the actual clinical environment and where 

participants are on duty clinical providers during the actual workday”.(1) Simulations are the 

learning events of Technology-enhanced simulation (TES) also referred to as simulation-

based education, which is considered as an educational tool to create learning experiences in 

an environment that does not compromise patient safety.(2) All the ISSs described in this 

thesis are standardised learning experiences, include a post-simulation debrief and are 

situated in emergency bays within hospitals. 

Complexity is considered in two different contexts. There is the complexity of the provision 

of acute trauma care within an emergency bay, (be that in a simulated or real-life situation), 

experienced by individuals and teams, as part of the socio-technical system in which they 

work, adapting to immense variability. The process of transfer of learning after an ISS across 

an organisation is also considered as a complex system in this project. Complex rather than 

complicated in this thesis. An eloquent description of the difference between complicated and 

complex, uses the analogy of sending a rocket to the moon as complicated and raising a child 

as complex.(3)  

The concept of resilience encapsulates “the ability of an entity, individuals, community, or 

system to return to normal condition or functioning after the occurrence of an event that 

disturbs its state”.(4) The concepts of Safety-I & Safety-II have been developed from the 

stance that that patient safety was considered as an absence of incidents, accidents or a state 

with the minimal acceptable level of risk.(5) Safety-I has been defined as a state where “as 

few things as possible go wrong” in a system. The Safety-II perspective focuses on ensuring 

“as many things as possible go well” in a system.(5) Central to Safety-II thinking is that 

humans and their adjustments, the adaptations they make as they work, are vital to maintain 

safety.(5)  This project explores adaptations and the contexts in which they are made in depth, 
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both simulated and in real-life and how dissemination of this learning may improve paediatric 

trauma care. 
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2 BACKGROUND 
2.1 THE CHALLENGES OF MANAGING SEVERELY INJURED CHILDREN 

Injury is the leading cause of death in children from one to eighteen years.(6) The 

stabilisation of traumatically injured children is a complex, challenging, time-critical exercise 

dependent on a multi-disciplinary team working optimally. Trauma teams assemble from 

across a hospital, on an ad hoc basis for resuscitation events, and rarely participate together in 

structured trauma training. The management of life-threatening emergencies in children has 

been identified as a major cognitive challenge and emotional burden.(7) Many studies have 

identified significant deficiencies in paediatric trauma care including: i) lack of the 

appreciation of severity of injuries, of urgency of clinical scenarios and incorrect or lack of 

clinical decision-making,(8-10) ii) inconsistencies among hospitals in readiness and 

equipment, despite national frameworks and guidelines,(11-13) iii) wide variations in trauma 

team compositions on a daily basis,(14) iv) variable staff training,(15, 16) and v) errors or 

time delays due to lack of team-working and coordination.(10, 16-18) It has been estimated 

that deficiencies exist in the quality of trauma care provision for between 8% to 45% of 

severely injured children presenting to hospitals in highly developed countries.(19, 20) Video 

analysis of real paediatric trauma management indicates that errors are common and often 

involve the basic principles of resuscitation.(17) An 18-month study of an Australian state 

paediatric trauma centre identified on average 5.9 errors per resuscitation, with no 

resuscitation exempt from an error.(17) The result of errors can be catastrophic. Retrospective 

reviews of the management errors in both US and UK major trauma centres indicated a 

minimum of between 2.4 to 7% of deaths were preventable.(21-23) In each study most errors 

occurred in the initial phase of stabilisation in trauma bays. Errors of omission of parts of the 

primary survey process were most commonly identified,(17, 23) with one study indicated the 

commonest error as a delay of greater than five minutes to apply oxygen.(14) A systematic 

review of the literature has indicated that between 6% to 32% of in-hospital deaths of 

traumatically injured children could be preventable.(24)  Many studies have also highlighted 

the link between increased mortality associated with severe injury and the low frequency of 

presentation of paediatric trauma. This low frequency limits provider experience, exacerbates 

the risk of skill deterioration, prevents the maintenance of critical competencies, and 

increases errors of management.(25-28)  

In conclusion despite improvements in acute paediatric trauma care, early mortality after 

injury persists. Interventions that enhance the initial stabilisation in emergency bays may 

have the most potential to improve patient outcomes.(29) It has been estimated in Europe that 

an improvement in the quality of care could reduce paediatric mortality following trauma by 

up to 30%.(30)  
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2.2 EXPLORATION OF LEVELS OF HEALTHCARE WITH IN-SITU 
SIMULATION. 

In-Situ Simulation (ISS) is a relatively new strategy to enhance acute paediatric trauma 

resuscitation / stabilisation. ISS is a specific type of TES within healthcare, that occurs in the 

actual clinical environment.(31) ISS has been defined as “simulations that occur in the actual 

clinical environment and where participants are on duty clinical providers during the actual 

workday”.(1) It is recognised that ISS has the potential to enhance patient care at multiple 

levels of a healthcare system; the individual, the team, the unit and organisations levels.(32) 

The use of TES to enhance acute trauma care is rapidly increasing. A survey in 2016, 

reported 78% of US paediatric trauma centres participating in the national trauma quality 

improvement program use TES to train for trauma resuscitation.(28) Of those centres not 

using simulation, 89% stated it would be beneficial and 67% indicated there were planning to 

implement TES for trauma training. However, there is a gap in knowledge of the optimal 

instructional design features of ISS required to achieve the desired multi-layer impact on 

healthcare system performance, in particular an impact on patient outcomes and patient 

safety. 

A systematic review has explored the potential of ISS as an educational tool at the individual, 

team, unit and organisational level of healthcare systems.(32) The 2012 review highlighted 

that unlike many other industries, just-in time simulations to uniquely enhance individual 

professional performance in complex domains are not prevalent in healthcare. At the 

individual level, ISS was used to assess performance, focusing on procedural skills (64%), 

decision making (9%), and orientation (9%).(32) However in the  majority (70% of the 29 

articles included in the systematic review) ISS evaluated team performance in addition to 

assessing other layers of a healthcare system. This is not surprising as ISS provides the 

opportunity to concrete well established frameworks of team performance within actual 

everyday working environments. The potential for ISS to develop novel teamworking 

strategies was highlighted.  

More than half of the articles (56%) referred to unit or system level effects. However, the 

systematic review highlighted a lack of clarity in terms of the definition of the end-points 

objectively assessed with ISS. Most articles presented a list of latent safety threats or active 

failures, in diverse clinical areas from labour wards and neonatal units to emergency 

departments.(32) The review authors emphasised the importance of post-simulation feedback, 

indicating that over 90% of ISS programs had a semi-structured feedback system to promote 

learner reflection and many had a facilitated debrief. It was noted that in general the ISS 

participants were primarily healthcare practitioners, not trainees as found in previous 

simulation centre based studies.(32) The review authors also noted that in six of the studies 

aimed at the unit or system level (21%), a follow up mechanism was created to find a solution 

for latent safety threats. These solutions were not elaborated upon. It is of note that the focus 

was upon system failures or negative aspects of care delivery as the sole starting point to 

improve care. The reviewers called for more rigorous evaluation of the benefits of ISS, with a 

particular focus upon the return on investment and a commitment towards patient related 
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outcomes. Randomised controlled trials of ISS are now emerging in the literature. A  

controlled randomised trial conducted to evaluate ISS conducted at 2-monthly, 3-monthly or 

6-monthly intervals versus a traditional 2-year model of learning CPR provided positive 

results.(33) The outcome measures were nurse initiation of chest compression and successful 

defibrillation. The results clearly revealed improved outcome measures with more frequent 

short ISS sessions.(33) Studies focussing upon ISS and patient outcomes are also emerging. 

A 2018 study across a 26 hospital health care system, measuring in-hospital cardiac arrest to 

discharge survival rates as an outcome measure, indicated an improvement with ISS. An 

increased uptake of standardised in-situ mock code training was associated with an 

improvement of survival to discharge from 31.8% to 42.8%, with a significantly reduced 

expected mortality adjusted odds ratio (OR: 0.62, 95% confidence intervals 0.54-0.71 

p<0.001). It is important to note however, that unmeasured co-founding factors including 

possible other non-ISS related quality improvements may have influenced the survival rate. 

In their conclusion the authors stated that ISS had improved patient outcomes but also that 

randomised controlled trials are also required to test the effect.(34) 

 

2.3 IN-SITU SIMULATION AND ACUTE TRAUMA STABILISATION 

A recent scoping review exploring the use of TES for team training in the acute, setting, 

between 2001 and 2018, found 47 studies.(35) The majority of studies were situated in North 

America (77%), 14% were in Europe. No UK-based studies were found. The authors reported 

significant heterogeneity in the study design with marked under reporting of methodology. 

More than half of the studies did not differentiate between adult or paediatric trauma 

care.(35) The authors recognising the limitation to this review posed by the high number of 

pre-and post-intervention designs (64%) and the inclusion of only two randomised controlled 

trials, called for more rigorous research in the future. With only three studies using patient 

outcome measures as endpoints, no association between TES and improved trauma outcome 

could be established. The authors postulated that at worse TES has no effect on trauma 

patient outcomes.(35)  

Many factors were suggested for the lack of association between SBE and patient outcomes 

including the lack of rigorous research methodology. One factor of interest proposed to 

explain the lack of association was that the site of the studies were major trauma centres in 

general. With highly standardised care provided at modern major trauma centres, the authors 

proposed that these could be the very centres least likely to benefit from TES.(35) The 

authors suggested TES could be more effective at lower volume, less resourced centres. This 

is of particular interest as the current thinking in trauma care is that strategies which improve 

early resuscitation, of which TES is considered to be one,(18) can decrease paediatric trauma 

of mortality in MTCs.(29) The need for early effective strategies is based upon the high 

prevalence of mortality in the first 24 hours of presentation to a major trauma centre.(29) 

Despite the current lack of association of TES with trauma patient outcomes, the recent 

scoping review authors concluded that TES is associated with positive aspects of acute 
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trauma team training. These aspects include improved provider knowledge and confidence, 

improved team working and improved time to resuscitation task completion.(35) The scoping 

review did not attempt to compare or contrast TES in the laboratory setting (simulation 

centre) with ISS. It was reported that TES for trauma team training occurred most frequently 

in the laboratory (45%), that it occurred as ISS in 28% of studies and both in 11% and was 

unknown in 17%.  

To determine the effectiveness of ISS as a strategy to improve early trauma resuscitation, 

studies to date using ISS will now be critically appraised in detail. By 1997, ISS in hospital 

trauma rooms with multi-disciplinary team participation had commenced in Nordic 

countries.(36) A working group on simulation in medicine formed a network to proliferate 

trauma team training programs, including the Norwegian Better & Systematic Trauma care 

approach, a one day course that was adapted to the needs of each hospital.(36) A Danish 

group created a framework for the development of team training using ISS, as an educational 

tool to enhance trauma patient safety by team training, with a strong focus upon 

debriefing.(37) In Norway a longitudinal eight year pre-and post-intervention study was 

conducted with ISS as part of a one-day trauma course.(38) The course included standardised 

consecutive simulations with debriefing. The authors reported an improvement in the 

participants self-evaluated knowledge of procedures, confidence and perception of quality 

provided.(38) No objective outcome measures were presented. A subset evaluation suggested 

that the self-evaluated outcomes lasted six months in duration.(14) It is not possible to discern 

if the observed outcomes were due to ISS alone or other components of the course, as only 

42% of participants experienced the ISS. However, the potential future value of ISS as an 

educational tool to enhance trauma care and patient safety was emphasised. 

In 2006, a prospective observational study of a random sample of one third of North 

Carolina’s Emergency Departments was conducted to characterise the quality of resuscitation 

efforts and identify any problems in paediatric trauma care.(39) Thirty-five hospitals were 

presented with a surprise unannounced simulation of a three year old child that had fallen 

from a tall slide. The study authors reported a wide variation in paediatric trauma care and 

many areas to improve, with 20 to 80% of emergency departments needing improvement in 

at least one important aspect of the primary survey provision. A prearranged pre-and post-

intervention study at 18 of the emergency departments chosen at random was then embarked 

upon.(40) The intervention was considered to be the initial surprise unannounced simulation 

with a facilitated debrief and the provision of a minimum inventory list, a manual as to how 

to organise paediatric equipment and a tape to determine drug doses. The authors reported 

that in those 18 emergency departments who received the intervention the mean number of 

primary survey tasks completed significantly improved, although some tasks remained poorly 

performed, including neurological assessment and communication with parents.(40) This 

study had a number of limitations, including a lack of control group, a lack of blindness of 

raters and the use of a low fidelity manikin. The study personnel had to provide verbal 

prompts of the clinical status of the simulated child as the mannikin could not show signs of 

clinical deterioration or improvement. (40) Nevertheless these are landmark studies with ISS, 
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indicating that the simulator can be used both as a tool to identify gaps in trauma care 

provision and as a tool to improve care, in the simulated setting.  

Over the last decade there has been an increase in the use of TES with formal didactic team 

training teaching sessions, as a combined educational intervention in the trauma setting. One 

example is the combination of TES with the previously established Team Strategies and 

Tools to Enhance Performance and Patient Safety program (TeamSTEPPs).(41) Although not 

strictly an ISS study, as the TES was conducted in the simulation centre, a pre-and post-

intervention study in a US Major Trauma Centre attempted to explore any effect of such a 

combined approach on patient outcomes.(42) The study indicated a decrease in times to key 

trauma management process points (for example, time to intubation or CT scan) but observed 

no improvement in patient outcomes including length of stay, morbidity or mortality.(42) 

This study was also biased by the lack of a control group, with more experienced participants 

in the post-intervention group. A subsequent study employing a similar study design explored 

the use of ISS to augment team training.(43) One hundred and thirty-seven multi-disciplinary 

trauma team members participated in four hours of web-based didactic training followed by 

an ISS session. One hundred and forty-one real-life trauma resuscitations were evaluated 

before and one hundred and three after the training intervention. A significant improvement 

in teamwork evaluations, and objective outcome measures, including time to and completion 

of trauma resuscitation tasks in real-life patients were reported.(43) The authors postulated 

that time to complete tasks in the primary survey is a valid clinical process measure likely to 

impact patient outcome. This assertion is based on a previous study indicating a decrease in 

mortality associated with a reduction in resuscitation times, however it must be noted that this 

study was non-randomised, unblinded with no control group.(44) 

A trend analysis study of ISS in another US Major Trauma Centre tracked twenty-two ISSs 

over a two year period (2010-2012).(45) There was a significant trend over time for an 

improvement of trauma team effectiveness, and in particular with communication and 

intubation. Although initially designed to do so, this study was not able to measure the impact 

of the intervention, (a twenty-minute monthly multi-disciplinary ISS with thirty minutes of 

debriefing), on patient outcomes.(45) The study was also limited by real-time rating by a 

single rater, as opposed to video recordings with independent raters. Importantly however this 

study did re-emphasise that ISS was feasible in the trauma setting.  

A further feasibility study situated in a US Major Trauma Centre indicated an improvement 

in teamworking with the instigation of an ISS program.(46) This study explored a 

convenience sample of thirty-nine trauma activations between 0900 & 1600 hours after 

commencing ISS trauma training. The study also indicated that the improvement was not 

sustained after the ISS sessions were halted.(46) The feasibility of unannounced/surprise 

simulations, in addition to an improvement of teamworking, the identification of latent safety 

threats and a cultural change were also objectives of this seminal study of ISS. The study set 

in a large US Major Trauma Centre aimed to embed ISS as part of daily work in the 

emergency department. Simulations of both trauma and other medical emergencies were 



 

8 

performed at a frequency of one to two per week for the first year.(47) The inhouse paging 

system was used at any time of the day, to call teams as if the ISS was a real resuscitation 

event, with no additional staffing provided. Latent safety threats were identified, reportedly 

by the frontline staff, at a rate of 1.2 per ISS. These were identified as either medication 

threats, equipment threats or system resource threats, in approximately equal measures. A 

cultural change was also reported, in terms of a subsequent drive from the staff to ensure a 

mental model of ongoing care across the team was shared at all future resuscitations. No 

improvement in team working over the period was observed. This study also highlighted key 

issues in the implementation of ISS, in terms of performance anxiety, the development of 

guidelines to halt or not start ISS, an initially high cancellation rate and the need for 

engagement with a patient group. The patient group indicated a willingness to wait a longer 

time in the ED “if care providers were practicing to deliver safer care”.(47) 

ISS has also been used as an exploratory tool to observe closed loop communication skills in 

Sweden. Sixteen multi-disciplinary trauma teams were provided with a five-minute video 

focussing on communication skills then observed in ISS trauma scenarios. The finding of 

only 14% of communication loops were closed, prompted a call for further studies and 

implantation of a standard communication model.(48) ISS has also been used as an 

evaluation tool in a pre and post-intervention study in Israel.(49) The intervention chosen was 

a one day trauma course at the Israel Centre for Medical Simulation. Four randomly chosen 

trauma teams were chosen for the pre-intervention and post-intervention evaluations, from 

one emergency department. The ISS based evaluation was four trauma scenarios of forty-

five-minute duration. As with other similar study designs, this study had no control group. 

There was also no patient related outcomes and a small sample size. The authors reported 

statistically significant improvements in teamworking, communication, hand-offs (care 

handover to other disciplines) and haemorrhage control. No improvement was reported 

regarding the overall trauma resuscitation, safety, preparation, airway management, chest 

trauma treatment or transport.(49)  

Further insight into the effectiveness of ISS has been provided by an empirical comparison of 

teamwork performance in actual emergencies, ISS and simulations in the laboratory 

(simulation centre) settings.(50) The study site was a large academic paediatric institute in the 

US which had run unannounced ISS since 2007, with on average 60 such simulations per 

year. Video cameras in the trauma bays had captured actual resuscitations for over 15 years. 

Retrospectively, forty-four videos of actual resuscitations, ISS and laboratory simulations 

were reviewed, with overall assessment of teamwork as the primary outcome. The authors’ 

hypothesis that team working would be enhanced in the actual emergency department rather 

than the laboratory or ISS was not proven.(50) Team working was reported as high and not 

different across any of the settings. A secondary survey of study participants, with a 65% 

response rate (n=154) reported that ISS was considered more realistic (59% versus 10%) and 

more effective (45% versus 15%) than laboratory simulations for trauma team training. The 

authors reported that the high level of exposure to TES and already high levels of team 

working within their institution may have biased the study.(50) Other limitations included the 
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retrospective study design, lack of inter-rater reliability and an absence of patient level 

outcomes.  

Further support for ISS based trauma training was provided by a qualitative assessment of 

how to improve trauma management.(51) The findings of ten focus groups, each with 

approximately five multidisciplinary trauma team members were thematically analysed. Five 

themes were reported to emerge as an opportunity to improve trauma care these were 

leadership, communication, cooperation, and understanding of roles and the utility of ISS. 

The authors indicated an overall agreement that ISS was useful training tool and that 

participants encouraged continual use for trauma training.(51) It should be noted that 

participants self-selected for this study. 

A recent study focused on patient level outcome measures and reported “simulation based 

multidisciplinary team training decreases the time to critical operations for trauma 

patients”.(52) The precise role of simulation in this study outcome is not clear. The authors 

stated that there was “the introduction of simulation based multi-disciplinary team training in 

a large emergency department”.(52) ISS is not explicitly stated. TES was used as an 

educational tool as part of a redesign project, based upon a service review that had 

highlighted problems in the team working, delay to definitive care and the need to improve 

patient care and staff experience.(53) TES was reported as part of an intervention, that also 

included didactic lectures on trauma management principals to enhance trauma teamworking 

and standardisation of trauma care pathways. Structured TES programmes with four trauma 

scenarios with structured debriefings were conducted on a three-monthly basis. The patient 

outcome measures of time to operating theatre for critical operations and time to discharge 

from emergency department, were considered as important surrogate markers for quality in 

trauma care. Data was retrospectively analysed for 2389 traumatically injured patients. The 

authors reported a statistically significant reduction from 2.63 hours to 55 minutes to critical 

operation, the primary outcome measure. There was no change in overall mortality, pre and 

post the intervention. There was a significant increase in length of stay for trauma patients 

post the intervention, except for those requiring critical operations. The authors highlight that 

the changes found in this study are not causal but associations.(52) Many limitations hamper 

a clear understanding of the impact of TES in this study. It was a pre and post intervention 

study, with no control group or randomisation, the single centre nature and other potential 

confounders during the redesign phase were present. The retrospective nature of the study 

and the lack of data on other standard indicators of trauma care including times to intubation, 

CT scanning or physiological data, also preclude an in-depth understanding of the impact of 

ISS or TES in general. 

In conclusion, the current heterogenous nature of ISS studies preclude a definitive 

understanding of how ISS impacts upon patient outcomes and the quality of trauma 

resuscitations at the present time.  
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2.4 TRAUMA AS A COMPLEX ADAPTIVE SYSTEM 

Complexity in paediatric trauma care impacts three levels, the individual provider, the trauma 

teams, and the organisation. Individual providers need to make rapid diagnoses, avoid 

missing injuries and making errors in stressful situations.(54-56) Multi-disciplinary trauma 

teams activated from diverse parts of the hospital, with no or limited experience of working 

together, need to rapidly and effectively coalesce around a leader. There is the need to follow 

allocated tasks, communicate optimally,(57) share mental models,(58) and target appropriate 

interventions effectively.(56) Complexity challenges at the level of organisations, include the 

need to ensure patient safety, to maintain staffing and trauma equipment availability, to both 

assure current quality provision and enhance future quality of care.(59) The study of the 

interactions between individuals (social systems) and tools, technologies and techniques 

(technical systems), has given rise to the concept of sociotechnical systems.(60) An 

appreciation of the complexity of the interactions between the elements of socio technical 

systems has led to further concept of complex adaptive systems.(61-63) Complex adaptive 

systems are characterised as being uncertain, dynamic, unpredictable or highly variable by 

their emerging responses to internal or external perturbations.(61, 64, 65)  

The standard response to managing complexity in healthcare up to the last decade has been to 

try to eliminate complexity and reduce human variability, with standardisation of procedures 

protocolisation and training uniformity.(66) More recent approaches have focused upon 

embracing the complexity and developing tools to cope and manage it successfully.(67) 

Strategies to manage the complexity include creating an awareness of the complexity at the 

individual, team and organisational level,(68) self-organisation (individuals mutually re-

organise to achieve stability) and developing system resilience (‘adjusting functioning prior 

to, during or following changes and disturbances, so that it sustains operations under both 

expected and non-expected conditions’).(66)  

It is now recognised that human adaptations are a solution to the increasing complexity in a 

complex adaptive system such as the emergency department,(69) in particular with respect to 

maintaining patient safety.(66) It has been recognised that rather than attempting in vain to 

eliminate complexity, the challenge is to provide tools so that providers in these systems are 

better able to cope with the complexity.(66) It is considered imperative to collect, analyse and 

share what works well in the normal practice of daily work, termed “work as done” (WAD) 

to maintain resilience and enhance patient safety.(66)  

 

2.5 ORGANISATIONAL SAFETY 

Currently there are two disparate paradigms that aim to explain how organisations deliver 

safe and reliable outcomes. There is the field of high reliability organising and the field of 

resilience engineering. High Reliability Organising (HRO) theory focuses on the detection 

and flexible response to any out of the ordinary events, prior to any escalation.(70, 71) HRO 

theory is based upon standardisation to reduce complexity, creation of independent checks 
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and learning from mistakes.(72) The term Resilience Engineering (RE) was proposed to 

capture a newer way of thinking about safety to complement existing approaches to industrial 

safety.(73) As described previously in this review, resilience is understood as the intrinsic 

ability of a system to adjust its functioning prior to, during or following changes and 

disturbances, so it can sustain required operations under both expected and unexpected 

conditions.(74) RE focuses upon how adaptations and workarounds, managing uncertainty 

and trade-offs in daily practice influence organisation safety.(66, 75, 76) The disparity in the 

two paradigms centres around a number of points of tension. These include the philosophical 

stance of what safety is, how an organisation can maintain stability, delivering standardised 

predictable routine services and yet continually adaptively change to meet unexpected 

variations and temporal considerations of reactivity and proactivity. (71, 77, 78) This section 

of the literature review aims to briefly explore these tension points. 

Historically safety has been defined by its absence rather than its presence. The limitation 

posed by the double negative aspect of defining safety by the absence of harm is well 

recognised. “Defining an organization as safe because it has a low rate of error or accident 

has the same limitations as defining health in terms of not being sick”.(79) Similarly it was 

recognised that although an absence of safety results in harmful events, the absence of 

harmful events does not necessarily infer a state of safety.(80) That said, HROs were 

considered to be safe due to measurable rates of errors or near- misses much lower than 

expected on comparison with that of more conventional organisations.(81) HROs place an 

emphasis on the social and cognitive infrastructure that ensures ongoing detection of 

deviations from normal operations,(81) and reorganisation surrounding moments of 

disruption.(71) Another defining feature of HROs is that they must learn from errors and 

reorganise around such disruptions,(82) without the use of trial and error.(83) The learning is 

achieved by responsive punctuated moments of dynamic adjustment and reorganisation as 

direct adaptations to the disruptions.(79)  

RE has approached the philosophy of safety from a different stance, by challenging the 

underlying assumption of causality and by proposing two contrasting states of safety. In 

doing so, RE has positioned its current thinking as proactive, positioned humans as 

advantages to a complex adaptive system and suggested a re-focus on analysing what goes 

well, even when nothing happens. The causality assumption is that accidents happen because 

something goes wrong and adverse events have linked causes.(73) Also, that given enough 

evidence it will be possible to find the causes. Therefore, it is possible to prevent accidents by 

finding the adverse causes. RE rejects this concept of causality. It also rejects the hypothesis 

that adverse events occur due to preceding failures and those acceptable outcomes happen 

because everything worked as it should. Instead, RE proposes that things go right or wrong in 

basically the same way.(5) The two states of safety proposed by RE theorem are termed 

Safety-I & Safety-II.(5) Both are considered necessary for a complex adaptive system to 

function. Safety-I is the term given to the concept of a state of safety being maintained by the 

existence of the lowest number of adverse events as possible. It has been proposed that in a 

Safety-I based system, all expected outcomes occur because of optimal design of the system, 
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within which humans carry out tasks faultlessly, procedures are correct and complete and that 

designers can anticipate every divergence. Also, that accidents occur due to human error. It is 

argued that Safety-I does not take into account three important conditions: 1) unexpected and 

unrecognised incidents are a potential inevitable occurrence, 2) components of a system are 

finite and will eventually fail and 3) that combinations of system components can hide other 

faults.(5, 84) Also considered as components of Safety-I thinking are the models of how 

adverse events happen, from the simple linear domino model to the well-known composite 

Swiss-Cheese model. Each explain adverse outcomes in terms of active human failures or 

latent hazards and are deemed based on the false assumption again that effects follow from 

prior causes. Also, such models are considered oversimplifications of what occurs in complex 

adaptive systems as found in healthcare. Finally, the aims of Safety-I are considered to ensure 

that failure does not occur by understanding how accidents occur retrospectively or 

reactively.(84) 

In constructing the concept of Safety-II, it is proposed that the definition of safety can be 

changed from “avoiding something that goes wrong to ensuring that everything goes right”. 

In Safety-II, safety is defined as the ability to  succeed under varying conditions so that the 

highest number of possible intended and acceptable outcomes are possible.(5, 74) RE 

proposes that performance variability or every-day performance of adjustments (work as a 

done) are the essential components for complex sociotechnical systems to function. Where 

Safety-I explores human failings and is portrayed as constraining any variability from “work 

as imagined” (WAI) by designers, Safety-II operates with the understanding that human 

performance adjustments are necessary, expected and need to be managed, not 

constrained.(5, 74) There is also the recognition that performance adjustments may not lead 

to the expected outcomes, as they are dependent on finite resources and fluctuations in 

response to conditions and demands within current complex and non-linear variability of 

healthcare systems. Performance adjustments can be categorised into creating and 

maintaining conditions that are necessary for work, avoiding anything that could have 

negative consequences, and compensating for unacceptable conditions to make it possible for 

the work to be carried out. Safety-II maintains that these performance adjustments allow for 

expected and unexpected outcomes to occur through flexible response, careful monitoring of 

system proceedings, anticipation of any future errors and subsequent intervention, and 

learning from successes and faults. It is proposed that, to have a safe and reliable system, 

humans must continuously attempt to overcome design flaws and adjust their performance to 

meet fluctuating demands and conditions as both acceptable and unacceptable outcomes 

result from the same core features of the system.(5, 74)  

 

2.6 RESILIENCE IN HEALTH CARE 

At present resilience in healthcare, recognising the engineering roots of the concept can be 

defined with the same description of resilience as above, that of “the intrinsic ability of a 

system to adjust its functioning prior to, during or following changes and disturbances, so it 
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can sustain required operations under both expected and unexpected conditions”.(85) 

However, it is postulated that social, cultural and organisational contextual factors in 

healthcare may not be completely explained by such engineering principles.(86) In this 

context resilience is described as “not so much a quality that a system has as a characteristic 

of how it functions, what it does”. This level of abstraction provides vision and challenges 

conceptions but has also led for calls towards empirical clarity,(4, 87) debate on the 

underlying epistemology of resilience(88) and efforts to delineate further resilience in 

healthcare.(4, 86) Central to delineating resilience in healthcare is the drive to understand 

how a multi-level system has the capacity to adapt, as this will inform efforts to improve 

quality of care provision.(86) A number of studies have described how adaptations in the 

workplace have prevented harm,(89, 90) but also that adaptations are both finite, and may 

lead to negative connotations.(91)  

A recent review of 15 empirical studies of resilience in health care has identified resilient 

characteristics at the individual, team, management and organisational level.(89) Resilient 

characteristics at the individual level were categorised as anticipation (the ability to enact 

resilience), adaptation (the result of coping with complexity), sense-making (when facing 

unexpected events) and cognitive trade-offs (choosing a diagnosis or protocol to use). 

Collaboration across specialities, collective sense-making or trade-offs were categorised as 

team level adaptations. Management level resilient characteristics identified were anticipatory 

regulation and crisis management adjustments.(89) No empirical studies detailing 

organisational level resilient characteristics were reported, however a study emphasising the 

importance of administrator awareness of the demands and challenges of individuals 

diagnosing for cancer care was highlighted.(89) (92) 

A new framework has been proposed to enhance the understanding of adaptive capacity of 

systems to inform upon multi-level quality improvement and provide a theoretical basis for 

researchers to investigate the relationship between resilience and quality of care.(86) The 

framework is termed the Integrated Resilience Attributes Framework.(86) This framework 

builds upon firstly the four cornerstones of a resilient system (to respond, monitor, learn and 

anticipate),(93) which is now widely accepted,(88, 94) and secondly, the Concepts for 

Applying Resilience (CARE) model.(95)  The CARE model characterises healthcare work by 

misalignments that occur when it is not possible for capacity to align with demand, and 

adjustments or adaptations occur to provide acceptable or unacceptable outcomes.(95)   

The Integrated Resilience Attributes Framework also integrates a spatial-temporal concept of 

resilience termed Moments of Resilience.(96) This spatial-temporal model describes different 

phases of resilience in terms of situated (readjusting), structural (reorganising) and systemic 

(reforming) resilience.(96) By combining this latter model it is postulated that different scales 

of resilient action can be explored at all levels, the micro-meso-macro levels of individuals, 

teams and organisations.(86) In doing so, it is proposed this may shine light on the somewhat 

underexplored concepts of how regulation, for example those of standards of care and peer 



 

14 

review processes that are key drivers of quality of trauma care, (as discussed in Section 4.3.4 

below) may impact resilience.(96, 97)  

The schools of RE and also HRO both emphasise the importance of longer term processes of 

learning and adaptation that occur within organisations in response to disruptions or 

fluctuations.(71, 74) How this is achieved remains somewhat under-theorised. As discussed 

previously ISS has been recognised for over a decade or more as a conduit to explore and 

critically reflect on performances at the individual, collective team and organisation 

levels.(32) In particular “work as imagined”, the protocols, guidelines and standards can be 

assessed as they are put into practice as “work as done”, albeit in the in-situ simulated 

environment. It has been postulated that ISS can act as a stimulus to the trigger processes that 

reshape both organisational practices and thus become a source of long term improvement 

and learning.(98) However, there is a sparsity of literature to suggest how to transform the 

rich learning from ISS to actualise long-term organisational change, beyond the immediate 

impact of the post-simulation debrief. Although there has been success in disseminating local 

failures of resilience by incident reporting mechanisms, even across large networks with 

national safety alerts,(97) the same knowledge deficit exists when it comes to how to 

disseminate learning of positive adaptations that may enhance resilience. Extending ISS to 

embrace concepts of complexity and resilient healthcare may provide valuable insights into 

how high quality trauma care can arise from multiple levels of systems, how we can develop 

interventions to measure, analyse and disseminate such learning and potentially add to much 

needed theory building. 
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3 RESEARCH AIMS 

The aim of this thesis is two-fold:  

• To deepen the understanding of the context of stabilisation of severely injured 
children presenting to hospitals in the United Kingdom. 
 

• To apply this understanding in the design and evaluation of simulation-based 
interventions to improve acute stabilisation care provision. 

To achieve this aim, the thesis will explore four research questions: 

1. How to define and measure the quality of paediatric trauma stabilisations by exploring the 

perceptions of the multi-disciplinary team providing and improving this initial care. (Study I) 

2. How to develop a tool to promote the transfer of learning post in-situ simulations to 

improve patient outcomes. (Study II) 

3. How to develop an understanding of the critical functions of a paediatric trauma system 

and the up and downstream impact on trauma management of variability of these functions. 

(Study III) 

4. How a paediatric trauma system functioned in response to the Manchester Arena Bombing 

and to understand the characteristics of adaptations to practice experienced in a paediatric 

major trauma centre during the early phases of a mass casualty incident. (Study IV) 
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4 MATERIALS AND METHODS 
4.1 PHILOSOPHY OF SCIENCE 

This thesis commenced by conceptualising on the acquisition of scientific knowledge of how 

to transfer learning post ISS, by using a tool to promote learning at the individual, team, and 

organisational levels. In pursuing this there have been challenges to the core of my own 

philosophical assumptions regarding ontology and epistemology. The crux of this has been 

the use of social science methodologies as a guiding system of principles underlying my 

scientific enquiry, based upon the constructivist worldview I developed practicing TES for 

many years. Then the transitioning to the natural science arena as I became increasingly 

immersed in the principles of resilience engineering. Constantly reflecting on this dilemma, 

how my philosophy of science evolved, and my reconciliation of contrasting thoughts on 

reality and knowledge has played a significant role in the development of this thesis. 

With a background in TES, it perhaps unsurprising that I held a constructivist worldview 

towards a social construction of reality.(99) An understanding of the world which arises from 

reflection on, in and after events rather than only on lived experience, is aligned to current 

debriefing methodologies and TES theories.(100, 101) Epistemologically I hold an 

interpretivist view, understanding that the knowledge generation is subjective, based on 

interpretation of events and reflections.(99) The challenges to these worldviews arrived very 

early in my project. Effectively when I began thinking about complexity. It became 

increasingly clear that my thesis would be centred on complexity thinking and resilience, 

much of which could be considered philosophically outside of the arena of social sciences.  

I hypothesised initially that by empowering individuals as healthcare advocates, behavioural 

changes in care would be made. By providing the opportunity to reflect on individuals’ 

performances, how teams worked and how ready hospitals were to receive severely injured 

children, albeit in the simulated setting of ISS, this would invoke individual behaviour 

changes and improve paediatric trauma care outcomes. Working with a colleague Dr Chris 

Kennedy who shone light on adult learning principles and created a paediatric trauma 

performance matrix (Table 1), I set forth on a linear pathway akin to many ISS projects. The 

pathway was that of development, feasibility, evaluation, and implementation. This linearity 

did not last long. My elevator pitch to engage participants in this project, was to describe “a 

chameleon, a hospital, a bag of balls (99 yellow and 1 red) and two arrows one horizontal and 

one vertical. With respect to the balls, I would describe the yellow as the 99 things that go 

well that we do not look at all when we look at how care is delivered. In comparison the red 

ball is representative of an adverse event, which attracts significant focus, a root cause 

analysis and report writing. In my experience such a “retroscopic” review often results in 

limited dissemination of learning outside of those involved. The horizontal arrow in the 

elevator pitch depicts transmitting learning across all potential members of a trauma team 

providing care. The vertical arrow speaks to dissemination of learning through the hospital 

governance tree to promote organisational learning.  
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Reflecting now on the elevator pitch I repeated so many times, the importance of the concepts 

of complexity and context were ever present, if not fully appreciated by myself at the start. I 

used the analogy of a chameleon to speak towards the ever-changing team membership of 

individuals coalescing to form a team, adapting to the physiological variability of 

presentations of severely injured children, in the complex socio-technical setting of an 

emergency bay. Despite the global acceptance that high-quality trauma care depends on the 

knowledge, skills, attitudes and behaviors of trauma team members, their interactions and 

those with organization,(102) there were no established metrics of the care provision. 

Acquiring knowledge of how key stakeholders, clinical and administrative perceive quality of 

care provision within such a complex system (Study I) was a fundamental first step in this 

project. Conceptualising the depth of this complexity in care provision and then how to 

capture learning and disseminate this knowledge across organisations profoundly affected my 

thinking later in the project.  

The hospital in the elevator pitch was to represent the importance of context, what works in 

one hospital may not work in another. The hospital descriptor was also used to emphasise the 

importance of involving internal expertise rather than an external observer, emphasising the 

importance of listening to the voice of those overcoming the challenges presenting to them 

within a complex system. Building on this appreciation that the “best person to solve a 

problem is the person experiencing the problem”, the concept of co-production became a key 

part of the project going forward, in an iterative, cyclical rather than linear manner. Co-

production is the involvement of service users in the design, management delivery and 

evaluation of services which impact upon them.(103) This was a key component of Study II. 

Intervention research has traditionally privileged external observers to validate theories or 

concepts over the local, in-situ expertise of end-users or stakeholders working with an 

intervention.(104) This project aimed to keep internal expertise as a core and valued 

component.  

The understanding that a project that focuses on human agency within a multi-layered 

complex system as a starting point may not bear immediate fruits, led to temporal 

considerations including those of socio-ecological models.(105, 106) Within such models the 

emphasis is not only on individual knowledge, skills, attitudes and behaviours, (often the 

outcome target of TES), but that of considering the reality of social relationships and 

networks, cultural values at work and broader national policies (such as UK trauma training 

guidelines and regulations).(106) (105) With a growing interest in complexity thinking and 

context, my own view transitioned from trying to understand what worked and generalise this 

learning to the workplace, to what is it about an intervention which may lead it to have a 

particular outcome in each context? I began to view ISSs as interventions within a complex 

system of a hospital as a learning organisation. Thoughts turned to how the tool created by 

Study II with the knowledge it contained, may itself be changed by the context and how the 

ripple effect of any disruptive intervention and/or triggering of agents to enact changes to 

improve care may occur. 
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I visualised two levels of complexity within my thesis, that of the complex system of acute 

paediatric care itself and that of disseminating learning from episodes of such care provision 

(simulated or real) across hospital as learning organisations. I searched for an overarching 

theory to bring these two aspects of complexity together. A contestable sequence of ideas to 

explain how to transfer learning post an ISS debrief to affect change across an organisation, 

not just those present for the debrief, remained elusive. With this elusiveness my focus of 

attention shifted to the adaptive human nature inherent in the complex systems. And how 

human adaptations resonated across complex adaptive systems of paediatric trauma care in 

both the simulated setting (Study III) and the real-world (Study IV). In particular how human 

adaptations, as they work, may be vital to maintain performance, as described by Safety-II 

thinking of resilience engineering.(5) As the complexity increases the human adaptions 

become more important for system resilience to maintain the desired outcomes.(5) As 

discussed previously, the Safety-II perspective is that of developing an “understanding how 

things usually go right, since this is the basis for explaining how things occasionally go 

wrong”.(5) At this juncture the methodology of my thesis transitioned to using resilience 

engineering approaches to provide the theoretical principles to underpin how my research 

questions could be explored. The emphasis of my thesis shifted towards learning more about 

the “99 yellow balls” in the descriptive elevator pitch model.  

Resilience thinking however, with principles of equilibria, thresholds, resonance, feedback 

mechanisms and self-organisation and a distinctly positivistic approach of creating objective 

knowledge of real aspects of a phenomenon under study, placed significant tension to a 

constructivist world view.(107-109) To facilitate this transition to resilience principles an 

epistemic bridging framework based in social-ecological technical systems provides a helpful 

insight. The distinction made between first and second order observations(110) and 

identification of modes of resilience research made by the Cross Epistemic Resilience (CER) 

framework is particularly useful.(109) Using the CER the perspectives of measuring a 

system’s resilience as an objectifiable property is considered a first order observations of the 

world. Whereas the human perspectives that analyse these former (first order) observations as 

a social reality are considered second-order perspectives.(109) The CER framework focuses 

upon four forms of resilient behaviour (toleration, restoration, adaptation and transformation). 

This framework has been modified in this thesis with temporal considerations to explore 

potentials of becoming resilient (Study IV), namely responding, monitoring, learning and 

anticipation.(93) 

Commensurate with the methodological approach of second-order resilience studies and the 

sparsity of resilience theories to empirically challenge, the research methodology of studies 

III & IV is also inductive. The aim has been to generate theoretical insights from the collected 

data. Thereby extending current conceptions and directions for ISS. 
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4.2 JUSTIFICATION OF THE METHODOLOGY  

Four complimentary methodological approaches are applied in this thesis to provide an in-

depth holistic understanding of the complexities within which this project is situated. The 

approaches are phenomenography, design-based research, functional resonance analytical 

methodology and thematic analysis. 

 

4.2.1 Phenomenography 

Phenomenography was selected as a research approach as it provides the opportunity to 

acquire knowledge of how individuals experience, understand, and perceive aspects of a real-

world phenomenon.(111, 112) The phenomenon of interest in Study I was the stabilisation of 

severely injured children. The outcome of a phenomenographic study is contrasting 

categories of descriptions and a hierarchical relationship of the differences of how individuals 

perceive a real-world phenomenon.(112) A strength of phenomenography is the ability to 

probe qualitative variations of perceptions and understandings across a range of 

individuals.(111) Key to this study was to explore the perspectives of both trauma team 

members actively resuscitating children and those of administrators who quality manage and 

assure the phenomenon. By contrasting and searching for commonality, the 

phenomenographic approach provided the opportunity to develop joint understanding of the 

phenomenon by describing differences of how the phenomenon could be understood. 

Phenomenography also provides the opportunity to understand structural relationships 

between perceptions and to create hierarchies of perceptions of increasing complexity. The 

emphasis is not that less complex perceptions are incorrect, rather that the increasing 

complexity adds further depth to the holistic understanding of the phenomenon.(111) The 

methodology allowed the illumination of a wide range of different perspectives, whilst 

ensuring an equity of the importance of each individual perspective throughout. Using 

phenomenography ensured that no perspectives were taken as sole arbiters of the truth 

regarding what quality means. Equal focus was applied to the minutiae of thoughts expressed 

at all interviews. The methodology followed the standard phenomenographic approach (Table 

1) with two modifications. Firstly, throughout the process, the comments of each participant 

were tracked and remained linked to the participants, and secondly a numerical analysis of 

the perspectives was undertaken. The rationale for the modifications was to explore in more 

detail the differences in perspectives between clinicians and administrators. The use of 

phenomenography facilitated a delineation of quality within the context of acute pediatric 

trauma care, in a framework that speaks to all stakeholders. The depth and structural 

understanding provided by the phenomenographic approach, is of high value when 

attempting to understand further the complexity of trauma care provision.  
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Table 1. The seven stages of phenomenographic analysis (Adapted from Dahlgren & 

Fallsberg 1991).(113)  

1. Familiarization  

 

Reading through all interview transcripts in depth to 
get an impression of how the interview proceeded. 
All data (viewpoints) in the entire pool are given 
equal consideration.  

 

2. Condensation  

 

Identifying meaning units in the dialogue of each 
interview and marking or saving these for 
further scrutiny.  

 
3. Comparison 

Comparing each of the meaning units for similarities 
and differences.  

 
4. Grouping 

Allocating answers expressing similar ways of 
understanding the phenomenon to the same category.  

 
5. Articulating 

Capturing the essential meaning of a certain category.  

 
6. Labelling 

Expressing the core meaning of each of the 
categories. 
Steps 3–6 repeated in an iterative procedure to make 
sure that the similarities within and differences 
between categories are established.  

 

7. Contrasting  

 

Comparing the categories through a contrastive 
procedure whereby they are described in terms of 
their individual meanings as well as in terms of what 
they do not comprise.  
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4.2.2 Design-Based-Research (DBR) 

DBR encompasses a mixed-method approach of continuous cycles of design, evaluation, 

redesign and re-evaluation.(114, 115) DBR was selected for Study II because it can focus on 

complex problems of learning in real-life settings.(116, 117) This approach facilitates design 

evaluations in the authentic learning environments of a series of different hospital emergency 

bays, providing opportunities for improvement and re-design. DBR also facilitates the 

iterative refinement of educational interventions in the workplace, based on theoretical 

principles.(117) In complexity thinking, the intervention is considered complex, as is the 

setting.(118-121) DBR aims to advance understanding of how and why something works in a 

given context and to contribute to theory development.(122) Complexity thinking explores 

how the setting may adapt to the intervention and how the intervention may adapt to the 

setting. In considering the intervention and the setting as a dynamic system, complexity 

thinking explores what is happening between an intervention and context to understand more 

about the interplay and how this induces change.(118, 120, 121) The close connection with 

theoretical considerations is a strength of DBR.(117) As an approach DBR is also a good fit 

for educational research with a design focus.(123) DBR has been applied in many educational 

contexts focusing on creating and testing innovative assessments and programs.(117) DBR 

also promotes interaction and communication between designers and end-users to share their 

ideas and together refine theories and practice.(117) As such DBR is closely aligned to the 

co-production approach central to the philosophy of this thesis. 

 

4.2.3 Functional Resonance Analytical Methodology (FRAM) 

FRAM provides an understanding of how performance in a complex social technical 

system unfolds.(124) The methodology used in Study III models the mechanisms behind 

every day human performance variability in the workplace. This is termed “Work as Done” 

(WAD).(124) The FRAM output provides visual models of WAD as set of coupled/ 

interlinked functions/human actions in a system that indicates key interactions.(124) FRAM 

provides the opportunity to compare and contrast how a complex system actually operates 

with different human adaptations of practice (WAD), against how it might have been 

designed to operate, termed “Work As Imagined” (WAI).(124) The FRAM approach 

provides a visual representation of complex adaptive systems as a cloud of interlinked FRAM 

functions. Each function is coupled to another by at least one of six linkage points termed 

input, precondition, time, control, resource, and output aspects. This provides a way for 

researchers and end-users to appreciate the complexity of and analyze in detail the system 

they inhabit. A key strength of FRAM is the opportunity to visually observe the impact 

variabilities have in the different interactions on the outcomes. Human adaptations and their 

effects are visible in the models produced by FRAM. Importantly the normal variability of 

practice, including adaptations comprising the previously discussed “99 yellow balls” where 

nothing adverse occurs only safe normal care, can be seen with the FRAM approach. Such 
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adaptations are postulated to enhance safety and performance in complex systems,(124) and 

are recognised to not attract the same focus of attention as when things go wrong.(125) 

 

4.2.4 Thematic Analysis 

Thematic analysis with the freedom of being independent of epistemology and theory 

provides a highly flexible approach.(126) I have described the underlying epistemology and 

related theories in section 4.1. An inductive approach was used in Studies II & IV to provide 

a rich and detailed account of the large data sets.(126) Thematic analysis affords the 

opportunity to rigorously analyse data in a precise step-wise exhaustive manner. In doing so 

the reader is able to determine the credibility and trustworthiness of this qualitative 

approach.(126) 

 

4.3 STUDY SETTING 

All studies were set in UK hospitals. A collaboration was developed between one paediatric 

major trauma centre and ten surrounding hospital receiving severely traumatically injured 

children and the Trauma Audit Research Network.(127) To better understand the context of 

these studies, a brief overview of training, quality indicators, the trauma network and the 

regulatory review system may be of value.  

 

4.3.1 UK training of acute paediatric trauma management 

Currently in the UK, there are two available training offerings, the Advanced Life Support 

Trauma course,(102) and the European Trauma Course (ETC).  The latter is more focused 

upon team performance,(128) describing a series of stages to identify and treat any life 

threatening injuries, identify other problems, arrange appropriate treatments, investigations 

and transfer to ongoing care. The initial stage is preparation for arrival. During this stage the 

trauma team assembles, and the identified Trauma Team Leader (TTL) briefs each team 

member on their expected tasks. The second stage is termed the reception, there is the 

coordinated transfer from paramedic stretcher to a trolley. The TTL performs a key “five 

second round observation” to determine whether any immediate life-saving actions are 

needed. Then there is handover from the paramedic delivering the patient, who details the 

mechanism of injury, the injuries identified and response to any treatments commenced. The 

next stage is the primary survey and resuscitation. Any immediately life-threatening 

condition is identified and treated following a systematic A, B, C, D, E approach. The letters 

correspond to assessment and treatment of the airway with cervical spine control, breathing 

and ventilation, circulation and control of haemorrhage, dysfunction of central nervous 

system and exposure with the environmental control. This A, B, C, D, E approach has been 

modified in recent years following military experience in Afghanistan to a C-A, B, C, D, 
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E.(129) This new approach is called damage control resuscitation and highlights the 

importance of control of massive haemorrhage as a priority.  

Although articulated in a linear fashion, the ETC emphasises that the search and treatment for 

life-threatening conditions should occur in a simultaneous not sequential approach by the 

team. By the end of the primary survey the TTL articulates any injuries and determines any 

imaging requirement. Analgesia is then provided and relatives if present are updated. The 

TTL then co-ordinates a team for transfer for ongoing care. The TTL is to remain in control 

all times, be aware of all resources at her or his disposal and recognise when interventions are 

required. The TTL is to communicate within the team, to specialists outside of the immediate 

team and with the patient or relatives. Within the team the TTL is to is to create an 

environment that ensures open expression of concerns and adequacy of interventions.(128) 

 

4.3.2 Quality indicators in trauma care 

Well-delineated quality indicators in trauma care have been challenging to develop, even 

more so in paediatric trauma care.(24, 130) There is no strong evidence for any clinical factor 

to serve as a quality indicator.(24) As a remedy a system of proxy measures or task 

completion steps, such as time to intubation, are used in the United States by the American 

College of Surgeons.(131) The data elements reported are based on adult resuscitation and do 

not necessarily reflect the needs of children.(24)  In England and Wales, the Trauma Audit 

and Research Network (TARN), the independent monitor of trauma care, promotes 

improvements in care through a national comparative clinical audit.(127) The data elements 

focus on consensus-derived endpoints of care and include the number of patients meeting 

evidence-based guidelines regarding timings of Computerized Tomography (CT) scans, or 

system indicators of the presence of the most senior clinicians to lead trauma teams.(127) 

This data is useful for benchmarking endpoints of care in a health system, but does not 

provide information about how the team should be trained or prepared to reach the targets. To 

date, this proxy approach to measuring quality has not been correlated with improved patient 

outcome or performance of teams. This approach to quality also lacks the granularity needed 

to define the recommendations an individual clinical unit needs to support high-quality 

trauma care.  

Delay from emergency department to operating room, another proposed time based marker as 

a measure of quality, has also been reported as not independently associated with adverse 

outcomes and has been dismissed as a quality of trauma care indicator in adults.(132) A 

recent retrospective cohort study examined the relationship between measuring current 

quality indicators and patient outcome measures in adult trauma centres. No improvement in 

the odds of survival to discharge was found associated with the number of quality indicators 

measured, whether quality report cards were used or with both internal or external 

benchmarking.(133)  
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4.3.3 Trauma systems 

Trauma systems are organised, regional, multidisciplinary responses to enhance the 

management of major trauma. The term major trauma delineates a high severity of injury, 

often related to multiple injuries to the body.(134) The American College of Surgeons 

recommendations for trauma system components include pre-hospital triage and transport 

protocols, designation and accreditation of centres of excellence and benchmarking 

activities.(135) Globally trauma systems refer to stand-alone trauma centres or regionalised 

systems, often with a major trauma centre as a hub with spokes of surrounding hospitals. 

Both these approaches have resulted in a significant decrease in mortality in major trauma 

patients, of 15% and 16% respectively.(136, 137) In 2011, the National Health Service for 

England began to implement regional trauma networks as a trauma system.(138) It had 

become recognised that many deaths could be prevented by systematic improvements to 

trauma care delivery, particularly with respect to regional organisation and the need for 

consultant level decision-making.(134) Three different levels of collaboration were 

established across each region. A Major Trauma Centre (MTC) was allocated per the 3 to 

4,000,000 inhabitants to manage major trauma. Surrounding this, district general hospitals 

termed Trauma Units (TU) were assigned to manage less complex trauma. At the third level, 

local hospitals continue to provide minor injury management.(138) The maturing TARN was 

charged with data collection and quality assurance monitoring.(127) A financial tariff was 

established to incentivise each MTC to report all key patient observations and interventions, 

injury description data and patient outcome data.  

Current evidence suggests that trauma systems can take on average ten years post 

implementation to maturate,(139) and the estimates of mortality reduction ascribed to trauma 

systems are likely to be an underestimation.(140) A recent study of the effects of the new 

trauma system in England, after nine years, indicated a 19% decrease in mortality for adult 

patients.(141) No data was presented for the paediatric population. Significant changes were 

reported including: 1) increased patient flow / treatment numbers, 2) more consultant led 

care, 3) more rapid imaging, 4) an increase in older adult trauma patients and 5) the use of 

major haemorrhage protocols.  

 

4.3.4 Trauma service reviews 

MTCs were envisaged as active centres of excellence with a focus on quality improvement, 

and to also provide a supporting role in quality improvement across the rest of the network. A 

national Performance Management Framework drives quality assurance, based upon a TARN 

dashboard, a quarterly report and an annual peer-review system of visitations to MTCs and 

TUs.(142) The peer review system is announced in advance, with the expectation that pre-

visit documentation is completed, facilities are then inspected, in addition to a face to face 

discussion with key staff stakeholders. The findings of the peer review are immediately 

reported to the hospital executive board for action to be delivered as required. 
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The performance management framework focuses upon all stages of the patients journey 

from reception to rehabilitation. A series of major trauma quality indicator measures underpin 

the process. There are 17 children’s major trauma quality indicators relevant to the acute 

phase of resuscitation / stabilisation.(143) The data is to be provided as a self-declaration by 

each hospital, or as part of the tariff-derived TARN data process, that produces a quarterly 

report. Each TARN report is checked by hospital trauma governance personnel to maximise 

compliance and receipt of tariff. Eleven of the quality indicators are based on the TARN 

process, these are as follows: 

1. Trauma team leader present 24 hours (consultant between 0800-2400) 

2. Paediatric emergency trauma nurse present 24 hours 

3. Surgical and resuscitative thoracotomy capability present 24 hours 

4. CT scanner facilities and on-site radiographer present 24 hours 

5. CT reporting, with a hot report within 5 minutes and a detailed report within one hour 

6. Magnetic resonance image scanning facilities present 24 hours 

7. Interventional radiology present 24 hours 

8. Access to emergency theatre & surgery 

9. Access to consultant specialists present 24 hours 

10. Facilities for fixation of pelvic ring injuries 

11. Administration of tranexamic acid protocol within 3 hours of injury 

The remaining quality indicators are self-declared by hospitals and assessed at the peer 

review visits: 

1. Trauma team leader training 

2. Trauma team activation protocol 

3. Damage control training for emergency trauma consultant surgeons 

4. Trauma management guidelines 

5. Critical care provision 

6. Specialist acute pain services present 24 hours 

 

4.4 DATA COLLECTION & ANALYSIS 

A mixed methods approach constituted the empirical basis of data collection and analysis in 

this thesis, as presented in Table 2. Qualitative data was collected through semi-structured 

interviews (Study I and Study II) and an open question (Study IV). Qualitative data was 

inductively analysed using phenomenography (Study I) and thematic analysis (Studies II & 

IV). Quantitative data was collected through the audio-visual recordings of ISSs (Study III). 

This was analysed with FRAM to form FRAM models of WAD in Study III. Both 

quantitative and qualitative data elements were collected during and before ISSs to populate 

the intervention in Study II. The intervention was a tool to feedback performance in ISSs 

across individuals, teams, and organisations in the participating hospitals.  
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Table 2. An overview of the studies. 

STUDY AIM DESIGN SETTING AND 
PARTICIPANTS 

DATA 
COLLECTION 

DATA 
ANALYSIS 

I To understand 
how to define 
and measure 
the quality of 
paediatric 
trauma 
stabilisations 
by exploring 
the 
perceptions of 
the multi-
disciplinary 
team 
providing and 
improving this 
initial care. 

Interview 
study. 

Three UK trauma 
unit hospitals. 

Six 
representatives of 
all disciplines and 
levels of staff in 
trauma teams and 
six representatives 
of administrative 
staff, two from 
clinical director 
level, two from 
performance 
director level and 
two from 
executive board 
level, in each 
hospital. 

 

 

Thirty-six, audio 
recorded, semi-
structured 
interviews. 

Inductive, 
phenomenographic 
analysis. 

II To explore 
how to 
develop a tool 
to promote the 
transfer of 
learning post 
in-situ 
simulations to 
improve 
patient 
outcomes. 

Mixed 
methods 
study using 
ISS and 
interviews. 

One paediatric 
MTC and three 
TU hospitals. 

Six MTC staff, 
three trauma team 
members and 
three 
administrators. 

Thirty-six TU 
hospital staff, 18 
trauma team 
members and 18 
administrative.  

 

Forty-two, audio 
recorded, semi-
structured 
interviews.     

Pre-visits and 
six ISSs to 
populate an 
eight-element 
post ISS 
feedback tool in 
three TU 
hospitals. 

Inductive, 
thematic analysis. 

III To explore 
how to 
develop an 
understanding 

FRAM 
analysis.  

Ten TU hospitals, 
twenty trauma 
teams. 

Twenty audio-
visually 
recorded ISSs. 

FRAM modelling 
to create models of 
WAI and WAD. 
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of the critical 
functions of a 
paediatric 
trauma system 
and the up and 
downstream 
impact on 
trauma 
management 
of variability 
of these 
functions. 

IV How a 
paediatric 
trauma system 
functioned in 
response to the 
Manchester 
Arena 
Bombing and 
to understand 
the 
characteristics 
of adaptations 
to practice 
experienced in 
a paediatric 
major trauma 
centre during 
the early 
phases of a 
mass casualty 
incident. 

Interview 
study. 

One paediatric 
MTC. Forty multi-
disciplinary staff. 

  

Forty, audio 
recorded, semi-
structured 
interviews. 

Inductive, 
thematic analysis. 

 

4.5 STUDY I 

Study I used a qualitative phenomenographic approach with two modifications (as described 

in section 4.2.1). The phenomenon of interest was how to define and measure the quality of 

stabilisation of traumatically injured children. Thirty-six semi-structured interviews were 

performed with six trauma team members and six administrators involved in trauma 

governance at each of three trauma unit hospitals. The semi-structured interview was framed 

to allow participants to reflect upon their own perspective of what quality means and how to 

measure it, in the context of the acute stabilisation of traumatically injured children. The 

study followed the consolidated criteria for reporting qualitative studies.(144)	The 
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interviews were conducted in a convenient location, lasted between 50 to 70 minutes and 

were recorded and transcribed verbatim. 

After all transcripts were thoroughly read by the first and last authors (familiarisation stage), 

individual sentences conveying perspectives of the phenomenon were marked. Descriptive 

meaning units were taken from these sentences (condensation stage) and then compared for 

similarities and contrasted for differences (condensation stage). Perspectives expressing 

similar ways of understanding the phenomenon were allocated together (grouping stage). The 

perspective captured by each category was described (articulation stage). The essential 

meaning of each category was explored by checking the meaning units by re-reading each 

whole transcript, to ensure each participant’s perceptions were correctly identified 

(labelling stage). Each category was challenged to ensure that it was qualitatively 

distinctive and had the minimum number of meaning units that could capture all the 

variations of perspectives within that category. After this, the first author returned to the 

data and repeated the above process until a consensus was reached with the research team 

(contrasting stage). The final stage to establish an outcome measure, termed the outcome 

space was to numerically investigate a hierarchy of understanding of the phenomenon from 

simple to complex perspectives and those of clinicians and administrators alike.  

 

4.5.1 Study II 

Study II used a mixed method DBR approach to develop a tool to feedback the performances 

of hospitals during ISS of two standardised trauma scenarios to promote transfer of learning. 

The DBR methodology encompassed continuous cycles of design, evaluation, redesign, and 

re-evaluation (Figure 1). The tool created was termed the Field Assessment Conditioning 

Tool (FACT). There were seven DBR stages to this study as described in Table 3. 
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Figure 1. The Design-Based Research Methodology. 
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Table 3. The DBR stages of the Field Assessment Conditioning Tool. 

DBR Stages OVERVIEW DETAILS 

1. Design of initial FACT Theoretical Framework. 
Design Assumptions. 
Literature review. 
Collaboration with TARN. 
Expert panel selection of outcome 
measures & scenario construction. 

2. Evaluation of initial FACT design Six end-user interviews at MTC. 
Three clinicians & three 
administrators. 
Thematic analysis. 

3. Design of reproducible ISS data collection Process evaluation after running 
twenty ISS at MTC.  

4. Evaluation of the FACT at three TU hospitals Two consecutive ISSs conducted 
at three TU hospitals. 
Initial FACT report disseminated 
across each TU hospital. 
End-user interviews at each TU 
hospital. Six trauma team 
members and six administrators at 
each TU hospital. 
Thematic analysis. 
 

5. Redesign of the FACT Literature review. 
Review of each FACT element. 
Design of new FACT element. 

6. Evaluation of the FACT at same TU hospitals Repeat of two consecutive ISSs 
conducted at same three TU 
hospitals, one year later. 
Redesigned FACT report 
disseminated across each TU 
hospital. 

Comparison of FACT elements 
between yearly visits to each TU 
hospital. 

7. Redesign of the FACT Under development. 
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The initial three stages of this study were conducted at the paediatric MTC. In close 

collaboration with Dr Chris Kennedy, an eight element FACT was designed and evaluated, 

the process of collecting standardised ISS data to populate the FACT was then refined over 

twenty simulations in the paediatric MTC. The evaluation of design was conducted by face-

to-face interviews of thirty-minute duration with six MTC staff members (three clinical and 

three administrative) using a semi-structured interview guide. The details of all the stages of 

the DBR process are presented in the result section 5.1, as they flow on from each other 

iteratively. 

With an agreed initial FACT design, two standardised ISSs were conducted in ten TU 

hospitals surrounding the MTC. A FACT report was constructed and sent to each hospital 

following the ISSs. Each FACT report was disseminated across each TU by a link clinical 

director in each emergency department. The FACT was then evaluated in three TU hospitals 

using the same structured interview guide questions, with six members of the trauma team 

and six administrators at each hospital (stage 4). The interview findings were thematic 

analysed and collated with correspondence and messages from the TU hospitals to redesign 

the FACT (stage 5).  

The same two consecutive standard ISSs were repeated one year later across all ten TU 

hospitals. The redesigned FACT was then sent to and disseminated across each TU hospital 

(stage 6). The results of the FACT elements were compared one year apart. The final stage of 

the DBR approach, the redesign of the FACT is underway and is being influenced by findings 

from Studies I to IV in this thesis. 

 

4.5.2 Study III 

A modification of FRAM was used to explore how to develop an understanding of the critical 

functions of a paediatric trauma system and the up and downstream impact on trauma 

management of variability of these functions. To demonstrate the applicability of this 

approach to ISS and TES in general, a case series of ISS were studied and presented. The 

modification of FRAM was the structured what-if interrogation of the variability of in the 

interaction of key functions in FRAM models. As such this was termed the “Structured What 

If-FRAM” (SWI-FRAM) approach by the research team. 

Data collection for Study III took place in the emergency bays of the ten TU hospitals 

surrounding the paediatric MTC. SWI-FRAM models were constructed from twenty 

standardised ISSs for the management of paediatric time critical head injuries (TCHI). This 

was a three-stage process. 

1. Structured observation of the key timings of ISSs and identification of key events. 

Each ISS was performed at a time and date agreed by each site, with each hospital providing 

the normal representative membership of the trauma team for that day. 

Video recordings of each ISS were independently reviewed by two researchers (first & third 

name authors). Each video was observed for standardised key timing events deemed likely to 
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impact patient outcomes agreed by a consensus panel of experts from The International 

Network for Simulation based Pediatric Innovation Research and Education (INSPIRE).(145)  

2. Development of FRAM models of WAI and WAD. 

Two researchers familiar with FRAM (first and last authors) created the FRAM model of 

WAI, using the same evidence-based guidelines for the management of paediatric TCHI, as 

used in the construction of the standardised ISS scenario. The same two researchers then 

reviewed the twenty videos of the ISS and created FRAM models of WAD. 

3. Verification of the FRAM models and analysis of the variability propagating across the 

FRAM models of WAD. 

The FRAM models of WAD were independently verified by two researchers (second and 

third authors) both subject matter experts in ISS and paediatric TCHI. Software termed the 

FRAM Model Interpreter (FMI),(146) checked the internal integrity of each FRAM model. 

The FMI was then used to explore the effects of the variabilities in key functions have on 

downstream functions. The variabilities in key functions explored were the human 

adaptations observed in the videos of the ISSs, and how they varied from WAI and the effects 

were related to the observed key timings captured during the ISSs.  

 

4.5.3 Study IV 

Study IV was a qualitative exploration how a paediatric trauma system functioned in 

response to the Manchester Arena Bombing and to understand the adaptations of human 

performance which alone, or in combination, may impact upon the management of future 

mass casualty events. Forty participants from a diverse range of staff were interviewed. All 

interviews were conducted within seven days of the incident in May 2017, in a private 

location at the place of work of the participants. The interviews lasted between 5-15 minutes.  

Each interview commenced with the same open question: “Can you please describe any 

innovations and solutions used to overcome any challenges during the recent hospital major 

incident?” An open approach was adopted to facilitate a conversation, without leading 

questions, wherein the participants were free to articulate their experiences without any 

presumptive bias.  

All interviews were audio-recorded and transcribed verbatim. An inductive thematic analysis, 

followed by a deductive analysis using a resilience engineering framework, was used to 

explore the data. Throughout this process the hospital’s Major Incident Plan (MIP), that was 

followed during the incident was continually cross referenced, to ensure only adaptations to 

practice were captured. Any innovations, solutions or tips that described practices already 

described in the MIP were discarded.  

The analysis used an initial inductive stage where categories were identified and thematically 

analysed.(126)  In this first step, the interviews were read by two authors to obtain an in-

depth understanding of the data. The MIP was continually cross referenced at this stage to 
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ensure adaptations, not actions listed in the MIP, were analysed. The two authors then reread 

all transcripts and marked all passages that were related to the study aim. The codes were 

discussed through a process of negotiated consensus within the entire research group and 

sorted into themes and subthemes. Last, a deductive comparison of relations between the 

themes of adaptations and the resilience potentials of a resilience analysis grid 

framework,(93) was made by the two authors, and then discussed by the entire research 

group. The study followed the consolidated criteria for reporting qualitative studies.(144)		

 

4.6 ETHICAL CONSIDERATIONS 

All studies in this thesis were approved and sponsored by the local research and innovation 

department. Ethics approval was sought but not deemed necessary for studies I to III, as per 

United Kingdom Health Research Authority Integrated Research Application System 

guidelines. Informed consent was obtained from all individual participants included in the 

studies. Study IV was approved by the local institution and the UK Health Research 

Authority. Bearing in mind the probability that participants would be suffering from 

psychological trauma, the opening interview question was crafted with the assistance of 

consultant colleagues from the organisation’s Department of Psychology and Psychiatry. A 

participant information sheet was provided to all potential participants prior to the interview, 

detailing the rationale for the study, the opening question, and the details of the staff 

psychological support opportunities. All participants provided written consent to be audio-

recorded prior to interview. 

As ISS is central to this thesis, I have been considering the ethics pertaining to ISS, in the 

form of mock codes, used to test hospital systems.  

During Study II a strict framework was constructed in terms of who is informed prior to the 

simulation, timings, procedures, veto and stopping simulations if likely to cause and harm to 

patients, as described in manuscript 2 (Appendix B).  

 

4.6.1 Description of Mock Codes  

Mock codes, initially referred to as mock arrests by Sullivan & Guyatt, in the Lancet in 1986, 

were described as “the exercise consisting of placing a manikin on a bed or in the corridor 

and asking the nearest bystander to react exactly as he or she would if the manikin had been a 

patient or visitor who had collapsed”. The concept was designed by the first author as he 

appreciated he could not physically attend all of the cardiac arrests, to assess the quality of 

the Cardio Pulmonary Resuscitation (CPR) provided.(147) Mock codes were introduced in 

paediatric hospitals throughout the United States to identify deficiencies in resuscitative 

knowledge and skills and provide opportunities to learn and improve the quality of CPR 

provision.(148) This rationale for mock codes, also referred to as unannounced simulations, 
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providing a medium for prospective in-situ studies of teams in their workplace,(149) has 

extended beyond CPR, to a host of other team-based interventions in acute care, including for 

example paediatric trauma stabilisation. The mock code approach, has also provided the 

opportunity to explore team dynamics from a socio-anthropological stance by combining 

focus group interviews combined with analysis of video recordings of in-situ simulated 

cardiac events.(150)  

 

4.6.2 The Society for Simulation in Healthcare position 

The Code of Ethics Working Group of the Society of Simulation in Healthcare published a 

Code of Ethics in December 2018.(151) This code asserts six key aspirational values 

important to the practice of simulation: integrity, transparency, mutual respect, 

professionalism, accountability, and result orientation. These values are applicable to mock 

codes and unannounced simulations however further clarity is very much required. 

 

4.6.3 An ethical framework 

An accepted theoretical framework to analyse ethical questions in medicine are the four 

principles of autonomy, beneficence, non-maleficence and justice.(152) Autonomy is the 

concept of self-rule, self-governance, everyone has the right to make decisions on the basis of 

their own deliberations; “respect for autonomy is the moral obligation to respect the 

autonomy of others in so far as such respect is compatible with equal respect for the 

autonomy of all potentially affected”.(153) Beneficence is the principle of acting in the best 

interest of others, to do good, for individuals and society. The third prima facie moral 

principle is non-maleficence, above all do no harm, as stated in the Hippocratic Oath.  It is 

argued that in medicine, beneficence is often involved in a trade off with non-maleficence, so 

that there is net medical benefit to patients with minimal harm.(153) The fourth principle is 

justice, that of treating individuals with fairness. Equality is at the core of justice, but from the 

time of Aristotle there has been the appreciation that one can treat people equally but that 

equality does not always equate to justly.(153) These four principles of biomedical ethics are 

key when considering the morality of medical research.  

Beneficence, the duty of researchers to do good for subjects and society by conducting 

research into mock codes is supported by the literature, with statements including “these 

results suggest that had real patients been involved in this study, poor outcomes for them 

would have been expected. Fortunately, the use of simulation allowed us to evaluate and train 

providers without endangering patient”.(148) One can argue that mock codes or unannounced 

simulations also provide rare educational opportunities to debrief and learn as an entire team, 

evaluate latent safety threats to healthcare systems, reflect on the positive aspects of care 

provision, benchmark or quality assure care provision and test out quality improvement 

approaches. 
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4.6.4 Potential Harm to Participants 

Potentially researchers could harm participants mentally by causing them to reflect on 

previous traumatic cases and career wise if a participant performs poorly in front of their peer 

group or seniors. There is the potential to harm individual’s trust in research in general. As a 

researcher one could violate the participant’s moral right to a private sphere, their own 

ownership of sensitive information about themselves. This would occur with a leakage of 

data, for example to the internet or other losses of confidential or anonymous data. There is 

also the consideration of harm to nearby patients where the mock code occurs and the 

potential for harm to patients due to the attendance of the mock code team members, a 

cardiac arrest at the other end of the hospital would be an example. In terms of justice, it is 

clear researchers have moral duty not to research upon vulnerable groups or individuals to 

benefit others. The most junior member of the team could be considered vulnerable, 

compelled to participate by the actions of seniors.  

 

4.6.5 Does the ethical position change with either a research or quality improvement 

lens? 

Researchers have a moral duty to respect the autonomy of participants. A person has the 

moral right to refuse to participate in any study and the right to withdraw at any point without 

expressing any reasoning. In addition, there is a moral duty as researchers to provide 

information to allow the deliberations of autonomy, whether to participate or not before 

researching on individuals. The latter is the concept of informed consent. Ethical regulation 

terminology may vary, however the 1964 Helsinki Declaration stated that valid consent is 

properly informed, freely given and without pressures such as persuasion, coercion or 

threats.(154) For informed consent to occur an individual must have received adequate 

information to understand the study, the individual must be competent to understand and 

indeed understood what she or he had agreed to do, had voluntarily agreed to participate and 

understood they could withdraw at any time without any negative impact on themselves. The 

very nature of the mock code, where unknown individuals, each representative of much 

larger pools of individuals within their discipline or department are called to become ad hoc 

team members, presents the problem of how to consent on a respective day. The urgency of 

the call, with individuals leaving their clinical duties at the time of the mock code being 

called, the rushing to the simulated scene and then immediate immersion into the role of a 

team leader or follower, could be considered an obstacle to obtaining informed consent. It 

could be possible to halt all individuals before joining the team to obtain consent, but this 

would delay response times and potentially alter the frame of mind and then performance of 

team members. It is possible to obtain informed consent after the mock code, but is this 

ethical? The timing of consent has been recognised as a contentious issue, particularly in the 

field of ethnography, where individuals are studied in their own environment, through direct 

observation or face to face interviewing. This approach is being used in simulation based 

education, such as qualitative studies of team working at mock codes.(150) Ethnographic 
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researchers have proposed collecting informed consent each time they collect data from a 

study participant to ensure awareness of data collection and to confirm they are willing to 

continue participating in the study.(155)  

 

4.6.6 The quality improvement stance 

A relatively recent publication has explored the ethical position from a quality improvement 

perspective, particularly with respect to informed consent for patients enrolled in quality 

improvement programs, where it was considered impossible to consent the participants as 

interventions involved entire hospitals or hospital units.(156) Although the participants of 

mock codes are staff, not patients, the exploration of whether informed consent is necessary 

for quality improvement research may add a further perspective. It was argued that non-

experimental protocolised quality improvement interventions that were safe, standard and 

evidence based, posed no increase risk to individuals than standard clinical care.(156) One 

could argue that this is analogous to mock code simulations. Moreover, it was argued that 

such interventions could be introduced without measurement and would not be research. Also 

that if the only aspect of research is non-invasive measurement, such research posed no 

risks.(156) From a regulatory perspective, it was postulated that a waiver for informed 

consent could be considered if there was “no more than minimal risk to the subjects” and if 

the waiver “will not adversely affect the rights and welfare of the subject,”. Also if “the 

research could not practicably be carried out (otherwise)”, and if “whenever appropriate, the 

subjects will be provided with additional pertinent information after participation.”(156) It 

was argued that on occasion it is not possible to obtain informed consent and in situations of 

no or minimal risk posed by the research, then autonomy is not infringed.(156) Also that 

from an ethical and regulatory stance it is justifiable to waive informed consent for valuable 

but low-risk research when obtaining consent is not possible and does not provide meaningful 

protection to the autonomy of participants.(156)  

 

4.6.7 An ethical position on Mock Codes and unannounced ISS 

The ethics surrounding mock codes are challenging, particularly with respect to informed 

consent. One can postulate that mock codes are a service evaluation and or a quality 

improvement initiative, and as such not research. If one only runs mock code and does not 

collect data or only data that is not generalisable outside of site where it was collected, and 

one does not disseminate findings, then the argument that mock codes are not research is 

valid. In this sense mock codes could be considered only as a quality improvement initiative. 

The corollary to this is that in many countries mock codes would be exempt from ethics 

committee review and the findings could then published as if research. Even if one considers 

mock codes not to be research, from an ethical stance the collection of informed consent 

would appear to be an imperative. Informed consent is considered a process,(155) and the 
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timing of collection remains contentious. There is an argument that it is impossible to consent 

an entire hospital staff that might attend a mock code prior to the code, and as such collecting 

informed consent to use data, after the event is plausible. However, as the use of mock codes 

expands, it may be possible to imbed the concept so that as staff are recruited to a hospital, 

informed consent for future mock codes is taken. With this approach informed consent and 

the ability to maintain autonomy over time would remain a process, with individuals free to 

opt in or out. In the scenario, where an individual has refused to provide informed consent 

after attending a mock code, it would be ethical to destroy the video recording and erase any 

evidence that the non-consenting individual was present.  

However, with growing evidence we can argue that greater good argument is significant to 

the extent that a position of running mock codes or unannounced ISS is justifiable. In 

addition, the correct application of the four principles is not to conclude that they jointly state 

that one always need to apply informed consent procedures. Furthermore, a hospital system 

could justifiably expect that their staff engage in mock codes without the need for informed 

consent, but as normal healthcare practice. With such a position comes the responsibility of 

an optimal instructional design for mock codes and unannounced ISS, to achieve our 

educational and quality assurance and quality improvement objectives. 
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5 RESULTS 
Four sections of findings are presented, each related to the overall aim of this thesis of 

deepening the understanding of the management of severely injured children and applying 

this understanding to the design of simulation-based interventions (Figure 2).   

 

Figure 2. The relationship between study aims, the setting of the studies and the findings. 

 

 

5.1 STUDY I 

How to define and measure the quality of paediatric trauma stabilisations by exploring the 

perceptions of the multi-disciplinary team providing and improving this initial care. 

 

5.1.1 Perspectives of quality and ways of measuring quality  

Six structural categories were identified to describe the participants’ varying perspectives of 

quality and ways of measuring quality of paediatric trauma stabilisations (Table 4). The 

categories were I) System, II) Team, III) Process, IV) Individual, V) Data and VI) Culture. 
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Table 4. The perspectives of the quality and measurement of acute stabilisation of a 

traumatically injured child (Adapted from MacKinnon et al. 2019). 

STRUCTURAL CATEGORIES OF 

PERSPECTIVE OF QUALITY  

REFERENTIAL CATEGORIES OF 

PERSPECTIVE OF QUALITY  

System: the organisational design to 

facilitate optimal performance. 

Ready/pre-planned, critical incident 

reporting systems, equity of care, standards, 

prioritisation, value for money, feedback to 

team, feedback from major trauma centers, 

coffee room feedback, current lack of tools 

to measure quality, team-working tools, 

friends and family test during stabilisation, 

checklists, cognitive aids, audit.  

Team: the mechanics of how the team 

functions. 

Teamwork, leadership, communication, 

team satisfaction, supported teams, team 

performance monitoring, ongoing team 

training.  

Process: the direct delivery of care to the 

patient. 

Best care provision with resources available, 

best evidenced, following protocols 

(Advanced Trauma Life Support, European 

Trauma Course), timelines.  

Individual: the innate personal perspective 

of healthcare providers. 

Internal assessment by team members, 

personal desire, personal satisfaction, 

specifically trained/ experienced, patient’s 

experience, patient-centred, safety of 

patient, perception of carers/parents.  

Data: the facts and details collectable for 

analysis. 

Patient outcomes (morbidity, mortality), 

adverse clinical events (sudden untoward 

incidents), clinical data, TARN data 

(timings), electronic patient record, 

retrospective note reviews, benchmarking 

against other hospitals.  

Culture: the social behavior and customs of 

the team and organization. 

Debriefings post-resuscitation, reflective 

practice, guardians/champions of quality, 

inter-professional discourse, approachability 

of senior clinicians.  
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5.1.2 Hierarchy of perspectives  

A hierarchy of understanding was described from a simple (level 1) to a more comprehensive 

(level 4) understanding of quality, with more categories incorporated at each level (Figure 3).  

Figure 3. The simplest (level 1) to the complex (level 4) perceptions of quality and how to 

measure it. 

 

 

5.1.3 Perspectives of clinicians and administrators  

By tabulating the frequency of categories referred to in their description of quality and 

measurement of quality, the perspectives of clinicians and administrators is presented (Table 

5). There was a shared view on the importance of teamwork and team performance 

monitoring and provision of best care processes with the resources available. There was also 

shared agreement on the current absence of any tools to measure quality at present. The 

importance of the perspectives of patient outcomes, debriefing and safety, held by the 

administrators were not shared by the clinicians. The trauma team members focused more 

upon internal assessment and process timelines as delineating and measuring quality.  
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Table 5. The most frequent perspectives of trauma team members and non-clinical trauma 

governance administrators defining quality of care and measurement (Adapted from 

MacKinnon et al. 2019). 

TRAUMA TEAM 

MEMBERS 

NON-CLINICAL 

ADMINISTRATORS 

STRUCTURAL 

CATEGORY 

Teamwork Team performance 

monitoring 

Team 

Current lack of tools to 

measure quality 

 System 

 Patient outcomes Data 

Best care processes with 

resources available 

 Process 

 Debriefing Culture 

Internal assessment Safety of patient Individual  

Friends and family test 

during resuscitation 

 System 

Process timelines  Process 

 

5.2 STUDY II 

The aim of this study was to develop a reporting tool to transfer learning post ISS to enhance 

organisational learning, and in doing so attempt to advance theoretical considerations for 

future interventions.  

The continual cycles of DBR guided the design, testing & redesign of a multi-source 

reporting tool, the FACT, to explore and feedback information at the individual, team, and 

system levels, (see Figure 1 in Section 4.4.2). The FACT was designed to be disseminated 

directly to all potential trauma team members and trauma administrators in an organisation. 

The initial elements included in the FACT are shown in Table 6. 
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Table 6. The Initial FACT Elements (Adapted from MacKinnon et al. 2015).(157) 

FACT ELEMENT WHAT IT MEASURES TYPES OF DATA 

Paediatric Trauma 

Knowledge Test 

Team clinical knowledge Multi-choice test 

Mental Models Survey Team decision-making Multi-choice test & on-line 

survey 

Trauma Care Capability 

Score 

Equipment preparation Checklist 

Key Performance Indicators Team performance Time-based completion 

 

Teamwork Score Team self-reflections Self-efficacy scores 

Positive care provision 

Debrief Improvements Staff-identified areas to 

improve 

Qualitative comments 

Latent Safety Threats Priorities for improvement Risk matrix 

 

5.2.1 The initial FACT design and evaluation stages 

The initial FACT design created after evaluation including six stakeholder interviews at a 

paediatric MTC was purposefully reflective in nature (see supplementary file 4 in manuscript 

2). The concept was to present raw data of positive and negative aspects of trauma care 

provision during ISSs. The rationale was to allow individuals involved in the delivery of care 

to review the data, draw their own conclusions, and implement changes. 

 

5.2.2 Evaluation at three Trauma Unit (TU) hospitals and redesign 

The above FACT design was then used to disseminate learning following two back to back 

ISSs in 10 UK TU hospitals surrounding the MTC.  

Further stakeholder interviews in 3 of the hospitals revealed the need for a performance 

analysis design for the FACT, that provided knowledge transfer in an understandable and 

contextualised format. The FACT was redesigned to provide more in-depth feedback at the 
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team level (see supplementary file 6 in manuscript two). More emphasis was placed on 

individual perceptions of how to improve the quality of care provision. At the organisational 

level, the requested benchmarking against all ten hospitals and inclusion of resources to 

improve care were included.  

 

5.2.3 Evaluation of elements of the FACT one year apart 

One year later the 20 ISSs were repeated in each of the 10 TU hospitals and the redesigned 

FACT was disseminated to each hospital, analysis of the individual FACT elements (in the 

same 3 trauma units) revealed the following (see Table 7): 

• The knowledge test scores decreased in each hospital.  

• The primary survey scores improved or remained static in two hospitals but decreased 

in the third.  

• The teamwork scores remained static in one hospital and decreased in two.  

• The number of risks to care (latent safety threats) remained mainly static across each 

hospital, except for an increase in safety threats in year two of hospital three. 
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Table 7. Change in FACT Elements over a 12-month period. 

FACT 

ELEMENT 

HOSPITAL ONE HOSPITAL TWO HOSPITAL THREE 

YEAR 1 YEAR 2 YEAR 1 YEAR 2 YEAR 1 YEAR 2 

Knowledge  

Score 

(%) 

75 72 80 76 79 72 

Primary 

Survey 

Score 

(%) 

TCHI 

 

70 70 70 77 85 77 

MH 75 82 73 83 82 67 

Teamwork  

Score  

(0-5) 

3.24 3.20 3.37 3.37 2.84 2.82 

Risks 

to Care  

(No. of 

events) 

TCHI 1 Major 

1 

Moderate 

1 Minor  

3 Low 

2 Major 

4 

Moderate 

5 Minor  

9 Low 

1 Major 

3 

Moderate 

1 Minor  

4 Low 

0 Major 

4 Moderate 

3 Minor  

5 Low 

1 Major 

2 Moderate 

1 Minor  

3 Low 

5 Major 

6 

Moderate 

2 Minor  

13 Low 

MH 0 Major 

4 

Moderate 

0 Minor  

5 Low 

1 Major 

1 

Moderate 

6 Minor  

7 Low 

0 Major 

1 

Moderate 

0 Minor  

2 Low 

1 Major 

4 Moderate 

3 Minor  

2 Low 

0 Major 

2 Moderate 

1 Minor  

2 Low 

2 Major 

2 

Moderate 

1 Minor  

3 Low 
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5.3 STUDY III 

The research question pertaining to Study III was how to develop an understanding of the 

critical functions of a paediatric trauma system and the up and downstream impact on trauma 

management of variability of these functions. To achieve this a novel application of FRAM 

was developed to explore human adaptations observed in ISS as described in Section 4.4.3. 

The novel approach was termed Structured What-If FRAM (SWI-FRAM). The manuscript 

(included in this thesis) aims to guide the reader through the SWI-FRAM approach and 

describe the added value of exploring the consequences of human variability from a Safety-II 

perspective to TES. Supplementary video recordings are available with the online version of 

the manuscript. The models described below focus on one aspect of the care of severely 

injured children, the primary survey as described in Section 4.3.1. As such the models are 

simplified versions of the complex adaptive system of stabilising severely injured children. 

The reader is directed to the online supplementary file 4 of manuscript 3 for an in-depth 

appreciation of the complexity. 

 

In this results section, the application of the SWI-FRAM approach to empirical data from the 

standardised ISS management of paediatric Time Critical Head Injuries (TCHI) is presented 

as a case series of models. Different adaptations to practice (WAD) can be observed in each 

model. Firstly however, the WAI management of paediatric TCHI is described in the below 

FRAM model (Figure 4). The components of the primary survey, namely the airway, 

breathing, cardiovascular, disability and exposure (ABCDE) assessment and how they are 

interrelated can be visualised. Different colours highlight the functions performed by different 

members of the trauma team, orange represents the trauma team leader (TTL), red is the 

emergency department specialist trainee doctor, and blue is the anaesthetic doctor. 

 

Figure 4. A simplified FRAM model of WAI (adapted from MacKinnon et al 2021). 
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5.3.1 A Case series of FRAM models of WAD 

This was a unique adaptation in the series of 20 ISSs which directly improved the team’s 

performance in terms of decreasing the time to intubate the patient and commence 

neuroprotective measures. The adaptation was the declaration by the TTL on two occasions 

to the team that it was a “time critical head injury” that the team was managing (Figure 5). 

Figure 5. A TTL adaptation of declaration of time-critical head injury to the team (adapted 

from MacKinnon et al 2021). 

 

 

The adaptation visualised in the next model (Figure 6) was that the TTL coordinated the 

primary survey but decided to assess the neurological status (D) of the child herself. This 

function is normally performed by a specialist trainee, with the TTL standing back. Again, 

this adaptation expediated the trauma care provided. 
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Figure 6. TTL adaptation of assessing the neurological status of the child then declaring 
head injury to the team (adapted from MacKinnon et al 2021). 

 

 

In the following case (Figure 7), the adaptation was that after coordinating the primary 

survey, the TTL led a team huddle and stated aloud the ABCDE findings. The TTL then 

declared to the team the presence of a blown pupil, the need to intubate and manage 

intracranial pressure issues. This adaptation also expediated the care process.  
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Figure 7. TTL adaptation of leading a brief team huddle then declaring findings and 
actions, to the team (adapted from MacKinnon et al 2021). 

 

 

The adaptation in this final model (Figure 8) was the continued cycling of assessment by the 

TTL to complete a primary survey when important information (the neurological assessment) 

was not relayed to the TTL. 
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Figure 8. TTL adaptation of continual reassessment to determine injury pattern (adapted 
from MacKinnon et al 2021). 

 

5.3.2 Visualisation of variability propagating through a SWI-FRAM model of 
WAD  

As this is a visual process the reader of this thesis is directed to the video resources 

accompanying the online publication of Study IV. The SWI-FRAM model below (Figure 9) 

is a snapshot of how the variability of functions in terms of precision and timings, can be 

visualised to propagate across the system. The SWI-FRAM model shows the non-linearity of 

the ABCDE and how the adaptation (the huddle in this case) facilitates a check on all points 

of the ABCDE leading to the desired end-points of the system.  
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Figure 9. The SWI-FRAM analysis is shown cycling through the model of WAD (adapted 
from MacKinnon et al 2021). 

 

 

 

5.4 STUDY IV 

The aim of this study was to understand the characteristics of adaptations to practice 

experienced in a paediatric major trauma centre during the early phases of a mass casualty 

incident. 

 

5.4.1 The key themes of the adaptations to overcome challenges during the 
mass casualty incident 

Forty healthcare staff working diverse roles during a mass casualty incident were interviewed 

in the immediate aftermath. Five themes of adaptations of practice to the major incident plan 

followed during the incident were identified (Table 8): 

• Teamworking 

• Psychologically supporting patients, families, and staff 

• Reconfiguring infrastructure  

• Working around hospital electronic systems 

• Maintaining hospital safety 
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Table 8. The themes and sub-themes of adaptations derived from the thematic analysis 

(Adapted from MacKinnon et al 2021, accepted for publication). 

THEMES SUBTHEMES 

Teamworking Leadership 

Decisive decision-making 

Galvanized workforce 

Psychologically supporting patients, 

families, and staff 

Child Adolescent Mental Health Service 

support 

Re-uniting and caring for families together 

Positive feedback to staff 

Reconfiguring infrastructure Preparing areas 

Expanding capacity  

Optimizing patient flow 

Working around hospital electronic systems  Communication 

Documentation 

Device workarounds 

Maintaining hospital safety Preserving critical functions 

Multi-disciplinary trauma ward round 

Forward planning for next 16hrs 
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5.4.2 The subthemes of adaptations mapped to resilience potentials 

The deductive analysis of mapping the subthemes of adaptations to resilience potentials 

indicated how each adaptation of practice sustained the resilient performance of the hospital. 

(Table 9).  

Table 9. The subthemes of the adaptations mapped to resilience potentials (Adapted from 

MacKinnon et al 2021, submitted for publication). 

RESPOND MONITOR LEARN ANTICIPATE 

Decisive decision 

making 

Leadership and team Leadership and team CAMHS support 

  Communication Preparing areas 

Galvanized 

workforce 

Expanding capacity Device workarounds Communication 

Preserving critical 

functions 

Optimizing patient 

flow 

Documentation Preserving critical 

functions 

Re-uniting and 

caring for families 

together 

 Multi-disciplinary 

trauma ward round 

Forward planning 

for next 16hrs 

Positive feedback to 

staff 

   

 

Adaptations to facilitate the hospital to respond traversed the initial transition from late night 

quiescence to peak activity, ensured the ongoing provision of psychological support to 

patients, families, and staff, and assured the critical functions of the rest of the hospital. 

Monitoring adaptations that focused on how the hospital was performing included a floating 

surgical commander with complete oversight of the response. Other adaptations included 

those to sustain high quality information flow and retain teams together.  Several adaptations 

to anticipate the response were described encompassing four of the five themes. This study 

highlighted a series of adaptations through which the hospital was learning during the 

incident, these related to team-working, working around hospital electronic systems and 

maintaining hospital safety. 
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6 TRUSTWORTHINESS OF THE FINDINGS 
Several factors have enhanced and challenged the trustworthiness of the findings in this thesis 

project and warrant critical reflection from my socio-constructive stance discussed in Section 

4.1; these include research partnering, reflexivity, credibility, dependability, and 

transferability.(99) The latter three factors are of particular importance when establishing 

trustworthiness in qualitative studies.(158) 

 

6.1 RESEARCH COLLABORATIONS 

This research project was conceived and born within a paediatric MTC with a strong 

emphasis on developing a collaborative research program across all disciplines that initially 

care for severely injured children. From the project offset there was deliberate inclusion of 

the trauma governance tree of the MTC; the administrators, managers and directors who 

would oversee the resources to ensure quality assurance and improvement. As a researcher I 

was hugely influenced and supported by the engaging collaborative nature of Dr Chris 

Kennedy at Children’s Mercy Hospital, Kansas City, USA and also The International 

Network for Simulation-based Pediatric Innovation Research & Education (INSPIRE) 

network.(145) Collaboration between myself as a researcher and end-users (clinical and 

administrative) became a central ethos and highly valued, in line with my epistemological 

and ontological underpinnings.  

On reflection this collaborative ethos was central to my clinical practice at commencement 

of this thesis. I was a transport physician responsible for leading the resuscitation of 

critically ill children in the twenty-seven hospitals in the region around the MTC. After the 

development phase in the MTC, this project was extended to three then ten of those 

surrounding hospitals. This was achieved through a series of meetings, culminating in 

performing ISSs and feeding back performance across the governance trees in ten hospitals, 

twice one year apart. In addition to being able to gain valuable insights through co-

production with staff of all disciplines and levels up to the executive board level, that 

answered the study questions I to III. 

With successes there have also been failures. Not least that of not being able to engage more 

with patients and families in these studies and relating findings to patient outcomes. This 

work is ongoing as described in the below section.  

 

6.1.1 Co-production 

Co-production is the involvement of service users in the design, management delivery and 

evaluation of services which impact upon them.(103) Intervention research has traditionally 

privileged external observers to validate theories or concepts over the local, in-situ expertise 

of end-users or stakeholders working with an intervention.(104) Also a lack of engagement 
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and perceptions of a power imbalance between researchers and end-users have also been 

suggested as inhibitors of effecting desired organisational learning.(159) This thesis project 

lends support to the consideration that stakeholders may hold greater understanding of the 

challenges posed by a system compared to third-party evaluators who do not engage with 

them.(104, 160)  

A limitation of this thesis was the failure to engage with patients or their families to gain their 

important perspectives. This was attempted but not achieved. Patients, family members and 

carers play a key role in the resilience of organisations,(161) by acting as knowledge brokers 

between care levels and service providers,(162) and support the co-creation of resilience in 

the clinical setting.(163) Future studies are planned in this direction. The methodological 

approaches used in this thesis project did facilitate interaction with clinical end-users, clinical 

policy decision makers, administrators, and resource/funding gatekeepers up to the executive 

board level. This participative co-production provided guidance for future directions of the 

study in terms of a deeper understanding of context and the future adoption and reach of ISS. 

The same is true of collaborative work commenced at the start of this project with TARN. At 

first glance it appeared simple to explore a large national clinical database of patient 

outcomes to inform how to directly impact patient care. This collaboration with TARN 

focussing upon regression modelling of targeted interventions during ISS continues also. 

 

6.2 REFLEXIVITY 

Maintaining reflectivity to minimise researcher bias has been one of the largest challenges to 

this thesis. I have been aware that my own preconceptions, worldviews, clinical background, 

previous research in TES and how I have processed my own involvement in the response to 

the Manchester Arena Bombing, may each bias findings throughout this thesis project.  

On entering this PhD programme, I was consciously competent in aspects of medical 

education research pertaining to TES. I was consciously incompetent regarding resilience 

engineering and unconsciously incompetent with regards to complexity thinking. On 

reflection my lack of knowledge and understanding of the fields I would explore from my 

starting point of TES, perhaps provided me with an advantage. I was fortunate enough to be 

allowed to navigate the direction of this thesis. However, I was travelling into my own 

unknown and this required me to pause to critically reflect on my own perspective and 

explore my own assumptions at each step. As a PhD candidate largely based in the United 

Kingdom, devoid of fellow candidates between courses and seminars I felt alone and unsure 

on multiple occasions, despite the continual steadfast support and encouragement of my 

supervisors. I am not sure if this is a strength or a weakness but a continued drive to 

collaborate, and to learn from other industries outside of healthcare became incessant. By 

travelling in this direction, I felt detached from my clinical and research background in 

trauma care, resuscitation, and TES, while still aiming to co-produce high quality research 

with stakeholders in the context of my studies. 
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Continually aware of the need to practise reflection I took the step of writing a research 

journal. This rapidly became a series of notebooks littered with questions to myself along the 

lines of “is this what I am doing?”, or “do I really think that and if so, why?”. Throughout my 

project the regular discussion with my supervisors provided me with core insights into 

recognising myself as a researcher and where I was looking from, the phenomena under study 

and both the local and larger contexts of the studies. I cannot overestimate how important 

these meetings were.  

Visual models be it of the previously discussed elevator pitch or mind maps forming audit 

trails during studies have prompted continued self-reflection. The use of multiple research 

approaches to gain the depth of understanding of both interventions and contexts allowed me 

to shift between empirical data collection to theorising and back again. These transitions, 

often uncomfortable, were particularly helpful junctions to critically self-appraise how I may 

be influencing the research questions I was exploring. These junctions also allowed me to 

challenge my own ontology and epistemology. Throughout this thesis project I have held 

onto my interpretivist constructive worldview. And yet in doing so I have kept an open mind 

to a wide range of theories that may have allowed me to explore my research questions. 

I am aware that as a researcher I may have subconsciously, despite my continual best efforts, 

biased the findings in these studies. It is my hope that by describing how situationally aware I 

have been in relation to each study and by detailing this in the manuscript limitation sections 

and appendices, I have provided the opportunity for the reader to evaluate this. 

 

6.3 CREDIBILITY 

Credibility or internal validity describes how believable the findings of qualitative studies are 

to others. The stronger the grounding of the methodology, the analysis and the conclusions 

drawn are in the data set studied, the stronger the credibility.(164) This is demonstrated by 

the use of quotations, as illustrated in Studies I & IV, that highlight how findings are 

anchored in and cover the data set.(164)  

Investigator triangulation, with more than one researcher analysing the dataset also enhances 

credibility.(165) This was achieved in each of the studies in this thesis. Co-researcher 

agreement is another key facet of credibility.(164) Negotiated consensus with experts in 

diverse aspects of each study has also added to the credibility of the findings in this thesis.  

Peer to peer meetings afford the opportunities for researchers to reflect upon and explain their 

findings and gain valuable insights from fellow researchers.(166) This was achieved by 

presenting research findings at in-house seminars at the Karolinska Institutet. Further 

credibility was achieved by presenting at conferences/research meetings. Study I was 

presented at an international simulation-based education conference and the Rogano PhD 

meeting of the Association for Medical Education in Europe. Study II has been presented at 

regional and national meetings in the UK and aspects of Study III and IV have been presented 
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at UK safety seminars. Maintaining self-awareness of one’s role as a researcher also enhances 

credibility,(158) as was discussed in the above section on reflexivity.  

 

6.4 DEPENDABILITY 

Dependability relates to the internal consistency of data collection and analysis over the entire 

period of the study.(107, 166) Consistency was maintained throughout all the studies, with all 

data collection performed by the author of this thesis. Rigorous standardisation of ISS was 

achieved by collaboration with experts from INSPIRE to design the scenarios of Studies II 

and III. There was adherence to the reporting guidelines for health care simulation(167) and 

those of the consolidated criteria for reporting qualitative research.(144) Analytical 

dependability can be enhanced by a transparent audit trail of research processes,(158) this 

was collated for each study in this thesis. 

 

6.5 TRANSFERABILITY 

Transferability or generalisability relates to how applicable the findings of research are 

transposable to other settings. Traditionally qualitative research findings are related to the 

settings in which they are performed, more so than quantitative studies.(168) One approach to 

enhance transferability is to capture a broad diversity of perspectives when sampling a study 

population.(168) Studies II & IV captured a large range of diverse perspectives across 

multiple disciplines, roles and positions in organizations from junior staff to executive board 

members. A further way to enhance transferability of research findings is to adopt research 

approaches that facilitate the advancement of theoretical considerations.(123) The DBR 

approach of Study II and the novel approach of Study III afforded the opportunity to advance 

theoretical understandings. 
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7 DISCUSSION 
In this section I hope to reconnect to the aims of this thesis those being to deepen the 

understanding of the context of acute paediatric trauma care and the application of this 

understanding to the design and evaluation of simulation-based interventions. To achieve this 

goal, I present the discussion in two parts; firstly, as three key insights that the studies have 

together illuminated and then a more holistic, meta reflection of what I hope this thesis 

provides. The three key insights focus on quality of care as an outcome measure, ISS 

extending post the debrief and thirdly adaptations as useful unit of analysis to improve care. 

The meta reflection focuses on the importance of complexity, and context and then the need 

to move from practise to theory building.  Finally in the conclusion following this discussion, 

I aim to present ISS as a temporal spatial bridge to improve high quality paediatric trauma 

care. 

 

7.1 EXPANDING THE VIEW ON QUALITY OF TRAUMA CARE AS AN 
OUTCOME MEASURE 

The findings of the studies highlighted that quality is a more complex phenomenon than the 

proxy measures of care currently provided by data registries, and that it can be explored and 

fed back in a bespoke and granular way, that can inform quality improvement at each 

organisation.  

With a focus on individual, team, and cultural aspects, the quality framework proposed in 

Study I extends thinking past the established Donabedian “system, process, outcome” model 

of healthcare quality.(169) In doing so the framework affords opportunities to explore further 

the social, cultural, and organisational factors key to healthcare that are not addressed in some 

RE models applied to this context.(86) The six aspects are system, process, team working, 

data, individual and culture. The study also highlights that at present quality is not formally 

measured in the context of trauma care as there is a lack of tools to do so. In particular, the 

aspect of team working was a valued element by the organisations studied. This aspect of 

quality is not yet measured in the workplace.  

Study II highlights that it is possible to use ISS to collect, analyse and report on many aspects 

of quality across 10 UK hospitals, using the FACT tool. Study II also shows how team 

working can be fed back in a structured way using the FACT intervention. This highlights the 

potential of the tool to facilitate learning around the impact of team working on quality of 

trauma care, at all levels of an organisation. The development of the SWI-FRAM approach in 

Study III facilitated further in-depth exploration of how team working adaptations contributed 

to quality of trauma care. As a simulation based intervention the SWI-FRAM approach 

provided the opportunity for 2nd order learning of adaptations often considered 

mundane,(125) that when using a Safety-II lens may be considered integral to high quality 

care. 
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The use of quality of care as an outcome measure has potential value at the individual, team 

and system levels, for both the use of ISS to improve paediatric trauma care and also studies 

of resilience aiming to understand the adaptive capacity of organisations.(86) Resilience in 

healthcare has been recently redefined from the ability to sustain everyday operations under 

anticipated and unanticipated conditions,(5) as used in this thesis, to focus on quality of care. 

The new definition proposes resilience in healthcare as “the capacity to adapt to challenges at 

different system levels to maintain high quality care”.(161) Resilience in healthcare is 

depicted as a set of capacities at the individual, team, system level that maintain or improve 

high quality care by facilitating adaptation, enhancement and reorganisation.(161) The same 

research group have suggested the potential for, and value of a common terminology, to 

conceptualise diverse yet interconnected capacities at each level from the differing 

perspectives at each level.(161) How resilience is integrated across different levels in terms of 

sharing information and ensuring each level is aware of what is happening, are recognized as 

key linkages.(4, 85, 86, 88)  

The findings of studies in this thesis support the importance of quality of care as an outcome 

measure in studies aiming to investigate the relationship between quality of care and 

resilience.(161) The findings of Study I indicated a commonality in describing quality of care 

across the micro, meso and macro levels of organisations. In addition, the phenomenographic 

approach taken of contrasting perspectives of stakeholders, as individuals undertaking all 

roles as trauma team members at the “sharp end” of patient care, up through each 

management level to the executive board of organizations, may inform on future studies of 

resilience in health care. Such studies of the views of stakeholders remain somewhat under 

explored in the current resilience literature.(4)  

Stakeholder perspectives in this thesis illuminate two potentially fruitful pathways for further 

empirical studies of resilience in the workplace. Those are studies of what capacities are 

needed and how to adapt, enhance and reorganize at the individual, team, system level to 

enhance quality of care; in terms of team-working and clinical debriefing. Both 

administrators and clinicians in Study I emphasized team-working and the monitoring of 

team-working as key delineators of quality. Clinical debriefing in the workplace though held 

as a quality aspect for administrators, was highlighted as limited due to clinical commitments 

by clinical staff. Clinical debriefing in the workplace using techniques established in the 

simulated setting, is now gaining traction in the emergency department workplace.(170, 171)  

Debriefing in the workplace is well established in an array of high risk industries outside of 

healthcare.(172)  With an emphasis on team-working and debriefing, the short term direction 

of travel of studies of resilience and those of ISS in trauma care appear to be inextricably 

linked. 
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7.2 EXTENDING ISS POST THE DEBRIEF  

“Simulation provides the space in which organisational memory can be maintained and 

continually refreshed, even with regard to events that happen rarely and can occur in unique 

and surprising ways”, however how this is achieved, is relatively unexplored.(98) Both 

theories of RE and HRO highlight the importance of learning and enacting positive change 

overtime,(98) yet the processes to achieve this learning and change remain under 

theorised.(71) ISSs are recognised as disruptive events that can trigger processes that reshape 

organisational practises and representation of these practises (WAD compared to WAI), and 

as such act as a source of long-term improvement and learning.(98) Studies II & III in this 

thesis explored how processes that reshape organisational practices may be stimulated using 

ISS and how ISS may act as a source or repository of learning for long-term improvement. 

 

Both studies II and III developed simulation-based interventions to extend ISS beyond the 

current debriefing stage, the usual terminus of learning activity in the workplace. As trauma 

teams usually constitute six or seven, possibly up to ten members, the learning at the debrief 

would be focused upon them, not the hundred or so potential trauma team members in some 

large MTCs. Empowering only a small number of clinicians with knowledge as advocates to 

change processes at multiple levels has clear limitations. This may in part explain the failure 

of TES to extend learning from the simulated domain in any great measure to the clinical 

domain and the call to focus on downstream (post debrief) learning.(173) Both the 

interventions developed in this thesis, the FACT report and the SWI-FRAM approach were 

developed to transfer learning horizontally across all potential trauma team members and 

vertically through the governance tree of administrators, aiming to provide knowledge to 

invoke changes to improve care. 

 

Studies II and III support the assertion that ISS provides the opportunity to highlight both the 

light and dark side of organisational safety,(98) and by extension quality of care.(161) The 

two sides being the targeted identification of failures and weaknesses allowing those to be 

addressed and improved and then also the identification of successes and strengths allowing 

those to be embedded and spread.(98) As such then Studies II & III have illuminated two key 

questions. What learning to transfer and how to transfer it across the micro, meso and macro 

levels of organisations. And in doing so the studies also pointed towards directions of how to 

maintain, store and refresh the concept of organisational memory as discussed above.   

In terms of what to transfer, the iterative cycles of design and evaluation of Study II 

highlighted the need to contextualise the multi-source information captured by the FACT in a 

performance analysis format. The information was requested to be narrative, explicit in terms 

of benchmarking each hospital against peers and to provide clear direction to improve care. 

This format evolved from a more open data sharing mode that aimed to promote reflection at 

all levels of the organisation. And in doing so the FACT may be seen as a more management 

level, decision-making tool that retained information important to individuals at all levels. 

The same can be argued of the SWI-FRAM approach that was developed in Study III. The 
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process of extending the debrief to promote deeper reflection of adaptations and workaround 

can be considered to speak to the individual and team levels. The direct visualisation of how 

up stream changes effect downstream results and the SWI-FRAM log sheet again provide 

information in a format pertaining to management/administrator level decisions. 

Study II provided some insights on how to transfer and disseminate learning of how hospitals 

performed at the individual, team, and organisational level. But this study only scratched the 

surface of what is undoubtedly a key dimension of travel for future research in a digital era. 

The effectiveness of emailing the FACT to all potential team members and administrators 

across ten hospitals was not an outcome measure of this study. The evidence at interview 

supported receipt of the FACT document. However, learning from other industries in 

particular high-level sports with bespoke audio video content is a potential direction of travel. 

The importance of the questions of what and how to transfer learning is supported by the 

literature where dissemination of learning appears to be inextricably linked to resilience. The 

competence/know-how of people in organisations has been proposed as in part defining 

resilience.(88) When considering “who does resilience” attention was drawn to the informal 

communication between teams as sources of resilience, with lack of wide and immediate 

dissemination of information as a source of brittleness.(88, 174)  This dissemination 

underpins the four resilience potentials (to respond, to learn, to monitor, to anticipate) as they 

pertain to resilient healthcare.(74) Techniques to support learning including appreciative 

enquiry, after action reviews and Safety-II training programs are proposed,(175) but there is a 

dearth of empirically tested practical solutions. Without such practicality the danger of the 

concept of resilience remaining in the abstract will persist.(4, 87)  

Regulation is recognised as a key and yet also underexplored driver of resilience.(78, 97) 

Regulators have been proposed as a “repository of operational experience and safe 

practices”.(74) With regulators proposed as effective conduits to disseminate new knowledge, 

innovations and lessons learnt about healthcare systems to enhance care.(78) This is 

undoubtedly true. However, reflecting on the commencement of this thesis project, ISS was 

novel and not established within the ten hospitals studied and regulation was achieved by the 

peer-review system (as discussed in Section 4.3.4). The potential for ISS to add self-

regulation and to develop hospital centered repositories of operational experience is evident. 

This is supported by the current observation that ISS has now been established by 

practitioners within many of the hospitals studied. A next step could be the development of 

simulation-based knowledge management frameworks,(176, 177). Hospitals could store the 

data elements collected in studies II and III to provide a rich and refreshable repository of 

how each organisation achieves resilience by providing high quality care across both very 

rare clinical cases and those more commonly presenting. Providing this as an online audio-

visual resource as discussed above may supplement this. This could preclude the situation 

where valuable learning is stored in “expensive filling cabinets” as following investigations 

in other high-risk industry.(178) 
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A focus on regulation and resilience is also helpful when revisiting the above mentioned 

“light and dark side” of organisational provision of high-quality care. Although addressing 

the same issue, the concept utilised in this thesis project was the “ninety yellow balls and the 

one red ball” used in the logic model of Study II and the elevator speech to engage 

participants (Section 4.1). In the context of each hospital the yellow balls are successes (of 

which there are many and seldom focused upon) and the red ball a failure (infrequent but 

upon which there is marked focus). Centralisation as a regulatory phenomenon of standard 

setting monitor, monitoring and oversight has been proposed as a key support for 

resilience.(97) One example of centralisation in the UK is that national patient safety 

initiatives that have translated localised lessons from incidents of harm into widespread 

improvements over healthcare systems.(97) Building upon this a centralised “social network” 

of sharing localised specific information between and accessible to peer organizations has 

been proposed.(97)  

The value of disseminating contextualised information that prevents harm is unquestionably 

of value. Studies II and III have indicated the value and direction for disseminating 

information regarding the light side or 99 yellow balls using ISS. Study IV also highlights the 

value of exploring useful adaptations to practise in the real world. It is notable on a cultural 

and national level in the UK there is significant dissemination via national safety alerts, of 

that which is known to not work and causes harm. There is also an increasing prevalence of 

mechanisms to disseminate excellence, that which works extremely well and causes no 

harm.(179) Learning from the mundane that works well, as in Study III is extremely sparse. It 

is perhaps even more challenging to learn about what does not work, but does not cause 

harm, as the reporting of negative yet unharmful quality improvement findings is perhaps 

considered of low interest.  

A focus on regulation is also helpful when considering a second key concept of regulation 

proposed to support resilience, that of standardisation of high reliability practice.(97) The 

relationship between the adaptations to practice observed in Studies III and IV and the 

reliability of quality of care provision is discussed in the next section. 

 

7.3 ADAPTATIONS THAT IMPROVE CARE AS UNITS OF ANALYSIS 

Aligned with Safety-II thinking, high quality healthcare organisations have the capability to 

disseminate and incorporate adaptations of practise with positive impacts across multiple 

levels of systems. This is in addition to learning from adverse events and failures of care 

provision.(161) As such the adaptations captured and analysed by the SWI-FRAM approach 

(Study III) in the simulated setting and those explored in real life (Study IV) may then be 

interpreted as useful units of analysis. The adaptations in these studies highlight positive 

influences in terms of resilient potentials,(93) and resilient characteristics of healthcare.(89)  

When considering adaptive capacity of healthcare organisations, it is recognised that not all 

adaptations may have a positive influence,(91) and that adaptive systems can fail in some 
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circumstances.(180) Also it is recognised that healthcare organisations are not completely 

malleable. Aligned with other high-risk industries, healthcare organisations have many 

mechanisms to maintain reliability.(87) The high level training described in the European 

Trauma Course (Section 4.3.1) aims to provide trauma teams that are as reliable as possible. 

Minimum equipment lists to ensure airworthiness in aviation have been described to 

maximize reliability and preclude any variance or adapted drift due to negative human 

behaviour.(87) In healthcare cognitive aids such as the B@Ease checklist are in place to 

ensure maximal reliability and sharing of mental models during the key intubation stage of 

acute trauma care.(181) 

The deep tension between organisational stability and change in terms of how organisations 

can deliver reliable services and handle disruptions, is a fundamental issue of organisational 

safety.(77) Researchers using ISS in the context of maternity services, have provided 

valuable temporal insights to explain how healthcare organisations can simultaneously 

support stability and also change/adaptation.(98) The term dynamic adjustments has been 

coined to describe the moment to moment adaptations and work arounds. Dynamic 

adjustments include individual adaptations in the face of unpredictable variation,(74) and 

how teams coalesce and self-organise to overcome challenges.(71) Dynamic adjustments are 

considered to span concepts of both RE and HRO.(98) The adaptations explored in depth in  

Studies III & IV are reflective of such dynamic adjustments. 

A second set of processes identified by studying ISS in the maternity setting are planned, 

reflective adaptations occurring over time and are termed adaptive reorganisation.(98) Such 

longer term change processes represent moments of reform, reorganisation and re-design and 

remain under theorised.(71) The iterative cycles of development of the FACT tool in Study II 

has illuminated the initial steps of how to disseminate learning for such adaptive 

reorganisation. In addition, the DBR approach has shed light on theoretical challenges to 

achieving such long-term change.  

Reflecting on adaptations as units of analysis from Studies III and IV also highlights another 

aspect when considering both practical and theoretical concepts of resilience. The adaptations 

observed were spontaneous and as such support the assertion that resilience cannot be 

completely engineered.(74) Within a complex adaptive system such as an acute paediatric 

trauma stabilisation, adaptations are made by highly trained individuals as a team working 

within boundaries of high quality care. The adaptations are made whilst facing unpredictable 

challenges in terms of potential demands and resource availability, within systems aiming to 

be as reliable as possible. The findings of Studies III and IV support the proposal of rather 

than engineering out spontaneous dynamic adjustments there is a need to foster learning at all 

levels to maximise the opportunity of making successful adaptations, to ensure high quality 

care.(74) As will be reflected upon in a following sections, ISS has a significant role in 

achieving this. 
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7.4 UNDERSTANDING THE IMPACT OF TES IN COMPLEX CONTEXTS 

On reflection the iterative nature of the studies in this thesis has established some linkage 

between TES, RE, and two key concepts that may inform upon the future direction to 

enhance transfer of learning and thus quality of paediatric trauma care; those being 

complexity, and context.  

 

7.4.1 Complexity 

There is an expanding literature to support the use of complexity thinking to understand 

complex social interventions.(119) In complexity thinking, the intervention is considered 

complex, as is the setting or context. Reflecting on the studies in this thesis suggests that 

application of complexity thinking to explore how the setting may adapt the intervention and 

also how the intervention may adapt to the setting, may enhance understanding of how to 

transfer learning post SBE.(118-121) By considering the interventions in this thesis, (the 

FACT and the SWI-FRAM) and the settings (the hospitals), as dynamic systems, further 

studies with complexity thinking may explain what is happening between the interventions 

and the organisations to understand more about the interplay and how this induces 

change.(118, 120, 121) This represents an important paradigm shift from purely quantitative 

analysis to a mixed-methods approach to understand the effects of interventions.(182) 

Concepts of complexity, in terms of system focussed simulations,(183) and system focused 

debriefing,(100) have started to bridge concepts of individual, team and system learning up to 

the debrief. A continued focus on complexity thinking may further enhance our 

understanding of how to optimise transfer of learning post-debriefs across organisations to 

support resilience. The findings of this thesis support the assertion that an in-depth 

understanding of contexts, that is how a complex system functions before and after an 

intervention is introduced, is key to understanding changes induced by interventions.(184)   

 

7.4.2 Context 

Reflecting on context in this thesis project is important as mechanisms of change are 

recognised to be contingent on context.(185) Reflecting with a socio-ecological perspective 

facilitates consideration of the context to extend beyond individual knowledge, skills, 

attitude, and behaviours/choices,(105, 106, 186) often the remit of TES. The socio-ecological 

perspective provides the insight that every individual in each level of an organisation is 

influenced by their social network/friendship group, their work environment, the ethos, in 

addition to WAI protocols and policies.(105, 106, 186) This allows one to conceptualise this 

thesis project within a broader network of systems. Each acting to shape paediatric trauma 

care quality. Interventions can be viewed as discrete disruptive events in complex adaptive 

systems,(187) be they simulated or in the real life, that change one or more system functions 

to influence the outcome of high-quality paediatric trauma care. On reflection one example of 
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this is the huddle that was introduced in one of the ISSs in Study III, the effects of this 

adaptation to practice may be amplified or dampened by other factors as its effects ripple 

across the organisation A key understanding has been that the adaptation, innovation or new 

knowledge is not a new set of learning or package to be installed but it is changing the 

dynamic of the pre-existing complex adaptive system.(182) This emphasises how important it 

is to understand in-depth the complex adaptive systems involved.(182)  

Reflecting upon context in this thesis two complex adaptive systems have been explored in 

depth. The first is the complex adaptive of the acute management of paediatric trauma care 

within a major paediatric trauma centre. The reader is directed to the online resources 

available with manuscript II (supplementary file 3) for a complete understanding of the 

complexity. The second complex adaptive system is that of disseminating information across 

organisations. Each study in this thesis has illuminated aspects of this complexity, however 

further studies are required to probe this deeper. To achieve this there is a need for 

contextually appropriate theories to empirically test how resilience adaptations aiming to 

improve quality of care disseminated, maintained, and refreshed across organisations. The 

current lack of such theories and the potential role for ISS is discussed in the next sections. 

 

7.5 THE NEED FOR THEORY BUILDING 

Reflecting on research in TES, resilience and organisational learning, there would appear to 

be one significant shared commonality, that of the lack of a single framework or theory for 

the translation of learning or knowing in organisations.(101, 188, 189) Or put another way, in 

the context of this thesis, there is no empirically testable theory of how adaptations, 

innovations, new learning that may enhance resilience are captured, disseminated, stored, and 

refreshed to improve high quality trauma care. There would appear to be a potential 

disconnect, even a dissipation then coalescence of middle range theories focusing upon 

individual behavior change and less on system changes and those of organisational learning, 

with less emphasis on human agency. 

Despite the above potential dichotomy there is clearly synergy around the central importance 

of learning collaboratively in the workplace. Experiential learning is a key concept of 

TES.(101) Learning is one of the four resilience potentials.(93) From the organisational 

learning perspective “knowledge in practice” is postulated as a system of activities, where 

knowing is not separated from doing and learning is a social participatory activity, rather than 

a purely cognitive one.(188)  Finally it is recognised that learning occurs all the time in the 

workplace, the workplace shapes the learning and when workers engage in work activities, 

they incrementally remake them.(190)   

The iterative nature afforded by the DBR approach of Study II in this thesis attempted to 

explore and establish some further linkage between TES, resilience, and organisational 

learning by applying complexity thinking. Commencing with adult learning principles,(191) 

and using logic mapping a cornerstone of programme theory,(192) insights of learning in the 
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workplace were gained by the collaborative working approach. These insights included how 

new learning, in terms of adaptations/innovations can be contextualised in a performance 

analysis approach (as per the FACT report) and visualized (as per the SWI-FRAM approach) 

to enhance translation of learning at the individual, team and system levels. 

The Knowledge in Practice concept draws from activity theory, actor-network theory, 

situated learning theory and cultural perspectives to organisational learning.(188)  

Organisations are viewed as “systems of practice existing in a world of tacit 

knowledge”.(188)  Tacit knowledge being described as intuitive know-how that is rooted in 

context, experience, practice, and values.(188) Tacit knowledge is contrasted with explicit 

knowledge that knowledge that is codified, documented, and resides in databases.(188) 

Participation in a system of practice is postulated as a way of acquiring “learning the logic of 

the practice”, perpetuating but also changing knowledge. Transmission of knowledge is 

postulated to be achieved by becoming familiar with previous situations and “refining 

sensibilities” towards situations. With practical knowledge being abstractly kept within the 

‘habitus’ as historical practices (individual or collective).(188) Such historical ‘anchors’ are 

suggested to ensure the reliability of practice. Also, it is the replication of the “logic of tacit 

practice” that leads to its transformation as it becomes explicit knowledge.(188) On reflection 

it is perhaps this transformation, its importance to resilience and the role that ISS can 

contribute by providing a safe way to explore, a deeper understanding of contexts, and tools 

or interventions, to empirically probe such concepts that is at the heart of this thesis 

theoretically. Accepting that learning occurs all the time in the workplace and adaptations are 

incrementally reshaping the workplace positively or negatively, often unseen over time unless 

dramatic, poses interesting questions of how organisations, hospitals that is, evolve over time 

in pursuing their primary aim of providing high quality care.  

This is explored briefly in the following section of this thesis, where concepts of evolutionary 

biology provide another lens. 

 

7.6 THROUGH THE LENS OF EVOLUTIONARY THEORIES 

This last section is my own reflections and blue-sky thinking that occurred on writing up this 

thesis. It is my attempt to conceptualise how organisations may learn from ISS, adaptations of 

everyday practice, the challenges, the need to enhance performances, to learn what works 

well and that which does not work well, so as not to repeat mistakes. That is, how do 

organisations evolve and to ultimately improve patient care, in the context of this thesis, that 

is paediatric trauma care. Prior to a career in medicine, I studied evolutionary biology at St. 

Andrews University, my “academic hero” was Professor Stephen Jay Gould. This section is 

rudimentary, in the true sense of the word. I present some evolutionary biology principles, 

referenced with review articles, applied to resilience in healthcare, with aim of sparking 

debate to enhance theoretical considerations.  
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Biology is intimately related to concepts of organisational learning, resilience, and 

complexity. Sometimes the relationship is overt, for example the synergistic concepts from 

the fields of ecology and complexity. Progression of this synergy has advanced theoretical 

considerations in both these two fields and has extended outwards into healthcare as 

discussed in Section 4.1. On other occasions biological metaphors are used to provide clarity 

or to illuminate hidden similarities between concepts. RE in healthcare postulates that it is 

impossible to engineer a resilient performance and “attempting to engineer this removes 

genuinely needed spontaneity”.(74) Such a view has parallels to explore in terms of a 

mainstream view of evolutionary biology that of Neo-Darwinism, also called Modern 

Synthesis. This was pioneered by researchers including JS Huxley, RA Fischer, JBS Haldane, 

S Wright, HJ Muller and T Dobzhansky. 

Neo-Darwinian theory was developed in the 1950s by merging Darwin’s theory of natural 

selection of the fittest, of over a hundred years previous, with population genetics. The major 

process accounting for evolution remains natural selection, variation is key and inheritance or 

heredity, that is the mechanism of information transfer from one generation to the next is of a 

genetic nature.(193) The focus is very much upon genes. Instead of an engineer, a blind 

watchmaker is posited as analogous to the evolutionary process, where the complex 

adaptations of organisms can be explained by natural selection.(194)   

Neo-Darwinian thinking applied to the RE setting describes the importance of sources of 

variation. This could be conceptualized as variation in the adaptations of individuals in the 

workplace, as such WAD. Heredity, the sum of biological processes to transfer information 

between generations (parents to offspring) could be perceived as the workplace 

system/processes, in essence WAI. 

Natural selection, in neo-Darwinian thinking is not viewed as survival of the fittest, but as 

differential reproduction and comparative reproductive success. Respectively this could be 

thought of as the generation of adaptations and the dissemination of adaptions across 

organisations. For species to evolve in neo-Darwinian theory there needs to be reproductive 

isolation, a prevention of gene flow. This could be conceptualised as staff retention with a 

lack of significant staff changes leading to speciation, that being identity & culture of teams 

in the workplace. The key for evolution in neo-Darwinian theory is genes, functional units of 

hereditable material in all living cells, stored on chromosomes.(193, 195) From a resilience 

perspective heredity or inheritance mechanisms could be envisaged as the same mechanisms, 

including ISS, FACT reports and SWI-FRAMs that over time translate adaptations or 

dynamic adjustments to adaptive reorganization,(98) as explored in this thesis.  

But, and it is a significant but, as found in this thesis project, the two concepts that may 

inform upon the future direction to enhance transfer of learning and thus quality of paediatric 

trauma care: complexity, and context, have also been recognised as integral to current 

evolutionary biology thinking. Recent discoveries of heritable phenotypic changes (that is the 

set of observable characteristics or traits of an organism) that do not involve changes in DNA 

sequences, have dispelled genes as the sole source of agents of change.(193, 195, 196) 
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Instead of genes and DNA being the only inherited material, genes are now considered 

passive templates.(196) Genes are viewed with no privileges of causation, but as part of a 

complex biological network with epigenetic (none DNA) material forming a landscape, that 

interacts with the environment (context), as the source of phenotypic variations that direct 

evolutionary change.(196) The complex network is postulated to be a multi-scale or multi-

level network where properties at the scales of organs, tissues and cells can influence lower 

level elements such as genes and proteins.(196) From a resilience perspective instead of 

conceptualising WAI as DNA and WAD as variations of adaptations as previous, perhaps it 

is more helpful to view WAI as the genotype (defined here is the sum of all inheritable 

material, not just DNA) and WAD as the phenotype.  

Recent evolutionary developmental biological studies on gene regulation have provided 

significant insights on the relationship between genotype and phenotype.(193) These studies 

may assist further in how resilience is conceptualised. The complex systems of genotype, 

cells, tissues and the environment have exhibited emergent behaviours and non-linear 

effects.(193) The phenotypes produced are only in part related to the genotypes, as such the 

developmental system as a whole produces variation of phenotypes observed. Context 

appears to be as important at a microscopic level as has been demonstrated at a macroscopic 

level in this thesis. 

Several key concepts developed in recent evolutionary biological studies, may be of value 

when considering what resilience means, how it is achieved and empirically how to test any 

such theories.  Phenotypic plasticity relates to the capacity of an organism to change its 

phenotype in response to differing environments, without genotype changes. This plasticity is 

considered a source of rapid or slower adaptative innovation,(193) and may provide insights 

on temporal facets of resilience. Studies of genomes have indicated the presence of successful 

novel genome segments and biochemical functions from organisms or cells outside of that 

transferred parenterally.(193) Perhaps this emphasises once more the value of considering 

how knowledge from other sources outside of the immediate environs of healthcare may have 

significant impact within healthcare.  

Multi-level selection studies have challenged the traditional view that the individual is the 

unit of selection and have indicated that selection processes can work independently and 

simultaneously and across genotypic, cellular, tissue up to group and even species 

levels.(193) Further considerations of such studies may illuminate paths to circumvent the 

challenges of multi-level resilience studies. Finally studies on inclusive inheritance studies 

have demonstrated several forms of non-genetic inheritance. These studies have highlighted 

behavioural and cultural forms of inheritance that not only affect the behaviours of 

subsequent generations but also influence how they evolve.(193) On a macroscopic level this 

thesis has emphasised the importance of culture as determinant of quality of care. How 

culture evolves within organisations exploring evolutionary biology concepts, and the 

relationship culture has with both organisational learning and resilience is a key consideration 

for future studies. 
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Reflecting on evolutionary theory at present suggests several potential directions to 

potentially develop theoretical concepts and empirically test them as an extension of this 

thesis work. Neo-darwinian theory offers the opportunity to hypothesise and explore concepts 

of units of heredity in the workplace and how they relate to WAI. The recent evolutionary 

biology studies may be interpreted as suggestive of other, so far undiscovered ways to 

transmit information, knowledge, across organizations to direct evolution. The development 

of theories as to how culture may shape how organisations evolve, and the role of ISS and 

TES in general, in shaping the clinical landscape with clinical debriefing methodologies and 

measuring team-working. Returning to more Darwinian concepts we could hypothesize that 

organisations with improved differential reproduction (generate & store adaptations) perform 

better in the given context (of complexity) or organisations with improved reproductive 

success (disseminate adaptations to improve quality) perform better in the given context. And 

finally do organizations with reproductive isolation (staff retention & lower turnover) sustain 

their culture & identity? 
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8 CONCLUSIONS: ISS AS A BRIDGE TO IMPROVE 
QUALITY OF CARE 

 

By extending the pedagogy of ISS into RE, this thesis deepens the understanding of the 

context of acute stabilisation of severely injured children from a multilevel perspective of 

individuals, teams, and organisations. The two interventions described in this thesis, the 

FACT report tool, and the SWI-FRAM approach both have the potential to improve future 

paediatric trauma care.  

The complexity of the system of paediatric trauma care provision is analysed and described in 

detail from several perspectives. A second complex adaptive system that of disseminating 

knowledge across the multiple levels within each organisation and the importance of this to 

improve care has been illuminated. Developing such an awareness of complexity is 

recognised as key, in terms of learning to embrace and work clinically with increasingly 

complex environments.  

Quality of care in the context of acute paediatric trauma care has been delineated and 

positioned as a key outcome measure across organisational levels, that can be measured in 

future studies of TES & RE. The iterative design and re-design of the FACT tool indicated 

the potential of a performance analysis approach to transferring Safety-I and Safety-II 

information across organisational levels. The SWI-FRAM resilience engineering approach 

has illuminated human adaptation as a visible unit of variation for analysis. This approach 

provides the opportunity to learn not only from errors but also mundane often unnoticed 

adaptations that improve care. The development of these tools has also afforded the 

opportunity to consider theoretical concepts of how to empirically study adaptations of care 

as units of analysis and the transfer of knowledge across organisations as they evolve.  

ISS is a recognised testbed to improve safety, promoting reflection and learning. ISS also 

provides the opportunity to develop interventions and consider theories to improve the quality 

of care of patients, as described in this thesis. However, arguably ISS is more than a testbed 

for reactive and proactive testing of how humans, technology, and systems interact. ISS is 

also a bridge spanning TES and resilience research (both RE & HRO). ISS provides 

opportunities to verbalise and with SWI-FRAM visualise boundaries between WAI & WAD 

and thus minimize any potential conflicts. ISS can stimulate or develop paths in complex 

landscapes to improve patient safety and patient outcomes, by observing how understanding 

WAI and WAD both adds to patient care. ISS also provides the forum to creatively spark new 

learning about adaptations and develop ways to store those of value, and to repeatedly test 

them by promoting iterative cycles of design and evaluation of changes in practice.  

As demonstrated in this thesis project ISS can inform on studies of resilience as a conduit to 

multilevel research. As such ISS can deconstruct negative concepts of human error, highlight 

the asset of internal expertise, and enhance the value of aggregating adaptations that improve 
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complex systems. Further synergy between RE and ISS can be envisaged towards sustaining 

system adaptive capacity at multiple levels of organisations by exploring what-if phenomena.  

There is the potential to focus on individuals, teams, or systems with SWI-FRAM. Modelling 

and simulating and repeating this cycle can provides a deeper understanding of WAI and 

WAD on which to base further interventions upon. ISS can be used to explore temporal 

resilience concepts, such as moments of resilience discussed previously by continued ISSs in 

the same complex system over time providing a temporal barometer of how systems change. 

There is also a potential role for ISS to be added to regulatory systems such as major trauma 

reviews to inform upon the resilience of organizations such as major trauma centres. 

ISS has arguably already begun changing the culture of organisations, a key measure of 

quality of care in this thesis project. This is becoming more evident with increased focus on 

clinical debriefing and teamworking. For ISS to be more impactful there is a need to design 

of simulation-based interventions to influence organisational change with a focus on human 

performance to improve the care of paediatric trauma patients. The different lenses of this 

thesis highlight complexity & context to be key. Extending the pedagogy of ISS to embrace 

principles from resilience engineering has illuminated human adaptation as a visible unit of 

variation within complex adaptive systems. Further studies are warranted on how to further 

analyse, disseminate, and reflect upon, store, revisit and evolve clinical care by focusing on 

such adaptations to practice. Those that enhance care and those that do not. By doing so, the 

synergy evident between ISS & RE can lead to theoretical and future empirical studies in 

both the simulated and real-world that will enhance paediatric trauma care. 

 



 

 73 

9 POINTS OF PERSPECTIVE 
Several ongoing and future research projects have been stimulated from this thesis. Empirical 

collaborative research with TARN analysing national paediatric head injury data in England 

and Wales for a 12-year period up to March 2020 is close to completion. To aim is to provide 

key performance indicators derived from actual patient data that are both observable in ISSs 

and correlated with improved patient outcomes. A study of the perspectives of the parents and 

family members of ISS and the stabilisation of traumatically injured children is at an 

advanced planning stage.  

The application of the stabilisation quality framework (Study I) outside of trauma 

resuscitation is commencing, focussing upon all paediatric cardio-pulmonary resuscitations in 

the children’s hospital constituting the paediatric Major Trauma Centre in this study. As a 

quality improvement study, QR-codes linking to the framework are to be placed on all 

resuscitation trolleys, to commence collection of data in the clinical setting. 

Following on from Study III and IV, a further series of interviews have been conducted to 

facilitate a FRAM analysis of the response of the paediatric MTC to the Manchester Arena 

Bombing. Structured What-If FRAMs will be conducted to explore potential scenarios 

including, high numbers of specific casualties requiring certain interventions or treatments, to 

explore further how to improve the resilience potentials of the organisation. 

Finally, as 5G technology enhances the ability to digitalise patient care, the potential of other 

media to extend simulation-based education and transfer knowledge across the multi-levels of 

organisations, including virtual reality is now being explored, to improve resilience and 

ultimately patient care.  
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