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Abstract 

The forensic science arena in England and Wales is structurally, financially, and culturally in 

a state of crisis, where limited funding and a fragmented approach to service delivery stifle 

research; innovation; and the implementation of evidence based change in frontline 

practice. Whilst from a whole system perspective the forensic evidence journey traverses 

multiple stakeholders; agencies; and actors; systemic challenge and a siloed approach to 

research expose the system to areas of vulnerability. However few detailed end-to-end 

examinations that holistically evaluate the evidence journey from collection through to 

interpretation exist. 

To begin, this thesis demonstrates the shortfalls to a siloed approach, and presents a case 

study that highlights the need to holistically examine the system to create effective change. 

Next, a novel application of a modified Contextual Design approach is implemented, where 

a detailed end-to-end examination of the DNA evidence journey in sexual assault 

investigations, from collection through to interpretation, is presented through the lens of 

one Forensic Service User and one Forensic Service Provider.  

By implementing a novel framework for identifying requirement in the forensic science 

arena, 56 breakdowns across the system are evidenced and categorised according to an 

original three-tiered system; Local level Category 1; Local level Category 2; and National level 

requirement. Key breakdowns include deployment of Crime Scene Investigators to Sexual 

Assault Referral Centres (Category 1); the sustainability of complex in-house facilities 

(Category 2); and the need for a national cultural reform within the forensic science arena 

(National). 

By exploring each of the breakdowns in the context of wider literature, this thesis presents 

an empirical evidence base to propose 38 recommendations for impactful change within the 

DNA domain. Changes include routine crime scene to court proficiency testing, and the 

development of a nationalised reporting system. 
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1. Introduction 

Forensic Science has revolutionised the Criminal Justice System (CJS) and provided 

solutions to some of the most complex challenges in policing (Ludwig, 2016). However, an 

alternative narrative where forensic science contributes to, rather than reduces 

miscarriages of justice, exists.  

More recently the practice of forensic science has been highly criticised from 

National and International perspectives (National Academy of Science, 2009; House of Lords 

Science & Technology committee, 2019), and Julian and Kelty (2015) argue that whilst the 

emergence of critical evaluations such as these have the potential to reduce faith in forensic 

science, recognising that the forensic science arena is inherently subject to risk should be 

viewed in a more positive light that encourages greater resilience across the sector. 

However to make effective change and to ensure that processes lend themselves to positive, 

rather than negative impact on outcomes, large scale accidents including miscarriages of 

justice must be better understood, and areas inherently subjected to vulnerability across 

the forensic science arena must be detected. 

1.1 Framing the Research and the Structure of this Thesis 

The researcher began their career as a DNA analyst in the commercial sector, where 

they extracted, quantified, amplified, and separated high throughput DNA samples 

submitted by the 43 police forces across England and Wales. Securing an interest in the 

domain, in particular the emergence of DNA technology and its potential contribution to a 

more efficient service delivery, the researcher’s early PhD journey began by evaluating the 

suitability of rapid DNA technologies in sexual assault investigations, from the perspective 

of one Forensic Service User (FSU), and one Forensic Service Provider (FSP). However whilst 

rapid DNA technologies were found to address sources of active error such as user; decision; 

and skill based error, underlying latent conditions existed in practice that rendered the 

system unsuitable for operational use in sexual offence investigations. This finding provided 

motivation for the wider aim of this thesis, which was to optimise DNA service delivery in 

sexual assault cases by:  

• Implementing and demonstrating the application of a methodological approach to 

identifying user requirements within the forensic science arena 
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• Identifying vulnerabilities in the processing of DNA evidence in sexual assault cases, from 

collection of evidence through to interpretation of findings through the lens of one FSU 

and one FSP 

• Categorising; discussing; and offering recommendations to manage and reduce 

vulnerabilities, for the purpose of establishing a more effective and efficient DNA service 

delivery  

The journey of forensic evidence is context specific, where every crime is unique and 

the behaviour of traces varies according to the environment within which it is found. As 

such, this thesis follows a specific evidence journey, where the role of DNA evidence in 

sexual assault investigations was identified as a key priority area. First, despite years of policy 

reform and increased awareness through media attention, the UK CJS continues to face 

criticism regarding poor response to sexual assault allegations (Brown, 2011; Ellison & 

Munro, 2011). Further, serious crimes such as sexual assault exist within complex systems 

that likely require strong collaboration and a multi-agency response, and are therefore 

exposed to inherent risk (Julian & Kelty, 2015). As such, the position of sexual assault 

investigations remain a strategic priority for police forces and FSUs globally.  

In addition to strategic priority, DNA evidence in cases of sexual assault often 

requires specialist treatment prior to downstream processing. Although rapid DNA 

technologies have been evaluated broadly for standard single sources of DNA such as blood, 

saliva, and tissue (Gangano et al., 2013; Holland & Wendt, 2015; Mongensen, Frank-Hansen, 

Simonsen & Morling, 2013), its application to mixed sources such as those recovered in 

sexual assault investigations is yet to be operationally established. Finally, this study comes 

at an integral time for the participating FSU, aligning with the inauguration of an in-house 

semen-screening facility, and thus providing a suitable platform to utilise rapid DNA testing 

for sexual assault investigations in operational practice. 

1.1.1 The Research Narrative 

Organisational accidents are events that are catastrophic in nature and impact 

individuals unrelated to the incident (Reason, 1990), an example of which is a miscarriage of 

justice. Reason (1990) proposes that when an organisational accident occurs within a high 

reliability setting such as the criminal justice system, it is rarely a product of one error or 

incident, and instead results from a number of errors simultaneously aligning, enabling a 

potential hazard to manifest as a miscarriage of justice.   
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For organisational accidents to materialise, Reason (1990) highlights two key types 

of error; active errors and latent conditions, where active errors represent those at the front 

end and are often the final act before an accident, and latent conditions refer to underlying, 

systemic problems that have a tendency to remain dormant and undetected for prolonged 

periods of time (Reason, 1990). In the forensic sciences, there is a propensity to 

acknowledge active errors and produce highly specialised solutions to existing and identified 

problems. However less easily addressed are the more generalised, latent conditions that 

provide underlying instability to the marketplace. Whilst the importance of specialised 

research and the contribution it has to the progression of forensic science is acknowledged, 

this thesis offers a narrative that contextualises the importance of generalists within a 

forensic setting, and demonstrates the conjunctional need for foundation level research that 

targets the identification and resolution of damaging latent conditions within the forensic 

science arena.  

1.1.2 Chapter Structure  

Illustrating the research narrative, Figure 1.1 provides an overview of each Chapter.  

Chapter 2 begins by exploring the current status of forensic science in England and 

Wales, appraising the key historical developments that have contributed to today’s complex 

ecosystem of actors and agencies across the forensic sector. In doing so, an appreciation for 

the development of DNA testing capabilities and their integral role within forensic 

Chapter 1 

Chapter 2 

Chapter 3 

Chapter 4 

Chapter 5 

Chapter 6 

Chapter 7 

Chapter 8 

Introduction 

The current forensic 
science landscape and 

the potential for 
increased frontline 

technology 

Rapid DNA 
technologies in 

frontline practice – a 
case study 

Human factors and 
the importance of 

human intervention in 
forensic science 

Error causation 
theory and its 

application to the 
forensic sciences 

The development and 
implementation of a 

novel method for 
error identification in 
forensic practice – an 

end-to-end map of 
the DNA evidence 

journey from crime 
scene to 

interpretation 

Discussion – 
breakdown 

classifications and 
recommendations for 

change 

Conclusions and 
closing remarks 

Figure 1.1: A timeline to show the thesis narrative 
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investigation is considered, and the importance of continuous improvement, including the 

establishment of frontline capabilities such as rapid DNA technologies, is situated.  

The call for accessible, faster, and resource efficient DNA services is well established 

by the forensic science community (Mennell & Shaw, 2006). For example, rapid DNA 

technologies such as RapidHIT 200™ (Verheij, Clarisse, van den Berge, & Sijen, 2013) and the 

ANDE (Turingan et al., 2020) offer user friendly and portable devices that can process DNA 

samples in significantly reduced Turn-Around-Times (TRTs), and with little requirement for 

human manipulation, making them attractive to non-scientific and FSU audiences. Due to 

usability, these systems can be deployed on-site on in situ to offer greater early investigative 

insight in criminal investigations. Following on from an overview of the forensic science 

landscape in Chapter 2, Chapter 3 explores the role of rapid DNA technologies in frontline 

settings through the application of a case study, where the DNA evidence journey from 

crime scene to interpretation is mapped and the application of one rapid DNA system is 

evaluated within the context of sexual assault investigations. 

Upon evaluation and explored in the discussion of Chapter 3, the benefits of rapid 

DNA technologies in frontline settings are well exampled, such as the reduced need for 

human intervention and in turn, a reduced chance of active error occurrence. However, 

equally palpable are latent conditions that rendered the system unsuitable for operational 

use within the tested setting. Instead, a number of underlying vulnerabilities in the 

processing of DNA evidence that exposed the system to potential error were recognised, 

and thus the research focus of this thesis shifted to more broadly understand and identify 

potential sources of error, both active and latent, in the DNA evidence journey from 

collection, through to the interpretation of findings in sexual assault investigations.  

In part, shortfalls in the implementation of rapid DNA technologies into frontline 

settings emanated from the inherently subjective nature of the forensic evidence journey, 

whereby automating a process contingent on human interpretation highlighted key 

vulnerabilities in the system design. Where Chapter 2 & 3 place emphasis on the physical 

journey of DNA evidence and corroborate the need for the increased application of 

technology in frontline and user settings, Chapter 4 goes on to explore the role of human 

factors in forensic science, and provides context to the importance of incorporating both 

physical and human elements of the forensic science process when designing for change. 
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Before potential vulnerabilities can be successfully identified, understanding where; 

how; and why vulnerabilities exist is integral for successful detection and reduction or error. 

Chapter 5 proposes an interesting and thought provoking narrative where five error 

perspectives are presented and contextualised within the forensic science arena. In doing 

so, the causation of error and the existence of vulnerabilities in complex systems such as the 

forensic sciences are understood, and are applied to identifying high-priority areas in the 

evidence journey from collection through to interpretation, the process of which is 

presented in Chapter 6. 

Having established the need to better understand the evidence journey from a 

holistic perspective and the necessity to incorporate both physical and human elements into 

the design, the researcher developed and implemented a modified contextual inquiry 

approach in Chapter 6. To do so, Beyer and Holtzblatt’s (1998; 2017) Contextual Design was 

selected due to its specific focus on both physical and human elements, and also its highly 

visual nature, allowing co-creation and easy dissemination amongst practitioners and the 

wider forensic community. Through the use of visual models, Chapter 6 presents 

‘breakdowns’ across the system that have the potential to contribute to error at both active 

and latent levels.  

Following the identification of potential sources of breakdown, Chapter 7 provides a 

detailed discussion on the nature of these breakdowns and proposes potential solutions 

through engagement with literature outside of the forensic sciences. Breakdowns are 

categorised using a novel three-tiered system, and recommendations for managing and 

reducing errors are proposed. 

Finally, contributions including a novel approach to identifying requirement in 

forensic practice; a comprehensive list of potential breakdowns in the DNA evidence journey 

from crime scene through to interpretation; and a list of 36 recommendations towards an 

improved DNA service delivery are outlined in Chapter 8.    
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2. The Forensic Science Arena  

The forensic science arena has been exposed to consistent and significant 

infrastructural remodelling since its establishment in the early 1900s. Whilst progress is 

contingent on continuous development, particularly in technology-rich and competitive 

environments, the forensic science arena remains fragile, unstable, and thus vulnerable to 

incidents such as miscarriages of justice. For the purpose of this thesis, Reason’s (1990) term 

‘accident’ has been used to denote such events, due to the complex and multifaceted nature 

of organisational accidents (see Chapter 5 for further detail). However it should be 

recognised that examples of intent do exist (see Forensic Science Regulator, 2019b) and that 

intentional error can contribute to wider organisational accidents.  

To better understand the current climate and where previous organisational 

accidents emerged, the foundations upon which the arena has been built must be evaluated. 

With the suitability and sustainability of forensic science in England and Wales widely 

debated in the literature, a number of pivotal government reports (see Forensic Science 

Regulator, 2016; 202e; House of Lords Science and technology committee, 2019; McFarland, 

2003; Tilley & Ford, 1996) exist that comment on the key developments and shortfalls. Using 

these as a basis, the search strategy for this Chapter was informed by key themes highlighted 

within such reports, including critical arguments set out by the forensic science community, 

and the government response to practitioner perspectives.  

This Chapter begins with an historical overview of Forensic Science in England and 

Wales, appraising the successes, challenges, and drivers behind historical infrastructural 

change. Next, a close-up review of the procedural flow of DNA evidence from collection 

through to interpretation, including evidence collection; evidence submission; analysis; and 

interpretation is provided, where domain-specific processes are explored in the context of 

sexual assault investigations.  
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2.1 Structural Development of the Forensic Science Marketplace  

The current position of the forensic science marketplace is volatile, with concern for 

the suitability and sustainability of operational services widespread in the forensic 

community (House of Commons Science and Technology select committee, 2019; Tully, 

2018). Whilst the foundation of modern day concerns and their influence on successful 

outcomes will be further explored in throughout this Thesis, instability within the forensic 

sciences is deep rooted, with the marketplace exposed to continuous restructuring 

initiatives since the establishment of the first operational facility in 1935 (Newburn, 

Williamson & Wright, 2007).  

In its infancy, forensic services in England and Wales were predominantly delivered 

through the Metropolitan Police Forensic Science Laboratory (MPSFL), a centralised facility 

supporting the Metropolitan Police Service (MPS) (Newburn, Williamson & Wright, 2007). In 

response to growing demand facilities expanded and in 1966 the Home Office procured a 

number of sites, subsequently establishing the Forensic Science Service (FSS), a government 

managed and dominant supplier to all other forces in England and Wales (Tilley & Ford, 

1996). Under this framework, forensic services were broadly considered a free product for 

which the police could make requests based on need and on an ad hoc basis. However under 

increasing customer expectation, the FSS entered a state of flux in which it was failing to 

meet high levels of demand (National Audit Office, 1998).  

Recognising the impact of these failings, the Touche Ross report was commissioned 

(McCulloch & Laycock, 1996). With the purpose to evaluate and improve the provision of 

forensic services in England and Wales, a series of recommendations on how to build a more 

effective and sustainable marketplace were suggested. Amongst the findings, Touche Ross 

made observations that impacted the evidence journey from collection through to 

interpretation of results. These included; varying performances of Crime Scene Investigators 

(CSIs) across and within departments; the occurrence of case selectivity within the FSS due 

to unsustainably high submission rates; and the emergence of non-complex forensic services 

within in-house facilities, which lacked clear standards and guidelines (McCulloch & Laycock, 

1996). Recognising a deficit in the transfer of knowledge between the various roles within 

the process from crime scene through to court and the impact this had on successful 

outcomes, a series of influential recommendations were implemented. These included FSS 
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managerial and budgetary separation from the Home Office; the devolvement of forensic 

expenditure oversight from the Home Office to individual police forces; and the designation 

of specific scientific support officers to oversee collection and submission of forensic 

evidence (McCulloch & Laycock, 1996). This transition caused considerable restructuring 

within police forces to accommodate a dedicated scientific service department, a change 

that continues to exist in current practice. 

Generally seen to be a positive transition by the forensic community, this new ‘direct 

charging’ model in which the police paid FSPs directly for their forensic services promoted a 

more lineal user-supplier relationship upon which contracts could be built. By forging a 

degree of market discipline, FSPs attuned their outputs to meet customer requirement and 

consequently, police forces gained a more bespoke service (Tilley & Townsley, 2009). By 

building these professional relationships, it was felt that a ‘partnership’ approach was 

emerging, in which FSPs could offer advice to police forces and more accessibly share 

experiences within industry and across domains. Furthermore, the Royal Commission on 

Criminal Justice (RCCJ) expressed that whilst there was a risk that police forces may 

redistribute services to less competent facilities for cheaper results, or develop a greater 

degree of in-house services, the transparency of the new system lent itself to increased 

competition and thus an assurance of reasonable, high-quality outputs (Royal Commission 

on Criminal Justice, 1993). Moreover, the Touche Ross report further indicated the low-risk 

nature of in-house services suggesting they only incorporate basic procedures, thus 

remaining separate and non-threatening to the FSS business model (Tilley & Ford, 1996). 

Overall, this new transition was expected to regulate and manage the level of police requests 

to FSPs alongside maintaining a high quality and affordable service to its customers, 

addressing the substantial shortfall in service delivery that existed under the previous 

framework.  

Despite tangible benefit, many within the forensic community felt that the new 

processes lacked transparency. For example the process of police selectivity, whereby forces 

were triaging out work to drive down cost rather than focusing on requirement, was 

criticised (Gallop & Brown, 2014).  

From a scientist’s perspective, this selectivity discouraged the police from using 

experts at scenes and neglected to maximise the benefit of their expertise. This not only 

compromised the quality of outcomes, but also reduced job satisfaction amongst 
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practitioners creating an unfavourable working environment. Furthermore, the rationale 

underpinning the police triaging process was unregulated and as such, decisions could be 

made on personal preference and without an evidence-base, providing an inconsistency of 

services within and between cases. Finally, the new framework accommodated a favourable 

marketplace for new, unregulated companies. Whilst this encouraged a competitive 

marketplace that was considered a healthy progression (Tilley & Townsley 2009), concern 

was expressed around the integrity of such companies and the impact this could have quality 

outputs across the CJS (Gallop & Brown, 2014). 

Whilst some of the concerns expressed throughout Touche Ross’ report continue to 

exist in today’s climate and will be discussed throughout this Thesis, in a study to evaluate 

the effectiveness of forensic science following the implementation of direct charging, Tilley 

and Ford (1996) found that many of the changes positively impacted the marketplace. 

Firstly, the implementation of scientific support officers appeared to be effective, and whilst 

their professional backgrounds and approach to tasks varied between forces, overall scope 

and responsibilities of the role aligned, particularly where forensic roles appointed to 

civilians to create a distinction between police investigation and specialist forensic input 

(Tilley & Ford, 1996). Additionally, from a procurement perspective, the FSS remained a 

dominant supplier with 98% of market shares, and whilst competitors did exist and 

continued to emerge, the services they offered remained niche and non-threatening to the 

FSS (Tilley & Ford, 1996).  

In many cases these reports focused on the procurement and use of forensic services 

within and across agencies, however unconsidered was the simultaneous emergence of 

significant technological advancement, including the National DNA Database (NDNAD), and 

the effect these technological drivers had on a growing marketplace (Mennell & Shaw, 

2006). Now one of the most comprehensive databases globally (Mennell, Shaw & Jickells, 

2008) the development of the NDNAD enabled significant progression in the forensic science 

arena, quickly becoming a widely used tool within forensic investigation (Werrett, 1997). 

Clearly transforming capabilities within the forensic science arena, such technological 

drivers generated significant commercial interest, with organisations such as LGC Forensics, 

which had previously remained niche in their services and ‘non-threating’ to the FSS, able to 

establish more complex facilities that could compete with those offered by the FSS and thus 

destabilise their position as the dominant suppliers (McCulloch & Laycock, 1996; Royal 

Commission on Criminal Justice, 1993).  
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In response to the inauguration of an increasingly competitive marketplace, the FSS 

implemented a product-based charging system in which charges were categorised for each 

individual service rather than a case as a whole, aligning with the newly emerging 

commercial sector (National Audit Office, 1998). Whilst this model of procurement 

financially benefitted all FSPs and increased the oversight of the ‘true cost’ of forensic 

services (Lawless, 2011), a system materialised whereby multiple pieces of evidence from 

one case could potentially span several providers offering the same or complimentary 

services, lacking the consistency offered by one managing scientist and thus reducing 

opportunity for a cohesive investigation (House of Commons Science & Technology select 

committee, 2016). This system impacted the linear approach to service delivery proposed 

and implemented by Touche Ross, and caused confusion amongst customers, fragmenting 

communication and reducing overall satisfaction with forensic services (Gallop & Brown, 

2014).  

Notwithstanding it’s perceived limitations, this approach to a mixed delivery was 

solidified in 1999 when the Local Government Act requested that all police forces sought 

the best forensic service delivery through consultation with each provider, rather than 

committing to established relationships and existing mechanisms of forensic science 

procurement (House of Commons Science & Technology select committee, 2005). As such, 

the MPS, who were the largest customer in England and Wales, were criticised for working 

solely with the FSS without a clear business rationale, subsequently having to share out its 

workload to each of the providers and in turn, reducing the FSS’ majority market share by 

significant levels (House of Commons Science & Technology Select Committee, 2005; 

McFarland, 2003). Overall, as the commercial sector expanded the FSS became unable to 

compete with ever-dropping prices, consequently separating further from the Home Office 

to gain greater internal budgetary control (McFarland, 2003).   

Although implemented to improve the position of the FSS within the marketplace, 

the commercial sector continued to expand and in 2003 a review was conducted to explore 

the continuing role of the FSS and its future sustainability under the current provision 

(McFarland, 2003). Findings suggested that whilst the FSS had demonstrated a good 

response to previous restructuring processes and significantly contributed to the research 

and development landscape in forensic science, it was continuing to struggle in the 

competitive marketplace and its position as the preferred supplier was being increasingly 

challenged by the commercial sector with detrimental effect (McFarland, 2003). Moreover, 
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initiatives such as the National Forensic Framework Agreement (NFFA) which promoted 

highly specific contractual agreements and advocated competitive prices, in conjunction 

with a decline in market size and increased procurement of in-house forensic services, 

jeopardized the sustainability of the FSS (House of Commons Science & Technology Select 

Committee, 2011; Lawless, 2016). Accordingly, closure of the FSS was announced in 2010 

(Lawless, 2011) - paving the way for the full commercialisation of forensic science services 

in England and Wales that operates in today’s climate. 
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2.2 The Current Marketplace   

Currently and as a consequence of the preceding restructuring initiatives, the way 

DNA evidence progresses from collection through to interpretation within the forensic arena 

continues to be convoluted, incorporating a myriad of agencies, actors, and processes. 

Similar to previous models of procurement, the 43 police forces in England and Wales have 

the opportunity to outsource their services to the commercial sector through a bespoke 

tendering mechanism (Tully, 2018). With regard to DNA services this responsibility lies with 

three FSPs – Key Forensic Services (KFS), Eurofins Forensic Services (EFS), and Cellmark 

(House of Lords Science & Technology Select Committee, 2019). However, whilst the 

commercial sector currently dominates the marketplace (Tully, 2018), a number of 

procurement frameworks that expose this dominance continue to emerge such as the 

establishment of in-house facilities, resonating with previous challenges faced by the FSS.  

Described as the mixed-model of delivery, forces within England and Wales now 

increasingly employ a combination of in-house capabilities and commercial FSP services to 

undertake forensic work, illustrated in Table 2.1. Whilst many stakeholders consider this 

model to be beneficial (Home Office Association of Police & Crime Commissioners & 

National police chiefs council, 2018) the Forensic Science Regulator (FSR) and much of the 

forensic community continue to express concern for the sustainability of the forensic science 

marketplace (House of Lords Science & Technology select committee, 2019).  

Firstly, apprehension for the financial stability of the marketplace remains 

ubiquitous. As the customers, police forces continuously seek cheaper services in alignment 

with considerable spending cuts, with one force reportedly having to reduce forensic 

submissions by 50% (Home Office Association of Police & Crime Commissioners & National 

police chiefs’ council, 2018; House of Commons Science & Technology Select Committee, 

2019; Mennell & Shaw, 2006). A concern also expressed by the forensic community 

following the Touche Ross report and a common theme throughout historical 

developments, the consequential necessity for case selectivity has the potential to result in 

unsolved major crimes; encourage the police to use unregulated services; and fails to 

recognise the early investigative expertise that forensic scientist can offer (Home Office 

Association of Police & Crime Commissioners & National police chiefs council, 2018; House 

of Lords Science & Technology Select Committee 2019). Whilst it has been suggested that a 

degree of case selectivity occurs naturally through the decision-making process (see Chapter 
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4), in circumstances where forensic science processes are considered an essential asset to 

the case, police funding cuts continue to financially constrain opportunity.  

Further, under the product-based charging mechanism, forces are able to tailor 

services to suit requirement and as such, are becoming increasingly specific with requests 

(Tully, 2018). Whilst this benefits the financial needs of the customer, it fails to support the 

sustainability of the marketplace and underutilises practitioner experience. Whilst it has 

been recognised that practitioner input during the early investigative stages is beneficial to 

the development of the case, under these circumstances experts are less able to assess; 

determine; apply; and interpret the most appropriate techniques on a case-by-case basis, 

impacting the overall outcome for the CJS (Tully, 2018).  

Not only impacting FSP financial sustainability - a factor that contributed to the 

closure of the FSS - this approach to forensic science provision presents a substantial knock 

on effect on the quality of outputs. For example as demonstrated in Table 2.1, in order to 

save on unnecessary cost and improve TRTs police forces are establishing more complex 

procurement frameworks and in-house procedures than ever before. Although standards 

and guidelines that appraise the quality of forensic testing procedures do exist to ensure a 

level of uniformity across laboratories, the journey for accreditation has been challenging 

(Forensic Science Regulator, 2016). Whilst the FSR, whose role is to supervise organisational 

and individual competence; assess the validity of methods being used in practice; and to 

ensure impartiality and objectivity in interpretation, strongly advocates compliance to ISO 

17025 in all operational laboratories to demonstrate quality outcomes – without statutory 

powers such compliance cannot be easily enforced (House of Commons Science & 

Technology Select Committee, 2011; House of Commons Science & technology Select 

Committee, 2019). Accordingly, many in-house facilities failed to accredit their full range of 

forensic services within the allocated timeframes (Home Office Association of Police & Crime 

Commissioners & National police chiefs council, 2018; House of Lords Science and 

Technology Select Committee, 2019), commenting that compliance was de-prioritised due 

to other, more urgent pressures (Home Office Association of Police & Crime Commissioners 

& National police chiefs council, 2018; House of Lords Science & Technology Select 

Committee 2019). In contrast, commercial FSPs considered compliance to ISO 17025 a high 

priority, with the success of tenders and established relationships with the police forces 

reliant on the demonstration of high quality practice, indicating variability in priority across 
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domains and further solidifying the fragmented approach to service delivery under this 

mixed-model approach (Forensic Science Regulator, 2016).  
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Table 2.1: The forensic science procurement frameworks in England and Wales (taken from Home Office 
Association of Police and Crime Commissioners, & National police chiefs council, 2018).  

Region Conglomerate Procurement Framework 

West/South coast 
consortium 

Avon & Somerset, Cheshire, Cumbria, 
Devon and Cornwall, Dorset Dyfed-Powys, 
Gloucestershire, Greater Manchester 
Police, Gwent, Hampshire, Lancashire, 
Merseyside, North Wales, South Wales, 
Surrey, Sussex, Thames Valley Police, 
Wiltshire 
 

Multi-Supplier (commercial) 
Approach 

East Midlands Region Derbyshire, Leicestershire, Lincolnshire, 
North Hampshire, Nottingham 

Making up the East Midlands 
Special Operations Unit 
(EMSOU), 
Strategic partnership with single 
supplier, 
Co-location of some services 

 
Yorkshire and the 
North East 

Cleveland, Durham, Humberside, 
Northumbria, North Yorkshire, South 
Yorkshire, West Yorkshire 
 

Single supplier, 
Co-location 

Metropolitan Police 
Service 

Metropolitan Police Service Own laboratory with team of 
casework scientists, 
Partnering arrangement with 
EFS through which some work is 
outsourced 
 

West Midlands Staffordshire, Warwickshire, West Mercia, 
West Midlands 

Commissioned ‘traditional 
forensic services’ in 2008, 
A mix of in-house services exist 
 

Eastern Region Bedfordshire, Cambridgeshire, Essex, 
Hertfordshire, Kent, Norfolk, Suffolk 
 

Contracts based on LOTs, 
Product based 

City of London Police City of London Police Partially privately budgetary 
model, 
Outsource 
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For the most part, all DNA testing laboratories in England and Wales can now 

demonstrate compliance to ISO 17025. Whilst this goes some way to ensure that processes 

are of a high quality, the FSR emphasises that these guidelines fail to accurately assess 

quality as they only focus on the physical laboratory testing, and not the case assessment 

and/or interpretation aspects of an investigation (House of Commons Science and 

Technology select committee, 2011). Demonstrating the significance of these areas on the 

uniformity of outcomes, in the FSR Annual Report it was recognised that the strategy applied 

to rape cases was variable between individuals, ultimately risking disparate outcomes and 

impacting the CJS (Forensic Science Regulator, 2016).  

Whilst police spending cuts incontrovertibly influence the trajectory and quality of 

the evidence journey, ramifications of the resulting shrink in market size and its impact on 

the commercial sector is palpable. Illustrating this, in 2018 KFS entered administration, 

leaving just two suppliers to provide the entirety of England and Wales’ DNA services. Whilst 

capacity was transitioned to the remaining suppliers for the duration of the closure, the 

substantial knock on effect on TRTs and continuity of processing was discernible (House of 

Lords Science and Technology Select Committee, 2019). Although in this instance a buyout 

secured the position of KFS and enabled operational services to resume, according to the 

FSR the marketplace was ‘perilously close to collapse’ (House of Commons Science and 

Technology Select Committee, 2019). Further demonstrating its volatility, in 2019 EFS 

experienced a cyber-attack which rendered it unable to process live casework for a number 

of weeks (Forensic science regulator, 2020c). Similar to the KFS scenario, capacity to 

continue routine services was impacted by a considerable residual backlog. This highlights 

the vulnerability of the marketplace in the current climate (House of Lords Science and 

Technology Select Committee, 2019) and the need to develop a more cohesive and 

continuous supply of forensic workload between the public and commercial sector (House 

of Commons Science and Technology Select Committee, 2018).  

Whilst there are evidently risks associated with the mixed-model approach to 

delivery, there remains an appetite within the forensic community to support, rather than 

resist them. Illustrating this, table 2.1 shows the MPS have developed a partnership with EFS 

to establish a fully operating, on-site DNA processing laboratory that utilises collaboration 

between police staff and forensic science practitioners. In addition, East Midlands Special 

Operations Unit (EMSOU) exploits a co-location agreement to provide on-site interpretation 

expertise to support their operational forensic facilities. Within these collaborative 
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frameworks, the police and forensic science practitioners are able to share resources to 

improve the capabilities and effectiveness of services, the success of which is demonstrated 

through the 44% spending reduction by the East Midlands on forensic science within a 5-

year period (Forensic Science Regulator, 2016). Validating the benefits of collaboration on 

local scales, these examples signify a positive progression towards a more unified approach 

to forensic science in England and Wales, with recognition on a national scale now being 

realised through the Forensic Capability Network (FCN) and overarching Transforming 

forensics programme (TFP) (www.fcn.police.uk).  

The TFP seeks to provide an evidence-based approach to designing a more effective, 

economical, and efficient approach to forensic science service delivery in England and Wales 

(Transforming Forensics, 2017). Exploring a number of options from small scale changes to 

significant and extensive restructuring models, the current stance is that a unified service 

that operates at a local level is favourable, however concerns have been expressed around 

the suitability of such approaches (National police chiefs’ council, n.d.). For example, 

stakeholders have suggested that in some instances there will be dominant users of the 

services, potentially soaking up much of the planning and delivery resource (National police 

chiefs’ council, n.d.). Furthermore, the pressure and financial outputs for infrastructural 

changes, and the constraints around existing contracts may, at least in the early stages, pose 

a significant challenge (National police chiefs’ council, n.d.). Whilst it has been assured that 

these will be managed by the time of implementation, the forensic science community 

within the commercial sector express further concern around the benefits this initiative 

brings to the forensic science arena (House of Lords Science and Technology select 

committee, 2019), recognising that whilst this positively addresses the difficulties 

experienced within the police forces, it neglects the commercial sector by focusing mainly 

on in-house services such as fingerprinting and digital forensics (House of Lords Science and 

Technology Select Committee, 2019).  

In addition to recognising the need for change with regard to financial deficit, drive 

for development in the quality arena has also been established, with the FSR calling for crime 

scenes to be regulated to quality standard ISO 17020 by 2020 (Forensic Science Regulator, 

2017). With intent to standardise crime scenes and to reduce performance variability within 

and between forces as well as individual examiners, ISO 17020 standards and guidelines 

outline the requirements for the operation of various types of bodies performing inspection 

(ISO/IEC 17020, n.d.). Whilst the forensic community acknowledges the necessity for 
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standardisation, the application of this particular standard to crime scene investigation 

comes with criticism, with practitioners expressing doubt around its suitability and 

appropriateness to such a diverse environment, and that achieving such accreditation would 

purely be a tick-boxing exercise (House of Lords Science and Technology Select Committee, 

2019). 

Whilst the procurement framework is complex and constantly liable to change, a 

clear outline of how evidence should progress through the system, regardless of framework, 

is illustrated in Figure 2.2. From Figure 2.2, it is important to acknowledge that the success 

of the forensic process is contingent on the underlying police investigation, which informs 

and influences the trajectory of evidence through the system. For example the collection of 

evidence from victims and suspects of sexual violence may be informed by interviews, or the 

interpretation of findings on the context of the crime itself and the charges being applied. 

However to avoid scope creep and to provide focus, this thesis concentrates on the forensic 

journey from evidence collection through to interpretation of findings. As such, five distinct 

stages fall within the boundaries of this Thesis; evidence collection; evidence submission; 

analysis carried out; results of analysis; and interpretation of results. Whilst the procurement 

framework discussed is relatively generalisable, the evidence journey from crime scene to 

court is highly specific and dependent on a number of factors including crime type and 

domain. As such, the following Chapter is specific to the topic explored in this Thesis – the 

DNA journey from collection through to interpretation in standard sexual assault cases.  
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Figure 2.2: The current investigative process from crime scene through to court (Taken from Earwaker, Nakhaeizadeh, Smit, & Morgan, 2020).  
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2.3 Evidence Collection 

The term ‘evidence’ has been used in this thesis to explain any DNA deposition during 

an alleged crime that may be considered relevant to criminal investigation, however debate 

around the lexicon in forensic science is increasingly acknowledged through variable terms 

used in the literature. For example, terms such as ‘trace’ (Biedermann et al., 2016) are being 

used to refer to deposits of potentially forensically relevant material at a crime scene, in 

support of the notion that the term ‘evidence’ is misleading and predetermines its role 

within a case. Whilst this term stands well to better represent the true nature of deposits 

such as DNA, some confusion may be caused by the well-established term ‘trace evidence’ 

which refers to small particle evidence such as hairs, fibres, glass, and so on. Likewise, terms 

such as ‘event’ (Weyermann & Ribaux, 2012) are replacing ‘crime’ in order to reaffirm that 

until determined otherwise by a jury, no crime has been committed. Whilst this notion 

around establishing a common lexicon that truly reflects the nature of forensically relevant 

material and their situation within an event is well placed, this thesis utilises the terms 

‘evidence’ and ‘crime scene’ in line with the process outline displayed in Figure 2.2 for the 

purpose of clarity and continuity. 

2.3.1 Evidence Collection from Victims of Sexual Assault and Rape 

Within the UK CJS there are two primary locations for the recovery of forensic 

material from victims following an allegation of sexual assault or rape - Sexual Assault 

Referral Centres (SARCs) and/or Police Victim Examination Suits (PVEs). Whilst PVEs 

principally support police investigation, SARCs take a more integrated and multi-agency 

approach to care in which 24-hour emotional and physical support is provided to victims 

(NHS, 2018). There are 39 established SARC facilities predominantly located in urban and 

highly populated areas across the UK (NHS, 2018), the establishment of which has led to 

better services, greater access to forensic medical examinations, and improved 

psychological care and support over the previous PVE model (Dhairyawan, Shardlow, Carroll 

& Sacks, 2017). As well as being patient-centred rather than prosecutorial driven (Patterson, 

Pennefather & Donoghue, 2017), SARCs provide the best environment for forensic capture 

and evidence recovery (NHS, 2018) and in cases such as sexual assault and rape whereby 

the victim is considered the primary crime scene (Johnson, Peterson, Sommers & Baskin, 

2012), this is essential for assisting and progressing police investigation.  
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In England and Wales the medical examinations of victims follows the guidance set out in 

the Forensic and Legal Medicine (FFLM) handbook (Faculty of Forensic and Legal Medicine, 

2020). This guidance outlines the range of intimate and non-intimate samples that can be 

obtained, the most appropriate collection technique, and the timeframe within which 

collected evidence is most likely to yield DNA results.  

During the infancy of DNA testing, studies suggested post-intercourse timeframes 

for evidence recovery at 120 hours for intimate vaginal swabs, 46 hours for anal swabs, and 

just 6 hours for oral swabs (Willott & Allard, 1982). In more recent FFLM guidelines published 

in 2017 significant progress is demonstrated, with vaginal swabs now yielding evidence 

suitable for DNA testing after 168 hours, anal swabs at 72 hours, and oral swabs at 24 hours 

(Faculty of Forensic and Legal Medicine, 2017). Whilst these are the set guidelines, the 

detection of spermatozoa on female intimate swabs has been found to significantly decrease 

after a 72-hour lapse after intercourse (Casey et al., 2017), thus highlighting the importance 

of efficient and effective forensic examination services. Notwithstanding, capabilities to 

detect and identify offenders through DNA recovery are continuously advancing to enable 

greater collection opportunity. This is mostly down to the improved sensitivity of DNA 

testing methods (see Chapter 3), and whilst this comes with benefits such as higher 

discriminatory power and greater timeframes for effective DNA recovery, Love (2017) 

explains the association between continuously improving DNA chemistries and 

contamination risks in facilities such as the SARCs.  

Through examining environmental monitoring results over a three year period, Love 

(2017) detected varying levels of background DNA on a range of surfaces found commonly 

within SARC facilities, including couches, remote controls, toilets, door handles, and in one 

case on a colposcope. Whilst each of the studied facilities used different cleaning 

mechanisms and services, what this demonstrates is the risk of cross contamination 

between visitors; victims; and surfaces that can negatively impact an investigation, 

particularly in light of developing technologies that endeavour to detect smaller quantities 

of DNA (Forensic Science Regulator, 2020a). Albeit a risk, Love (2017) goes on to highlight 

the ethos of SARCs and their patient centred approach to services, suggesting a tough 

balance between gaining reliable and high quality forensic samples and making the victim 

feel comfortable in the SARC environment, rather than the ‘dirty’ feeling that may come 

from increased personal protective equipment (PPE), cleaning, and control measures to 

prevent contamination.  
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Whilst Love (2017) identified contamination on a range of objects throughout the 

examined SARCs, to gain the balance between patient care and high quality forensic results 

it is important to recognise the risk and level of contamination associated with contact and 

the overall impact this has on the CJS. For example, Albani, Patel and Fleming (2018) found 

that the probability of contamination of intimate samples from normal social contact such 

as cohabiting to be unlikely, and that if more than three alleles are present in the derived 

DNA profile the results are likely to be significant to the investigation, i.e. through direct 

contact. Therefore in cases such as the couch and TV remote where contact with intimate 

areas is indirect, the risk of cross contamination is less likely and lower risk. Contrasting this 

however, contamination on objects such as the colposcope, which has direct contact with 

intimate areas, has the potential to have far greater impact and should be more carefully 

considered in the case of erroneous or unexpected results, exampled in the case of Farah 

Jama. In this example, a woman was found unconscious in the cubicle of a nightclub, and 

explained that this reaction was disproportionate to her level of alcohol consumption. A full 

examination at a crisis care unit (a facility not dissimilar to SARC spaces) found no 

unexpected toxicity in her system but did identify low levels of DNA on one of the intimate 

swabs from the endocervical region of the complainant (Kelty, Julian & Ross, 2013). DNA 

from this swab was attributed to 19 year old Farah Jama, and although claiming to never 

having attended the nightclub, Jama was convicted of rape and sentenced to a minimum of 

6 years imprisonment (Gill, 2014). Upon further inquiry it was recognised that cross 

contamination likely occurred between the case in question, and a case examined 30 hours 

prior in the same location, whereby Jama had engaged in sexual intercourse but all charges 

dropped, subsequently leading to the quashing of Jama’s conviction and a number of high 

level inquires (Gill, 2014).  

Considering such risk, a number of efforts have been made to reduce and stabilise 

contamination within SARC facilities but with the understanding that they are not forensic 

laboratories and as such cannot adhere to the ISO 17025 standards already in place. Clear 

outlines established by the FSR have been published that recognise and mitigate risks in 

SARC and medical facilities; such as cleaning non-disposable consumables between 

examinations; and monthly deep clean procedures (Forensic Science Regulator, 2020a). In 

addition, factors such as air current; material types; and contact with personnel in the same 

case, are addressed, reducing the overall risk of contamination occurring and in turn, a 

reduced likelihood of miscarriages of justice.  Finally, the FSR has recently announced the 
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introduction of ISO 15189, a set of standards and guidelines for medical facilities that 

considers the assessment, collection, and recording of forensic specimens in SARC settings 

(Forensic Science Regulator, 2020b), thus demonstrating conscious progress to create DNA 

free non-forensic spaces.  

2.3.2 Evidence Collection from Suspects of Sexual Assault and Rape 

Whilst the detection spermatozoa on victim intimate swabs act as a strong indicator 

of penetration, there are a number of reasons that such evidence may be absent including 

the use of a condom; no ejaculation; vasectomised perpetrators; and/or degradation of 

evidence over time (Fonneløp, Johannessen, Heen, Molland, & Gill, 2019). Therefore, 

securing evidence from the suspect can be of equal importance to case progression.  

According to FFLM guidelines (Faculty of Forensic and Legal Medicine, 2020) the 

collection of evidence from suspects following an allegation of sexual assault or rape is much 

the same as that from a victim, however locations in which the examination is carried out 

varies, with suspect examinations likely to be in custody (Forensic Science Regulator, 2020b). 

Whilst perpetrators of sexual violence can be either male or female, the Sexual Offences Act 

(Sexual Offences Act, 2003) states that rape occurs when the perpetrator penetrates the 

vagina, anus, or mouth with his penis. Therefore, the recovery of epithelial cells from penile 

swabs can be an essential factor for consideration. Fonneløp, Johannessen, Heen, Molland, 

and Gill (2019) explain that DNA can persist on penile swabs after 24 hours post-coital, which 

is supported by Burchill (2019) who found that successful recovery and profiling of epithelial 

cells from penile swabs after the 24 hour window was possible. However, also noted is the 

reduction in quality of outcomes over time highlighting the importance of the rapid 

detection, detention, and examination of suspects following an allegation of sexual assault 

or rape (Burchill, 2019).  

Although focusing on the forensic recovery of evidence, it is important to be 

reminded of the underpinning police investigation that runs concurrently. Albeit important 

to capture forensic opportunity as soon as possible to prevent loss of evidence, forensic 

medical examinations are dependent on having a suspect in custody in the first place. 

According to the Office for National Statistics (Office for National Statistics, 2018) a majority 

of offences are committed by persons known to the suspect and thus are easily identifiable 

for detainment. However in cases where the suspects are unknown, Hohl and Conway 

(2017) demonstrate that memory loss in victims of sexual assaults and rape exists, which 
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can impact a victim’s ability to identify their perpetrator. This displays the importance of a 

multi-collaborative approach to evidence collection considering the victim, the suspect, and 

also the crime scene in order to maximise forensic opportunity and successful outcomes. 

2.3.3 Evidence Collection from Crime Scenes Associated with Sexual Assault 

 Allegations 

When considering allegations of sexual assault and/or rape the detection and 

collection of semen at the crime scene can be critical (Chisum & Turvey, 2006). However in 

a climate where DNA technology is rapidly advancing to provide increased sensitivity, 

challenges such as complex mixtures and legitimate reason for the presence of DNA at a 

crime scene continue to emerge. As such, equally critical in reconstructing a crime is 

understanding how and why DNA might be found at a scene, and whether this can be linked 

to the criminal offence in question (Van Oorschot, Szkuta, Meakin, Kokshoorn & Goray, 

2019).  

Knowing where to target is the first step in ensuring an effective and efficient 

recovery (Baechler, 2016), particularly in large areas and outdoor scenes. As semen stains 

can often be invisible to the eye (Van Oorschot, Szkuta, Meakin, Kokshoorn & Goray, 2019) 

search mechanisms such as Ultra-Violet (UV) light, under which semen stains fluoresce most 

strongly, are often used in the first instance to identify areas of interest and locate possible 

stain sites (Carter-Snell & Soltys, 2005). Whilst alternate light sources (ALS) such as UV offer 

a non-destructive approach to detection, according to Chisum and Turvey (2006) some 

surfaces including dark fabrics fail to fluoresce and therefore risk a missed opportunity for 

identification. As such whole item recovery for laboratory testing may be considered most 

appropriate, however decisions are dependent on factors such as nature of crime and 

substrate; as well as time and resource constraints, thus presenting a primary opportunity 

for variation in practice (Morgan, Meakin, French & Nakhaeizadeh, 2020).   

Once located either at a crime scene or in a laboratory setting, presumptive tests can 

be used to indicate the presence of specified body fluids and can be applied to the full range 

of samples, from crime stain substrates through to victim/suspects intimate swabs. The Acid 

Phosphatase (AP) test is the most commonly applied presumptive test for semen and is used 

widely across the UK testing laboratories (United Kingdom Accreditation Service, 2019a; 

United Kingdom Accreditation Service, 2019b; United Kingdom Accreditation Service, 

2019c). The test relies on a colour-change reaction in which the hydrolysis of α-napthyl 
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phosphate to produce α-napthol causes a purple coloured reaction (Lewis, Jones, Baxter, 

Siemieniuk & Talbot, 2012), the strength and time of which can be used as an indicator for 

the presence of semen (Chisum & Turvey, 2006). Whilst the test itself is straightforward to 

conduct, there has been significant debate around the interpretation of results. Firstly, there 

are a number of known false positives, some of which can be pertinent in sexual assault 

cases and include vaginal secretion and faeces (Redhead & Brown, 2013). Additionally and 

in some part due to the prevalence of false positives, colour changes occurring after two-

minutes are often disregarded, however Lewis et al. (2012) explain that in some instances 

such as weak or old stains, the colour changing reaction can take longer than the initial two-

minute cut off and therefore caution should be applied and considered on a case-by-case 

basis. Whilst only indicative of the presence of semen, failing to acknowledge a positive 

colour change without taking factors such as environment and circumstances into account 

once again highlights an opportunity for missed evidence and potential for variation in 

practice.   

As with all presumptive tests, positive reactions are not absolute indicators of 

presence, and so microscopic analysis to determine and confirm sperm head abundance is 

necessary. Whilst in-house laboratories that have such capabilities are emerging, it is 

important to recognise at this stage that confirmatory tests – most commonly the Christmas 

Tree stain and the Haematoxylin and Eosin (H&E) staining process (United Kingdom 

Accreditation Service, 2019a; United Kingdom Accreditation Service, 2019b; United 

Kingdom Accreditation Service, 2019c), occur solely in laboratory environments, in contrast 

to AP which can be conducted either on-scene or in a laboratory setting. As such, this will 

be detailed in Chapters 3 and 6 to follow the narrative of the evidence journey.     

Although critical, semen is not the only source of DNA relevant to forensic 

investigations. According to van Oorschot et al. (2019) there are a number of ways in which 

DNA can be transferred between individuals and objects, and whilst understanding the 

behaviour of body fluids at a crime scene can be clear to investigators (Morgan et al., 2020), 

touch DNA can be more complex and influenced by a plethora of factors including surface 

type; form of contact; and shedability of the individual (van Oorschot et al, 2019). For 

example, Goray, Eken, Mitchell and van Oorschot (2010) found that biological fluid is much 

more easily transferred when deposited on a porous surface, and when wet. Supporting this, 

van Oorschot et al (2019) found that the transfer of blood between surfaces is more likely 

prior to drying, suggesting a direct correlation between time since deposition and readiness 
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of transfer, thus giving some indication of activity around the time of offence. Further, 

Goray, Mitchell and van Oorschot (2010) described different transfer behaviours of skin cells 

when compared to body fluids. For example, whilst porosity and manner of transfer did 

impact how readily transfer occurred, freshness of body fluid had little bearing and as such, 

creates a much more complex scenario in crime reconstruction. This was further exampled 

in relation to sexual assault cases by Petricevic, Bright and Cockerton (2006) who found that 

after one night of sleeping on used bed sheets, DNA from both the owner and the user could 

be recovered. Moreover, it was found that following a contact offence in which the suspect 

applied a level of force to the victim, DNA could be recovered from both the clothing and 

the skin of the victim following immediate collection (Bowman, Mosse, Sungalia, van 

Oorschot & Hartman, 2018). Whilst the skin samples did deplete over time, a 24-hour period 

passed whereby some offender DNA could be recovered from the victims’ skin. Whilst this 

indicates a positive chance of identifying an offender following an assault, it is important to 

recognise the variability in touch DNA deposition, making the transfer and persistence 

properties challenging to interpret and highlighting the importance of applying caution 

when attempting to reconstruct a crime (Burrill, Daniel & Frascione, 2019).   

In addition to foreign DNA being introduced through either direct or indirect transfer 

from a perpetrator, the highly volatile and easily transferred nature of touch DNA lends itself 

to an increased risk of contamination from scene-attending personnel such as the police, 

first responders, and crime scene examiners. In a study to evaluate the extent in which this 

occurs, Fonneløp, Johannessen, Egeland and Gill (2016) established a number of police 

contamination incidents regarding scenes that had been attended by the contributor, as well 

as those in which the officer in question had not been in direct contact with. Similarly, Rutty, 

Hopwood and Tucker (2003) found that whilst CSIs have an increased level of awareness and 

counter-measure against contamination in comparison to police officers, vigorous 

movement and contact with exposed surfaces resulted in the transfer of DNA and thus 

contamination between the CSI and crime scene.  

Direct transfer from person to crime scene is not the only vector of contamination, 

with a number of risks also associated with ‘dirty’ consumables. For example, a common 

method of fingerprint recovery at a scene is powdering, in which surfaces are lightly dusted 

to enhance and visualise latent marks ready for lifting. Following the examination of brushes 

used throughout the process, it was identified that a high proportion contained some degree 

of DNA contamination, in the form of either partial, full, or mixed DNA profiles (Bowman et 
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al., 2018). Moreover Fonneløp, Egeland and Gill (2015) observed primary transfer of DNA 

between surfaces that had been deposited with DNA and the nitrile gloves of the 

investigator, corroborating the importance of applying caution when drawing conclusions 

and in crime reconstruction.   

With the introduction of more advanced and sensitive DNA profiling techniques, DNA 

evidence is under increasing scrutiny and as such, more comprehensive standards and 

guidelines are emerging. For instance the Police Elimination database (PED) was set up in 

2000 and whilst historically its ability to detect police contamination has been relatively 

inefficient, more recent initiatives have included the routine and regular screening of all 

‘high-risk’ personnel and the inclusion of medical professionals such as Forensic Medical 

Examiners (FMEs) onto the database (Forensic Science Regulator, 2014). Additionally, 

aforementioned attempts to standardise crime scene investigation is underway, with all 

crime scenes examinations to be accredited under the standards ISO 17020 by October 2020 

(Forensic Science Regulator, 2014). According to UKAS – the accrediting body for compliance 

to ISO 17020 – organisations carrying out crime scene examinations must demonstrate their 

processes in relation to crime types (for example volume vs. major), as well as for any 

evidence examined and collected at the scene (United Kingdom Accreditation Service, 

2015). In conjunction to testing and demonstrating workability in a controlled or laboratory 

setting, organisations must also demonstrate that the chosen technique works adequately 

within a range of environments, for example within different temperature ranges, lighting 

variation, and surface types (United Kingdom Accreditation Service, 2015). 

Although the forensic community largely supports the push for change, critical 

discussion around the viability and suitability of ISO 17020 as a standard for crime scene 

examination is extensive. In particular, the ‘one-size-fits-all’ approach in which an existing 

standard has been modified to fit crime scene examination has come under scrutiny, 

recognising that no crime scene is the same and that a unified approach could be 

detrimental to investigations. In the same stroke, the time; resource; and cost associated 

with the identification and development of empirical data to support methods is unrealistic, 

especially in a time of challenge whereby staff numbers are reduced and police organisations 

are already under significant strain (House of Lords Science and Technology select 

committee, 2019).   
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Notwithstanding, the recognition of requirement in conjunction with emerging 

initiatives such as TF, the FCN, and the Home Office Biometrics programme indicate an 

appetite, rather than resistance for progression within the forensic science community and 

crime scene practice, and shed positive light on progress towards quality driven forensic 

services.  

  



29 

2.4 Evidence Submission 

The submissions process acts as a centralised system to ensure that the best value is 

obtained from the available resources in order to detect and prosecute crime most 

effectively (National Policing Improvement Agency, 2012). To make this decision, the 

submissions team must identify whether the request is reasonable and is likely to yield a 

DNA profile and as such, must rely on a variety of sources to gather information. Whilst 

much of this is a decision-making process to be investigated further in Chapter 4, data exists 

that offers advice and information on success rates that informs and influences the decisions 

around what evidence should be submitted for further testing.   

Sources of DNA can be broadly categorised as cellular or body fluid (Association of 

Chief Police Officers, 2005) and according to Bond (2006) of those submitted, blood and 

semen are most likely to yield profiles suitable for loading to the NDNAD. Further, despite 

significant technological advancement, evidence suggested that bloodstains still provided 

the best opportunity for full and loadable DNA profiles (Mapes, Kloosterman, van Marion & 

Poot, 2016; National Policing Improvement Agency, 2012). On the other end of the scale, 

artefacts such as gun cartridge cases and firearms are least likely to produce adequate 

profiles (Mapes et al., 2016) and thus careful consideration should be given before 

submitting these evidence types for further testing.  

Whilst empirical data such as this supports and aids decision-making at the 

submissions level, relying solely on published data is risky. In 2020 EFS announced a new 

capability in detecting improved DNA yields from ammunition, with their Direct Ammunition 

Recovery Technique (DART) improving results from a 4% success rate to 58% (Eurofins 

Forensic Services, n.d.). Whilst new developments such as this are promoted and 

communicated through means of newsletters, their existence in peer-reviewed literature is 

less commonplace and takes time from the development of the technique through to 

publication and as such, may hinder the potential for the submissions team to see, and act 

on results.   



30 

2.5 Analysis Carried Out 

2.5.1 Search and Recovery  

The Journey of evidence from crime scene through to interpretation can be 

separated into two key stages; pre-submission; and analytical (Forensic Science Regulator, 

2015). Whilst much of the search and recovery phase in a laboratory mimics crime scene 

examination, for example the use of ALS and presumptive tests to detect and identify 

biological evidence, some variation remains. Subsequent discussion will focus on the 

analytical stage of the process and encompasses the events that follow the transportation 

of evidence to laboratory settings.  

According to the Forensic Science Regulator (2015), contamination occurs in the 

form of person to exhibit; consumable contamination; or exhibit to exhibit, and whilst it 

most commonly occurs at the crime scene examination stage, it can take place at any point 

of the process (Basset & Castella, 2018). Once submitted for further testing, the first stage 

of examination requires removal of the exhibit from its original packaging. During this stage, 

a number of interactions between people, consumables, and the exhibit occur and therefore 

present an opportunity for contamination. For example, whilst preventative measures such 

as PPE and regular cleaning procedures are implemented (Forensic Science Regulator, 2015) 

studies have demonstrated the risk of DNA transfer from examiners gloves in a laboratory 

setting (Daniel & van Oorschot, 2011; Goray, Pirie & van Oorschot, 2019). Goray et al. (2019) 

showed that whilst it is common practice to clean and change gloves regularly during an 

examination, examiners touch different surfaces for different amount of times between 

changes and as such, contaminate gloves with surface DNA either from the examiner 

themselves, or from persons of interest within the case. More concerning perhaps is that 

Daniel and van Oorschot (2011) identified that not only can contamination occur during the 

examination stage from person-exhibit, but in some instances gloves arriving from 

manufacturers already contained traces of background DNA, and without regular testing and 

an awareness for the importance of cleaning, could introduce foreign and unrelated DNA to 

the case in process.  

Whilst this study demonstrates consumable contamination from external sources 

such as manufacturers, it can also occur on everyday items through regular use. Studies have 

demonstrated that scissors and forceps used throughout examinations also present a 

contamination risk, particularly when interacting with easily transferred biological fluids 
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such as blood (Szkuta, Harvey, Ballantyne & van Oorschot, 2015). As evidence can be 

recovered in multiple ways including cutting, taping, and swabbing (Morgan et al., 2020), 

each of which require the use of consumables, maintaining an awareness around the risks 

of contamination and the importance of regular cleaning and/or disposable products is 

essential for high quality outcomes.  

It should also be noted that not all contamination is introduced through human 

interaction, and as demonstrated by Goray, van Oorschot and Mitchell (2012) can occur 

during the packaging and transportation stage of the process. Within their study, factors 

such as the fit of packaging, the amount of biological material present, and the type of 

exhibit were examined, all of which were found to carry some risk of contamination. For 

example, results showed that in cases where high quantities of biological fluid were present, 

looser packaging encouraged the transfer of DNA from one area on the exhibit to another. 

In other cases, the substrate in which DNA was deposited also impacted the likelihood of 

contamination, with cotton being the most likely to encourage transfer of material (Goray, 

van Oorschot & Mitchell, 2012). Whilst this further highlights the importance of applying 

caution to crime reconstruction, this transfer of DNA within and across substrates also has 

the capacity to reduce the amount and quality of recoverable DNA and in turn, impact 

successful outcomes.  

Following the visual examination stage, general processes follow those conducted 

during crime scene examination, including the use of ALS and presumptive tests (Allard, 

2009; Chisum & Turvey, 2006). An exemption to this however, is the use of confirmatory 

testing for the presence of spermatozoa, which requires highly trained analysts and 

specialist microscopy unavailable at crime scenes. As the sensitivity of DNA testing methods 

increase significantly and require smaller amounts of DNA to produce results, differentiating 

between sources, for example skin cells derived from background or touch DNA, and/or the 

presence of semen, is essential for successful and accurate interpretation and crime 

reconstruction.  

Whilst presumptive tests go some way to determining the presence of semen, 

Hellerud, Bouzga, Hoff-Olsen and Mevåg (2011) found that in 46% of cases studied, 

spermatozoa were identified under microscopy where AP reactions had returned negative. 

This, in conjunction to the presumptive nature of the AP test highlights the requirement for 

further quantitative examination. In the UK, the most commonly used methods for the 
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microscopic identification of spermatozoa are the Christmas tree staining process, and 

Haematoxylin and Eosin (H&E) (United Kingdom Accreditation Service, 2019a; United 

Kingdom Accreditation Service, 2019b; United Kingdom Accreditation Service, 2019c). Both 

methods utilise a colour changing reaction in which the heads and the tails of spermatozoa 

are stained to enable visualisation, subsequently enabling the broad grading of the 

abundance of spermatozoa (Allard, 2009). Historically, a ‘water-elution’ method was used 

to create a sample and prepare slides for magnification. However recovery yields as low as 

<20% were observed and in many instances due to the nature of sexual offence samples, 

and slides were saturated with epithelial cells from the victim rendering it difficult to 

evaluate (Hulme, Lewis & Davidson, 2013).  

In response to this challenge, commercial suppliers have published a new technique 

that facilitates the separation of cell types prior to the staining and slide examination 

process. Sperm Elution© is a 2-phased cell recovery method developed by Cellmark 

Forensics to improve and optimise the recovery of spermatozoa and enhance the slide 

searching technique by reducing the background saturation of epithelial cells (Hulme et al., 

2013). Similarly, EFS published their own version of differential lysis - Sperm Trap® which 

improved the recovery of spermatozoa by 5-10 fold (Kennedy, Thomson & Clayton, 2019). 

By moving the differential lysis stage of the process, in which the cell types are separated 

based on their distinctly different properties, the end product DNA profiles are improved 

due to the reduction in dominant female profile generated from the epithelial cells, and a 

greater clarity is provided for slide searching in which low levels of sperm cells are more 

easily detectable (Kennedy et al., 2019). Once identified, the seminal fraction containing 

spermatozoa can be submitted to the DNA lab for profiling, and the epithelial can be stored 

or processed as required.  

Though effective in producing two separate samples in preparation for downstream 

processing, differential lysis is time and labour intensive and requires expertise to interpret 

results. Using equipment already available in forensic laboratories Riman, Shek, Peck, 

Benjamin and Podini (2018) outline an automated approach to identifying sperm and semen 

within crime stain samples. Using Proximity Ligation Real-Time PCR (PliRT-PCR), the 

expression of two genes present in semen and sperm are detected and measured. Results 

showed that the protein present in semen, Protein Specific Antigen was detected in all 

tested samples, and Sperm Specific Protein SP10 in a majority of cases up to dilutions of 

1:800.  
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The detection of spermatozoa in sexual assault investigations is critical, however not 

exclusive to all crime scenes. In order to broaden capabilities to detect a range of sample 

types and body fluids, the ParaDNA system offers a quick, automated and user-friendly 

approach to detecting saliva, semen, sperm cells, vaginal fluid, peripheral blood, and 

menstrual blood (Blackman et al, 2017). Using HyBeacon® chemistry, each body fluid type 

can be identified in samples as low as 1μl in volume and within complex mixtures, for 

example, vaginal fluid was detected on penile swabs for up to 36hours after deposition 

(Blackman et al, 2017). Whilst promising, the ParaDNA system is no longer commercially 

available in the forensic science marketplace, however studies have suggested progression 

in similar domains. For example, Moore, Thomson, Clayton, Kennedy and Beaumont (2019) 

demonstrated the potential for body fluid identification using Real-Time quantitative PCR 

(RT-qPCR). Targeting regions of messenger RNA (mRNA) specific to vaginal fluid Moore et al. 

(2019) were able to detect in presence in 54/80 cases, with failures associated with only 

significantly low yields of DNA. Whilst this indicates a requirement for improved sensitivity, 

specificity was high, and without any tool available in the marketplace to detect and confirm 

the presence of vaginal fluid currently, this study demonstrates promising future capabilities 

in the DNA arena.  

2.5.2 Extraction 

The extraction phase of the process operates with multi-purpose; opening the 

nucleus to isolate the DNA; cleaning the sample to remove inhibitors found within the cell; 

to prepare the sample for downstream processing; and to protect the sample from 

degradation (Butler, 2005). Following the successful search and recovery of evidence for 

DNA potential, samples are collected and submitted for further testing, where extraction is 

the first process undertaken.  

Chapter 3 considers extraction and the variability of extraction protocol design in 

more detail, however perhaps pertinent to consider is the emergence of increased reliance 

on technology for the extraction, quantitation, amplification, and separation of DNA in 

criminal investigations. As the ‘ways-of-working’ progress and move towards a more 

automated approach, new risks are arising.  

Whilst examples such as R v Scott (Gill, 2014) demonstrate the risk associated with 

human-system interactions, similar error could equally occur in manual methods where the 

user fails to accurately follow protocol. More unique to automated systems and perhaps less 
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considered however, is the reliance that these methods have on IT systems. In 2019 Eurofins 

were victim of a cyber-attack that rendered them unable to process forensic workload for 

several weeks (Forensic Science Regulator, 2020c). As many of the processing methods 

relied on communications between IT systems and machine function, the ability of EFS to 

continue live casework ceased, not just compromising their position in the marketplace, but 

also causing significant imbalance across the entire infrastructure (Forensic Science 

Regulator, 2020c).  

2.5.3  Quantitation 

Quantitation is an essential step in the forensic DNA process, determining the ideal 

amount of product necessary for Short Tandem Repeat (STR) profiling and in turn, optimising 

outcomes (Holmes, Houston, Elwick, Gangitano & Hughes-Stamm, 2018).  

Over the past 50 years, the way in which DNA is quantified for forensic purposes has 

undergone significant transformations (Niklas & Buel, 2003). In the beginning, UV 

spectrometry offered a quick and easy way to determine the presence of DNA. Through 

exploiting the wavelength of maximum absorption properties within DNA, scientists were 

able to identify its presence in samples, distinguishing it from proteins and other inhibitors. 

However despite the straightforward process, significant limitations such as lack of 

sensitivity, poor accuracy and the destruction of valuable DNA exist (Butler, 2012). 

Moreover, whilst the extraction processes is designed to isolate DNA from cell debris and 

external inhibitors, this particular method of quantification was unable to differentiate 

between the integrity or source of DNA (Butler, 2011), meaning that positive outcomes from 

the UV spectrometry may not equate to high quality DNA profiles suitable for loading to the 

NDNAD.   

In response to these concerns methods such as the slot-blot approach, which 

targeted human and other primate DNA exclusively, were developed and implemented 

throughout the late 1990s (Butler, 2011). By binding DNA to a nylon membrane, scientists 

were able to make direct visual comparisons to known dilutions of DNA within 90 minutes 

(Walsh, Varlaro & Reynolds, 1992), displaying increased sensitivity and specificity over UV 

spectrometry methods. 

Conjunctionally, in the mid-1990s, The FSS developed the PicoGreen micro titre plate 

assay, in which a reagent (PicoGreen) fluoresces intensely when bound to double-stranded 
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DNA (Singer, Jones, Yue & Haugland, 1997), indicating its presence and abundance of DNA 

within a sample. Whilst this method failed to differentiate between human and primate DNA 

as necessary, it offered an automated platform, processing up to 96 samples at once with 

limited human interaction, improving on the TRTs and labour intensive nature of manual 

process such as the slot-blot method (Butler, 2011).  

Although efficient, these systems lacked the specificity and accuracy desired and 

new technologies that provided such requirement were designed, most notably, real-time 

quantitative PCR (qPCR) (Butler, 2011). Fluorescent tags that are designed to bind 

specifically to fragments of human DNA are added to a small amount of the extracted DNA 

sample. As this DNA is amplified through a PCR reaction, the level of fluorescence omitted 

during each cycle is recorded, quantifying the exact amount of human DNA present within 

the sample.  

By introducing an automated system that produces numerical data, the subjective 

nature previous methods is eliminated and consequently the opportunity for false negatives 

reduced. However, when exploring the performance of rt-PCR systems in situ it was found 

that in some cases where a result of zero was given, suggesting the absence of DNA, STR 

profiles were still obtainable and as such, some risk of missed opportunity still existed 

(Poetsch, Konrad, Helmus, Bajanowski & Wurmb-Schwark, 2016). Moreover, Holmes et al. 

(2018) found that performance differed between chemistries and kits and considering each 

FSP utilizes a different approach to quantitation (United Kingdom Accreditation Service, 

2019a; United Kingdom Accreditation Service, 2019b; United Kingdom Accreditation 

Service, 2019c) varied outcomes could result. Holmes et al. (2018) continue to find that each 

of the kits performs relatively accurately and thus presents little risk to outcomes, despite 

this variation. Building on which, the PowerQuant kit successfully differentiated between 

inhibited and degraded samples, demonstrating the effectiveness and capabilities of rt-PCR 

over previous methods and establishing their importance to the process (Holmes et al. 

2018).  

2.5.4 Amplification and Separation 

Transforming DNA processing in forensic science, the discovery of the Polymerase 

Chain Reaction (PCR), invented by Kary Mullis in 1985, has enabled forensic laboratories to 

exponentially replicate target sequences of DNA, creating hundreds of millions of copies 

within hours (Butler, 2011).  
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In it’s infancy, the visualisation and comparison of DNA was achieved by Restriction 

Fragment Length Polymorphism (RFLP) (Butler, 2005), in which enzymes cut target repeating 

regions of DNA that were known to be highly variable between individuals. This variability 

meant that RFLP techniques produced results with high discriminatory power (Butler, 2005) 

however the inability for subsequent amplification (Jobling & Gill, 2004), meant that this 

process could only be applied to large, high quality samples such as bloodstains and saliva, 

making it a slow and labour intensive process. In response, the Metropolitan Police 

Laboratory began validating a new technology in effort to replace RFLPs, Short Tandem 

Repeat (STR) analysis. Finalised in 1994, the newly adopted STR technology identified four 

loci across the human genome that again, were variable amongst individuals. In contrast to 

RFLP technology however, rather than cutting, enzymes bind to the target regions, enabling 

amplification through the PCR process and thus suitable for low, compromised and 

degraded DNA samples that could not be passed through the RFLP process (Jobling and Gill, 

2004). Notwithstanding these benefits, the low discriminatory power of STR analysis left 

RFLP, where applicable, the chosen method for scientists, however from a customer 

perspective, favour was often given to the rapid results and high sensitivity of STR analysis 

(Jobling & Gill, 2004). Consequently, to ensure the highest quality outputs were achieved in 

line with customer demand, improved STR performance became a priority. Demonstrating 

success, STR technology remains the chosen method for routine processing in forensic 

investigation globally (Gill, Sparkes & Kimpton, 1997) and has done so for two decades.  

To improve its discriminatory power and to match or exceed the performance of 

RFLP, it was necessary to increase the loci targeted during STR analysis. Introduced in 1995 

and published in 1997, the FSS first validated and implemented the commercially available 

STR kit SGM into practice (Gill et al., 1997). Targeting six loci and amelogenin, SGM 

offered increased discriminatory power and reduced manual labour, improving the quality 

and speed of outputs. Building upon this, in 2000, the FSS and other FSPs across England 

and Wales further validated the SGM Plus kit, offering nine loci plus amelogenin (Cotton 

et al., 2000). Compatible with the NDNAD and offering improved power of discrimination 

and sensitivity, SGM Plus remained the commercial kit of choice across the England and 

Wales for over a decade.  

Presently, England and Wales operate under DNA17, containing 16 STRs plus 

Amelogenin. Aside from increased sensitivity and discriminatory power that enables a match 

probability of one in one billion (Forensic Science Regulator, 2014), the additional five loci 
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embedded within the DNA17 chemistry have been designed to align with other European 

technologies, supporting the sharing of data internationally through cross-border 

collaboration (Tucker et al., 2011).  

In conjunction to improved STR analysis, new chemistries such as Y-Chromosome 

STR (YSTR) analysis are becoming increasingly popular, particularly in sexual offence cases 

whereby female epithelial DNA can saturate and mask the male profile (Moore, Clayton & 

Thomson, 2016). Whilst cell separation techniques such as Sperm Trap® goes some way to 

ensuring that the seminal fraction is separated from the epithelial fraction, the application 

of YSTR profiling takes analytical capabilities one-step further. For example Y23 – a more 

recently developed and highly sensitive chemistry – can detect male skin cells from female 

intimate swabs for up to 6 days following penile penetration and up to 48 hours after digital 

penetration (Owers, McDonald, Montgomerie & Morse, 2018). Considering that differential 

lysis cannot separate skin cells from different sources, this offers a promising development 

in detecting male offenders in cases where spermatozoa cannot be detected.  

Whilst YSTR profiling demonstrates benefits over conventional STR analysis in cases 

of sexual offence and rape, when compared to the NDNAD capabilities the Y Haplotype 

Reference Database (YHRD) is still in its infancy and in its current capacity does not share the 

same level of discriminatory power as autosomal STR profiling (Kayser, 2017). In a study that 

profiled 3128 males using YSTR chemistry, 97% of the profiles obtained only occurred once 

(Aliferi et al., 2018), with similar populations and shared paternal lineages sharing 

haplotypes in remaining cases. Whilst diversity can be improved by using a combination of 

commercially available kits in conjunction to one another (Aliferi et al., 2018) applying a 

statistical weighting to YSTR results in the same way that we can with autosomal DNA is 

difficult (Moore, Clayton & Thomson, 2016). 

To visualise a ‘DNA fingerprint’, which can be compared to either a known profile or 

existing profiles on the NDNAD, the amplified product must first undergo a separation and 

detection process (Butler, 2011). Whilst previously manual techniques such as agarose 

polyacrylamide gels were used as the medium through which DNA was passed, automated 

capillary electrophoresis (CE) systems are now commonplace in forensic laboratories due to 

their increased speed and reduced labour and space requirements (Phillips, Carracedo & 

Lareu, 1998).   
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Working in conjunction to the amplification stage in which designated STRs are 

fluorescently tagged prior to PCR, CE works on similar principles to its predecessors. Small 

amounts of the sample are passed through capillaries, where a voltage is applied to separate 

the fragments of DNA based on size (Butler, 2005). As the sample passes through the 

capillaries a laser excites the fluorescent tags, emitting a signal that can be detected and 

processed to create an electropherogram (EPG) ready for analysis and interpretation (Bright 

et al, 2016).  
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2.6 Results of Analysis and Interpretation of Results 

Although separate, when it comes to analysing a genetic profile and interpreting the 

results there is a level of crossover to consider. Whilst the interpretation of findings require 

one of three conclusions; (i) cannot be excluded; (ii) can be excluded; or (iii) inconclusive 

(Bright et al, 2016), the way that this is determined is incredibly complex and involves a 

detailed analysis of the DNA profile itself. One way in which these aspects are distinct from 

one another is the human decision making process that underpins interpretation, whereby 

an expert must consider the findings in the context of the case. As this is extensively 

considered in Chapter 4, this Chapter will focus on the scientific and technical aspects of 

analysis and interpretation.  

When analysing and interpreting a DNA profile either for comparison to a person of 

interest or for loading to the NDNAD, the quality of the profile must first be considered. 

However improved sensitivity of techniques has led to an increase in subjective elements 

such as stutters, allelic drop-in/drop-out, degradation, and differentiation of complex 

mixtures (Bright et al., 2019). As artifacts such as stutters and drop-in can appear allelic in 

form, differentiating between true-peaks and these artificial representations can be a cause 

of error. In the same stroke, drop out, which occurs when true peaks are not detected 

through circumstances such as degradation, can produce results that appear to exclude the 

person of interest when in fact they are represented within a profile (Bright et al., 2019). In 

challenging circumstances such as crime scenes whereby multiple contributors are likely to 

be present in one DNA profile and lower yields increase the presence of subjective 

components (Puch Solis et al., 2013), determining whether the person of interest can be 

excluded using conventional manual comparison and professional judgement is no longer 

the favoured method of analysis and interpretation.  

As the identification and elimination of artifacts and the separation of mixture 

profiles is complex, providing a weight to explain the results is expected and can be derived 

through a number of techniques (Kelly, Bright, Curran & Buckleton, 2012). Semi-continuous 

modelling is a combined approach in which statistical software uses statistical probability to 

model true allele presence within a profile in combination with human manipulation of 

elements such as stutter (Bright et al., 2019). Through using a binary approach that 

determines the presence of absence of a true peak, this approach is easy to understand and 

if cleaned to produce a clear single source profile, enables the application of a Random 
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Match Probability (RMP). RMP numerically determines the likelihood that a random person 

other than the POI represented in the DNA profile shares the same genotype (Bright et al., 

2019), which in the current climate is interpreted as one in one billion (Forensic Science 

Regulator, 2018). However semi-continuous models cannot deconvolute complex mixtures, 

increasingly limiting its application to current practice (Bright et al., 2019).  

A more common approach to applying a statistical evaluation to DNA profiles is the 

Likelihood Ratio (LR), which takes into account two propositions (Bright et al., 2016). 

Through considering the peak heights of all present alleles, continuous models such as 

STRmix™ calculates the probability of all possible combinations of genotypes present within 

the profile and assigns a statistical weighting to each outcome (Bright et al., 2016). Though 

offering a less subjective approach, the acceptance of results within the forensic community 

and across the CJS are reliant on robust validation and empirical datasets (Haned, Gill, 

Lohmueller, Inman & Rudin, 2016). As new software that offers a more detailed statistical 

evaluation or has the capability to deconvolute a greater number of mixtures continues to 

emerge, this validation and peer review process is paramount for acceptance in the courts. 

However due to the competitive nature of the forensic science marketplace in England and 

Wales, access to coding and thus the thorough examination and peer review of emerging 

processes presents some challenge, which according to Bright et al., (2019) has resulted in 

a lack of clarity over guidelines on the presentation of numerical data in court.  

Notwithstanding, it is essential that software continues to develop in line with 

changing capabilities, for example YSTR profiling. According to Moore, Clayton and Thomson 

(2016) the separation of YSTR mixtures is more complex than conventional STRs and whilst 

a limited number of alternatives have been published (Wolf, Caliebe, Junge, Krawkczak, 

2005) these are out-dated and heavily mathematical in concept, making them inaccessible 

to the user in their current forms.  
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2.7 Creating a More Effective and Efficient Service Delivery  

The forensic science arena has undergone significant change since its inauguration. 

However, despite a long standing call for ‘cheaper, better, and faster’ forensics (Mennell & 

Shaw, 2006), the current climate remains fragmented and volatile, and as such efficient and 

effective service delivery is threatened.  

In line with the Forensic Science Strategy (Forensic Science Regulator, 2016), which 

states “Real-time forensics need to be at the heart of a new approach”, and in appreciation 

for the requirement for improved and aligned services, a number of technologies are 

becoming established in the DNA arena, amongst which is the RapidHIT™ 200 system. 

Incorporating technologies explained in Chapter 2.5.2 – 2.5.4, these systems offer a ‘one-

top-shop’ for downstream processing, offering early investigative insight, faster TRTs, and 

on-site capabilities that aim to align DNA service delivery across the sector.  

As the participating force inaugurates its first semen-screening laboratory, this study 

aims to explore the application of the one rapid DNA technology – the RapidHIT™ 200 

system. The next Chapter explores the suitability and readiness for this system in frontline 

settings, by mapping existing mechanisms and current processes at the participating force. 

Through doing so, an understanding of the potential for rapid DNA technologies to improve 

the effectiveness and efficiency of the DNA evidence journey from crime scene through to 

interpretation in sexual assault cases is evaluated, and the benefits and limitations to such 

systems in the current climate explored.   
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3 The Use of Rapid DNA Technologies in Sexual Assault Investigations 

As examined in Chapter 2 the forensic science arena in England and Wales is 

structurally in crisis (House of Lords Science and Technology Select Committee, 2019; Tully, 

2018). Notably, with a fragmented system shared between the public and commercial 

sector, the flow of evidence from crime scene to court is hugely complex and interacts with 

a considerable number of actors, agencies, and stakeholders (House of Lords Science and 

Technology Select Committee, 2019; Morgan, 2018). With each having conflicting drivers; 

pressures; and priorities that govern the evidence pathway and as such, a highly variable 

evidence journey from crime scene to court can exist within and between cases.  

One method for standardising procedure is the increased use of technology, where 

the automation of processes enables a more consistent end-to-end journey that is highly 

repeatable across sample types. This Chapter explores the application of one such 

technology - the automated DNA processing system RapidHIT™ 200 - in front line practice, 

and evaluates its role in complimenting, and improving DNA service delivery in sexual assault 

investigations across the sector. Throughout this Chapter the true requirement for such 

technologies within forensic environments will be interrogated, and the challenges 

associated with the successful implementation of technology will be considered and 

contextualised. Finally, a case study that examines the suitability of the RapidHIT™ 200, and 

more broadly Rapid DNA systems in sexual assault investigations, is presented.  

  



43 

 

3.1 Introduction   

The forensic science marketplace in England and Wales is highly competitive. 

Currently provisions indicate that a mixed model approach to service delivery is favoured, in 

which customers are able to exploit a combination of in-house and FSP capabilities to carry 

out required DNA testing on crime stain samples. Whilst this is considered a flexible and 

beneficial system that supports the development of the forensic science marketplace (Home 

Office Association of Police and Crime Commissioners, & National police chiefs council, 

2018), the variety of procurement frameworks adopted by each of the agencies is 

considerable and in a climate where reduced cost and faster TRTs are prioritised, the overall 

approach to service delivery is becoming increasingly disparate (Table 2.1). For example, The 

MPS largely operate an in-house service through a partnership approach. Using their own 

forensic capabilities to provide a crime scene to court process with little interaction from 

the commercial sector, the MPS offer a routine approach to forensic service delivery across 

a number of domains and case types. In contrast, the West/South coast consortium 

predominantly outsource to commercial suppliers through a tendering process in which 

FSPs bid for workload and tailor services to meet customer requirement (Table 2.1). As such, 

this 17-force conglomerate operate a multi-supplier approach in which each of the FSPs are 

given the opportunity to take on different aspects of the workload, in some instances having 

multiple providers working on the same case. Finally, the likes of the EMSOU operate a 

different version of a mixed service delivery in which work is spread between comprehensive 

in-house facilities and a single supplier from the commercial sector. Whilst compliance to 

the ‘mixed model’ approach is common amongst customers, there exists a disparity in how 

these approaches are delivered, demonstrating a contractual complexity that potentially 

inhibits consistent outcomes across the forensic science arena in England and Wales. 

Furthering opportunity for diverse outcomes, each provider of forensic services 

applies an additional and localised variation in their approach to DNA testing. According to 

the United Kingdom Accreditation Service (UKAS), the accrediting body that regulates 

compliance to the ISO17025 quality standard and guidelines (United Kingdom Accreditation 

Service, 2019a; United Kingdom Accreditation Service, 2019b;  & United Kingdom 

Accreditation Service, 2019c), each of the three dominant suppliers of routine DNA testing 

exploit various processing techniques for crime stain samples (Table 3.1). For example the 
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way DNA is extracted in preparation for downstream processing is highly variable, exampled 

in Table 3.1. According to Table 3.1 the nature of method used by each provider differs, with 

KFS using manual, EFS predominantly automated, and Cellmark a combination of both 

manual and automated mechanisms driven by request-type. With extraction considered one 

of the most critical stages of the DNA process (Faccinetto, Stabile, Cirillo, Kessell, Pizzamiglio 

& Lago, 2015), it’s important to recognise that kits can range in their ability to extract 

material; including exposure to cross contamination; ease of use; processing time; and 

requirement for operator intervention (Phillips, McCallum & Welch, 2012). A comparative 

study by Davis, King, Budowle, Eisenberg & Turnbough (2012) further suggests that whilst 

all three approaches to extraction perform effectively, variation in efficiency, and therefore 

outcome, did exist between sample types. Finally, when comparing automated and manual 

extraction methods Phillips et al. (2012) also found that performance was relatively 

consistent, however commented that automated approaches are easier, quicker, and 

required less user intervention, making them more attractive to the customer and thus 

potentially favoured in the tendering process.  
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Table 3.1: An outline of the chemical and mechanical processes accredited by the three dominant suppliers of DNA testing in the commercial sector according to United Kingdom 
Accreditation Service (2019a, 2019b & 2019c).  

Process Type Provider 1 Provider 2 Provider 3 

Search and Recovery Blood KM, Bluestar, LMG KM, LMG, Hemastix, Hematrace KM, Hemastix, Luminol, 
Hydrogen Peroxide, OBTI 
 

Semen AP, Choline, H&E AP, Choline, H&E, Christmas tree AP, Choline, H&E, Christmas tree 
 

Saliva Phadebas paper Phadebas paper, Phadebas tube 
test, Amylase paper 
 

Phadebas paper, Phadebas tube 
test 

Extraction Manual Qiagen, Swab solution Qiagen DNA investigator, Auto-
Lys, Qiagen maxi kit, EZ1 
 

- 

Automated - Auto-Lys, Qiagen DNA 
investigator STAR 
 

- 

Combination - - Thermofisher automate express, 
Qiagen (EZ1), Chelex, FTA 
purification, DNA IQ, Fast 
differential semen extraction, 
Direct semen extraction 
 

Quantification RT-PCR Plexor HY RT-PCR Power Quant RT-PCR 
 

HYres Dual RT-PCR 

Other Pico Green - Pico green, oil green 
 

Amplification DNA17 ESI17, NGM SElect ESI17 
 

NGM Select 

YSTR PowerPlex 23 Y23 PPY 23 
 

Other - - SGM+ 
 

Separation - 3130XL 3500XL 3130XL/3500XL 
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In addition to contractual and process mechanism disparity, the way that each 

individual interacts with evidence at each stage of the process is influenced by a number of 

internal and external factors, which according to Dror (2012) include culture, environment, 

base rate expectation, and exposure to contextual information. Whilst the impact of human 

factors will be considered more extensively in Chapter 4, it is important to recognise that 

these individual variations, in conjunction to process mechanism and contractual 

differences, introduce an almost infinite number of evidence pathways, providing an 

inevitable inconsistency in outcomes.  

Whilst the impact on outcomes of this variation is yet to be determined, initiatives 

such as the TFP have recognised the requirement for alignment in processing on a national 

platform (National Police Chiefs Council, n.d.), which encourages providers and the users of 

forensic services to support, rather than reject change within the forensic science 

community. Moreover, networks such as the Forensics Capabilities Network are increasingly 

establishing a platform for greater collaboration between stakeholders, and encourage the 

application of new ways of working (www.fcn.police.uk).  

3.1.1 RapidHIT™ 200    

As suggested by the Forensic Science Regulator in the most recent strategy, one 

proposed new way of working is through the application and integration of technology into 

frontline practice (Forensic Science Regulator, 2016).  

The RapidHIT™ 200 system is a fully automated human identification system that 

provides crime stain results compatible with the NDNAD within just over two hours 

(Thermofisher scientific, n.d.). Utilising STR amplification kits that produce DNA profiles that 

are compatible with the NDNAD, the RapidHIT™ 200 employs a user-friendly interface and 

a ‘one-stop’ approach to profiling in which a crime stain can be directly loaded to the 

RapidHIT™ 200 instrument and processed in user environments, including crime scenes and 

an in-house facilities (Shackleton et al., 2018). To do this, the system contains multiple 

extraction protocols suitable for an array of forensically relevant sources; an internal 

amplification process; and CE capability, aligning it with conventional processing with the 

exception a quantification process. However unlike conventional processing techniques, this 

system offers significantly reduced TRTs and requires little to no human interaction, making 

it an attractive and usable tool to users outside of laboratory environments such as crime 

scenes, custody suits, and police facilities. Overall, the aim of this system is to produce in 
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situ early investigative insight to the forensic science community, predominantly the users 

of forensics services, and inadvertently promotes an alignment in processing that reduces 

the reliance on the contractual obligation and the supplier variation discussed above.  

Demonstrating potential, initial validation studies have been successful for single 

source samples, with the system producing reproducible and repeatable results with 100% 

concordance to known profile information, performing in line with conventional genotyping 

methods (Holland & Wendt, 2015). Successful extraction from blood and saliva (Gangano et 

al., 2013), as well as tissue (Mongensen et al., 2013), semen, and hair (Verheij et al., 2013) 

further elude to the application of the RapidHIT™ 200 system into frontline environments, 

offering reduced TRTs and on-site activity that conventional methods cannot support.  

However Thong, Phua, Loo, Shue and Syn (2015) contrasted these findings, 

concluding that in challenging circumstances where minor profiles were present, it 

performed at a lower sensitivity than conventional methods and thus produced inconsistent 

and poor results. Building upon limitations, more recent studies have focused on the failings 

of physical operational parameters of the system, for example cartridge leakage; incorrect 

allele calling; and failure to inject PCR mix, resulting in a loss of the entire sample (Boiso et 

al. 2017). Whilst the benefit of a ‘one stop’ system is apparent from a time and resource 

perspective, the consequence of instrument and/or scientific failure is detrimental, 

exhausting the entire sample and thus preventing downstream processing. However despite 

evident limitations, the development and implementation of the RapidHIT™ 200 system is 

in its infancy and appetite for these systems continue to grow. Shackleton et al. (2018) 

recently published three new run protocols that are more suitable for low quality samples 

and produce significantly improved results than their predecessors, indicating the 

recognition for improvement and an on-going drive to develop more appropriate protocols 

for the range of crime stain samples submitted routinely for testing.  

Whilst the system itself demonstrates application to the forensic science arena, 

system design is only part of the challenge when integrating new techniques into user 

environments, particularly when successful integration is contingent on strong human 

interactions such as in policing environments and the forensic science arena.  
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3.1.2 Integrating Technology into Frontline Practice  

Technology within policing has become a substantial source of police expenditure 

with intention to lower costs, reduce time and resources, and in turn, enhance the value of 

police work (Lum & Koper, 2017). However research has suggested that typically, police fail 

to integrate technology successfully (Darroch & Mazerolle, 2012). Whilst it has been 

documented that many technologies have positively impacted police performance; for 

example number plate recognition software, there is evidence to suggest not all 

technological advancements are well received within the forensic science arena, reasons for 

which have been categorised by Custers (2012) as technological, organisational and/or legal. 

The Technology Acceptance Model (TAM) highlights the process and features that 

users consider before supporting the successful integration of technology into their 

environments (Chutter, 2009) (Figure 3.1).  

 

 

To begin, Chutter (2009) suggests that a lack of understanding around the features 

of a system significantly inhibit successful integration of technology into user environments. 

For example absence of data surrounding a particular system means that the user will likely 

fail to fully understand its purpose and benefit over existing methods, and thus reject its 

application to their role (Custers, 2012). However, in the Forensic Science Strategy (Forensic 

Science Regulator, 2016), profound difficulties in generating an up to date evidence base 

and accessible publication of research are expressed, and whilst it is acknowledged by the 

forensic community that this is detrimental to the validation and implementation of 

research into practice, the current climate continues to offer limited funding or resource to 

support future innovations. Consequently, the limited amount of research and sound 

evidence base on the effectiveness of the RapidHIT™ 200 in user environments outside of a 

validation creates a negative cycle in which these systems are unlikely to be easily accepted 

and/or invested into user environments. 

 

Systems Features and 
Capabilities 

User’s Motivation to 
Use System 

Actual Systems Use 

Figure 3.1: Conceptual model for technology acceptance as described by Chuttur (2009) 
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Whilst lack of funding, insufficient resource, and poor empirical data may provide 

insight into why these technologies have yet to find themselves commonplace in forensic 

laboratories, it remains that deep-rooted resilience to change and poor receptivity to 

technological innovation inhibit the user’s ability to engage, even when financial challenges 

have been surpassed (Telep, 2017). Influencing factors such as lack of information or 

awareness surrounding availability, as well as poor user-friendly interfaces (Custers, 2012) 

contribute equal bearing to inadequate receptivity. In contempt to improve this, the 

RapidHIT™ 200 exploits a number of features that challenges these concerns, including the 

lack of requirement for device-dependant knowledge.  

However the supplier-customer relationship that exists between the manufacturers, 

distributors and perspective users discussed in Chapter 2 further inhibit the trust and 

acceptance of these technologies in frontline practice. Considering that many of these 

systems are either manufactured or distributed by scientific agencies that supply routine 

DNA work, personal drive for implementation such as financial gain and competitive 

advantage has potential to initiate further concern and lack of buy-in by customers.   

Whilst excellent usability improves overall chance of success, this alone does not 

necessarily lead to the full and successful integration of new systems in practice. From a 

more cultural perspective, the users’ motivations equally contribute to the likelihood of user 

engagement; such as the perceived ease of use; perceived usefulness; and attitudes toward 

using such technology (Chuttur, 2009). Venkatesh (2000) explains that in order to assess 

ease of use, people generally rely on ‘anchors’, or personal experiences, to determine how 

easy a system is to use, stating that as people gain experience with the system, their beliefs 

begin to shape and adjustments to their anchors are made (see Chapter 4 for further 

discussion on the role of anchors in the CJS). The scientific mechanisms that underpin the 

DNA process are highly complex, and as such include complex programmes, technology, and 

chemistries, which bolsters the creation of negative anchors within the user community, 

causing further disparity and the likely rejection of emerging technologies, which are 

perceived to be science heavy and complex (Venkatesh, 2000).  

Whilst these technological challenges are significant in determining the likelihood for 

successful integration, it is not just the frontline users that decide whether these systems 

have a place within practice, with management and organisational structures placing 

substantial influence on overall outcome. Sub-sectioned by Custers (2012), guidance and 
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management; insight and overview; connection with national developments; cost; capacity 

for innovation; long-term implementation and adaptability of colleagues were established 

as additional causes for failed technological integration. 

The adaptability of colleagues can be driven by technological challenges, however 

the social dimensions that exist between frontline workers and management have also been 

shown to influence technology acceptance (Park et al., 2006). For example it has been 

demonstrated that organisations that encourage and foster successful innovation have 

more positive outcomes in contrast to those less willing to ‘buy-in’, due to stronger shared 

beliefs and motivation (Park et al., 2006). Whilst these rapid DNA systems are directed at 

frontline policing, the collateral impact of integration on FSPs and other external bodies is 

hugely influential, and therefore the relationship between user and supplier, in this instance 

the police service and FSPs, carries equal bearing on successful integration. Consequently, 

whilst the goal to support the CJS is shared, the beliefs surrounding priorities and motivation 

are likely to vary, particularly from an economical perspective, therefore inhibiting user 

engagement and in turn, successful integration.  

Building upon the current economic crisis within the forensic science arena, funding 

cuts have impacted overall expenditure and resource availability to police forces nationally, 

meaning that in order to innovate and integrate these systems, they must demonstrate 

significant advantage over conventional methods, both scientifically and operationally. 

However, due to the lack of resource and funding across the forensic science arena (Forensic 

Science Regulator, 2016), providing performance data to demonstrate success is challenging 

and once again, impacts successful acceptance.  

However in favour of these systems, the National approach to forensic service 

delivery recognises that forensic processes should be more aligned with the crime scene in 

order to produce early investigative insight and quick TRTs (Forensic Science Regulator, 

2016). Furthermore, research conducted by the Home Office established that whilst 

currently Rapid DNA technologies are cost prohibitive, costing almost two and a halve times 

more than current conventional methods, they are the future of forensics, establishing high 

expectations and national support for transitions to a more automated approach to DNA 

testing.  

Clear throughout this Chapter is the need for user engagement from upper 

management through to frontline practitioners when examining technological innovation. 
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Furthermore, Telep (2017) explains that in order to fully ascertain whether or not 

technologies improve services and efficiencies within policing, greater evaluation of the 

contextual and qualitative data surrounding why these systems may not meet expectations 

should be conducted. 

Whilst the complex nature of DNA processing, as well as motive behind development 

and distribution by FSP suppliers may act as a deterrent for users such as police forces, the 

potential benefits of more efficient, effective and economic testing on-site that these 

systems offer are attractive. Furthermore, with the National approach supporting such 

technologies with intent to move the science more in line with the crime scene, the 

integration of similar systems is inevitable. With this in mind, it is fundamental that concerns 

surrounding the complexity and performance of these systems from a scientific perspective 

are evaluated, in conjunction to operational requirement. By examining the development 

and current climate of conventional methods of DNA testing, the foundation for these 

concerns can be assessed, and thus the likelihood and impact of integrating a scientific-

heavy system into a non-scientific environment can be supported.   

This study explores application of rapid DNA systems into frontline practice, assessing 

performance, requirement and suitability of the RapidHIT™ 200 into a police environment. 

To assess its usability in frontline practice, the following aims have been established: 

1. To evaluate the operational suitability of the RapidHIT™ 200 system within one 

perspective users environment 

2. To understand the likelihood of successful integration of the RapidHIT™ 200 in sexual 

assault investigations 
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3.2 Methods  

Interest in cross-agency research between police practice and forensic science is 

increasing (Weisburd & Neyroud 2011), however, managing expectations of industry 

partners and stakeholders can be challenging due to contrasting views on what is effective. 

For example, some are seeking a better quality of science, whilst others are more focused 

on financial benefit and financial value (Kelty & Julian, 2011). As this study involves a 

customer-supplier paradigm in which these differing agendas exist, it is paramount that a 

truly collaborative approach is taken in which the stakeholders have equal contribution to 

data collection and evaluation, and output expectations are managed. To support such 

relationships, this study was facilitated by an existing partnership agreement between the 

participating agencies and the researchers’ academic institution, falling within a 

Memorandum of Agreement and designed within agreed Terms of Reference, whereby each 

participating agency were engaged in the development and structure of this study in order 

to achieve a shared goal.    

Whilst a shared agreement goes some way to supporting relationships in cross-

agency working, it is also important that the methodological approach facilitates rich and 

relevant data collection. As such, in addition to predetermined agreements and partnership 

work, this study employs an action research approach (Figure 3.2), which according to 

Cronholm and Gobel (2011) creates a bridge between organisational and technical 

perspectives, in this case the users and the RapidHIT™ 200 system. 

3.2.1 Action Research  

According to McNiff (2013), action research is a practice-based approach to 

determining how, and whether a process works as it should, by using a cyclic and self-

reflective process (Figure 3.2). As a relatively new theoretical framework, action research 

moves away from the conventional approach of reaching ‘facts’ presented by frameworks 

such as positivism and interpretism, and instead moves towards the idea of better 

understanding a set of circumstances in order to improve effectiveness (Tekin & Kotaman, 

2013). Importantly to this study, action research puts the practitioner at the centre of the 

study and promotes equality between researcher and practitioner when collecting and 

analysing data. Underpinned by the idea of mapping the DNA evidence journey from crime 

scene through to interpretation in order to best identify where and how rapid DNA 

technologies fit into frontline practice, the collaborative approach promoted by action 
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research, which recognises that practitioners are best placed to understand their own 

environments and seeks to identify key issues and underlying problems within a set of 

circumstances, was determined to be most suitable.  

 

 

Figure 3.2: The evaluative process underpinning action research as described by McNiff (2013). 

3.2.2 Data Collection  

As well as being informed by the literature as presented in Chapter 2, qualitative 

data collection methods were used to compare and contrast the DNA evidence journey from 

crime scene to interpretation before and after the implementation of the RapidHIT™ 200 

system. The system was trialled in-situ in order effectively evaluate the benefits and 

limitations, and study parameters were two key stakeholders of the system, including one 

FSP and one perspective user. The user of the system had an existing contract with the FSP 

for conventional DNA processing, alongside which the establishment and application of their 

own accredited in-house semen screening facility was utilised for triaging purposes.  

 

3.2.2.1 Semi-structured Interviews – The Initial Inquiry  

Semi-structured interviews are exploratory tools used within the social sciences in 

order to develop an understanding or representation of an account or process (Silverman, 

2020). Allowing the researcher to gain an in depth understanding of a concept or specific 
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topic area, semi-structured interviews provide the participant with some structure and 

guidance but enable the participant to talk freely and reflect on their own experiences 

(Magaldi & Berler, 2020). For this study where the environment was only partially known to 

the researcher, it was important to establish an end-to-end narrative of the evidence 

journey from the perspective of practitioners in order to inform future data collection and 

provide a foundational map of the process upon which developments could be made.  

To begin, one 45-minute semi-structured interview was conducted with each of the 

participating agencies, where practitioners familiar with their processing mechanisms were 

given the opportunity to detail the evidence journey from crime scene through to 

submission of evidence for further testing [FSU], and from receipt of evidence to 

interpretation [FSP]. Participants were asked to comment on three topic areas;  

- Workflow within their agency and the end-to-end DNA journey 

- Sexual offences and their role within the wider forensic investigation  

- The gathering and dissemination of knowledge to inform practice 

In doing so, a detailed end-to-end narrative from the perspective of the practitioner was 

provided and used as a foundation to develop the HTA models (See 3.2.3). Ethical approval 

for semi-structured interviews was provided by the Faculty ethics committee, and 

participants were invited to participate via email. Information sheets were provided and 

participants gave informed consent prior to the interviews taking place, where interviews 

were recorded and later transcribed verbatim. Once transcribed, recordings were destroyed 

and all data fully anonymised, coding the agencies as ‘FSU’ or ‘FSP’ and the participants as 

‘P1’ and ‘P2’.  

3.2.2.2 Participant Observation 

The social sciences have extensively utilised participant observation in a wealth of 

domains, including fields such as crime and organisational behaviours (Wästerfors, 2018). 

Silverman (2020) explains that observation is an effective and principle tool for eliciting 

qualitative data that helps us to understand another culture. Through taking part in daily 

tasks and interactions, participant observation enables the researcher to explore the tacit 

and explicit intricacies of local practice (Musante & DeWalt, 2010; Silverman, 2020) which 

in turn helps to develop an understanding of the culture that exists between participants 

and agencies. As this research explores the inter-disciplinary nature of two agencies with a 
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complex customer-supplier relationship in which conflict of priority, pressures, and drivers 

exists, building a rapport in which the researcher is transparent and honest is essential for 

the collection of rich data. According to Musante and DeWalt (2010) to do so, the 

appropriate behaviours should be learned within each of the environments and the honesty 

expected from the participant reciprocated. Through sharing experiences, clearly defining 

the purpose and goals of the research, and being open and honest about prejudices helps 

develop such a rapport (Musante & DeWalt, 2010; Wästerfors, 2018).  

Through understanding the cultures and communities that exist within an agency, a 

deeper appreciation for the actors, interactions, and behaviours that exist can be 

established (Allen, 2018). By being an ‘insider’, rather than the bystander that is commonly 

associated with direct observation, a thorough understanding of the community can be 

obtained and as such, benefits including a reduction in behavioural change; a lessened 

chance of reporting bias; and an openness of information that may not be accessible to 

‘outsiders’ can be achieved (Guest, Namey & Mitchell, 2013).  

Whilst the interactive and unstructured experience that participant observation 

offers supports elicitation of a depth of information, data derived from workplaces is likely 

to be highly specific and therefore limits is generalisability (Guest, Namey & Mitchell, 2013). 

The suitability of the RapidHIT™ 200 within one user environment is the focus of this study, 

and thus generalisability is not the goal of analysis.  

In addition to generalisability, lack of objectivity, or observer bias, presents further 

challenge when seeking high quality and accurate data. Initiated by the observer, this 

phenomenon occurs through forms of favouritism, distortion, or reliance on existing 

judgements (Payne & Payne, 2004). Impeding credibility of results, Olsen (2012) further 

highlights the importance of transparency with participants, maintaining an accepting 

attitude but remaining mindful that a comprehensive account is generated and scrutinised 

from an objective perspective.  

For this study, participant observations were conducted on a once-a-week basis over 

an 8-week period, totalling 20 hours. During this time, the participant created mock crime 

swabs, and loaded them to the rapid DNA system. In this process, swabs were prepared, 

presumptively tested using AP, and slides for confirmatory testing (H&E) were created 

according to standard operating procedure set out by the agency and in line with ISO 17025 

accreditation.  
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Throughout this process the researcher observed the participant, making written 

notes that were later digitised, following which paper copies were destroyed. Participants 

were invited to participate in observations via email, where they were provided with an 

information sheet and a consent form. Once the researcher had met the participant and 

provided an overview of the study, the participant was offered the opportunity to ask any 

questions before providing informed consent to take part in the study. Participants were 

able to withdraw from the study up until the point of data collection. The written notes were 

used to further inform the creation of HTA models and support data collected via semi-

structured interviews.  

3.2.3 Data Analysis 

3.2.3.1 Hierarchical Task Analysis  

Hierarchical Task Analysis (HTA) is a mapping tool designed to break down complex 

tasks into goals and sub-goals in order to identify where efficiencies are made, and where 

errors could and/or do occur within the system (Annett, 2003). Described as a 

decompositional technique, the foundations of HTA were first developed and published in 

the early 1970’s with an underlying principle to break down individual tasks (Stanton, 2006), 

and identify goals and sub-goals in relation to process, communication, and co-ordination 

(Smith, Baber, Hunter & Butler, 2009). Now one of the most commonly used tools by 

ergonomists to map and understand interactions between human and machine (Annett, 

1996; Stanton, 2006), the modern approach to HTA seeks to investigate how and why tasks 

are carried out; what resources are needed; and how improvements and efficiencies can be 

made through a goal directed approach (Annett, 2002; Stanton, 2006).  

Demonstrating its versatility, HTA has been used to compare a range of tasks across 

a number of domains including healthcare (Raduma-Tomas, Flin, Yule & Close, 2010), the 

military (Ainsworth & Marshall, 1998), and automotive industry (Yang, Kim & Nazareth, 

2019). Of note, Ainsworth and Marshall (1998) comment that it’s a particularly appropriate 

method when mapping long and complex processes, and in cases where the subject matter 

is human-technology interface, such as the RapidHIT™ 200 system. Moreover, when 

exploring its application to the automotive industry, Yang et al. (2019) used HTA as a 

comparative tool, drawing similarities and differences between identical tasks when 

participants were provided with different distractions to determine where, and what 

intervention is required.  
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HTA has also been applied to the forensic science arena to explore ad-hoc teams 

(Smith et al., 2009) and wearable computer technology at crime scenes (Smith, Baber, Cross, 

Hunter & Woolley, 2005). For the latter, which similarly to RapidHIT™ 200 examined the 

application of technology in frontline practice, researchers found that through mapping the 

process promoted benefits such as enhanced communication and greater capacity for scene 

capture; as well as challenges including practicability and usability in courts, were 

documented and better communicated to the user community. Much like the wearable 

computer technology evaluated by Smith et al. (2005), this study applies HTA to 

comparatively examine existing methods with the application of technology into frontline 

practice.  

By applying HTA to this study, the areas of risk associated with three versions of the 

same process were mapped and compared to determine the suitability for system 

integration into sexual assault investigations.  
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3.3 Results 

3.3.1 Hierarchical Task Analysis  

HTA was carried out and models (Figures 3.3, 3.4 & 3.5) were produced for three 

mechanisms of service delivery: 

i. Conventional processing of DNA evidence prior to the establishment of in-house 

semen screening facilities; 

ii. Processing of DNA evidence through the in-house semen screening route  

iii. Processing of DNA evidence of the RapidHIT™ 200 system.  
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3.4 Discussion  

3.4.1  System Challenges    

  Whilst the principle aim of this study was to explore the integration of new systems 

into frontline environments from a user perspective, several system challenges were 

observed throughout the data collection process that impact the likelihood of successful 

outcomes, for example the requirement for regular usage. According to the manufacturer, 

the system should be used at least weekly for optimum outputs, and to run a three-sample 

cartridge this would come at a cost four times more expensive than conventional sampling. 

As such, it was suggested by the user that the system was only to be used in urgent cases, 

and therefore would experience little requirement on a weekly basis.  

Importantly, the requirement to process urgent cases on the RapidHIT™ 200 system 

was not exclusively down to expense and highlights some of the key issues around disparity 

between the police investigation and the system designers. Whilst there is a very clear call 

for a faster forensic service delivery, which the RapidHIT™ 200 offers, a two-hour TRT is 

almost always unnecessary in the wider context of the investigation. This is because the 

investigation itself takes much longer than two hours, and the requirement for immediate 

results in a time frame that commercial suppliers cannot offer is very rare, particularly in 

light of the evidence published in the most recent forensic science strategy (Forensic Science 

Regulator, 2016), which suggests that TRTs have been reduced by half within the commercial 

sector.  

Overall, whilst the system displays features that are attractive to customers such as 

faster TRTs, a user-friendly interface, and on-site capabilities that offer an early investigative 

insight, requirement for urgent processing on a weekly basis paired with the increased cost 

render it operationally unsuitable for sexual offence investigations in its current capacity.  

From a scientific perspective, there are additional challenges when considering the 

application of the RapidHIT™ 200 system to sexual assault cases when compared to their 

volume crime and/or single source counterparts, as they commonly include a mixed source 

of sperm and non-sperm cells (Klein & Buoncristiani, 2017). For example, there is a pre-

treatment requirement in which these two components are separated from one another, 

enabling analysts to produce two separate profiles. Historically, this has been done during 

the extraction phase, exploiting the individual properties of each cell types to firstly lyse and 
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isolate DNA from the non-sperm cells before using a stronger detergent to complete the 

same process with the sperm fraction (Klein & Buoncristiani, 2017). Thereafter, the samples 

can be treated separately to gain individual profiles, with the expectation that the sperm 

fraction will contain a limited amount of epithelial cells and thus reduce the level of mixture 

profiles. Whilst the RapidHIT™ 200 system does include a range of run protocols (Shackleton 

et al., 2018), currently none of these have the capability to separate sperm and non-sperm 

components effectively, and therefore the quality of outcomes is significantly reduced when 

compared to conventional processing.  

Nowadays, this separation process is more commonly performed during the search 

and recovery stage. Exampling this, Cellmark published their process Sperm Elution© which 

enables the separation of cell types prior to microscopic analysis (Hulme, Lewis & Davidson, 

2013). In its current position, the in-house laboratory observed during this study is yet to 

gain accreditation for this process, and thus two outcomes exist when using the RapidHIT™ 

200 system; no pre-treatment, which can lead to highly mixed, saturated, and interpretable 

results; or pre-treatment at a laboratory accredited for the process, which requires 

additional cost, resource, and time in comparison to conventional methods. However as the 

laboratory is equipped and accredited for the search and recovery and thus has capacity for 

high quality processing, there remains opportunity in the future for the in-house laboratory 

to pre-treat and samples in preparation for loading to the RapidHIT™ 200 system, making it 

more effective without significant run-protocol adaptation.   

Although this system offers significantly reduced TRTs and its ability to provide early 

investigative insight is very attractive to customers, this study found that its current 

functionality and inability to process heavily mixed samples fails to compete with the quality 

and outputs of conventional processing. In addition, this study found that although the 

system is designed to meet user needs, the setup of the participating agency, and indeed 

any agency with similar laboratory accreditation, renders it too costly to run optimally, and 

further contributes to its lack of suitability for sexual offence cases within the studied 

environment.  

3.4.2 User Environments  

Prior to this study, the application of the RapidHIT™ 200 system has been evaluated 

predominantly within a volume crime setting. Conventionally, these crime types require 

little pre-assessment and interpretation throughout their evidence journey. As such, being 
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directly loaded to the system, and subsequently the NDNAD on-site with little human 

intervention is low risk when compared to conventional processing. However sexual assault 

cases go through a much more evaluative journey from crime scene through to court, 

illustrated in Figures 3.3, 3.4 & 3.5, including a case assessment stage. Whilst there are a 

number of obstacles to overcome for the system to be viable from an operational 

perspective, the challenges of integrating such systems into routine practice are not only 

associated with system performance, and include the suitability of the existing user 

environment.  

Figure 3.3 illustrates the existing and routine process whereby sexual offences 

workload is outsourced to the commercial sector. When the decision is made to submit 

evidence for further testing, the FSP receives an MG21 document that briefly details the 

case circumstances and explains the points to prove. From this, cases are allocated to an 

appropriate Reporting Manager (RM) based on previous experience, availability, and 

expertise. A case assessment is conducted in which the RM determines the best course of 

action; including search and recovery instructions, to ensure maximum recovery of forensic 

opportunity given the context of the case, and this is second checked. Following the 

execution of these instructions any samples collected are sent for DNA processing, and 

finally the RM interprets the results in the context of the case. In this scenario, the RM 

allocated to the case has complete oversight from submission through to interpretation, and 

therefore reports their own finding and justifies their own decision-making process when it 

comes to presenting evidence in court. As the paradigm shifts however into Figure 3.4 – 

which depicts the process when the in-house semen screening facility is utilised - this 

oversight is reduced, and even more so when transitioning into Figure 3.5, the 

implementation of the RapidHIT™ 200 system into routine practice.  

Whilst the participating force has existing accreditation for the semen screening 

process and therefore has documented training and expertise in the search and recovery of 

exhibits, it remains the responsibility of the RM within the commercial sector to interpret 

findings in the context of the case. According to Figure 3.4, the new procurement framework 

facilitates an on-site case assessment, in which the analyst performing the screening process 

accesses the request form and determines course of action for the search and recovery of 

any associated exhibits. In this scenario, the RM has little oversight and cannot apply their 

own expertise into the decision-making process, ultimately reporting on findings that have 

not been derived from their own instruction.  
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However, observations and discussions with the participating agencies demonstrate 

a conscious mitigation of this risk. Under current provisions, only ‘serious sexual offences’ 

are assigned an RM and considered to be a major crime type, with all others continuing 

down the conventional volume crime route and therefore do not undergo the same level of 

case assessment and are not assigned an RM. In line with this and to reduce risk, during the 

early establishment of the in-house facility only non-serious offences are to be processed, 

with all complex and serious offences continuing down the outsourcing route.  

Whilst this is a positive approach and demonstrates a reduced risk in conflicting 

evidence journeys, the implementation of the RapidHIT™ 200 would complicate this 

process, depicted in Figure 3.5. In order to optimise the use of the system from both 

requirement and cost perspectives, this study found that there must be capacity for all 

samples to pass through the in-house route, and not just the less serious offences, or basic 

evidence types. As such, the addition of this system not only demands a greater scope of in-

house techniques such as the preferential split process, but also requires the devolution of 

case assessment responsibility from the allocated RM to an in-house analyst. 

3.4.3 User Readiness  

As shown through Figure 3.3, 3.4 & 3.5, this study shows that integrating frontline 

systems into user environments would require significant infrastructural change, devolving 

the responsibility of decision-making from the FSPs to CSIs and other scientific service 

personnel within the users’ agency.  

Whilst the implementation of rapid DNA systems would require a substantial change 

in landscape, one participant highlights the existing disparity between delivery frameworks 

to suggest that the users of forensic services would favour a more streamlined and unified 

approach. When explaining the final reports received by the users, the following was 

discussed in the context of DNA17: 

P1: So, you then get this terminology of course you go to [FSP 1], you go to [FSP 2], 
you go to [FSP 3], and the terminology will be slightly different between those scientists 
because that’s how they do it. From an officer in case point of view you then get them 
describing different scientific processes or a process they’ve  adopted so I might use 
SpermElution I might have used STAR, I might have used this, and so it doesn’t mean a row 
of beans because last week we were with [FSP 2] using this, and now you’re telling me 
about STARing and all this sort of thing. 
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Not only does this example the risk of implementing new approaches without user 

buy-in, it also offers insight into the appetite to develop in-house testing facilities that can 

be more readily accessible to the users both practically and in terms of output. Further 

highlighting this, the participant goes on to say 

 P1: Whereas the good old FSS, had their own research and development branch who 
said ‘got this bit of science’ 

Through this comment the participant highlights the lack of co-ordination between 

the providers and their users. Whilst it is essential for industry to progress capabilities in line 

with national and international competition and to ensure justice is delivered the highest 

quality, understanding the requirement of the user should be central to this. For example, 

DNA17 has a significantly increased sensitivity compared to its predecessor, enabling a 

greater power of discrimination and the capability to recover DNA from increasingly small 

amounts of material. However from a user perspective, this means increased contamination, 

particularly as quality standards and guidelines are only just emerging for crime scene 

processing, but also greater confusion over results, which are often mixed and 

indecipherable. Whilst the RapidHIT™ 200 evidently has some way to go before it is 

operationally suitable for practice in regard to sexual offences, this study has demonstrated 

the value in introducing a system that offers a unified approach to service delivery, and when 

optimised will be highly attractive and beneficial to customers. 
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3.5 Identifying Requirement in Forensic Science   

This study was designed to determine whether the RapidHIT™ 200 system was 

suitable for use in sexual assault investigations within a user setting. Results suggest that 

whilst there are clear benefits to a fully automated and rapid frontline system, such as faster 

TRTs, there are also a significant level of risk associated with its implementation into practice 

that render it unsuitable in its current capacity.  

HTA has been used as a methodological approach in this study to map the physical 

journey of evidence from crime scene collection through to interpretation, via which the 

suitability of rapid DNA technologies is assessed. However upon evaluation, many challenges 

including the removal of supervisory oversight and user environments do not fall within the 

boundaries of the physical process, and are thus overlooked. This approach is mirrored in 

the design of the system, where positive attributes such as faster processing and removal of 

human manipulation focus on improving the physical process and journey of DNA evidence. 

However, systemic issues surrounding the removal of such interactions, as well as 

technological readiness of users and the agency culture are more closely associated with 

human factors, elements that are not so well considered in the physical mapping of the 

process presented as part of the HTA or in the fundamental design of the system. As such, 

whilst highly specialised solutions in response to perceived user needs are clear 

requirements (as highlighted in Chapter 2), equally important are more generalist, holistic 

approaches to identifying user needs in forensic science that focus on both physical and 

human factors.  

In support of this, according to Roux, Crispino and Ribaux (2012) a reactive and 

isolated approach to research, which typically addresses the symptom of a problem, fails to 

solve the fundamental and existing route causes and as thus impacts the effectiveness of 

forensic science. Instead, it is proposed that a more holistic model should be implemented, 

preventing the compartmentalisation of research outputs between domains and 

institutions. In doing so, Roux, Crispino and Ribaux (2012) suggest an outcome of greater 

engagement between providers of scientific services and their users and thus a more 

developed strategy for integrating technology into practice. Morgan (2018) develops the 

argument for a holistic system further, explaining that not only is it important to identify a 

problem, but also to understand the nature of the challenge, supporting the cultivation of a 

more transparent and effective solution. 
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This Chapter has highlighted the shortfalls in highly focused research, and 

demonstrates the need to understand an environment fully in order to design effective 

solutions. One key issue presented throughout this Chapter is the emphasis on improving 

the physical process through faster and better technology. However, in order to establish 

true requirement a more holistic evaluation of the current landscape is necessary.   

With this in mind, the following Chapter explores an accompanying narrative, 

exploring the role of human factors in forensic science. In doing so, a more holistic 

understanding of the challenges faced in forensic science, from both process and human 

factor perspectives is established, informing the change in scope of this thesis. Having 

established limitations to the ‘top down’ approach to research where mechanisms are 

designed to meet perceived user needs, the following Chapters aim to examine the end-to-

end journey of DNA evidence from crime scene through to interpretation from a ‘bottom 

up’, inductive approach that seeks to identify vulnerabilities, and thus high priority areas for 

the forensic sciences.   
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4 Human Factors 

According to Reason (2013) between 70-80% of accidents that occur in technology-

rich environments are caused by human error. The RapidHIT™ 200 offers faster, on-site 

forensic capabilities, meeting a key requirement set out by the forensic community (Mennell 

& Shaw, 2006). However, when implemented into frontline practice, procedural and people 

challenges were observed that rendered the system unsuitable for operational use in sexual 

assault investigations within the studied agencies. 

Whilst the RapidHIT™ 200 system met clear requirement from an operational 

perspective, discussion points in Chapter 3 demonstrate the risk associated with fully 

automated devices and exposed the need for continuing human intervention. Further, 

evidenced in Chapter 2, the processing of evidence from collection through to interpretation 

of results is continuous and contingent on a series of decisions being made at each stage; 

what to collect; what to submit; what tests to apply; and so on. As such, to effectively change 

one element of the operational process, consideration for human interactions, as well as 

operational procedure, is essential for successful and meaningful change.  

The thesis reorientates at this point, recognising that in order to make effective 

change within complex environments such as the forensic sciences, a holistic approach that 

explores process and human factor elements must be considered, and systemic 

vulnerabilities must be better recognised. Originally, this thesis set out to map the DNA 

process from evidence recovery through to interpretation, with an overall goal of 

understanding how, and where rapid DNA technologies could best operate within practice. 

Having identified shortfalls in the narrow focus and process driven nature or such research 

studies, this thesis herein explores how we can recognise vulnerability in forensic science 

through the mapping process, and where requirement truly exists in the evidence journey 

at both active and latent levels from a more holistic perspective. However, in order to better 

understand the current climate and to provide a foundation upon which potential areas of 

vulnerability exist, it is first important to understand the complimentary role of human 

factors and the existing literature on its influence in forensic practice, where previous 

chapters have focused on the physical process.  

To do so, existing literature presented in the format of empirical studies, which 

evaluate the role and impact of decision-making within forensic practice, are explored. 

Whilst human factor research is a growing interest within forensic practice (Dror, 2013), its 
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relatively new emergence lends itself to a smaller, more contained group of researchers, 

which for this Chapter have been identified through their influence within key government 

publications, as discussed in Chapter 2. Using these authors as a foundation, the snowballing 

method has been used to capture a wide range of material on the subject area, including 

various domains, sources of bias and proposed recommendations for the reduction of 

human error in decision-making.   

To begin, this Chapter broadly reviews and explains decision-making through the 

application of existing models and key theories. Next, the role of cognition is considered and 

contextualised in the forensic science arena. Examples of erroneous decisions and their 

impact on successful outcomes are provided, and the need for a better, holistic approach to 

identifying requirement in the forensic science arena is highlighted.  

4.1 Human Factors – A General Overview 

Whilst the DNA domain is largely automated (Gardener, Kelley, Murrie & Dror, 2019), 

multiple stages throughout the process are subjected to external factors that influence the 

decision-making process and in turn, the trajectory of outcomes (Jeanguenat, Budowle & 

Dror, 2017).  Although the importance of human factors within forensic practice is only 

recently being realised (Dror, 2017; House of Lords Science and Technical Committee, 2019), 

examples of erroneous decisions and the impact they have on the criminal justice system 

have continued to emerge. 

Klein (2008) explains that the way decisions are made in real-world and high-

pressure situations, termed Naturalistic Decision Making (NDM), is founded primarily on 

previous experience and subsequently developed intuitions, a well-accepted theoretical 

perspective that has been employed in various domains (Shattuck & Miller, 2006). 

Illustrating the process, the Recognition-Primed Decision-making model (RPD) developed by 

Klein (1993) suggests that the decision maker uses these intuitions and previous experiences 

to determine the most likely outcome of an approach, either taking the decision to continue 

with that option, or reconsider and return to the start of the process. Whilst this model 

represents one of nine NDM models (Lipshitz, 1993), each share the underpinning 

commonality in that decisions are made through using prior experience and developed 

intuition to categorise situations (Klein, 1993). In time-sensitive environments such as 

forensic investigation whereby the stakes are high, goals can be vague and conditions 
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unstable, the RPD model provides an indication of the cognitive processes that actors 

experience when making decisions throughout the collection to interpretation process.  

In conjunction to their experience, experts are reliant on a number of additional 

factors including the environment; culture; and case specific information, to dynamically 

adjust to the continuously unique situations of criminal investigations (Jeanguenat, Budowle 

& Dror, 2017). For instance, for a CSI to effectively target a property search they might need 

to have information on case type, and details surrounding the event in order to 

appropriately and efficiently deploy resource and techniques. They might also need 

information on the surrounding environment, such as the weather, in order to manage their 

time and reduce the risk of evidence becoming damaged. Further, there may be a tendency 

to develop personal protocols that prioritise evidence based on force-specific pressures and 

agendas that dictate what, and how evidence is collected at the scene, which is based on 

individual cultures across agencies and between actors. Accordingly, whilst experience does 

have bearing on how decisions are made, the decision-making process is highly multifaceted 

and complex, making the identification and reduction of human factors-associated risk 

incredibly challenging. As such, to effectively implement change in the forensic science 

arena, the intricacies of these decisions and how they impact outcomes must be better 

understood.   

Assuming that decisions are based on these factors alone erroneously suggests that 

all decisions are made consciously and based on sound existing knowledge, however 

Kahneman (2011) states that this only accounts for one of two systems used by the brain to 

make decisions. Kahneman, Slovic and Tversky (1982) argue that additional to this conscious 

and rational side, the human brain is reliant on making unconscious shortcuts, known as 

heuristics, in order to process and manage complex tasks. Whilst these unconsciously 

applied heuristics can be helpful in processing immense amount of data, the gaps created 

are subsequently filled with information that is exposed to, and influenced by biases, an area 

that is becoming increasingly studied in the forensic science arena.  
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4.1.1 Cognitive Bias 

Dror (2017) illustrates the taxonomy of seven recognised sources of biases, some of 

which are well observed within the forensic science arena (Figure 4.1).  At the very base of 

the model are the unavoidable characteristics associated with human nature. For example 

Kahneman et al. (1982) touch on three key types of unconscious heuristics that impact 

decisions; anchoring – which is discussed briefly in Chapter 3; representativeness, where 

associations are made between a single case and a wider population; and availability, an 

assessment of how likely something is to occur based on personal perception (Richie & 

Josephson, 2018).  

Availability is well summarised by Kahneman et al. (1982) in the context of how often 

a house fire occurs, explaining that individuals are more likely to consider a fire to be a 

common occurrence if they have experienced one themselves, in comparison to an 

individual that has only read about that fire in the local newspaper, despite drawing on 

Case 

evidence

Reference 
materials

Irrelevant case information

Base rate expectations

Organizational factors

Training and motivation

Cognitive architecture and the brain

Figure 4.1: Taxonomy of different sources of bias that may cognitively contaminate forensic observations 
and conclusions as described by Dror (2017).  
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experiences of the same event. In similar vein, representativeness draws on previous 

experiences of a situation to make a judgement. Rossmo (2006) uses the example of Ted 

Bundy to explain the risk of representativeness in criminal investigations, where a strong 

association was built between serial killers and the characteristics of Bundy due to significant 

media attention; white male, intelligent and sexually motivated, thus skewing public 

perception of what a serial killer must look like, and potentially impacting investigations. 

Finally, an example of anchoring is demonstrated in a study by Mussweiler and Englich 

(2005) where participants were asked to determine the average temperature in Germany. 

Results showed that when presented with a high number prior to making their decision 

participants were more likely to give a higher average temperature than those presented 

with a lower number. Perhaps more relevant to the forensic science arena, a number of 

studies have shown the impact of anchoring on Judge decision-making, where relevant 

information such as the prosecutors sentencing demand (Englich Mussweiler & Strack, 

2006) as well as irrelevant information including the sentencing demands of computer 

scientists (Enough & Mussweiler, 2001), and even the outcome from a role of a dice (Englich 

et al, 2006) influence the sentencing decisions made by Judges.   

Whilst the study of cognition in decision-making is deep-rooted and continues to be 

widely debated within the psychological sciences (Sanfey, Loewenstein, McClure & Cohen, 

2006), its consideration in the forensic science literature is currently far less established.  

One area of the model that has attracted considerable attention in recent years 

however is the impact of irrelevant case information and case specific material. Here, 

authors have proposed that by exposing practitioners to information irrelevant to their role 

and/or the task at hand, opportunity for bias exists and generally has a negative impact on 

outcomes. In a study to identify what information practitioners considered relevant and 

irrelevant to their job role, Gardner et al. (2019) found that opinions varied significantly 

between the domains and between individuals. For example, across the laboratory-based 

roles scientists considered the crime type and collection method to be most relevant to their 

tasks, and personal information such as age, gender and race to be largely irrelevant. For 

CSIs however, a far greater range of information including a synopsis of the case, and 

suspect/eyewitness statements was identified to be relevant to their role.  

Recognising disparity across domains has catalysed a drive for empirical studies that 

seek to provide a sounder knowledge base on how to recognise and reduce the impact of 



74 

biases on outcomes (Nakhaeizadeh, Dror & Morgan, 2015), and whilst examples of a biasing 

effect can be recognised in almost all domains, those that are inherently subjective in nature 

have attracted the greatest amount of interest (Hamnett & Dror, 2020). For example in the 

fingerprinting domain where the comparison process is predominantly subjective, studies 

have demonstrated that biases can occur during the submission (Earwaker, Morgan, Harris 

& Hall, 2015), identification (Langenburg, Champod & Wertheim, 2009), and comparison 

(Stevenage & Bennett, 2017) stages when examiners are exposed to contextual information. 

Whilst Gardner et al. (2019) found that case type was considered to be highly relevant 

information by practitioners across all domains, Earwaker et al (2015) found that exposure 

to this information caused significant biasing effects, where examiners were more likely to 

submit marks with insufficient detail for comparison in instances of major crime in 

comparison to volume crime types. 

To demonstrate the impact of erroneous decision-making within the fingerprinting 

domain take the Mayfield case as an example (U.S. Department of Justice, 2006). Following 

the 2004 Madrid bombings a bag that had contained the detonator was collected and a 

fingerprint was recovered. The print was run through the Integrated Automated 

Fingerprinting System (IAFS) and a list of 20 potential matches were generated. Having 

searched the matches, an examiner made a positive identification to Mayfield, which was 

later verified by a second examiner. Mayfield was an American Muslim and upon 

investigation it was learned that Mayfield had previously represented a convicted terrorist, 

however no connection to the bombings was identified. Following Mayfield’s arrest, the 

Spanish Police highlighted a discrepancy in identification where they had positively identified 

another individual – not Mayfield. In an investigation prompted by this discrepancy it was 

revealed an erroneous match had been made by the FBI, with the contextual information 

around Mayfield’s background interjecting biases that negatively impacted the decision-

making process (U.S. Department of Justice, 2006).  

Although prevalent in the literature, the negative impact of biasing information is 

not isolated to the fingerprinting domain. Nakhaeizadeh, Dror and Morgan (2014) found that 

when exposed to contextual information a notable biasing effect was observed in 

anthropologists, impacting the sex, age and ancestry determination of human remains. 

Moreover, domains such as firearm investigation (Riva et al., 2020), hair analysis (Miller, 

1987) and document examination (Stoel, Dror & Miller, 2014) have all recognised the 

presence and influence of biases within domain-specific practice and procedure.  



75 

Whilst these demonstrate a perhaps expected risk in the highly subjective domains 

where human decisions are procedurally required, more and more the highly automated 

domains such as toxicology (Hamnett & Dror, 2020) and DNA (Dror & Hampikian, 2011) are 

documenting biases within the more objective arenas. Hamnett and Dror (2020) found that 

when provided with contextual information on the age of donors, the tests applied to 

samples by toxicologists’ exampled instances of bias, where younger donors were more 

likely to be tested for drugs of abuse than elderly donors. Demonstrating context bias in the 

DNA domain, Dror and Hampikian (2011) found that the interpretation of complex mixtures 

varied between analysts that were provided with different levels of contextual information. 

Krane et al. (2008) supports this by confirming the highest risk of biases exist in cases of 

mixtures, inhibited, degraded and/or poor quality DNA samples where interpretation was 

too complex for the sole use of statistical software and where results were ambiguous. 

Whilst contextual bias has most commonly been associated with the sharing of case 

specific details that is deemed to be relevant/irrelevant to a task, other examples of 

cognitive bias exists. For example, Earwaker (2017) found that the quality of background 

marks surrounding a target fingermark influenced the examiner’s decision on whether to 

submit the mark for to the fingerprint bureau. Moreover, procedural challenges have been 

identified elsewhere within the fingerprinting domain. As in the Mayfield case where a 

second examiner confirmed the erroneous match, quality control measures often include a 

verification stage to reduce the risk of incorrect identification. However, by nature of the 

process whereby verification examiners are able to make an assumption that a match has 

already been confirmed prior to their decision, opportunity exists for confirmation bias, 

which Czebe and Kovacs (2015) explain as a bias created through expectations generated 

either through experience or exposure to prior outcomes. Fraser-Mackenzie, Dror and 

Wertheim (2013) explored this further in a study where they found previous knowledge on 

the outcomes of a match status did in fact impact the subsequent decision of the verifying 

examiner. In doing so it can be established that biases are not only introduced through the 

conscious sharing of case information between individuals, but also unconsciously through 

procedural design. 

Whilst there is a tendency to attribute biases to the highly subjective domains in 

comparison to automated domains such as DNA, parallels can be drawn. For example, one 

finding from the RapidHIT™ 200 study was a concern amongst practitioners in the 

interpretation of search and recovery methods and early insight tests, where scientists were 
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unhappy with outcomes being communicated, rather than observed first hand. Supporting 

such concern, Earwaker et al. (2015) found that when case scenarios were associated with 

major crime, examiners were more likely to send poor quality marks. In theme with this, 

when evaluating an AP reaction, which is highly subjective in nature, and in sexual offence 

cases which are synonymous with major crime types, a similar effect could be observed 

where scientists may be more inclined to report positive reactions in ambiguous 

circumstances. Moreover, Stevenage and Bennett (2017) found that erroneous decisions 

were more likely in high pressured and complex situations. Given the newly established 

nature of the in-house laboratory and the highly emotive crime type, these pressures have 

the potential to negatively alter outcomes, further demonstrating the need to consider 

human factors even when implementing a process designed to reduce human interaction.   

Indubitably biases can and do impact outcomes across all domains and throughout 

all stages of the process, and according to the literature carry a significantly increased risk 

of erroneous decision-making. However, there are studies that highlight some more positive 

benefits of biases. For example, Langenburg et al. (2009) explore this in the context of the 

fingerprinting domain, commenting that whilst contextual information can lead to 

erroneous decision-making, it has also been demonstrated to support experts in making 

correct identifications where complex cases are presented. Nonetheless it remains that 

much of the data is suggestive of high risks and damaging impacts of biases, which has been 

recognised and responded to by a number of recommendations and frameworks for change.   

4.1.2 Managing Bias  

When considering ways of managing the influence of human factors on the decision-

making process two key themes emerge; the increased use of technology to reduce 

subjectivity; and the introduction of procedural change to reduce the likelihood of biases 

occurring.  

 One suggestion for the reduction of subjectivity across the forensic domains is the 

use of statistical modelling for interpretation (Abraham, Champod, Lennard & Roux, 2013), 

as this is the role with the highest level of ambiguity and requirement for human interaction. 

As discussed in Chapter 2 the DNA domain has widely accepted software that deconvolute 

complex mixtures and apply statistical weightings to outcome for quite some time, and 

consequently have achieved a greater consistency of results and the capability to report 

findings associated with poor quality samples that previously would go unused in criminal 
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investigation. As this software becomes increasingly advanced and autonomous in its 

functionality, the requirement for human interpretation, and therefore subjectivity, reduces 

alongside the risk of human error.  

Whilst the benefits of statistical and technological integration are clear, Chapters 2 

and 3 highlight the on-going challenge associated with increased automation. Building on 

such challenges, Meshkati and Khashe (2015) examine the risk of removing human 

interactions from complex processes altogether, explaining that when technology goes 

wrong human improvisation is essential in identification and management error, a capability 

that automated systems are not yet developed enough to incorporate. Reason (2016) 

elaborates further by exampling the case of Fukushima Daini, the sister plant to Fukushima 

Daichi that underwent a catastrophic meltdown in 2011. In this case, the plant was exposed 

to identical circumstances to its sister plant, but due to the technical competence, excellent 

leadership and bravery of the workforce at the time, the plant was successfully recovered 

without fatality, unlike its sister counterpart. Whilst this example has greater far-reaching 

impact than an individual misinterpretation of a DNA profile, it does demonstrate the 

importance of human factors in the decision-making process, where previously much of the 

focus has alluded to the high levels of risk associated with subjectivity and biasing factors. In 

the case of the RapidHIT™ 200 study, similar themes emerged where the implementation of 

a highly automated ‘human-free’ system reduced capacity for manipulation on a case-by-

case basis and thus impacted the opportunity to maximise outcomes in all instances.   

Dror et al. (2012) further exampled the risk of integrating technology as a solution to 

human factor-related risk, finding that in some instances biases continue to exist even 

following the implementation of objective and automated solutions. In the UK fingerprinting 

domain when samples are loaded to an automated search system such as IDENT1, the UKs 

automated fingerprinting system, a list of potential matches is created for examiners to 

compare against. The robustness of this outcome is less certain than DNA profile matches 

where statistical weightings can be applied. However, it has been documented that 

examiners have a tendency to confirm matches higher up the list generated by automated 

systems, even where they are erroneous and the correct match exists later in the list (Dror 

et al., 2012).  

Alternative to removing human interactions altogether, methods have been 

proposed to reduce the occurrence and impact of biases throughout the process, one of 



78 

which is the management of exposure to contextual information through a Linear Sequential 

Unmasking approach (LSU). Dror et al. (2015) explains that in using this approach, the level 

and type of information provided to practitioners is managed in a way where only relevant 

information is exposed at each stage of the decision-making process. In doing so, decisions 

are made on limited amounts of information and whilst new information can be provided as 

evidence progresses through the process, decisions cannot be altered without thoroughly 

documenting rationale, offering a more robust and transparent interpretation and 

communication of findings.  

In line with procedural change and an element fundamental to the LSU approach is 

the establishment of a case manager to assess information and determine what is, and is 

not relevant to the task (Nakhaeizadeh et al., 2015). Whilst contributing primarily to the LSU 

approach, this method can be applied in any scenario where information is likely to 

contaminate the decision-making process. The current climate of forensic science where 

sectors are entirely independent from one another (see Chapter 2) supports this 

requirement where the physical transfer of information can be intercepted by humans and 

altered to ensure only relevant information is shared. However, there are existing models in 

the UK where domains are inherently provided in-house, such as fingerprinting and digital 

services. In these scenarios the withholding of information deemed to be ‘irrelevant’ 

presents far greater challenge due to examiners having access to databases that store the 

full range of information.  

In addition to procedural challenges, Langenburg (2017) is critical of effectiveness of 

the LSU approach when determining what is relevant information, arguing that determining 

what is ‘relevant’ information is in itself a subjective process and whilst some information 

can be generalised across all cases, in many instances the relevance of information should 

be considered on a case-by-case basis. An example is used in the case of information 

regarding the race of a suspect. Commonly this is considered to be irrelevant information 

that potentially increases the risk of contextual bias, however Langenburg (2017) explains 

that in some instances scientists might find this information helpful when taking allele 

frequency into account during their DNA interpretation. As such, in order to generate a case-

by-case assessment to deem what information is relevant to a particular case, the LSU 

approach is time consuming, costly, and potentially harming to outcomes where incorrect 

or insufficient levels of details are shared. 
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Rather than focusing on the elimination of biases, Quigley-McBride and Wells (2018) 

offer an alternative proposal that exploits a change in procedure to reduce the risk of biases 

manifesting as erroneous decisions, with the use of fillers. Take the case of the study 

conducted by Fraser-Mackenzie et al. (2013) where it was found that verifiers are more likely 

to confirm a positive match to control prints when knowledgeable of the previous decision. 

Quigley-McBride and Wells (2018) propose that by providing the validating examiner with 

‘fillers’ that are non-matches alongside the true match; the examiner is less able to apply 

biases in their outcomes, even if they have been developed in the verifiers mind through 

exposure to irrelevant biasing information. Although a successful option in reducing the 

likelihood of confirmation bias, this process once again requires increased time and resource 

for successful delivery, and studies have shown that biases can still exist and even be 

incorporated under similar circumstances. For example, Earwaker (2017) found that the 

decision to submit marks based on quality was influenced by the presence of other, better 

or worse quality surrounding marks. Whilst this occurred at the submission stage, findings 

can be extrapolated to consider whether providing these fillers, particularly if they are of 

better or worse quality, might impact the decision of the verifier and in turn impact 

outcomes.  

Whilst both the LSU and filler approaches offer solutions to the reduction of 

negatively influencing cognitive bias, each are very focused in terms of area, come with 

limitation, and are relatively ungeneralisable in the context of managing the dynamic and 

unpredictable case-by-case nature of forensic casework. Earwaker, Nakhaeizadeh, Smit and 

Morgan (2020) propose a more holistic framework that considers a way to improve the 

decision-making process from a general perspective by using a 6 phase approach, where 

each of the stages is adaptable depending on the environment and context its used within. 

The model begins by seeking to understand the range and types of decisions made at each 

stage of the process and consider these within the wider CJS. Next, it proposes that studies 

are developed to provide empirical data to understand, support and reduce the risks 

associated with decision-making and importantly, considers the way in which these findings 

are effectively communicated to the audience. Finally, the model expresses the requirement 

to manage risk and highlights the importance of transparency and training for the successful 

implementation of change. Whilst this offers a more robust and adaptable solution to 

identifying and mitigating risk to make systemic change within the field of human factors, its 
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format is longitudinal in contrast to the LSU and filler approaches, and does not offer 

immediate change that can be implemented into practice quickly.  

These recommendations provide a basis upon which biases can be better recognised 

through increased training, awareness, or through procedural change. However despite 

efforts, heuristics, and therefore biases remain an inherent part of human cognition and 

thus cannot ever be fully eliminated from a human-driven process. As such, in conjunction 

to recognising where biases impact decision-making processes across both objective and 

subjective domains, we must also work towards a more transparent and open culture where 

such vulnerabilities are effectively communicated to the forensic science community, and to 

wider stakeholders such as the judiciary.  

4.1.3 Assigning Error Causation    

The impact of biases is becoming more broadly recognised within the forensic 

science arena, but it is important to recognise that not all error can be solely attributed to 

humans. For example, some actions, such as in the case of R v Scott (Forensic Science 

Regulator, 2012), are more random in nature and thus identifying when and how they occur, 

and what impact they might have on outcomes can be challenging to establish. In this 

example the error was human incompetence, where an analyst incorrectly loaded a new 

robotic system with used consumables, catalysing a catastrophic case of gross 

contamination (Forensic Science Regulator, 2012). In another example of incompetency 

analyst failure to fully identify indecent images on a media device caused incorrect charges 

to be applied (Forensic Science Regulator, 2019a). Equally, human error can be intentional 

such as in the Randox case, where analysts purposefully manipulated quality control 

measures to incorrectly establish pass levels (Forensic Science Regulator, 2019b).   

Whilst these examples demonstrate the ubiquitous nature of human factors and 

their association with error, each also highlight latent conditions that facilitated a 

miscarriage of justice. For example the system design in the Adam Scott case allowed for 

dirty cartridges to be reloaded as clean and had no catching mechanism for such error. 

Moreover in the data manipulation case, whilst humans made an intentional decision to 

incorrectly report quality control outputs, the system itself was poorly calibrated at the time 

of the offence, and high levels of performance pressure existed that encouraged such 

behaviour. Finally in the case of Farah Jama detailed in Chapter 2, whilst it is suspected DNA 
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contamination could have occurred via examiner, systemic processing issues enabled such 

transfer to occur.  

As such, evaluating these sources of error from a multi-lateral perspective that 

considers procedure and human interactions, as well as systemic and surface level error, is 

paramount when determining firstly where things can go wrong, and subsequently where 

to best target research to reduce erroneous outcomes and miscarriages of justice.  

The aim of this thesis was to map the DNA evidence journey from crime scene 

through to interpretation in order to identify high priority areas and potential sources of 

vulnerability, however to do so, it is first important to recognise the complex nature of error 

and to explore existing literature on how, and where they occur in high reliability settings 

such as the forensic science arena. As such, the following chapter holistically evaluates error 

sources through the lens of a notably successful domain in error reduction, aviation.    
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5 Identifying Areas Vulnerable to Error and Targeting Change 

Evidenced in Chapters 2 & 3, the processing of DNA evidence from crime scene to 

court is contingent on successful collaborations between a number of actors, agencies, and 

stakeholders. However, the forensic science arena remains fragmented and strained in its 

approach to DNA service delivery.  

Split between the public and commercial sector and situated within a highly 

competitive marketplace, approach to innovation has a tendency to be siloed and driven by 

individual agency needs, pressures, and agendas (Kelty, Julian, Bruenisholz & Wilson-Wilde, 

2018). Further, when identifying and prioritising requirement across the sector, chronic lack 

of resource and funding jeopardizes innovation and encourages a propensity to address the 

symptoms of problem through ‘quick-win’ solutions, rather than by identifying root cause 

issues. 

One approach to improving service delivery is to review and enhance existing 

mechanisms in order to minimise error. To do so, the targeting of innovation to areas that 

are most vulnerable to error is imperative; however in many domains a lack of end-to-end 

examination of the evidence journey exists. This Chapter begins by exploring key 

perspectives on the nature of error in detail, before appraising how each can be 

contextualised to better evaluate and understand error causation in the forensic science 

arena. Through doing so, a multi-lateral approach to error reduction is proposed and finally, 

a novel way to identify requirement is suggested, and demonstrated through its application 

to the DNA evidence journey in sexual assault investigations.  

5.1 Error 

A number of traditional perspectives on the nature of error exist, which according to 

Weigmann & Shappell (2001) are aeromedical; cognitive; psychosocial; ergonomic and 

system design; and organisational.  

5.1.1 The Relationship Between Stress and Error – The Aeromedical Approach  

The aeromedical approach as proposed by Weigmann and Shappell (2001) suggests 

that errors are caused when underling physiological conditions come to surface. In the 

aerospace arena, much of this perspective focuses on examples that are unique to pilots and 

the aircrew profession, such as hypoxia or spatial disorientation and the impact this has on 
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cognitive function. However when applied more broadly, this perspective considers the 

relationship between physiological status, and error.  

The physiological response to stress has been well determined and more recently, 

the role of stress in the forensic science arena has been acknowledged. Selye (1965) explains 

how stress manifests physiologically through a cycle of three key stages: alarm reaction; 

stage of resistance; and exhaustion. When confronted with a stressful situation, the 

sympathetic nervous system reacts (alarm reaction) and physiological changes such as 

increased cortisol, blood pressure, and heart rate are activated as part of the human ‘fight 

or flight’ response (Taylor et al., 2000). Generally, these acute changes are short term and 

advocate more effective reactions to situations of immediate danger. However, when 

exposed to stressful environments for a prolonged period of time, the ability to react and 

resist depletes and ultimately causes chronic stress, exhaustion, and eventually burnout 

(Golonka, Mojsa-Kaja, Gawlowska & Popiel, 2017). Such features are also considered to be 

notably associated with the forensic science profession (Kelty & Gordon, 2015).  

Chronic occupational stressors are inherent to certain workplace environments. For 

example, studies have shown that librarians are exposed to higher risks of workplace stress 

due to the isolated nature of the role (Smallwood & Wade, 2013). Alternatively, junior 

doctors are found to be susceptible due to long working hours, work overload, and the 

challenges of maintaining a good work-life balance (Gander, Purnell, Garden & Woodward, 

2007). Whilst both of these elements can be extrapolated to the forensic science arena 

where roles such as CSI are autonomous, and hours are long and unsociable, two broad 

types of stressor are recognised in the literature; general to the nature of the job; and 

specific to forensic science (Jeanguenat & Dror, 2018; Sewell, 2000) 

General occupational stressors are often considered to be synonymous with arenas 

such as finance, healthcare, the emergency services, and the aerospace industry (Langen-

Fox & Vranic, 2011) where jobs are emotionally demanding (Gajewski, Boden, Freude, Potter 

& Falkenstein, 2017), workload and stakes are high (Jin, Chen, Munechika, Sano & Kajihara, 

2018; Syed, 2016); and resource is strained (Syed, 2016). Moreover, in conjunction to these 

operational stressors, Tytherleigh, Webb, Cooper & Rickets (2005) explored the role of 

cultural and task-specific challenges in stressful environments, including lack of job security, 

lack of personal progression, and high levels of responsibilities, all of which were found to 

be present in CSI roles (Leone & Keel, 2016).  
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Sewell (2000) provides a more specific insight into general stressors in the forensic 

science arena, placing emphasis on considerable managerial restructure and conflict 

between roles within, and across teams. Demonstrated in Chapter 2, the forensic science 

arena in England and Wales is highly subject to change and restructure, promoting such 

challenges.  

Further providing example of this, the way in which management is allocated in the 

forensic science arena is often through progression from scientist roles, rather than those 

with management background (Houck, Riley, Speaker & Witt, 2009). As such, role conflict 

exists within a team whereby science-driven managers have a tendency to put themselves 

as ‘scientist first’, rather than manager, creating a negative culture and in turn, stressful 

work environment. More broadly speaking, high expectations placed on scientists by the 

wider investigative community to produce high quality results in short timeframes further 

example role conflict-related stressors across the CJS (Sewell, 2000).  

Second to general factors, stressors that are highly specific to the role of forensic 

science exist and include an inconsistent approach to policy (National Institute of Justice, 

2018); performance-related pressures; exposure to case information that is often extremely 

detailed (Jeanguenat & Dror, 2017); and high submission rates (Sewell, 2000). In a study of 

Australian law enforcement Kelty & Gordon (2015) documented a 50% attrition of CSIs and 

forensic scientists over a 3-year period, many of which exhibited physiological damage in 

terms of chronic stress and post-traumatic stress due to crime scene exposure. Moreover, 

police officers have explained that exposure to crime situations and crime detail have 

exacerbated symptoms of chronic stress (Gershon, Barocas, Canton, Li & Vlahov, 2009), 

where 35% of studied police officers exhibiting symptoms post-traumatic stress were more 

likely to have higher cortisol levels than those not exhibiting features (Austin-Ketch et al., 

2012).  

Examples of where stress may have contributed to miscarriages of justice in recent 

years exist. For example in the Randox case where quality control samples were intentionally 

manipulated (Forensic Science Regulator, 2019b), it should be noted that the toxicology 

domain was under increasing pressure to turn around high volumes of casework in shorter 

time frames, and at a reduced cost. This places significant stress on staff and analysts, 

creating an environment that potentially encourages deviation from protocol and in turn, 

error. Further to this, the incorrect identification of indecent images (Forensic Science 
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Regulator, 2019d), whilst potentially linked to training and experience, could also be 

considered through the lens of exposure to detailed case information, an element proven 

to increase stress and in turn, increase the risk of error.  

Evidently, cause and response to stress is multifaceted and although links between 

occupational stressors and the forensic science arena are being made, little has been given 

to the relationship between this stress, and error causation (Leone & Keel, 2016). However, 

the physiological changes that occur have been linked to reduced cognitive function 

(Dawson, Chapman & Thomas, 2012), diminished work efficacy (Golonka et al., 2017) and 

erroneous decision-making (Jeanguenat & Dror, 2017). This, according to the aeromedical 

perspective, threatens an increased chance of error.  

Whilst stress can be reduced in a number of ways, focus tends to be on the 

management of exhaustion through promoting shorter working hours and enforced breaks 

(Dawson et al., 2012). However in industries such as aerospace, healthcare, and the forensic 

science arena where hours cannot necessarily be reduced, Dawson, Cleggett, Thompson & 

Thomas (2017) explains that eliminating fatigue is not always achievable. Moreover in the 

healthcare arena Gander et al. (2007) found that working long hours was not the sole 

contributor to fatigue, where unsociable hours and lack of recovery between shifts led to 

increased fatigue and fatigue-related error, all of which are present in the forensic science 

arena.  

Instead, Dawson et al., (2017) explored alternative ways that practitioners in such 

fields cope with fatigue and attempt to reduce fatigue-related error, finding that general 

approaches tended to be increased intake of caffeine or energy drinks; napping; and 

focusing on different tasks. In doing so, acute episodes of fatigue are effectively managed 

rather than eliminated entirely within the workplace. However, as well as acute physical 

fatigue, emotional fatigue developed through chronic exposure to stressors must be better 

considered to provide more healthy, sustainable long-term solutions and in turn, reduce the 

risk or error caused through physiological change.  

For example, better understanding the operational constraints and adapting 

procedure accordingly has been demonstrated to reduce error in stressful environments 

such as healthcare (Jin et al., 2018). In aerospace, increased training and improved cockpit 

interfaces have enabled better decision-making and cognitive function in stressful 

situations, particularly where stressful factors such as exposure to high pressure situations 
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cannot be easily reduced (Dismukes, Kochan & Goldsmith, 2018; Syed, 2016). From a more 

general perspective, overarching themes suggest that prioritising wellbeing in highly 

emotive roles can reduce the emergence of stress; fatigue; and burnout and in turn, 

promote better decision-making (Jeanguenat & Dror, 2017; Langen-Fox, 2011).  

Whilst the forensic science arena is largely under-studied when it comes to stress-

related error, Vivona (2014) further reflects on ways to manage stress and stress-related 

error specific to crime scene investigation. Through building stronger interpersonal 

relationships between frontline workers, colleagues, and their supervisory teams, Vivona 

(2014) suggests a more open and honest environment where colleagues feel safe to share 

and reflect on experiences. Moreover, Leone & Keel (2016) express the importance of access 

and referral to counselling services, highlighting that CSIs are less likely to be exposed to 

support than other agencies working in similar environments.  

5.1.2 Errors in Complex Systems – A Psychosocial Perspective 

Whilst managing physiological changes such as those induced by stress can go some 

way to improving cognitive function and decision-making, error is by no means isolated to 

physiological status. Further exploring the idea that humans are responsible for a majority 

of error in technology rich environments (Reason, 2016), the psychosocial perspective 

examines how error emerges from people interactions, especially where agencies intersect 

in complex systems (Weigmann and Shappell, 2001) such as those exhibited in the forensic 

science arena.  

Figure 5.1 illustrates one theory on how these complex ecosystems are structured, 

where processes are reliant on a series of layers - units; parts; subsystems; and systems that 

work autonomously but collectively to complete a task (Thompson, 2008).  

To contextualise the framework outlined by Thompson (2008) (Figure 5.1) using the 

forensic science arena, within the DNA domain there will be a DNA testing laboratory at a 

particular site (unit) that is situated within a wider conglomerate of services (parts). Each of 

these parts have a series of customers that they supply regular forensic testing for, including 

police forces across England and Wales (sub-systems), and finally all of these elements 

reside within, and provide a service to the CJS (system). Thompson (2008) explains that 

errors are inherent in each of the layers, however for errors to manifest into negative 
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outcomes such as gross miscarriages of justices’; the consequence of the error must 

intersect each of the layers through failed people interactions.   

 

The way these layers interact has significant bearing on the likelihood of 

organisational accidents occurring. For example in an erroneous eyewitness testimony case, 

a victim identified her attacker in a line up. Later, the DNA laboratory received a DNA sample 

from the suspect, alongside information on the outcome of the line-up. The scientist agreed 

with the line-up findings and reported that an inconclusive DNA profile generated from the 

scene was a match, building a strong case against the suspect. By sharing information with 

the laboratory and by notifying the victim that a DNA match had been confirmed, both 

gained confidence in their findings. However, in this instance both decisions were erroneous 

(Thompson, 2008). Due to the tightly coupled nature of the DNA laboratory and the police 

station where interactions lead to the sharing of erroneous information, the bias snowball 

UNITS 

PARTS 

SUBSYSTEMS 

SYSTEMS 

Unit failure Organisational accident 

Figure 5.1: Structure of complex systems, with units at the centre. Spreading out to 
parts, subsystems, and systems, for errors to occur failure must penetrate each layer. 
Adapted from Thompson (2008). 
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effect occurred (Dror, Morgan, Rando & Nakhaeizadeh, 2017). This effect originates when 

irrelevant information – in this case erroneous information from the line-up, is shared with 

subsequent stages or processes. As it moves through the system, this erroneous information 

infiltrates and impact the subsequent decisions – in this case the DNA result, to manifest as 

a detrimental bias, and much like a snowball rolling down the hill, the further the information 

travels, the greater the impact of the bias (Dror et al., 2017). The impact of irrelevant 

information sharing has been discussed in more detail in Chapter 4 but for the purpose of 

this exercise, the risk of tightly coupled agencies within a wider, multi-agency and complex 

system is demonstrated.   

The risk of tightly coupled systems such as this is that when one part fails, so do all 

of the dependant parts. For example in the case of the erroneous eyewitness testimony, one 

error influenced each of the following decisions, and both the police investigation and the 

DNA laboratory failed. In contrast, the current landscape in the UK is linear, and by nature is 

more loosely coupled where DNA laboratories in the commercial sector work autonomously 

from the police (see Chapter 2). However, Chapters 2 & 3 examples how tightly coupled 

relationships continue to emerge and threaten the impartiality of outcomes through factors 

such as information sharing and crossover of roles. For example in-house testing facilities 

where CSIs and their departments are also responsible for the search and recovery of 

evidence in preparation for downstream processing, or where domains such as 

fingerprinting and digital forensic investigation are inherently in-house. As such, focus on 

ensuring that systems remain calculated in their communication between agencies, but 

loosely coupled enough in structure is crucial for the minimisation of error.  

5.1.3 Karl Popper’s 3-World Ontology – A Cognitive Perspective 

Whilst the psychosocial perspective presents a narrative where interactions between 

people can translate to error, an alternative theory for the nature of error is the cognitive 

perspective, which assumes that errors occur when information is incorrectly processed 

through its physical journey (rather than through people interactions) from stimulus to task 

completion, either at the diagnostic; goal setting; strategy design; or method 

implementation stage (Weigmann & Shappell, 2001). Swan (2014) elaborates on how 

information processing throughout the crime scene to court journey can bring about error 

through the philosophical lens of Karl Poppers 3-world ontology.  
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  According to Swan (2014), Poppers theory assumes that there are 3 worlds that 

make up reality; world 1 – physical object such as evidence or a DNA profile output; world 2 

– Mental objects such as the interpretation of findings, thoughts, and ideas; and finally world 

3 – products created by humans, for example the methods applied to create a DNA profile 

(see Chapter 2). Whilst each of these worlds exists independently, for a task or a series to 

be effectively complete, each must interact seamlessly (Figure 5.2).  

However, Poppers ontology explains that conflict exists between these worlds that 

disrupts the flow of information and thus exposes the process to error. Swan (2014) uses 

the example of the CSI effect to demonstrate conflict between world 2 and world 3, and 

makes inference to where errors can arise in the fragmentation of information flow. The CSI 

effect is based on the theory that a growing public interest in crime dramas has led to an 

increased, unrealistic expectation of evidence in courts (Johnson, 2016), and has been 

widely debated in the literature. Research indicates that that the CSI effect has a particular 

impact in the DNA domain where over half of mock jurors participating in a study expected 

an abundance of DNA evidence in rape investigations because of pre-conceptions (Shelton, 

Kim & Barak, 2006). In the context of Poppers 3-world ontology, this erroneous assumption 

(world 2) of DNA abundance at rape scenes (world 1) exposes the process to wrongful 

Crime scene Investigation

World 3 - On-
scene testing 
mechanisms 

World 2 -
Interpretation 

of scene 
information

World 1 -
Evidence at 

scene

Figure 5.2: An interpretation of the interaction between Poppers 3 worlds of reality in relation to components 

of crime scene investigation. Adapted from Swan (2014).  
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convictions whereby the absence of DNA can be misinterpreted as the absence of a crime, 

and vice versa.  

  Whilst the CSI effect has been indicated to impact juror decision-making in some 

cases, much of the literature considers alternative theories. For example Klenz, Winters & 

Chapman (2020) studied mock juror decision-making and found that at pre-trial, tendencies 

for regular crime drama watchers to consider the suspect guilty were higher than those that 

didn’t engage with TV material. However, they did find that during deliberation following 

trial, the CSI effect was absent and the level of crime drama watched by the jurors did not 

impact outcomes. Similarly, Feeler (2014) found little support for the CSI effect in the 

literature, however does acknowledge that assumptions might be influenced by the 

expansion and capabilities of technology, mimicking the CSI effect. Nonetheless, the CSI 

effect does provide good foundation to demonstrate how interactions between the 3 worlds 

presented by Popper (Swan, 2014) can lead to error causation in the forensic science arena.  

RapidHIT™ 200 provides a further example of where conflicting worlds expose the 

CJS to error. In this case, manufacturers designed the system (world 3) to meet ideas for 

better services delivery set out by the forensic community (world 2). However, when used 

in practice, the quality of DNA profile outputs (world 1) when compared to conventional 

testing methods was reduced, thus creating a higher risk of error caused by conflict between 

system design (world 3), user need (world 2) and the end product (world 1).  

Where the aeromedical and psychosocial perspectives place emphasis on humans as 

the source of error, the cognitive perspective begins to explore the role of external factors 

and instead, presents a narrative where the nature of error is multifaceted, combining 

tangible elements including method design with intangible aspects, such as cognition.  

5.1.4 The Ergonomic and System Design Perspective  

Building on this notion, Weigmann and Shappell (2001) go on to present an 

alternative perspective; the ergonomic and system design. This approach further 

acknowledges that humans are not always the sole cause of error, but rather the 

interactions that occur between humans, their tools, and the environment within which they 

operate (Weigmann & Shappell, 2001). An excellent example of this perspective is presented 

in Chapter 3, where the interactions between humans (the users), technology (the 



91 

RapidHIT™ 200 system), and the environment (the in-house laboratory) lead to disconnect 

and thus exposed potentially dormant error.  

Syed (2016) provides a further example of where these interactions activated error, 

but this time in the aerospace industry. In this example, a series of similar runway accidents 

occurred over a relatively small timeframe. Upon investigation it transpired that the 

switches that controlled the flaps were the same as those used for the landing gears, causing 

confusion and in some instances, incorrect usage. Consequently when the wrong switches 

were used, the plane was unable to land effectively, leading to irreparable damage and 

catastrophic outcomes. In reaction and following extensive investigation, the switches were 

changed to reflect their purpose, and error occurrence of this kind was eliminated entirely.   

There are a number of ways that this accident can be evaluated. At face value, the 

pilot used the incorrect switch – a human error. However upon closer inspection, a number 

of factors relating to the environment, for example the additional pressure of a challenging 

landing; the tools, in this case the switches; and the human interactions each played a role 

in the accident. Had this investigation not considered additional factors to human error, the 

pilot would likely be removed from the process, however accidents of this kind would 

continue to emerge.   

Finally, Jin et al. (2018) provides an example how errors occur in the healthcare arena 

from the ergonomic and system design perspective, with particular focus on interactions 

between people and their environments. In the US, medical error is considered to be one of 

the highest contributors to adult death (Holden & Karsh, 2007), however identifying how, 

and why these errors occur is particularly challenging in the healthcare arena (Syed, 2016). 

In this example, nurses were observed to determine why vulnerable patients within a 

hospital were not administered medication. Investigations revealed that in some cases, this 

occurred because patients were still having dinner during their allocated time slot, and 

rather than returning the medication to the store for administration later on as per protocol, 

nurses were putting it in their pockets ‘to do later’, and forgetting. Again, this error could be 

attributed to human error, where a nurse failed to complete the task in line with protocol. 

However, upon investigation, it transpired that the nurses were operating under great 

pressure; had long working hours; and an overloaded schedule and as such, returning the 

medication to the store for later administration was operationally ineffective, ultimately 

leading to deviation from protocol and in turn, error.  
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Whilst Reason (2016) explains that 70-80% of error in technology-rich environments 

can be attributed to humans, this perspective provides a narrative that highlights the risk of 

surface level investigation where symptoms, rather than root-cause errors are identified. 

However, despite this notion there remains a widespread tendency for a blame culture in 

business, including in the forensic science arena (Thompson, 2008). Thompson (2008) 

explains this culture in the context of the ‘bad apple’ where sources of error – most 

commonly individuals – are identified and removed from the process. Moreover, Wood & 

Cook (1999) found that when working within complex environments, the reaction to an 

accident is often to identify and remove the closest individual to the error, rather than 

conducting a thorough and full examination of additional, systemic factors.  

Examples of this can be observed through recent transparencies in the forensic 

science arena. For example in the mishandling of digital evidence where previous case 

information was sent to the wrong unit, the source of error was identified to be human 

mishandling (Forensic Science Regulator, 2019c). Moreover, in a case where an examiner 

failed to fully identify indecent images of children on media platforms, the error was sourced 

to human incompetence (Forensic Science Regulator, 2019d). Finally in the case of 

manipulated data where scientists knowingly incorrectly reported outcomes from quality 

control samples, the source of error was attributed to lack of integrity (Forensic Science 

Regulator, 2019b). Whilst each of these error sources are appropriate in the sense that front 

end users incorrectly completed a task, each of examples most dominantly emphasise the 

human most closely linked to the error as the primary source, rather than considering more 

deep-rooted factors, as presented by the ergonomic and system design perspective.  

Christensen, Crowder, Ousley & Houck, (2014) reflects more thoroughly on error 

causation in the forensic science arena to acknowledge alternative forms, where 

practitioner (human); instrument; statistical; and method are all considered to be common 

sources of error. As such, it is suggested that the propensity to place blame on an individual 

is misplaced and potentially damaging to outcomes, not only because the source of the error 

is incorrectly identified and thus not managed or eliminated effectively, but also in the 

reinforcement of a poor culture and response to failure, a factor explored later in this 

Chapter. 
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5.1.5 Reasons Swiss Cheese Model – An Organisational Perspective    

Whilst each of the above perspectives can be used in isolation to explain the nature 

of error, value should be placed on using them collectively to better understand how, and 

why error occurs. Take the example of the poorly designed switches in the aerospace 

example. In this case, the poor ergonomic design undeniably contributed to error. However, 

simply having poorly designed switches was not the sole factor, otherwise the plane would 

crash every time a pilot tried to land. Instead, consider the physiological state of the pilot 

under stressful landing conditions, contributing to reduced cognition and thus creating a 

higher risk of using the wrong switch – this more closely aligns with the aeromedical 

perspective. Next, examine the interactions between the pilot and the co-pilot when 

troubleshooting. Syed (2016) explains how hierarchical structures create a culture whereby 

those in lower ranking positions are less likely to express their opinions to higher ranking 

roles, which in this case could lead to undetected error and thus aligns well with the 

psychosocial perspective.  

As such, perhaps the most persuasive and encompassing perspective is the 

organisational perspective, where errors are considered more holistically to evaluate where 

they exist, and how they manifest into organisational accidents such as plane crashes; 

medical error; and miscarriages of justice (Weigmann & Shappell, 2001). Through doing so, 

complex systems (Figure 5.1); people interactions; information processing (Figure 5.2); and 

the wider role of management and supervision are combined to establish a more 

comprehensive understanding of error causation in high reliability organisations such as the 

forensic science arena (Kohn, Corrigan & Donaldson, 1999).  

The most detailed and widely applied model that displays the organisational 

perspective is the Swiss Cheese Model (SCM) of error causation, developed by Reason 

(1990). To illustrate the consequence of error from the organisational perspective, Reason 

(2016) defines the term organisational accidents, which is a multi-faceted combination of 

events with two key components; outcomes must be catastrophic in nature; and that most 

commonly these outcomes impact individuals unrelated to the incident. The Grenfell Tower 

fire that took place in 2017 is a devastating recent example of an organisational accident. 

The fire began in the kitchen of a fourth floor flat, and within 40 minutes the fire had 

propagated 17 floors upwards from the source of the fire through the building’s façade, 

causing 72 fatalities (Guillaume, Dréan, Girardin, Benameur & Fateh, 2020). Whilst the fire 
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is thought to have started  from a faulty kitchen appliance within a single flat, the material 

used for the external cladding and the increased opportunity for fire to spread through 

windows accelerated the propagation of the fire, causing tragic consequence to the 

residents, families, and friends of the victims.  

Inquires into the Grenfell Tower fire highlight a combination of simultaneous failures, 

a feature that Reason (2016) explains to be common across all organisational accidents. 

Accordingly, simply preventing another appliance-related fire would not prevent all future 

fires, and would not reduce the number of future fatalities should another fire occur. 

Instead, systemic change to the structure, layout, and response to the fire would better 

reduce the risk of a similar catastrophic organisational accident.  

Using the SCM (Figure 5.3) Reason illustrates the necessary components of 

organisational accidents; an error – such as the faulty kitchen appliance; failed defences - 

such as the cladding and emergency service response; and losses - in this case the lives of 

residents. Through the SCM, Reason suggests that by reducing any of these factors, such 

accidents can be avoided; with the most effective approach being to remove or reduce failed 

defences, or to ‘fill the holes’. When an error (hazard) is presented, a number of defences 

often exist to prevent the error from manifesting as an organisational accident. However 

Reason (2016) proposes that when these defences fail and align, organisational accidents 

occur.  

Take the data manipulation case mentioned above as an example (Forensic Science 

Regulator, 2019b). Here, an instrument that routinely tested samples for the presence of 

toxins to establish whether individuals were above, or below the threshold was used in a 

laboratory. Ordinarily this test works and outcomes are reliable. Moreover, as an assurance 

Figure 5.3: Reasons Swiss Cheese model of accident causation (Reason, 2016).  

 



95 

measure, quality control samples are taken on a regular basis to confirm that the instrument 

is correctly calibrated and providing accurate and reliable results. However in this example, 

two key defences failed. Firstly, the instrument calibration was off, producing results that 

incorrectly reported the level of toxins. Ordinarily in anticipation of this error and to prevent 

it causing an accident, another defence – quality control samples, are in place. However in 

this instance these were manipulated to suggest the instrument was correctly calibrated. In 

this example both defences failed simultaneously, the ‘holes’ lined up, and the error 

manifested in an organisational accident where miscarriages of justice occurred.  

A further example is the DNA contamination event of R v Scott (Gill, 2014). In this 

case, an initial error occurred where consumables were reused on a newly integrated robot, 

catalysing an event of gross contamination (Gill, 2014). Defence mechanisms such as the 

inclusion of quality controls measures and the interpretation of result, where findings are 

considered in the context of the case are designed to catch these errors before they 

manifest as organisational accidents. However in this case for any number of reasons, these 

control mechanisms failed, causing the contaminated results to be reported to the 

customer. Whilst the DNA results confirmed a match between Scott’s reference material 

and the victim’s intimate swabs, Scott had provided a robust alibi to the police for the night 

of the assault. Whilst the alibi should have triggered a defence, due to the perceived 

weighting of DNA evidence, this was not considered and the defence failed (Gill, 2014). 

Figure 5.4 represents this error in the form of Reason’s SCM combined with systems 

structure (Figure 5.2).  
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As demonstrated in Figure 5.4, this case presents a number of human errors that 

occurred across the process and lead to the wrongful imprisonment of Adam Scott, including 

user error in the reuse of dirty consumables; failure to recognise the contamination event 

despite the use of quality control measures; the erroneous interpretation of findings where 

only one victim swab contained a match to Adam Scott; and the failure to seriously consider 

the alibi (Gill, 2014). If any of these measures had successfully captured the error, then an 

organisational accident would have been avoided. Note that this case also intersects with 

the psychosocial perspective, where multiple ‘layers’ of a complex system inefficiently 

interacted, enabling an error to manifest into serious organisational accident (Thompson, 

2008). Similarly, it aligns with the cognitive perspective where an over-reliance on results 

occurred. Finally, similarities can be drawn with the ergonomic and system design, where 

although the user incorrectly loaded the system, the system design enabled such processes 

to occur.    

To better explain how the holes occur in the SCM and in turn example how hazards 

can become loses, and ultimately organisational accidents, Reason (1990) categorises two 

key types of error, latent conditions and active failures. Latent conditions are described by 

Reason (1990) as potential errors that exist for a period of time within the process but 

Units: Contamination; machine 
failure; lack of competency 

Parts: Biases; Failure to follow 
SOPs, lack of competency  

Sub-systems: Testing 
limitations; backlog; over-
reliance 

Systems: Misinterpretation of 
evidence value in court 

Miscarriage of Justice  

Figure 5.4: Representation of the R v Scott accident using the SCM combined with Thompson 
(2008) complex system.  
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remain dormant until triggered; they are often systemic in nature; and are most likely 

associated with roles detached from the frontline processes, such as management. In 

contrast, active failures are more immediate in nature and occur within frontline roles, 

encompassing errors such as human; method; statistical; and instrument error as outlined 

by Christensen et al. (2014).  

In terms of active conditions, Wilson, Gahan, Lennard & Robertson (2020) highlight 

some key errors at each of the levels within complex systems specific to the forensic science 

arena. For example, at unit level, potential errors include contamination; lack of 

competency; and cognitive bias, whilst at the subsystems level errors can stem from a lack 

of recognition of the value of forensic testing; or in contrast a heightened and unrealistic 

expectation of capabilities, such as those enhanced by the CSI effect.  

Although recognising that active holes exist goes some way to addressing the 

prevention of organisational accidents, the focus remains at surface level, which according 

to Thompson (2008) tends to pacify the symptoms, rather than the cause of a problem. As 

such, two elements must be considered; how to prevent accidents in the first place through 

systemic change and recognition of latent conditions; and reducing holes linked to latent 

and active conditions to prevent accidents becoming fully realised 

For the latter, Shappell, Detwiler, Holcombe, Boquet & Weigmann (2007) utilise the 

Human Factors Analysis and Classification System (HFACS) model to demonstrate how these 

holes occur in the aerospace industry (Figure 5.5). In this model, the authors explain that for 

an organisational accident to occur and for an error to fall through all of the holes of the 

Swiss cheese, breakdowns must occur at latent and active levels. Thus, to prevent 

organisational accidents, at least one of the layers must react, ultimately preventing failed 

defence aligning. Figure 5.5 illustrates the hierarchy of errors. Here, the lowest level – unsafe 

acts – is associated with active failures and are synonymous with frontline users of the 

system such as pilots, nurses, and scientists. These are the pillars for the notion that human 

errors are the most common cause (Reason, 1990), and that punishing the individual closest 

to the error is an effective mechanism for error reduction (Wood & Cook, 1999). 

Each of the examples provided in this Chapter demonstrate one feature at the unsafe 

acts level of the HFACS model. For example, failing to identify indecent images is an error of 

both the skill and decision kind, where the analyst failed to carry out the task according to 

protocol and made an erroneous decision that all images were identified (Forensic Science 
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Regulator, 2019c). Moreover, loading the automated system incorrectly was a skill-based 

error (Gill, 2014). In terms of violations, choosing not to follow protocol when analysing 

quality control samples is a conscious attempt to violate procedure and as such is an 

exceptional violation (Forensic Science Regulator, 2019c). In contrast, the nurses that failed 

to administer medication examples a routine violation, where the violation is regularly 

committed but done so unintentionally (Jin et al., 2018).  

Alternatively, failures can be linked to latent conditions, labelled as pre-conditions 

for unsafe acts, unsafe supervision, and organisational influences (see Figure 5.5) (Shappell 

et al., 2007). Reason (1990) suggests that both active and latent conditions contribute to 

organisational accidents, however a majority occur at the unsafe act level (Shappell et al., 

2007). Notwithstanding, it is considered that in most instances these active failures 

underpinned by latent conditions that act as a pre-requisite (Bentley, 2009; Li, Harris & Yu, 

2008). For example when exploring the response to the Watford rail crash, where two trains 

collided, it was found that a significant emphasis was placed on human error where the 

driver ignored signals – an action considered under the section of ‘unsafe acts’ as a violation. 

However, a number of dormant, latent conditions increased the likelihood of such an error, 

Figure 5.5: Illustration of the HFACS model according to Shappell et al. (2007). For organisational 
accidents to be prevented at least one of the levels must react  
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for example the incorrect placement of a speed board in the lead up to the accident 

(Johnson & Botting, 1999).  

Whilst this model was developed with the aerospace industry in mind, its application 

has been demonstrated in other domains not dissimilar to the forensic science arena. Brooks 

et al. (2018) explored the usefulness of the HFACS model to evaluate the response to 

bushfires in Australia, an accident contingent on strong multi-agency interactions much like 

the forensic sciences. Brooks et al. (2018) found that similarly to Shappell et al. (2007), many 

of the errors occurred at the unsafe acts level, predominantly due to decision errors and 

exceptional violations where the individual believed they were in circumstances outside of 

routine regulation. Moreover, decision errors were commonly sourced to conditions such 

as fatigue, time constraint, and poor interactions between actors and agencies, each of 

which corroborate and align with one or more of the above perspectives. To emphasise the 

commonalities across domains, studies that applied the HFACS model to bridge collisions 

and grounding accidents (Yıldırım, Başar, & Uğurlu, 2019) and the cement industry (Afshari, 

Jafarzadeh, Mosavianasl & Jahani, 2019) also found that the highest error rates were 

generally associated with unsafe acts such as decision and skill-based error, as well as 

ineffective resource management at the latent level. 

 
5.2 Responding to Failure - Taking a Multi-Lateral Approach to Error Reduction   

Whilst there is some recognition for the need to better understand risk and error in 

the forensic science arena (see Houck, 2016; Wilson et al., 2020), cultural barriers continue 

to exist that challenge the successful implementation of change. However, as a high 

reliability organisation whereby the potential for risk and harm is high (Kohn et al., 1999) it 

is paramount that we better understand how similar organisations manage and mitigate 

error to improve service delivery in the forensic science arena.  

5.2.1 Responding to Accidents  

One approach to managing error is to learn from accidents when they occur so that 

future accidents can be avoided. In the forensic science arena mandatory investigations 

following an adverse event are embedded within the ISO 17025 standards and guidelines 

and go some way to ensuring lessons are learned, documented, and shared (Wilson et al., 

2020). Moreover, publications such as the ‘lessons learned’, where accidents and near 

misses in the forensic science arena are reported and investigated by the FSR demonstrate 
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an appetite for such an approach, however progression towards a more transparent and risk 

tolerant culture is still in its infancy, and systemic change is difficult to achieve (Wilson et al., 

2020).  

Similarly to the forensic sciences, the healthcare arena remains passive in its 

response to accidents (Vincent, 2003), however the culture and consequences are well 

researched to provide an interesting narrative upon which the importance of effective error 

management in the forensic science arena can be extrapolated and understood.  

Statistics suggest that medical error is the leading cause of adult death in the US, 

contributing to between 44,000 – 98,000 deaths each year (Kohn et al., 1999). Most 

commonly, these medical failures are attributed to diagnostic, treatment, or preventative 

errors, as well as ‘other’ including communication, and system failure. However despite 

alarming figures, Syed (2016) explains that the healthcare arena is widely subjected to 

underreporting of adverse events. In a pivotal study into error in the healthcare arena, Kohn 

et al. (1999) reflected on the causal factors of such under-reporting and found one aspect 

to be reporting mechanisms. When exploring why adverse events involving drug 

administration were underreported Stergiopoulos, Brown, Felix, Grampp & Getz (2016) 

found physical reasons to be time, accessibility and usability of the system, and event 

classification to be the primary sources of under-reporting. Moreover, Kizer and Stegun 

(2005) summarised more emotive reasons, including concern for data protection, and legal 

liability to be influencing factors when deciding when to report an adverse event. Although 

clear requirements for a national and standardised reporting system has been laid out in 

numerous reports since the publication of ‘to Err is to Human’ (Kohn et al., 1999) it remains 

that a lack of unity exists, challenging successful and universal implementation across the 

US.  

In conjunction to under-reporting, studies also suggest that preventative measures 

are often overlooked due to cultural challenges within the healthcare arena, which is 

notoriously hierarchical in structure (Peadon, Hurley & Hutchinson, 2020). Syed (2016) 

opens with a narrative where a young, healthy woman dies in theatre during a standard, 

elective procedure. In this example, the woman could have been saved with a tracheotomy, 

a procedure for which a nurse in the theatre had recognised and was prepared for. However, 

due to a hierarchical structure where the nurse felt unable to prompt the surgeons, who in 

her mind had more training and a greater understanding of the situation, no intervention 
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was initiated, ultimately leading to the preventable death of the patient. Although this 

example is specific, studies suggest the influence of hierarchy in the medical profession is 

widespread. Peadon et al. (2020) found that in high-pressure situations where errors were 

emerging, junior doctors and trainees were submissive in speaking up to those in higher-

ranking positions. Moreover, Peadon et al. (2020) suggests that mechanisms designed to 

improve communications such as simulation activities (Shanks, Chiu, Zelko, Flemming & 

Germano, 2020) ineffectively reflects real-life practice, and comments that an improved 

culture where ‘listening down’ is a paramount progression within the healthcare arena.  

A final comment on why errors remain under-reported in the healthcare arena 

comes from Lindøe, Engen & Olsen (2011), who suggest that reporting is far easier within 

organisations that are exposed to significant external pressure. Similarly to the forensic 

science arena, errors in healthcare rarely impact the practitioner directly involved. Instead, 

errors, for example a wrong drug administration or an erroneous conviction, impact the life 

of one individual, and thus fail to make noise to external communities. As such, practitioners 

may be less inclined to report an adverse event for learning, and instead remain quiet for 

job security purposes. In contrast, leading industries in failure management such as 

aerospace have a greater personal investment in learning from error. For example, if a plane 

crashes public confidence in flying decreases, and the market becomes at risk. Moreover, 

the pilot – who would generally be at the forefront of reporting adverse events or near 

misses, has personal reason to be open and honest, because they themselves are at direct 

risk if the event were to occur again (Kohn et al., 1999).  

In the forensic science arena this point is particularly poignant. In a climate where 

turnover within the commercial sector is contingent on excellent service, reporting 

accidents or near misses could have direct adverse effects on business, especially within a 

highly competitive marketplace. Moreover, a zero tolerance for error exists from a public 

perspective, where even the smallest seed of doubt can have significant impact on 

outcomes.   

However, failing is an integral element to learning and enables positive change 

(Anderson et al., 2018; Juul, 2013), without which progress and innovation is repressed and 

errors continue to emerge. As such, an alternative approach to error management is to 

reduce the risk of error before organisational accidents occur, enabling potential weak spots 
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to be identified in existing and newly established processes to build a more robust and risk 

tolerant system.  

In contrast to the healthcare arena, aerospace has demonstrated high levels of 

success in error and failure management from which forensic science can learn. For 

example, when adverse incidents or near misses occur, aerospace welcome full and detailed 

investigations, and have even taken steps to ensure supporting material including authentic 

and real-time data is captured. All aircrafts are fitted with a ‘black box’ equipped to 

withstand large accidents and to be easily identified in debris (Syed, 2016). Within this box 

are two separate functions, a full and real-time evaluation of the plane mechanics in the 

lead up and at the time of the event, and a voice recording of the cockpit (Clark & Simon, 

2003). Through gathering such data, investigators are able to build a picture of the event 

and evaluate how, and why it occurred, enabling a learning opportunity.  

Syed (2016) provides an excellent example of this feature in the case of the United 

Airlines 173. In this example, routine engagement of the gears prior to landing failed to 

execute in normal fashion, causing concern amongst the pilot and aircrew. In response, the 

pilot communicated with air traffic control and entered a holding pattern whilst the situation 

was resolved. Whilst in the holding pattern, the captain struggled to identify the cause of 

the issue, during which fuel resource began to diminish. Despite regular updates from the 

on-board engineer and from the co-pilot about rapidly depleting fuel levels, the captain 

continued to focus on sourcing the problem with the landing gears. Ultimately, the source 

was not identified and the planes fuel levels diminished entirely, causing a catastrophic 

accident where 10 passengers, including the engineer, died. Upon initial discussion the 

captain could not understand how the fuel levels had become so dangerously low, 

speculating that there must have been a leak or an error to cause such outcomes. However, 

upon investigation it was revealed that the mechanics, including the landing gears and the 

fuel tanks were working as normal at the time of the incident. Moreover, when estimating 

how much fuel was needed for the flight and the holding pattern, numbers matched 

perfectly. It’s important to recognise here that the captain did not intentionally ignore the 

engineers warning, or crash the plane. First, this was a pivotal moment for aerospace in 

understanding the importance of a ‘listening down’ approach in hierarchical structures. 

Secondly, it demonstrates that in some instances, real time data is highly valuable in 

conjunction to personal accounts when determining how, and why errors occur.  
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As well as being comprehensive in data capture, an important feature of the black 

box is that all information is centralised and digitised (Kohn et al., 1999), meaning that 

everyone can access and learn from mistakes across, and within agencies. Similarly to the 

forensic science arena, many aircraft agencies are commercially owned and thus have an 

invested interest in demonstrating their successes. It would therefore be in their best 

interest to keep such information to themselves, providing opportunity to learn and 

innovate above competing agencies and take competitive advantage. However, this is not 

the case. In part, this can be attributed to the largely public nature of aircraft incidents, 

where investigations are paramount to ensure individuals continue to fly and feel safe, 

regardless of agency (Lindøe et al. 2011). Aforementioned, this driving force is often absent 

in arenas such as healthcare and forensic science where adverse events mostly impact one, 

or a small number of individuals and scarcely have such high public interest. Equally, as the 

captain of an aircraft is personally impacted by an incident, ‘user buy-in’ for audio recording 

is perhaps less controversial than in other arenas, where it may feel more as though a ‘big 

brother’ is watching (Clark et al., 2003), thus exposing the practitioner to greater culpability. 

Notwithstanding, it’s unquestioned that less progressive arenas want to learn from mistakes 

and prevent accidents, and as such implementing similar practices should be encouraged. 

Foremostly, it is pivotal that experiences of adverse events are shared on a universal 

platform, increasing opportunity for maximum success. Moreover, much like the aerospace 

industry, it is encouraged that these mechanisms are conducted and overseen by national 

bodies that sit separately from commercial or public sector agencies, ensuring appropriate 

access and dissemination of data (Kohl, 1999).   

In addition to recording devices, the aerospace industry has developed an excellent 

culture to failure where robust reporting systems are implemented (Clutton, 2015). Clutton 

(2015) explains that whilst a blame culture is repressive and inhibits effective reporting of 

adverse events, a no-blame culture can be equally dangerous. As such, in aerospace a ‘just 

culture’ is promoted. According to Akselsson, Koornneef, Stewart & Ward (2009) a just 

culture is where adverse events and near misses can be reported without fear of blame or 

punishment for decisions and actions made at the time of the event. Whilst this promotes a 

safe environment for reporting, Van Dam (2009) highlights the growing nature of 

criminalising aerospace where blurred lines are created between what is an accident, and 

where individuals are culpable such as in cases of gross negligence, destructive acts and 

intentional violation (Akselsson et al., 2009).  
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As an example of how these concerns are managed, pilots are immune from 

punishment if near misses are reported within 10 days (Syed, 2016). Moreover, systems are 

becoming increasingly advanced so that many incidents that can lead to error, such as flying 

at the incorrect altitude, are automatically captured and relayed appropriately so no physical 

reporting is necessary (Syed, 2016). Whilst this approach is by no means full proof, the 

combination of easy and centralised systems; in conjunction with a just culture; strong 

motive; and improved data capture, there are certainly lessons to be learned from the 

aerospace industry on failure management and learning from error.  

Many agencies including healthcare and the forensic science arena recognise the 

need to learn from mistakes, but often lack the tools and resource to implement meaningful 

change (Edmondson, 2011). For example, an absence of a unified nationalised, and 

accessible reporting system challenges the successful implementation of learning from 

mistakes, despite being the foundation upon which aerospace succeeds. Moreover, 

advanced technology similar to the ‘black box’ is perhaps unfeasible in forensic 

environments such as crime scenes, particularly with the limited resource and cost 

constraints detailed in Chapter 2, across the forensic science arena. 

However, to create an improved error tolerant culture we must also change our 

attitudes on how we frame failure in the forensic sciences. Rober (2018) offers an interesting 

perspective on how failure should be viewed through the use of the video game Super 

Mario. The game is designed to be challenging and to promote failure, because it’s widely 

recognised that humans prefer games where they fail regularly to those where they can be 

easily completed in one go (Juul, 2013). However, failing at a level of super Mario does not 

initiate the same response to failure within a workplace environment, and instead leads to 

innate learning. For example if you fall down a hole and die during the game, you learn next 

time that you have to remember the location of the hole, and avoid it through either jumping 

earlier, or running faster. Rober (2018) terms this the super Mario effect, and explains that 

if this approach to failure can be more widely adopted in life, including the workplace, a 

greater amount of learning can take place.  

Whilst changing the way failure and error are framed, workplaces can also encourage 

an improved attitude through the development of a learning culture. Edmondson (2011) 

explains 5 key steps to build a more effective learning culture (Table 5.1).  
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Table 5.1: five ways to build an improved learning culture according to Edmondson (2011).  

Step Summary 

Frame work accurately Understand and clearly communicate the types of 
error that are expected to occur 

Embrace messengers Celebrate the reporting of an adverse event or 
error, rather than punishing. One approach to this 
can be to elicit a no-blame culture.  

Acknowledge limits Recognise your own mistakes, and where 
mistakes have occurred previously and be open 
about these. Creating an honest culture will 
encourage others to come forward without fear 
of punishment.  

Set boundaries Explain culpability and clearly outline errors that 
are punishable, For example intentional deviation 
from protocol such as the Randox event (ref), and 
outline consequences.  

Invite participation  Involving the team in identifying and 
troubleshooting error creates a positive 
environment for reporting, rather than resisting.  

 

Within the forensic science arena efforts have been made to encourage a learning 

culture through the implementation of standards and guidelines, where investigations 

following an adverse event are mandatory (Wilson et al., 2020), as well as publications such 

as the ‘lessons learned’. However, Syed (2016) explains that the longer the time between 

investigation and feedback, the less learning takes place. As these investigations can take 

time, require cross agency working, and are often highly specific in nature, this issue is 

particularly pertinent in the forensic science arena, an element further considered 

throughout the results and discussion of this Thesis (Chapters 6 & 7).  
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5.3  Identifying Vulnerability to Error 

When responding to accidents it is routine to try and prevent error altogether (Frese 

et al., 1991) and where error prevention can be achieved it is often the preferred choice. 

For example if a machine is faulty and produces inaccurate results, the machine should be 

removed or fixed to prevent further error. However, such faults can only be identified 

following an adverse event and so are inherently retrospective. Although taking 

retrospective action is an essential step in learning from error, error prevention cannot 

always be achieved and instead, Frese & Keith (2015) explain that error prevention must be 

complemented with error management. When exploring how to best manage error, studies 

have confirmed the tendency to focus on retrospective action. For example O’Connor, O 

Dea, & Melton (2007) developed a framework for understanding error in the navy following 

the examination of 5 fatal diving accidents. Further, Cosby (2003) retrospectively explored 

sources of error in the emergency department using a series of cases referred for review. 

Whilst a number of domains are making efforts to more adequately identify sources of error 

through the application of models such as the HFACS (Berry, Stringfellow & Shappell, 2010) 

little exists on clearly defining vulnerabilities from a proactive and preventative perspective. 

Although catastrophic errors such as a plane crash or a medical error can be 

identified and mitigated, particularly where robust reporting systems are in place, smaller 

errors or those at the latent level that have yet to surface are more likely to go unnoticed 

(Edmondson, 2011). As such, identifying these errors early on can be crucial in managing, 

and preventing organisational accidents. However, in the forensic science arena where 

nationalised reporting systems are yet to be established, processes and evidence journeys 

are highly variable across and within agencies, and a risk adverse culture challenges 

successful and routine reporting, employing retrospective investigation may not be the most 

effective way to identify vulnerability.  

In order to fill the holes in a system and to reduce the risk of organisational accidents, 

high priority areas where errors can occur at both latent and active levels must be identified. 

However, few mechanisms exist to capture these from a proactive perspective. This Thesis 

employs a contextual inquiry approach through a modified version of Beyer and Holtzblatt’s 

(1998; 2016) Contextual Design method. Using a ‘bottom-up’ approach that puts the users 

at the centre of its design, vulnerabilities and areas of potential error are captured and 
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illustrated, and recommendations for a more efficient and effective service delivery are 

recommended.  
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6 Modelling  

The aim of this thesis was to map the DNA evidence journey in sexual assault cases, 

from collection through to interpretation of results. Chapter 3 demonstrates that whilst 

qualitative data collection and hierarchical task analysis go some way to present findings in 

a visual and engaging way, shortfalls in holistic representation exist, where the physical 

journey (Chapter 2) is considered in isolation to the human factor elements (Chapter 4) 

associated with forensic investigation. As such, this Chapter explores an alternative 

framework for modelling the evidence journey, which combines physical and human factor 

elements to better understand holistically where potential vulnerabilities exist within a 

system.  

Weigmann & Shappell (2001) state that a key criterion to determining whether a 

perspective framework is appropriate for any given field is its ability to diagnose; its level of 

diagnosticity; and its application. Ultimately, if a framework can highlight key areas of 

requirement where intervention would be highly beneficial in the reduction of error, and 

can accessibly demonstrate where and why these areas exist, it has high diagnosticity and 

in turn, the potential for beneficial insight. When considering each of the perspectives on 

the nature of errors (see Chapter 5), it is clear that each have merit and relevance to the 

forensic science arena, however how these perspectives can be translated to improve 

practice is often unclear (Weigmann & Shappell, 2001). To capture data that considers each 

of the described perspectives, and evaluates the evidence journey more holistically from 

both physical and human factor perspectives, this Chapter employs a modified Contextual 

Design approach (Beyer & Holtzblatt, 1998), a summary of which is outlined below.  

6.1 Contextual Design    

According to Beyer and Holtzblatt (1998), when responding to requirements in 

complex environments two key approaches are regularly taken; to summarise and compress 

data to highlight a small number of key themes; or to deal with one actor’s response in 

isolation. However, neither provides a holistic; representative; or comprehensive image of 

true and systemic requirement. As such, Beyer and Holtzblatt (1998; 2017) propose a 

method for identifying; interpreting; consolidating; and designing effective change in 

complex environments.  
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Within complex systems such as the forensic science arena, each agency has a 

different focus and as such tends to work in isolation when developing new tools and 

techniques, which challenges successful implementation by not always fully understanding 

user needs. In contrast, the Contextual Design approach puts the user at the centre of the 

design; working collaboratively with each of the relevant agencies to develop a cohesive 

understanding of where processes fail and thus where change should be targeted. In 

Contextual Design, this is done through a cycle of seven key stages (Figure 6.1) (Beyer and 

Holtzblatt, 1998).  

 

Whilst Contextual Design conventionally offers a framework for static environments 

such as office spaces and design agencies (Hung, & Winchester III, 2008), its success has also 

been demonstrated in dynamic environments including healthcare and construction. In the 

healthcare arena, Miller et al., (2018) examined how Contextual Design could help 

practitioners make better use of existing technology, explaining that despite computerised 

clinical decision support mechanisms that provide evidence-based guidance to aid 

practitioners in complex decision-making, its use in the field is sub-optimal. Through 

implementing the Contextual Design approach, areas of breakdown were identified and 

recommendations on how to better utilise the system in the field were made. Moreover in 

construction, Hung & Winchester III (2008) demonstrated that by applying techniques from 

Contextual 
inquiry 

Work modelling

Consolidation

Work redesign
User environment 

design 

Mock up and test

Put into practice

Figure 6.1: Illustration of the Contextual Design Approach according to Beyer & Holtzblatt 
(1998). 
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the Contextual Design framework, key areas of vulnerability, including safety challenges such 

as failure to wear appropriate PPE, were illustrated.  

Perhaps more relevant is its application in the forensic science arena. Smith, Baber, 

Hunter & Butler (2008) used models presented by Beyer & Holtzblatt (1998) to illustrate 

how ad hoc teams operate within the forensic science arena. By presenting findings, the 

authors were able to identify areas of vulnerabilities in Crime Scene Examination through 

the measurement of team performance, offering a more comprehensive and accurate 

understanding of ‘real world practice’ upon which future designs can be based.   

Through identifying areas of vulnerabilities, changes can be made that enable a 

better service to the customer. In some cases, this can be through the implementation of 

technology, an approach that Contextual Design promotes (Beyer and Holtzblatt, 2017). 

However in the case of dynamic environments such as the forensic science arena, 

techniques from Contextual Design can be taken to identify areas of vulnerabilities and 

potential error ‘hotspots’, much like the studies by Hung & Winchester III (2008), and Smith 

et al., (2008).  

This Thesis presents a modified version of the Contextual Design approach and 

demonstrates its application to identifying areas of vulnerabilities in the forensic science 

arena, specifically the DNA domain. Through following the use of DNA evidence in sexual 

assault cases from collection through to interpretation, an end-to-end map is presented in 

the form of four models; Culture; Flow; Sequence; and Decision-Point (DP), an areas of 

potential vulnerabilities, termed breakdowns, are illustrated.  

6.2 Data Collection  

This study followed the journey of DNA evidence from collection through to the 

interpretation in standard sexual assault cases. Data were collected from two agencies, one 

FSU and one FSP. Observed roles included; CSI; Crime Scene Manager (CSM); Submissions; 

In-house DNA laboratory (semen screening); Reporting Manager (RM); Search and Recovery 

(S&R); and Analysts responsible for the processing and analysis of DNA samples.  

To collect and contextualise concrete data it is necessary to go into the user 

environment and observe the participant go about their day-to-day activities. In doing so, 

both tacit and explicit thoughts, feelings, and processes can be captured rather than an 

abstract summary, which can be the case in the use of structured interviews and focus 
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groups (Beyer & Holtzblatt, 1998). Goguen & Linde (1993) elaborate, explaining that failed 

innovation in complex environments is often associated with underlying tacit cultural and 

social factors. As such, to optimise data collection in requirements engineering and to 

identify genuine user needs, conversation interactions through participant observation is a 

favoured methodology (Goguen & Linde, 1993). This is perhaps particularly pertinent in the 

forensic science arena, where social and physical sciences intersect to provide a holistic 

service. In an ethnographical study into scientific laboratories, Latour & Woolgar (1986) 

discovered a distinct disconnect between non-scientific and scientific interactions, where 

scientific laboratories had a culture of scepticism around social science theory and its link to 

scientific concept. In this case, the researchers found that the best way to gather data on 

the tacit cultures and social pressures within laboratory environments was to become an 

observer, not only gathering more genuine and real-time data, but also enabling better 

collaboration and partnership between user and researcher.  

Building on data captured in Chapter 3, as well as knowledge gained through a thorough 

literature review presented in chapters 2, 4 and 5, a further 140 hours of participant 

observation were conducted to inform the initial modelling process.  

During participant observations, one individual qualified in each of the job roles were 

observed going about their daily activities, where they were encouraged to talk the 

researcher through their tasks and express thoughts in real time. Known as the think-aloud 

methodology (Charters, 2003), this approach has been documented to increase the 

researchers understanding of complex tasks such as problem solving and decision-making, 

focusing on the participants thoughts and processes rather that the researchers own 

perspective (Koro-Ljungberg et al., 2012). Koro-Ljungberg et al. (2003) explain that 

participants’ verbalising their thoughts enables researchers to collect and construct theories 

in real time, which compliments the iterative modelling process used as part of the 

contextual design approach and ensures the final product reflects authentic practice, and 

not just the researchers perspective based on written protocol and procedure. 

Demonstrating its application, studies have shown the benefit of the think-aloud 

methodology in investigative interviewing (Griffiths, Milne & Cherryman, 2011), and 

healthcare (Funkesson, Anbacken, & Ek, 2007), areas linked or similar in system design to 

the forensic science arena.  
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To complement the think-aloud methodology, the researcher was also permitted 

access to documentation such as Standard Operating Procedures (SOP) and material 

developed to train new analysts, further consolidating their knowledge and understanding 

of the process. To capture data from all formats, written notes were taken 

contemporaneously where able, and where restricted due to controlled spaces and 

contamination-free environments, notes were written immediately after the event. Notes 

were digitised and original paper copies destroyed. No original documentation provided by 

either agency was removed from the premises.  

Participation in the study was entirely voluntary. Participants were invited to take 

part in the study and presented with a participant information sheet, where the study aims 

and objectives were explained, and their role outlined. Participants had the right to 

withdraw up until the point of data analysis, and informed consent was sought ahead of 

observations. Ethical approval was provided by the University faculty ethics committee, and 

all findings have been shared with the participating agencies throughout the duration of the 

study as part of the iterative design process.   
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6.3 Designing Models and Data Interpretation  

Observations ceased once the researcher felt they had reached the point of data 

saturation and had a full understanding of the evidence journey, at which point models were 

drafted. Importantly, the time taken to reach the point of data saturation varies depending 

on the researchers own experience, as well as exposure to the process, and the environment 

within which observations are taking place, and thus the time taken to reach the point of 

data saturation in order to inform models must be considered on an individual and context 

specific basis.  

In contextual design, once data has been captured it is formulated into visual models, 

enabling the researcher to illustrate and effectively communicate findings to the required 

audience (Holtzblatt & Beyer, 2017). Once built, models were presented to the participating 

agencies to facilitate a co-creation of product, and to ensure the researcher had correctly 

interpreted and captured the end-to-end process from the users’ perspective. When 

presented, participating agencies were asked to provide feedback on the models, including 

their own thoughts and ideas, aligning with the action research ethos of putting participants 

at the centre of research design.  

According to Beyer & Holtzblatt (1998), there are 5 traditional models that can be 

applied:  

o Flow – Illustrates the information flow between actors and agencies, demonstrating 

how responsibilities are shared and distributed 

o Sequence – Captures and documents the physical order of tasks that a user must 

complete in order to achieve a goal 

o Artifact – The tangible elements that are created, including documents; notes; 

photographs, etc. 

o Cultural – Highlights key communications and interactions and attempts to depict 

intangible elements of a process 

o Physical – The physical environment often depicted through schematics such as 

room layouts and office spaces.     

In addition to the five traditional models published in the 1998 version of Beyer and 

Holtzblatt’s Contextual Design (Beyer & Holtzblatt, 1998), a new addition was published 
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during the writing of this thesis (Beyer & Holtzblatt, 2017), where a further traditional model 

is presented:  

o Decision Point Model (DPM) – Presents the factors that influence key decisions 

Whilst this thesis is largely built around the original design, it was felt that due to the 

significant nature and emerging interest in decision-making (Chapter 4), this model should 

also be considered and presented to make it relevant to the forensic science arena.  

Further to the addition of the DPM, two of the original models have been omitted. 

Firstly, where potential breakdowns in the system are attributed to artifacts, these have 

been incorporated into the sequence model, negating the need for a separate 

representation. Moreover, the physical model, which predominantly illustrates the physical 

layout of a room or workspace, has been omitted. However, once again where breakdowns 

are considered to be relevant to the physical structure of the arena as a whole, this has been 

incorporated into the sequence model, and thus features in the discussion of this Thesis.  

Once the models were solidified, the researcher used notes, and knowledge gained 

through the literature reviews presented in Chapters 2, 4 and 5 to determine areas of 

potential vulnerabilities, which are illustrated in the sequence and DPMs as red lightning 

strikes.  The following chapters explain the design process of each model; present the final 

model in full; and consider the nature of breakdowns identified across each of the models.  
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6.3.1 Culture Model 

Culture encompasses the tacit and implicit thoughts, interactions, and behaviours 

within an environment (Bashforth, 2019) that according to Beyer & Holtzblatt (2017) include 

informal policy; interpersonal friction; and underlying values within an organisation. 

Developing a strong sense of culture within an agency is paramount for success, however 

according to Cole (2013) and The Forensic Science Regulator (2016), the forensic science 

domain has serious cultural shortfalls that contribute to the fragmented ecosystem of actors 

and agencies that exists in todays’ climate. Whilst understanding culture can be complex 

due to the lack of tangibility (Schein & Schein, 2016), the importance of establishing a better 

culture within the forensic science arena is being realised (Houck, McAndrew & Porter, 2015; 

Schein, 2015) 

To develop the Culture model, data collected for the development of the Sequence 

model and DPMs was synthesised and interpreted. These models were developed last and 

were informed by the development, interpretation, and consolidation phases of the 

Sequence model and DPM.  

In the most recent version of Contextual Design, Beyer & Holtzblatt (2016) explain 

that the Culture model is superseded by the DPM, presented in this Thesis later in this 

Chapter. However when finalised, the Culture model provides context to where the studied 

process is situated within the wider forensic science arena, and highlights some pertinent 

points that are not illustrated in the DPM, and so for the purpose of this Thesis, a basic and 

classic Culture model is presented and discussed (Figure 6.3). For the purpose of the Culture 

model, Crown Prosecution Service (CPS), and Research and Development (R&D) have been 

used as an acronym in their first instance.  

The Culture model was designed on Microsoft PowerPoint Software.  
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Figure 6.2: Key for the Culture model (Figure 6.3)  

 

Stakeholders observed in this thesis 
that are associated with the FSU 

Stakeholders observed in this thesis 
that are associated with the FSP 

Stakeholders not observed in this 
thesis but considered to be 
influential in the processing of 
evidence 
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Figure 6.3: The cultural Model, including stakeholders in grey bubbles and their interactions with study participants. Solid black lines are actors working within the FSU agencies, and dashed lines represent actors within 
the FSP agencies.  
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The Culture model illustrates the existing forensic science landscape. Figure 6.3 displays 

the observed stakeholders associated with the FSU (solid black); observed stakeholders 

associated with the FSP (black dashed); and stakeholders not observed in this study but 

considered to be influential in the processing of DNA evidence from collection through to 

interpretation. Where bubbles overlap there is a relationship between stakeholders, such 

that the larger the bubble, the greater the number of necessary interactions. These 

relationships are documented further in Table 6.1, and the following types of interactions 

have been documented: 

o Observed stakeholder – observed stakeholder 

o Observed stakeholder – non-observed stakeholder  

Interactions between non-observed stakeholders – non-observed stakeholders have not 

been documented as they sit outside the remit of this Thesis.  

Table 6.1: Overview of interactions between stakeholders as illustrated in Figure 6.3.  

Actor Interactions 

 
CSM 

 
CSI; Submissions; Management; Academia; FSR; Home 
Office; SARC/FME/Custody; Investigative team; CPS; 
Victim/suspect  
 

CSI CSM; Submissions; Management; Academia; FSR; Home 
Office; SARC/FME/Custody; Investigative team; CPS; 
Victim/suspect 
 

Submissions CSM; CSI; FSR; In-house laboratory; RM; Management; 
Academia; Home Office; Investigative team; NDNAD; 
CPS; Victim/suspect 
 

In-house laboratory Submissions; Management; Academia; FSR 
 

RM Analyst; S&R; R&D; Management; NDNAD; Submissions; 
Investigative team; CPS; Victim/suspect; academia; FSR 
 

S&R RM; Analyst; R&D; Management; CPS; Victim/Suspect; 
FSR 

Analysts RM; S&R; Management; NDNAD; CPS; Victim/suspect; 
FSR; R&D 
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6.3.1.1 Findings 

According to Figure 6.3 and Table 6.1, this study shows submissions to have the 

highest number of interactions both with observed stakeholders (n=4) as well as non-

observed stakeholders (n=8), totalling 12 interactions. Next were CSIs (n=11), CSMs (n=11), 

and RMs (n=11), followed by analyst (n=8), S&R (n=7), and finally the in-house laboratory 

(n=4). This is illustrated by the size of the bubbles, where submissions being the largest, and 

in-house laboratory the smallest.  

Demonstrated by data derived from this study is the lack of interaction between the 

observed agencies, where roles associated with FSUs have little crossover with those 

associated with FSPs. The only crossover documented between participating agencies is 

between the submissions team and the RM, where evidence and information is shared. As 

such, there is a clear distinction between the users and the providers of forensic services, 

promoting a loosely coupled system that according to Thompson (2008), is an effective way 

to reduce human factor risks.  

Although from a systems perspective this approach to service delivery is effective, 

the Culture model offers an insight into why the forensic science arena continues to face 

inefficacies. Whilst a distinction is clear between the roles of FSUs and FSPs, this same level 

of loose coupling is not observed in the wider, unobserved stakeholders, where the linearity 

of interactions is almost entirely absent. For example, observed roles in black have a clear 

linearity where evidence moves from one end to the other, and back again. This is done so 

in a loosely coupled way and as such, promotes a highly effective system. However 

unobserved stakeholders such as the FSR, the Home Office, and the investigative team are 

wide reaching in terms of interaction, spanning both agencies. Each with their own roles, 

pressures, and agendas, these stakeholders have significant bearing on how evidence moves 

through the system and as such, intersects the linearity and interrupts the seemingly smooth 

transition of evidence.  

To illustrate this, a CSM is called to a case where DNA evidence is recovered by a CSI. 

According to Figure 6.3, data from this study shows that this then goes through the 

submissions process in order to be sent for further testing at the FSP. There may be some 

back-and-forth co-ordination at this point with the RM, who will determine how S&R and 

the analysts approach the evidence to maximise forensic potential. Findings are then 

communicated back to the submissions team where they are contextualised, and 



120 

disseminated to the wider investigative team. When considered in a linear fashion this is an 

efficient process, and human factor risks are reduced through the loose-coupled 

communications described above.  

However, throughout this process a number of additional interactions must be 

considered. Firstly, the investigative team will have personal pressures, agendas, and 

approaches to evidence value which can impact what is collected, and presented to the 

submissions team. In addition, the victim will be distressed, and may disengage, meaning 

that the SARC and the FME are unable to collect optimum samples. Further, when samples 

are referred to submissions, the budget, which is allocated by the Home Office, may dictate 

that not all samples, particularly those that are compromised or of low value, can be sent 

for further testing. Even if submitted for testing, performance pressures from management 

and strict guidelines set out by the NDNAD can impact how outcomes are achieved. Whilst 

this is hypothetical, it does demonstrate how the multi-agency response divided by a public 

sector with a constrained budget, working with a commercial sector reliant on profit, can 

cause disparity and in turn, create a negative and fragmented culture. This fragmentation 

and the impact it has on creating an effective culture that is conducive to reduced risk and 

thus an improved service delivery is discussed in more detail in Chapter 7.  

A final observation from the Culture model is the emphasis placed on the role of 

submissions. With the highest number of interactions and situated as the only bridge-link 

between FSU and FSP, the role is integral. Observations revealed that the submissions 

process is incredibly multifaceted, encompassing responsibilities including but not limited 

to; evaluating the value of evidence; approving submission of evidence for testing; 

budgetary control; intelligence gathering; summarising results; and communicating findings 

to the investigative team. However despite incorporating a high level of variety and a 

number of different skills, the role of submissions remains under-represented by standards 

and guidelines, where no compliance is required and no competency testing is undertaken. 

How these interactions occur and where breakdowns exist will be further explored in the 

Sequence model, DPM, and again in Chapter 7 of this Thesis.  
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6.3.2 Flow Model 

Beyer and Holtzblatt (1998; 2017) explain that in order to achieve a goal and to 

effectively coordinate a task responsibilities are shared out between actors within and 

across agencies. In forensic science the number of actors and agencies that interact with the 

processing of evidence from collection through to interpretation of findings are extensive, 

making the landscape incredibly complex.  

The Culture model emphasizes that successful outcomes within the forensic science 

arena are contingent on interactions between a number of actors and agencies, however 

relationships across the forensic science sector continue to be strained and disparate (Tully, 

2018). To complement the Culture model and to provide greater contextual insight into the 

interactions that must occur between stakeholders for a routine service delivery, the Flow 

model brings together the critical information required to process DNA evidence from the 

user perspective (Beyer & Holtzblatt, 1998).  

The Flow model depicts real-life practice, illustrating actors; responsibilities; places; 

artifacts; and interactions that occur between the participating agencies. Similarly to the 

culture model, the Flow model was developed through the synthesis of data collected as 

part of the sequence and DPM models. Following consolidation, the Flow model was built 

and presented to the participating agencies to demonstrate the processing of evidence from 

collection through to interpretation in its entirety, and the design was iterative until 

completion.  

Much like the Culture model, observed stakeholders are depicted in black (solid for 

FSU and dashed for FSP), and unobserved but influential stakeholders are depicted in grey. 

In the Flow model, only those with a physical presence in the processing of DNA evidence in 

sexual assault cases have been included. For example, whilst the investigative team and the 

FSR have influence over how decisions are made, evidence does not need to pass through 

their agencies or a physical space. In contrast, victims visit the SARC (and suspects custody) 

and so they have been included in the Flow model. A consolidated version of the Flow model 

is provided in Figure 6.5.  

For the purpose of the Flow diagram, a number of abbreviations have been used in 

their first instance. Table 6.2 provides a definition for each. 

The Flow model was designed on Inspiration® 9.1 IE software.  
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Table 6.2: Abbreviations used in the Flow model in their first instance.  

 

Abbreviation Definition  

RMS Record Management System 

LIMS Laboratory Information Management System 
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Figure 6.4: Key for Figure 6.5. Elements that are additional to the Culture model are illustrated in red 

Stakeholders observed in this thesis that are associated with the 
FSU 

Stakeholders observed in this thesis that are associated with the 
FSP 

Stakeholders not observed in this thesis but considered to be 
influential in the processing of evidence 

Locations that stakeholders engage with  

Interactions  

Location 

Artifacts 

Responsibilities 
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Figure 6.5: The flow model illustrates the individuals; responsibilities; locations; artifacts; and communications that are required to process DNA evidence from crime scene collection through to interpretation.  
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6.3.2.1 Findings 

Whilst little can be noted in terms of breakdowns using the Flow model due to its 

chaotic nature, it provides additional context on the current landscape, including factors 

such as informal interactions; artifacts; and responsibilities.  

Consistent with the Culture model, findings from the Flow model illustrate a physical 

disparity between FSUs and FSPs with the only bridge-link being between the RM and the 

submissions team. This further indicates the central and integral nature of the submissions 

role. However, when considering the scope of the role, including the nature of interactions 

and the responsibilities associated with each, the Flow model illustrates the extensive 

requirements of the CSM/CSI, and demonstrates that whilst their physical interactions with 

forensic agencies may be fewer than roles such as submissions and/or the RM according to 

the Culture model (Figure 6.3), the necessary communications with wider stakeholders is 

vast, and integral to overall service delivery.  

Baechler et al. (2020) explains that the forensic journey begins inductively, with CSIs 

and CSMs working with wider stakeholders to gather information and inform the forensic 

strategy. According to the Flow model, at this early inductive stage the highest number of 

interactions are observed, with CSIs/CSMs co-ordinating and interacting with the greatest 

number of potential locations and roles. Baechler et al. (2020) go on to explain that as 

evidence moves through the system and information develops to inform decisions, the 

process becomes increasingly deductive, with the end goal to prove, or disprove a 

hypothesis. As demonstrated in the Flow model, as the tasks becoming increasingly 

deductive, the number of interactions also decrease.  

This is a pertinent finding, further demonstrating a potential risk of disparity between 

the public and commercial sector. The Flow model illustrates the data-rich nature of early 

investigative roles such as CSI and CSM. However as evidence moves through the system, 

the Flow model illustrates that information is indirectly past from the source (CSI/CSM), via 

submissions, to the RM. Consider this in the context of the Chinese whisper effect. 

Information begins at a source, and as it moves through actors towards the final participant, 

the information is diluted, altered, and commonly incorrectly reported. As little raw data 

such as crime scene notes and photographs are shared between the public and commercial 

sector, in line with recommendations made via human factor research and as a product of 

the complex infrastructure, often the only information the latter roles have to base their 



126 

interpretations on are indirect communications. Importantly, RMs, who generally sit at the 

end of the process and are the final receivers of information, are most commonly 

responsible for interpreting forensic evidence in the context of the case and reporting this 

to the judiciary. As such, they are also most exposed to the negative implications of the 

Chinese whisper effect, making interpretations without full transparency of context specific 

detail. Whilst Chapter 4 highlights the potentially damaging implications of information 

sharing, little exists to examine the negative impact of withholding raw data, and often fails 

to acknowledge the fundamental role of the wider police investigation in terms of 

information gathering.  
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6.3.3 Sequence Model 

The Flow and Culture models represent the DNA process from evidence collection 

to interpretation of findings in its entirety, incorporating complexities that include 

communication; artifacts; places; and people interactions. These depict the chaotic and 

fragmented environment within which forensic science arena exists and highlights some of 

the more general challenges. However, using these models to highlight areas of requirement 

is challenging and does not easily demonstrate how high impact and positive change can be 

implemented.  

The Sequence model was developed to follows the procedural process from evidence 

collection through to interpretation, much like the journey outlined in Chapter 2. According 

to Beyer and Holtzblatt (1998; 2017), the sequence model illustrates basic task analysis 

within the studied environment; what activities the users undertake and how they go about 

achieving it. By breaking a task down into goals and sub-goals, HTA (see Chapter 2) is the 

most widely applied method of task analysis, intended to develop an understanding of the 

factors influencing performance and identifying user needs (Annett & Stanton, 2000). 

Similarly, the sequence model provides a detailed end-to-end procedural narrative of how 

‘it really works’, capturing the actions that individuals undertake to achieve a goal with the 

aim of revealing strategies; intent; and breakdowns in the system at each stage of the 

process (Beyer and Holtzblatt, 2017).  

To collect data for the Sequence model, actors were observed in their environments whilst 

going about daily tasks. Each actor was observed completing his or her task from start-to-

finish, and questions were asked for clarification purposes. Where appropriate, the actor 

was asked to support their actions with a narrative of what they were doing in line with the 

think-aloud methodology, and opinions on the benefits and challenges associated with their 

task was encouraged. Once complete, models were developed iteratively with the agencies. 

In the first instance models were shared with actors and agencies to gain a more 

collaborative understanding of the process and to share thoughts. Next, comments were 

consolidated models adjusted until no further comments were documented.  

The Sequence models are illustrated in Figures 6.7-6.17 and have been developed to 

display the processing of DNA evidence in sexual assault investigations in real-world 

practice. Strategies, intents, and breakdowns (illustrated by red lightning strikes) are 

identified. Each lightning strike contains a number(s) that corresponds to a more detailed 
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narrative of the nature of the breakdown in Table 6.3. Breakdowns in the sequence models 

focus on procedure only, and the DPMs compliments this with the breakdowns associated 

with human factors later in this Chapter. 

The Sequence models were designed on Microsoft PowerPoint software.  
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Figure 6.6: An overview of the processing of evidence from collection through to interpretation from a procedural perspective. Each of the numbers corresponds to a Sequence model (Figures 
6.7-6.17). FSU-related roles are in solid boxes, and FSP roles are dashed.  
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Figure 6.7: Sequence model for the collection of evidence from a victim following an alleged sexual assault when the victim is taken to a medical facility such as the SARC. Goals, intents, and tasks required to achieve goals are coloured accordingly.  
  

Communication with CSM re: Allegation of 
sexual assault 

Victim arrives at SARC Victim undergoes FME Forensic samples produced 

To develop strategy 

To communicate strategy to relevant 
parties 

To deploy CSI 
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To interview victim 
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To collect intimate swabs from victim 

To prevent contamination 

To securely package evidence 

To ensure continuity and integrity are 
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site 
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Figure 6.8: Sequence model for the collection of evidence from a suspect following an alleged sexual assault when the suspect is taken to custody. Goals, intents, and tasks required to achieve goals are coloured accordingly. 
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Figure 6.9: Sequence model for the collection of evidence from a crime scene following an alleged sexual assault. Goals, intents, and tasks required to achieve goals are coloured accordingly. 
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Figure 6.10: Sequence model for the submission of DNA evidence for further testing. Goals, intents, and tasks required to achieve goals are coloured accordingly. 
  

Evidence booked into property ready for 
review  

Evidence that requires further testing 
identified by CSM/CSI/OIC 

Mg21s complete and received in RMS 
ready for submissions team 

Submission authorised for further testing 

To consider the value of evidence in the 
context of the case 

To share thoughts with the investigative 
team 

To come to an agreement on what should 
be sent for further testing  

To document request on MG21 

To send MG21 to submissions team 

For relevant evidence types – self 
authorise 

To recover evidence from property 

To courier evidence to appropriate 
laboratory 

Depending on decision, progress to either 
step 3 or step 4a 

To approve submission request 

To decide which laboratory to send to 

To determine whether the requests is 
reasonable 

If unsatisfactory, send back to team for 
amendments/NFA 

2 – Submission of Evidence for Further Testing 

18 

4,18,30 

20 18 

21 

22 

15 

9,19 



134 

 

 
 
 
 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 6.11: Sequence model for the case assessment of submitted sexual assault case to an FSP for further DNA testing, including goals, intents, and tasks required to achieve goals. 
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Figure 6.12: Sequence model for the search and recovery of sexual assault exhibits following the submission of evidence to in-house testing facilities, including goals, intents, and tasks required to achieve goals. 
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Figure 6.13: Sequence model for the search and recovery of sexual assault exhibits following the submission of evidence to external testing facilities i.e. FSPs, including goals, intents, and tasks required to achieve goals. 
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Figure 6.14: Sequence model for the pre-amplification stage of DNA processing in sexual assault investigations, including goals, intents, and tasks required to achieve goals. 
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Figure 6.15: Sequence model for the post-amplification stage of DNA processing in sexual assault investigations, including goals, intents, and tasks required to achieve goals. 
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Figure 6.16: Sequence model for the analysis stage of DNA processing in sexual assault investigations, including goals, intents, and tasks required to achieve goals. 
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Figure 6.17: Sequence model for the interpretation stage of DNA processing in sexual assault investigations, including goals, intents, and tasks required to achieve goals. 
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Table 6.3: Description of breakdowns. Numbers correspond to those depicted with red lightning strikes in the 

Sequence models (Figures 6.7-6.17). 

Number Description  

 
1 

 
Guidelines can be restrictive  

2 Often based on victim account only  

3 CSI only deployed to victim for CAT1 cases for victims 

4 Cost constraints 

5 Victim may not be wearing same clothing 

6 Victim disengagement  

7 Victim may have poor account of event  

8 Time dependent based on FFLM guidelines 

9 Not required to adhere to forensic standards and guidelines  

10 Anti-contamination procedures in place but not as stringent as in forensic laboratories 

11 Suspect disengagement  

12 Suspect may not be wearing same clothing 

13 Dry cell may not be available 

14 Basic cleaning procedures only  

15 Only out of hour urgent’s due to submission working hours 

16 Moral vs. legal – If suspect declines this can be used against them in court (but not yet 
proven to be guilty) 
 

17 Scenes may not be identified  

18 Human interpretation required (see DPMs for more detail) 

19 Not competency checked 

20 MG21 requires increasing level of administration 

21 Contractual agreements  

22 Distance causes time delay  
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23 Varying levels of case detail provided  

24  User error  

25 No RM guidance  

26 No second checker  

27 Preferential split capabilities  

28 RM cannot see reaction first hand  

29 Lack of standardised approach between agencies  

30 Resource Constraint 

31 One full time analyst  

32 Cross over between CSI’s and analyst role (split-time) 

33 Machine error 

34 Consumable performance  
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6.3.3.1 Findings 

The Sequence model illustrates the intents (blue) required to achieve a goal (green) 

and what tasks (pink) must be completed to progress through the DNA evidence journey, 

and the number of breakdowns (red lightning strike) per goal is displayed, a narrative for 

which can be found in Table 6.3.  

Figure 6.18 illustrates a present, but weak trend between stage and number of 

breakdowns (r2 = 0.34), whereas the stage progresses from collection of evidence through 

to interpretation of findings, the number of potential breakdowns decreases.  

The number of unique breakdowns per goal illustrates a similar downward trend, 

which demonstrates a stronger, but still relatively weak relationship (r2 = 0.75). Unique 

breakdowns are defined here as the number of breakdowns excluding duplicates per 

process, and gives an indication of the spread and nature of breakdown type at each stage.  

When the data is normalised to take into account the number of intents per stage, 

the gradient of the trend line is significantly less (y=-0.27x) than overall breakdowns (y=-

1.11x) and number of unique breakdowns (y=-1.17x). Whilst the strength of the trend line 

remains weak (r2=0.45) the gradient suggests that the more intent’s per stage, the more 

likely it is that an increased number of breakdowns will be observed. 
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Figure 6.18: Graph to show number of breakdowns per stage as presented in the sequence models, including 
the total number (purple), the number of unique breakdowns (blue), and overall number of breakdowns when 
normalised against the number of intents (green). 

This study found that a higher number of breakdowns occur within the FSU-related 
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process where roles are most commonly associated with FSUs.  

Figure 6.19 displays the number of breakdowns across all stages and results show  

that the highest number of breakdowns are attributed to human factors (18), user error (24) 
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explored in the DPMs and all four of these elements will be discussed further in Chapter 7 

of this Thesis.  
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Figure 6.19: Graph to show total number of breakdowns across all stages in the sequence models, according to type. Breakdown numbers correspond to descriptions in table 6.3 and have 

been presented according to agencies, with FSU’s in blue and FSP’s in orange.  

 

0

5

10

15

20

25

30

35

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

To
ta

l n
u

m
b

er
 o

f 
b

re
ak

d
o

w
n

s 
ac

ro
ss

 a
ll 

st
ag

es

Breakdown number

FSP FSU



147 

 

Further, whilst many of the stages have independent goals and as such cannot be 

directly compared, the search and recovery of exhibits from standard sexual assault cases 

(4a & 4b) is a process shared by both agencies. However interestingly, despite sharing 

identical goals, this study revealed variation in the number of intents; the number of 

breakdowns; and the nature of breakdowns between agencies, as illustrated in Figure 6.20. 

The total number of breakdowns observed in 4a is higher (n=21) that those observed in 4b 

(n=20). Moreover, whilst the most common breakdowns (18, 24, 30 & 34) are shared by 

both agencies, a total of seven breakdowns are only observed in 4a, in comparison to one 

in 4b. This demonstrates the highly variable nature of processes between agencies, despite 

sharing identical goals.  
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Figure 6.20: Graph to show total number of breakdowns across stages 4a & 4b. Breakdown numbers correspond to descriptions in Table 6.3 and have been presented according to 
agencies, with FSU’s (in-house facilities) in blue and FSP’s (external) in orange.  
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The most notable variation identified between these roles is the absence of RM 

oversight prior to the search and recovery in the instance of 4a, where breakdowns include 

‘absence of RM oversight’ and ‘RM cannot see reaction first hand’. In the case of 4b, the 

additional process of case assessment, which in the event of in-house testing (4a) is skipped, 

absorbs much of these factors and as such offers a more coherent evidence journey, where 

RMs have earlier oversight and management of cases. Note that in the event of case 

assessment being skipped, it was found that RMs are still required to provide an 

interpretation of the findings despite having little interaction with the evidence of the 

testing mechanisms applied throughout its journey. In addition, procedural variations 

include ‘no second checker’ and ‘preferential split capabilities’, where 4a does not have the 

same capabilities or validation under ISO 17025 as 4b with regards to their semen screening 

facility.  

These finding demonstrate that disparity between the studied agencies is not 

isolated to the structural and cultural design of the forensic science landscape as suggested 

in the Flow and Cultural models, but also extends to procedural practice, even when tasks 

are identical. Moreover, the numbers and types of potential breakdowns are highly variable 

between agencies, suggesting that findings from research cannot necessarily be generalised 

across stages of the process, or between agencies. As such, a two-fold approach to 

identifying requirement and implementing change should be favoured, where focus on 

individual agencies in order to meet bespoke and personalised needs is carried out in 

conjunction to holistic research for high-level change across the forensic science arena. 
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6.3.4 Decision-Point Model 

The conventional processing of evidence in forensic science is continuous, with each 

goal requiring a decision that is influenced by the preceding action. Whilst traditionally many 

of these decisions are not considered to be interpretive in nature within highly automated 

systems such as the DNA domain, multiple tasks throughout the DNA process are subjective, 

and are therefore exposed to, and influenced by various external factors (Jeanguenat, 

Budowle & Dror, 2017). Working within a complex workflow system, the processing of DNA 

evidence from collection through to interpretation is convoluted, liable to change, and 

heavily reliant on successful collaborations between the police and FSPs. Within each of 

these agencies, a considerable number of decisions are made by individual actors at each 

stage of the process, determining the trajectory of DNA evidence through the system and 

ultimately, successful outcomes.  

By adopting the DPM as part of the Contextual Design approach (Beyer and 

Holtzblatt, 2017) the decisions made throughout the DNA process are documented in detail, 

complementing the procedure-driven sequence model to illustrate the accompanying 

human-factor element. By mapping each stage from evidence collection through to DNA 

interpretation, decision trees have been created to demonstrate the decision-making 

process together with the breakdowns at each stage. In each of the decision trees, key 

decisions are captured, and outcomes are documented.  

The Decision Point Model (DPM) is a new introduction in the 2017 version of Contextual 

Design, and has been developed to replace the Culture model. However, Chapter 4 

demonstrates that:  

i. Focus is being increasingly placed on the role of human factors and decision-making 

in the forensic science area, and research demonstrates its significant association 

with inherent risk 

ii. Whilst the relationship between culture and risk is well established (Lupton, 2013), 

the context within which culture is considered in the forensic science arena sits 

separately to decision-making literature 

As such, both the Culture model and DPM have been considered for the purpose of this 

thesis to demonstrate separate elements of the process.  
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6.3.4.1 DPM Modifications  

According to Beyer and Holtzblatt (2017) the development of the DPM is easy and 

effective, where a task or decision is noted, and each of the positive influences, and negative 

influences are listed either side. An example has been presented below:  

However, in the forensic science arena decisions are far less simple, where in some cases 

pressures are neither negative, nor positive. Moreover by consolidating each of the 

decisions into one decision tree rather than a series of independent decisions, the ‘bigger 

picture’ is better illustrated. Take the decision to collect evidence at a scene for example. 

Whilst this could be represented using the original framework, it would not demonstrate 

the bigger picture where evidence collection decisions are based on a series of prior choices, 

such as how to search the scene, what areas to prioritise, and so on.  Therefore, an 

alternative proposal for the development of DPM’s has been provided specifically for the 

application of Contextual Design to the forensic science arena. Decision trees are created 

for each of the stages of the evidence journey from collection through to interpretation to 

better represent the complexity of the decision being made, and to illustrate the ‘bigger 

picture’. 

To collect data for the DPMs, notes taken from the observations were first used to establish 

key decisions, actions, and outcomes upon which the progression of evidence depended. 

During the interpretation phase, actors and agencies were then asked to comment on how 

they thought each decision was made, including what information they used to inform the 

  

Decision: Whether to go on a run 

 

Improves fitness 

Positive impact on 
mental health 

Weight loss 

Enjoyment 

Difficult 

Hot 

Time consuming 

Figure 6.21: Example of the conventional DPM framework, for the decision of ‘whether to go on a 
run’.  
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decision. In conjunction, actors were observed at least one additional time following the 

interpretation stage to consolidate the researchers understanding and to reveal 

unconscious decisions that may have been overlooked the first time around.  

As in the case with the development of the Sequence model, the development of the final 

models was dynamic, where thoughts were shared with participating actors and agencies 

until no further comments were made.  

The DPMs was designed on Inspiration® 9.1 IE software.  

Finally, the DPMs are presented to illustrate the complexity of decision-making at 

each stage of the process, and taken into consideration the human factors-related risk 

associated with the evidence journey from collection through to interpretation. Similar to 

the Sequence models, the stages have been numerically ordered from one through to eight. 

Please refer back to Figure 6.6 for an overview of this process. The following key has been 

used as the basis for each of the models (Figures 6.22).  

 

 
 
 
 
 
 
 
 
 

 
Figure 6.22: Key for Figures 6.23-6.33 

 

For the purpose of the DPMs, a number of abbreviations have been used in their first 

instance. Table 6.4 provides a definition for each.  

  

Decisions 

Actions 

Outcomes 
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Table 6.4: Abbreviations used in the DPMs in their first instance 

Abbreviation Definition  

CAT1 Category 1 rape - stranger rape 

NFA No further action. This has been used where no further forensic action has been taken. 

Please note that this does not mean that the investigation is closed. 

SIO Senior Investigating Officer 

OIC Officer in Charge 
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1a – Collect evidence from victim 

1,35 
1,35,36,37,39,40 

4,22,38 

35,36,37,39,4
0 

35,36,37,39,40 

35,36,37,39,4
0 

Figure 6.23: Decision tree for the collection of evidence from the victim 
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Figure 6.24: Decision tree for the collection of evidence from the suspect 

1b – Collect evidence from suspect 

1,35 1,35,36,37,39,40 

4,22,38 

35,36,37,39,
40 
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Figure 6.25: Decision tree for the collection of evidence from the scene 

1c – Collect evidence from scene 

30,42 

19,30,35,37,39,40,43 

35,36,37,39,40,4
1 

30,36 

4,22,38 

35,36,37,39,40,41,44 

39,40,44,45 

39,40,46 

30,35,37,39,40,41,44 

35,37,39,40 
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Figure 6.26: Decision tree for the submission of evidence for further testing 

2 – Submission of evidence for further testing 

35,37,39,40,41,42,44,45 

43,47 

42,44 

39,45 

35,37,39,40,41,42,45 

42,48 

4,44,49 

4,30,49 



158 

 

 
 
Figure 6.27: Decision tree for the case assessment process 
  

3 – Case Assessment  

42,44 

39,40,45 

39,40,45 

35,39,40,41,45 
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Figure 6.28: Decision tree for the search and recovery of standard sexual assault exhibits processed via the 
in-house laboratory  

30,39,40,50 

39,40,45,51 

39,40 

35,37,39,40,41,42,44,49,51 

4,35,37,39,40,41,42,44,49,51,55 

4,35,37,39,40,41,42,44,49,51,55 

35,37,39,40,41,49,51 

35,37,39,40,41,52 

53,54 

53,54 

4a – Search and recovery of standard sexual assault exhibit (in-house)  
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Figure 6.29: Decision tree for the search and recovery of standard sexual assault exhibits at an external 
provider  

4b – Search and recovery of standard sexual assault exhibits (external)  

40,41 

36 

39,40 

39,40 

35,39,40,41,42,44,49 

35,39,40,41,43,44,49 

35,39,40,41,52 

51 

51 

35,40,42,44,49 
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Figure 6.30: Decision tree for the processing of DNA evidence in the wet laboratory up until PCR. This stage 
occurs once the samples have been collected from the evidence and sent to the DNA laboratory 
  

5 – DNA processing pre-PCR  

56 
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Figure 6.31: Decision tree for the processing of samples in the wet laboratory post-PCR. This stage begins 
once samples are passed to the post-PCR laboratory  
  

56 

56 

6 – DNA processing post-PCR  
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Figure 6.32: Decision tree for the analysis of DNA profiles by analysts at the external provider 
  

7 – Analysis  

36,39,56 

36,39,56 

36,39,56 
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Figure 6.33: Decision tree for the interpretation of findings 
  

8 – Interpretation 

39 

39 

35,37,39,40,41,42,44,52 
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Table 6.5: Description of breakdowns. Numbers correspond to those depicted with red lightning strikes in the 
DPMs (Figures 6.23-6.33) 
 

Number Description  

 
1 

 
Guidelines can be restrictive  

4 Cost constraints 

19 Not competency checked 

22 Distance causes time delay  

30 Resource Constraint 

35 Existing literature out-dated 
 

36 Loss of experience due to high turnover of staff  
 

37 Findings from literature ineffectively disseminated  
 

38 Relationship between FSU & FSP strained  
 

39 Experiences vary between actors 
 

40 Experiences cannot be directly applied to new situations 
 

41 Limited knowledge base  
 

42 Lack of available information  
 

43 Highly variable levels of forensic awareness 
 

44 Exposure to ‘irrelevant’ information  
 

45 Intuition used  
 

46 Semen screening generally unavailable at scenes 
 

47 Expectations misaligned against actual capability 
 

48 No visual oversight of evidence quality 
 

49 Individual force drivers 
 

50 Few experienced team members to communicate ideas with  
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51 No RM strategy  
 

52 Results highly interpretable 
  

53 Scale ambiguous  
 

54 Epithelial cells obstruct view  
 

55 Laboratories will not accept results 
 

56 Automated systems reduce user knowledge and risk unidentified error 
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6.3.4.2 Findings 

As with the sequence models, Figure 6.34 illustrates a weak downward trend 

between number of breakdowns (r2=0.21, y=-2.48), as well as unique breakdowns (r2=0.24, 

y=-0.80) when compared against the stage of the process from collection of evidence 

through to interpretation of findings. The roles with the lowest number of potential 

breakdowns are those associated with automated and objective processes including the 

processing of DNA evidence pre (1) and post (2) PCR, whilst other roles ranged from analysis 

(9) through to search and recovery in-house (58).  Similarly to trends presented in the 

sequence model, when normalised the gradient of the trend line is significantly reduced 

(r2=0.06, y=-0.09), suggesting that the higher number of decisions, the more areas of 

vulnerability exist.  

  

Figure 6.34: Graph to show number of breakdowns per stage as presented in the DPMs, including the total 
number (purple), the number of unique breakdowns (blue), and overall number of breakdowns when 
normalised against the number of decisions being made (green) 

This study shows that the breakdowns associated with interpretation are relatively 

low in comparison to other stages despite being inherently subjective in nature. However, 

the processing of evidence from collection thorough to interpretation is linear, where 

effective interpretation is contingent on the success of preceding stages. As such, although 

not reflected in the breakdowns, uncertainty, and thus risk in the processing of evidence 

from collection through to interpretation is cumulative.   
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For example, if erroneous decisions are made in the lead up to interpretation; such 

as the application of incorrect collection techniques; the failure to identify a body fluid 

during the examination phase; or the removal of true peaks from a DNA profile because they 

were perceived to be false, the quality of interpretation is unknowingly reduced, thus 

creating an increased risk of error.  

Figure 6.35 displays the number of breakdowns across all stages and illustrates that 

the highest number of breakdowns in the DPMs are attributed to out-dated literature (35), 

variable actor experiences (39), and experiences unable to reflect new situations (40), all of 

which apply to roles at FSU and FSP agencies. 

When considering the type of breakdown across agencies, an interesting trend 

emerges from the DPMs. Unlike in the Sequence models where breakdowns were highly 

variable and often unique to a role or agency, when exploring the nature of breakdowns in 

the DPMs; findings suggest that more commonly breakdowns are associated with both 

agencies (48%) and across a majority of roles. These are illustrated in Figure 6.35.  
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Figure 6.35: Graph to show total number of breakdowns in the DPMs across all stages, according to type. Breakdown numbers correspond to descriptions in table [number] and have been 

presented according to agencies, with FSU’s in blue and FSP’s in orange 
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Outcomes from this study demonstrate that a higher number of total breakdowns 

occur within the FSU-related roles (72%) in comparison to FSP-related roles (28%). As 

demonstrated in Figure 6.34, when the data is normalised the number of breakdowns are 

evenly distributed across roles, regardless of agency. Figure 6.36 interrogates this further, 

and illustrates that a higher number of decisions are made in FSU-related roles (52) than 

FSP-related roles (34).  

All processes associated with FSUs are inherently subjective or contain highly 

subjective elements, whereas the processing of evidence pre, and post-PCR are almost 

entirely automated, demonstrated further through the minimal number of decisions 

required. As such, whilst a human element is required across all stages, and according to 

Reason (1990) human error is the leading cause of error in technology rich environments, a 

reduction of vulnerable areas may be achieved through improved automation when 

implemented with such vulnerabilities in mind. However, Chapter 3 highlights the 

importance of iteratively designing these systems with the users in mind to ensure 

suitability.   

 

Figure 6.36: Graph to show the number of decisions made from collection of evidence through to 

interpretation of findings 
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6.4 Summary 

Together, the Culture, Flow, Sequence, and DPMs provide a detailed end-to-end map 

of the processing of DNA evidence in standard sexual assault cases from the point of 

collection, through to interpretation.  

To begin, the Culture and Flow models provide context, and enable the researcher 

to develop, and demonstrate a thorough understanding of the arena that they are studying. 

Next, the Sequence models illustrate the physical process that must occur for evidence to 

progress through the system, and presents a visual aid to identify; communicate; and 

consolidate key areas of vulnerabilities. In this case, the Contextual Design approach labels 

them as breakdowns in the system, and from the perspective of Reason (1990) and the SCM, 

represent active and latent holes through which errors can occur. Finally, the newly 

developed DPMs provide an alternative and valuable narrative that indicate the human 

factor elements that contribute to error. Through mapping decision trees for each of the 

stages, breakdowns can be identified; communicated; and consolidated with the users, in 

this case an FSU and an FSP, to determine where changes must be made for a more efficient 

and effective DNA service delivery.   

Overall, two approaches to providing recommendations and implementing change 

are apparent. On one hand and particularly clear in the Sequence models, local change can 

reduce a number of vulnerabilities. However, many of the breakdowns are shared across 

stages and agencies, and thus would benefit from a more national, multi-agency approach. 

The next Chapter, the discussion, offers an original three-tiered system for categorising 

requirement, and examines each of the breakdowns in the context of wider literature to 

make impactful recommendations for change.  
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7 Discussion 

This Thesis explains how a modified Contextual Design can be used to examine and 

identify vulnerability; where breakdowns exist that can potentially materialise into error and 

in turn organisational accidents; within the forensic science arena, and has applied it to the 

processing of DNA evidence in sexual assault cases from collection through to interpretation. 

Recognising where, and how potential errors can occur in a system goes some way to better 

understanding organisational accidents. However, to make meaningful change and to 

produce a more effective and efficient service delivery, attempts to reduce and/or manage 

the vulnerabilities presented in Chapter 6 must be made.  

  Results presented in Chapter 6 suggest that implementing change must be two-fold. 

Firstly, there is a requirement for research to be highly focused in order to meet bespoke 

and personalised needs of an actor; agency; or stage of the process. These can be managed 

by Local level efforts. Secondly, there is a requirement to identify need from a holistic and 

whole system perspective. This is particularly poignant for breakdowns that are chronic; 

occur at multiple stages; and impact multiple agencies. These are likely to require change at 

a National level and with buy-in from external stakeholders, where success will create more 

systemic, long-term solutions to preventing organisational accidents. 

This Chapter presents an original three-tiered system for identifying such 

requirements, where breakdowns have been allocated across three categories; Local level - 

Category 1 breakdowns; Local level - Category 2 breakdowns; and National level 

breakdowns, descriptions for which can be found below in Table 7.1. Using these categories 

as a foundation, this Chapter examines each of the breakdowns presented in Tables 6.3 & 

6.5 in detail, exploring causes; impact; and mechanisms for change.    
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Table 7.1: Novel three-tiered system for categorising breakdowns   

Category  Description  

Local level – Category 1 Breakdowns associated with one participating agency. Local level studies can be designed to address the breakdown, 

and in some instances, acknowledging this breakdown and addressing it on a case-by-case basis can also be effective, 

negating the need for studies to be developed. Breakdowns are generally consequent of active failures at the user 

end, rather than systemic, and change can be implemented without the requirement for collaboration and multi-

agency working. These can also be referred to as ‘quick-wins’ that commonly address the symptom of a problem. 

Local level – Category 2 Similar to Local level – Category 1 breakdowns but with requirement for multi-agency working to manage or eliminate 

the breakdown. In some instances, a number of stages can be impacted, and addressing these breakdowns will require 

some level of collaboration between the participating agencies, but does not require input from external stakeholders 

through a Nationalised approach.  

National Level  Breakdowns shared between both agencies, across multiple stages, and are likely experienced more broadly across 

the CJS. These breakdowns are systemic in nature, and require multi-agency working, often with buy-in from external 

agencies to create effective change.  
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7.1 Local Level – Category 1 

 

This thesis categorises Local level - Category 1 breakdowns as those that are 

commonly associated with active failures at the user end (Reason, 1990). Whilst making 

changes at the user end has a tendency to pacify the symptoms of a problem rather than its 

root cause, it does offer a way to manage or eliminate holes at the latter stages of the SCM, 

which are the source of a majority of organisational accidents (Afshari et al., 2019; Brooks 

et al., 2018; Shappell et al., 2017; Yıldırım et al., 2019). For context, if these breakdowns 

were to materialise as errors, they would fall under the label of unsafe acts, or preconditions 

for unsafe acts, and include errors; violations; condition of operators; environmental factors; 

and/or personal factors according to the HFACS model (Shappell et al., 2007).   

7.1.1 Deployment of CSIs to CAT1 Cases 

This study found that in the case of the participating FSU, CSIs are only deployed to 

CAT1 stranger rape cases, where the suspect is unknown to the victim. In these cases, CSIs 

attend the SARC to ensure that the full range of samples are taken; to adapt the strategy 

where needed; and to ensure anti-contamination procedures are fully implemented. In 

contrast, in cases where the suspect is known to the victim, CSIs do not attend the SARC and 

Table 7.2: Local level – Category 1 breakdowns as identified in the Sequence and DPM models.  
 

Number Breakdown 

 
3 

 
CSI only deployed to victim for CAT1 cases for victims 
 

13 Dry cell may not be available 
 

15 Only out of hour urgent’s due to submission working hours 
 

24 User error   
 

33 Machine error 
 

34 Consumable performance  
 

46 Semen screening generally unavailable at scenes 
 

48 No visual oversight of evidence quality 
 

56 Automated systems reduce user knowledge and risk unidentified error 
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instead communicate strategies remotely with the SARC team, FMEs and the wider 

investigation. Whilst no immediate risk with the attendance/non-attendance of a CSI at a 

SARC facility has been documented, it does highlight variation in process and illustrates an 

inconsistency in evidence journey. In a climate where resource and cost are strained, 

revisiting this approach to determine whether CSI deployment to a SARC improves overall 

service delivery may offer an opportunity to alleviate resource for redeployment elsewhere, 

or to provide additional downtime for CSIs in order for management of stress and personal 

wellbeing – a potential source of error according to the aeromedical approach (Weigmann 

& Shappell, 2001). Alternatively, if it is identified that the absence of a CSI enhances the 

chance of risk, deployment to all case types should be evaluated in order to maximise 

forensic opportunity.  

7.1.2 Dry Cell Availability  

In the case of this study, the participating FSU has a designated dry cell for evidence 

recovery in all forensic cases. In contrast to normal custody cells, these cells are thoroughly 

cleaned after every occupant to create a space where DNA contamination is reduced. Whilst 

it is recognised that these cannot be entirely DNA free, attempts are made in dry cells to 

have an increased forensic awareness prior to the arrival of the FME. However, the numbers 

of cells are limited and as such, they are not always available when required.  

The researcher suggests that for a change to be made, an increased number of dry 

cells would need to be established by the FSU, however research on requirement, and the 

effectiveness of these spaces is essential prior to such change, as maintaining these spaces 

is costly and requires significant resource. For more detail on forensic spaces; 

contamination; and information on custody practice; please see Chapter 7.3.2.4 below, 

where a response is evaluated more holistically and from a nationalised perspective. 

7.1.3 Out of Hours Working  

As outlined in stage 2 of the Sequence models and DPM, the submissions team are 

responsible for a number of elements, the primary goal of which is to gather intelligence; 

submit evidence for further testing; and communicate results to the wider investigative 

team. As part of this role, they receive requests from either the investigative team or from 

CSIs to submit evidence, and they do this within standard working hours (9-5 Monday-
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Friday). However the investigative team, CSIs, and the external FSP laboratory work a greater 

range of hours through shift patterns, where urgent processing can still be requested.  

Urgent timeframes vary depending on the provider and the contract, however it 

remains that for evidence to be turned around in the quickest time frame and for FSPs to 

meet the needs of the customer, the quicker that items can be submitted, the quicker they 

will be turned around. This is particularly true in the current climate, where custody 

timeframes have reduced, and requesting an extension has become more complex.  

During out-of-hour time frames, this study found that urgent submissions can be 

authorised by alternative members of staff ranging from CSIs; CSMs; the wider investigative 

team; and/or management. Whilst no immediate issue was observed during this study, two 

key vulnerabilities are considered here. First, uncertainly exists around the term ‘urgent’, a 

term that is conventionally determined by the submissions team through communications 

with their provider. If missed, the sample may not meet the required TRT in line with custody 

limits. Alternatively, unnecessary expense could be incurred where samples are labelled as 

urgent where they could be submitted within the required timeframe as standard. This 

requires callout charges from the courier and from the FSP. Secondly, authorisations may be 

given without the full picture, resulting in additional cost and resource, which is already 

strained. With communications predominantly conducted via the submissions team, this 

lack of oversight could present an inconsistency in the evidence journey and risk 

inappropriate use of resource.   

One option to reduce risk would be to extend working hours to match those of the 

CSIs and/or FSPs. However, the rate that urgent’s are required is relatively infrequent, where 

costs to support 24-hour submissions cover exceeds that of an unwarranted out-of-hours 

urgent request. Instead, it’s recommended that an evaluation of risk is carried out, where 

number of out-of-hour submissions is recorded against outcomes, and compared to the 

decisions that would have been made by submission team. Providing training on the 

submission of evidence to a greater number of staff will also ensure that during these hours, 

optimum procedure will be applied and a unified approach to submissions is taken, 

regardless of personnel and job role.  
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7.1.4 Semen Screening at Scenes 

Significant focus has been given to the challenges associated with an in-house semen 

screening facility, where limitations such as lack of scientist oversight; highly interpretable 

results; and lack of cell separation techniques have been identified. However, unlike blood 

evidence, which can be easily and visually identified or presumptively tested at a crime scene 

for early investigative insight (Butler, Chaseling & Wright, 2019), on-scene semen screening 

is not commonplace at the participating FSU. There are a number of disadvantages to this. 

First, by screening on-scene CSIs are able to optimally target their search, only recovering 

areas that test positive and thus managing cost and resource. However, where CSIs are 

unable to effectively screen for semen, they are left with three options; to decide that no 

recovery is required; to recover particular areas that are likely to contain semen; or recover 

whole items for further examination, all of which require decision-making processes and 

potentially exhaust unnecessary resource.  

Although screening on-scene is more risk averse than in the in-house laboratory; 

negating the need for complex and subjective techniques such as confirmatory testing and 

cell separation; it remains problematic that AP results are highly subjective (Lewis et al., 

2012; Redhead & Brown, 2013). Thus, using AP on-scene could present similar issues to that 

in the laboratory, potentially risking missed opportunity. This, in conjunction to the fact that 

semen can often be invisible to the naked eye (van Oorschot et al., 2019), demonstrates the 

need for a thorough interrogation into the effectiveness of a) the search and identification 

of semen at a crime scene; b) the AP test in unstable conditions such as those at crime 

scenes; and c) the interpretation of findings, if on-scene AP is to be considered.    

Whilst such challenges are true for AP testing, more robust alternatives are 

emerging, such as biosensor technology. Offering in-situ and non-destructive capabilities, 

biosensors produce real-time signals when biological interactions with chemical 

constituents specific to each body fluid are detected (Frascione, Gooch & Daniel, 2013). 

When used in aerosol form, interactions with each of the main body fluids; semen, saliva; 

and blood can be detected to a high specificity, thus reducing the subjective nature of semen 

screening (Frascione, Gooch & Daniel, 2013). Moreover, although now discontinued in the 

forensic science arena, ParaDNA offered a similar, highly specific service, detecting the 

presence of multiple body fluids within 90 minutes (Blackman et al, 2017). Although perhaps 

too long a turn-around for a crime scene, these progressions demonstrate an appetite to 
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improve on-scene capabilities, and thus should be further explored when commercially 

available.  

In the meantime, this study suggests that collaborative efforts between the FSP and 

the FSU to develop a more robust on-scene opportunity for semen detection should be 

considered, where both parties are able to input and benefit from outcomes. For example, 

whilst complex items are more likely to require whole item submission for a thorough and 

extensive examination, on-scene testing may be suitable for less complex items. When 

methods are determined in collaboration by the FSP and the FSU, both agencies can be 

assured by good practice, maximising FSU resource and ensuring that quality standards are 

maintained. Alternatively, better use of scientific callout to scenes could be maximised 

through improved communications, an option further explored in Chapter 7.3.1.2. The latter 

options require collaborative efforts between participating agencies, and thus can also be 

considered at the Local level – Category 2.    

7.1.5 Overseeing the Quality of Evidence  

Evidence can be collected at a crime scene by a number of actors including CSIs and 

the police. As such, the standard in which evidence is packaged, and stored can be highly 

variable. Results from this study indicated that when authorising evidence for submission, 

the submissions team have no oversight of the quality of such packaging, and experience 

instances where sub-optimally packaged evidence has been received by the FSP.    

Although routinely noticed by either the team preparing evidence for submission or 

the FSP on arrival, this does create an opportunity for wasted resource; cost; and in the 

event that a combination of failures occur simultaneously, an organisational accident. For 

example if evidence is incorrectly packaged; it becomes contaminated; this is sent for further 

testing; and the FSP fails to recognise the incorrect packaging, this could result in a gross 

miscarriage of justice. 

 One recommendation is that the submissions team implement a requirement for 

oversight, albeit creating an additional step in the process. Alternatively, it is suggested that 

thorough training to all parties involved in the packaging and receiving of evidence is 

provided. By ensuring that all actors are trained in packaging, including those that are not 

required to be compliant to emerging standards such as the police, both the packaging 
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process at the front end, and the ability to capture incorrectly packaged evidence in storage 

will be optimised, creating defences to capture irregularities.  

Finally, a centralised reporting system will direct training and support the notion to 

‘learn from mistakes’. For example, if similar errors occur elsewhere in the system but 

remain unreported, recognising these errors cannot be built into training packages, and thus 

risk missed opportunity to learn from mistakes; a fundamental element for a successful 

system as outlined in Chapter 6. To facilitate a reporting culture, a National approach and 

multi-faceted approach must be considered; this is further discussed in Chapter 7.3.  

7.1.6 Active Error, Including Consumable Performance; Machine Error; and The Impact of 

Automation on User Knowledge 

Human error can manifest in many forms. Whilst focus on decision-making and 

human factors will be given throughout this discussion, this section pays particular attention 

to how humans interact with their physical tools. According to Karl Popper, such interactions 

can be a discernible source of error (Swan, 2013), and recognised in Chapter 6 are three key 

areas; consumable performance; machine error; and the impact of automation on user 

knowledge.  

As with any system, consumable and machine error can impact the quality of 

outcomes. For example, consumables can be out of date and automated CE systems can 

break. In general, preventative mechanisms exist to ‘catch’ these errors before they 

manifest into organisational accidents. For example, many consumables are quality control 

checked prior to use. In the observed agencies, quantification standards are prepared 

immediately before use to prevent degradation, and AP reagents are tested each morning 

prior to use to ensure that reactions perform as expected. Moreover, control samples run 

alongside crime stains to ensure the system is working to the correct standard, such as 

negative controls to identify contamination, and positive controls to check machine 

performance. Mechanisms such as ISO 17025, which require agencies to demonstrate, 

document, and comply with quality control measures also go some way to reducing the 

likelihood consumable, or machine related error.  

The purpose of this Thesis is not to suggest that all systems become automated to 

avoid human error, because as Meshkati and Khashe (2015) explains, humans are integral 

to effective work environments and accident management. However, actors should have an 
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awareness of the mechanisms used within key chemistries and technologies so that when 

errors do occur, reactions are effective.  

For example, if the CE machine fails to run properly, analysts must be able to 

recognise this and where possible, recover the material to avoid exhaustion of a sample. 

This is where an entire sample is lost due to error and thus cannot be revisited. In these 

cases, no further work can be conducted and in turn, DNA evidence cannot be provided to 

the courts – depending on the case and the reliance on such evidence, this could result in 

an organisational accident. Without knowledge of how a machine works, identifying error 

can be challenging, and whilst agencies have some team members trained to troubleshoot 

such events, a number of problems such as a high turnover of staff are inherent to the 

forensic science arena, and thus risk a loss of experience in such areas (House of Commons 

Science and Technology select committee, 2019).  

There are a number of ways that this can be addressed. First, this study found that 

the studied agencies have a robust training package in place that ensure newly employed 

staff are provided with material; tested on underpinning scientific concepts; and given 

practical training prior to working on live casework, and this must continue. In addition, staff 

should be regularly trained and competency checked on machine use, including the 

maintenance of machines, and the recovery of material should an error occur. More on 

training can be found in Chapter 7.3.4.  

Next, a centralised reporting system can be utilised to reduce such errors. Similarly 

to that proposed above, this enables lessons to be learned from errors, and near misses 

across the forensic science arena, and supports the design of training packages to better 

example and capture common mistakes for ‘lesson learned’ purposes. As this is requires a 

National approach and has multi-faceted benefit, this is further discussed in Chapter 7.3.  

  



181 

 
7.2 Local Level – Category 2 

Similar to Local level – Category 1 breakdowns, many Local Level Category 2 

breakdowns are active in nature. However, to make effective change, collaboration between 

the participating agencies is required, and in some instances the breakdowns highlight some 

clear systemic roots. These will be contextualised at the end of this section. 

 
 

Table 7.3: Local level – Category 2 breakdowns as identified in the Sequence and DPM models.  
 

Number Breakdown 

 
20 

 
MG21 requires increasing level of administration 
 

23 Varying levels of case detail provided 
 

25 No RM guidance   
 

26 No second checker  
 

27 Preferential split capabilities  
 

28 RM cannot see reaction first hand  
 

29 Lack of standardised approach between agencies  
 

31 One analyst  
 

32 Cross over between CSI’s and analyst role (split-time) 
 

38 Relationship between FSU & FSP strained  
 

47 Expectations misaligned against actual capability 
 

50 Few experienced team members to communicate ideas with  
 

51 No RM strategy  
 

52 Results highly interpretable 
  

53 Scale ambiguous  
 

54 Epithelial cells obstruct view  
 

55 Laboratories will not accept results 
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7.2.1 Information Sharing 

7.2.1.1 MG21 Structure  

One key area highlighted in this study is the complexity of the MG21. Whilst all 

customers are required to submit an MG21, the level of detail and the length of the 

document are highly variable between users, with some having ‘too much’ irrelevant 

information and a vast fragmentation of relevant information. For example, some of the 

information provided may be specific to the customer, and not useable by the scientist. 

Moreover, information deemed to be relevant such as case detail; potential comparisons; 

and requests can be broadly spread across pages, meaning that the scientist has to sift 

through the document to identify relevant information, increasing the time taken to 

evaluate a case.   

In addition, the level of detail provided and what was deemed to be ‘relevant’ was 

also questioned. As demonstrated in the Flow model and discussed extensively in Chapter 

4, as evidence passes through the system from source (CSI/CSM) to scientist, interactions 

and information sharing decreases, reducing the risk of biased interpretations. However, 

this study identifies an alternative narrative where this reduction in information can be 

harmful to outcomes.  

For example, imagine an allegation of assault is made by a young woman, who was 

out walking her dog. The victims’ statement explains that no penile penetration occurred, 

but the offender had ripped the sides to her trousers whilst attempting to undress her. The 

victims’ underwear was submitted for testing, and one of the points to prove was to recover 

material from the gusset for the purpose of identifying perpetrator DNA.  

If no detailed case information is shared; such as the seizure of the trousers or the 

victims’ statement disclosing the nature of the tear; the scientist would perhaps progress 

with the underwear. However, if this information was shared, the scientist would most likely 

identify the potential benefits in recovering material from the tear in the trousers as an 

alternative to the underwear, corroborating events and enabling greater targeting in the 

search and recovery phase. Overall this example demonstrates that whilst the sharing of 

information can be limiting, it can also improve outcomes. Consequently, two process driven 

errors appear here; exposure to case information; and highly specific requests from 

customers.  
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7.2.1.2 Case Detail  

As outlined in Chapter 4 there is longstanding debate about what is ‘relevant’ and 

irrelevant’ information, and disparity between actors and agencies exist (Gardner et al., 

2019). On one hand, it is argued that exposure to high levels of case information can create 

biases that impact impartial and fair interpretation of results (Earwaker et al., 2015; 

Langenburg et al., 1009; Nakhaeizadeh et al., 2014; Riva et al., 2020; & Stoel et al., 2014), 

and methods that control information management such as sequential unmasking (Dror et 

al., 2015), fillers (Quigley McBride & Wells, 2018), and the development of less subjective 

tools for interpretation (Abraham et al., 2013) are proposed. However, this study revealed 

an alternative narrative. As demonstrated by the alleged case of sexual assault discussed 

above, in some instances exposure to case information is significant for the maximisation of 

forensic recovery, and its absence can negatively influence outcomes. For example, if the 

victim’s knickers had been sampled in the gusset, not only would recovery of offender 

cellular material be challenging due to a potential saturation of victim DNA, but also the 

findings would fail to corroborate events and thus would likely be scrutinised in court in 

terms of context, and interpretation. Overall, this would reduce the validity of findings and 

key areas of interest such as the tear in the trousers, might be overlooked.  

Overall, this example provides evidence that in some instances, detailed case 

information is essential, especially around the narrative of the offence. In support of this, 

calling out scientists to the scene to interpret activity first hand is practiced, where exposure 

to information is unavoidable. As such, another inconsistency arises where scientists are 

able to attend scenes when required and interpret their findings in the context of all 

available information. In contrast, when working with evidence submitted through the 

standard submissions process, information can be restricted, and even more so when in-

house testing facilities are used for the search and recovery phase of the process, promoting 

inconsistency in the evidence journey.   

Much of the research into bias in the DNA domain focuses on the interpretation of 

DNA profiles and the challenges of complex mixtures (see Dror & Hampikian, 2011; Krane et 

al., 2008). However, it is important to recognise that the same scientist that evaluates the 

case, and designs a search and recovery strategy follows the case from end-to-end, and as 

such are responsible for the interpretation of results in the context of the case, too. 

Therefore, this thesis has shown that we must be careful that by managing case information 
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to prevent erroneous interpretations of complex mixtures, we are not also limiting the 

scientist’s capacity to make informed decisions that enable maximum forensic recovery 

during the earlier stages of the process. Protocols exist where second checkers experienced 

in the area confirm the search and recovery strategy and the final report. Predominantly, 

this procedure is in place to check that forensic potential is maximised and that reports are 

accurate, in addition to reducing fatigue induced error (Dawson et al., 2017). However, it 

does also serve to reduce and manage biases, and therefore studies that evaluate the 

occurrence of bias must also expand to reflect the process from end-to-end, to ensure that 

outcomes are representative of practice.  

In summary, it is recommended that more studies on how exposure to case 

information impacts, both positively and negatively, case assessments at the earlier stages 

are developed. To do so, experience can be taken from areas outside of the forensic science 

arena. For example Fahsing and Ask (2013) found that making a decision to arrest or charge 

a suspect acted as a tipping point for homicide detectives, shifting their mind set to proving 

the guilt of a suspect. In addition, it was found situation factors such as organisational culture 

and availability of information, as well as individual drivers including training and experience 

all acted as decisional tipping points, creating a level of bias within an investigation that 

potentially impacted outcomes. By highlighting areas of vulnerability that are also present 

in the forensic science community, studies such as this should be used to inform future 

design and support the development of decision-making and information-sharing tools in 

the forensic science arena.  

 In conjunction, biases in the interpretation of complex mixtures must also be 

evaluated within the context of the process, where second checkers are used to determine 

whether, and how these biases manifest in potential organisational accidents, or 

miscarriages of justice. More on the generation and dissemination of literature can be found 

in Chapter 7.3.5.  

7.2.1.3 Expectations and Highly Specific Requests 

In addition to the inclusion of case information, participants in this study expressed 

concern for the increasing level of prescriptive ‘points to prove’. This is a key element to the 

MG21 documentation and includes what the customer would like the FSP to do within the 

boundaries of the contract. Commonly, this includes tasks such as search and recovery of 

material and subsequent processing, and should be vague enough to enable the scientists 
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to apply their own knowledge to achieve the goal. However, customers are increasingly 

detailing the methods they would like to be applied and to what area, reducing the role of 

the scientist. Whilst this can sometimes be done in line with customer constraints such as 

cost and resource, in some cases it can be inhibiting to the process. For example, scientists 

often have greater experience detecting; collecting; and processing body fluids on different 

fabric types and work with similar exhibits on a day-to-day basis. However, when provided 

with a detailed description, forensic opportunity might be missed due to a lack of oversight 

of the full range of tests and capabilities offered by a provider. Whilst in some cases these 

are further interrogated and a dialog is opened up between customer and supplier to discuss 

deviations from the MG21 request form, this study found that there are instances where 

this is received with pushback. In other cases, it might be that the person requesting the test 

is unavailable due to shift working patterns, for example.  

In the case of the observed agencies, relationships were well established and dialogs 

were welcomed. Moreover, the participating agencies have a framework where all 

correspondence firstly goes through the submissions team, who are available 9-5 Monday 

to Friday to answer and discuss any queries, generally increasing availability and providing a 

consistent response on a case-by-case basis.  

This increasingly prescriptive submission form, in conjunction to the regulation of 

exposure to information marries to inhibit the scientists from making well-informed 

decisions, and reduces capacity to apply their own areas of experience and expertise to the 

case. Moreover, this reduction in role where decisions are taken out of their hands, paired 

with fewer scene call-outs (see Chapter 7.3.1.2) have the potential to reduce job satisfaction 

and thus lead to greater turnovers of staff, an issue that is prevalent throughout the history 

of the forensic science arena and remains a challenge in todays’ climate. This will be 

discussed further in Chapter 7.3.4.1.   

To address these issues, it is suggested that the MG21 documentation is revised 

through a collaborative effort. Through reducing irrelevant information from a supplier 

perspective, customer workload and administration will be reduced and the documentation 

will require less interrogation from a supplier perspective. An example might be that MG21s 

are comprised of two parts; one that is specific to the FSP which includes information 

required and outlined by the FSP in collaboration; and a second that is relevant to the FSU 
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only. If completed in collaboration, the MG21 documentation will be more concise and user 

friendly for both the customer and supplier.  

7.2.2 In-House Semen Screening Facilities  

Whilst the challenges associated with in-house semen screening facilities have been 

explored in Chapter 3, this section discusses a number of breakdowns, or areas of 

vulnerability in more detail, including case assessment; acceptance of results; procedural 

capabilities; and resourcing. Some changes can be made at a local level, however due to the 

multi-agency impact, all of the following breakdowns have been considered in this narrative; 

25; 26; 27; 28; 29; 31; 32; 50; 51; 52.  

7.2.2.1 Case Assessment  

Within the studied agencies it is common practice that all sexual assault cases sent 

through the major crime route undergo a case assessment process, whereby a suitable RM 

is designated to develop an assessment strategy. However, when a case is submitted to in-

house testing facilities, this part of the process is skipped and instead, the analyst conducts 

a form of case assessment in-house prior to search and recovery. Notwithstanding, if 

samples are subsequently sent to FSPs for further testing, an RM is assigned and required to 

complete an interpretation of results and if necessary, to present these findings in court, 

despite having no oversight of the initial search and recovery mechanisms.  

Within the observed FSPs, rape and serious sexual assault are considered to be 

complex case types that require training and experience, before becoming ‘qualified’ to 

report on them. Whilst this is not a mandatory qualification and is awarded by the FSP 

following training, it does suggest that the RM taking on such a case has established and 

recognised experience in the field. However within in-house testing facilities, which are 

relatively new establishments for complex crime types such as rape and serious sexual 

assault, this same level of experience may be reduced. Moreover, by conducting the search 

and recovery separately from the RM, results from this study highlight that an inconsistency 

in approach is likely to be observed, threatening a cohesive forensic investigation and raising 

concerns amongst RMs that are expected to support and report findings in court.  

Whilst the true value of a case assessment is yet to be evaluated, this inconsistent 

approach and expectation of RMs to report on cases they have not had early oversight of 
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should be further explored to determine, what, if any variation in outcome exists and how 

this impacts outcomes.  

Alternatively, a recommendation from this study is that collaborative training 

exercises are developed that are supported by the FSP. These can include training in case 

assessment, but also encourage an open dialog between the FSU and the FSP prior to 

submission for further testing. If an RM can be assigned prior to the in-house search and 

recovery, greater oversight can be gained. Although this service will come at an additional 

cost, if this can be lower than that of a full submission, a viable alternative that satisfies both 

the FSU and the FSP can be achieved.    

7.2.2.2 Accepting Results 

As a consequence of the aforementioned challenges around in-house testing 

facilities and the subsequent lack of RM oversight at a case assessment level, observations 

revealed that a number of FSPs remain cautious when accepting test results from the force, 

despite the participating force having successfully inaugurated and accredited an on-site 

semen screening facility. One concern was associated with the application of tests such as 

AP and H&E staining, which are inherently highly subjective. With regards to the AP 

presumptive test, it was the opinion of the RM that much of the emphasis when interpreting 

the results was on the colour change reaction, which can be highly subjective. Whilst the 

test itself is straightforward to conduct, there has been significant debate around the 

importance of interpreting of this colour change, primarily due to the number of known false 

positive reactions commonly found in sexual assault investigations, including vaginal 

secretion and faeces (Redhead & Brown, 2013). It was determined in this study that often 

the RM prefers to observe these reactions first hand in order to confidently report findings 

and contextualise results to the courts, where experience can be used in conjunction to the 

literature to confidently report whether results are positive, or negative. Currently, 

protocols agreed by the participating organisations document that a photograph should be 

taken of the colour change at the time it begins, and again at the cut of time of two minutes 

in order to aid and inform the RMs interpretation of the results.  

In addition to highly interpretable outcomes, the way in which the AP presumptive 

test is typically conducted has been widely scrutinised within the literature. Routine practice 

suggests that a 2-minute cut-off rule should be applied to reduce the risk of false-positive 

reactions, however studies designed to explore this have confirmed that in cases where 
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stains are weak, a colour change can be observed as late as 5-10 minutes after the reagents 

have been administered (Lewis et al., 2012; Redhead & Brown, 2013) - a decision that the 

RM can choose to make if they consider it to be useful to the case.  

Overall, there is a level of ambiguity surrounding the application and interpretation 

of AP reactions, supporting the decision from many FSPs to reject findings derived from 

outside organisations (see Figure 7.1). As such, despite having accredited semen screening 

facilities forces can be required to either authorise repeat testing at FSPs at a cost to the 

force, or submit to an FSP that will accept the results from in-house facilities, an option that 

is largely unavailable under the current and competitive procurement framework.  

Figure 7.1: AP reactions ranging from neat semen (left), 1/500 dilution (middle) and 1/1000 dilution (right).  

Fortunately, the risk associated with interpretation was recognised by each of the 

participating agencies, and so control measures have been implemented. For example 

routine practice by all in-house and external laboratories is to conduct a subsequent 

confirmatory test on all positive AP reacting samples – most commonly H&E staining (United 

Kingdom Accreditation Service, 2019a; United Kingdom Accreditation Service, 2019b; 

United Kingdom Accreditation Service, 2019c). This process enables the visualisation of 

spermatozoa under X40 microscopy and confirms, or challenges its presence. This 

paramount step in the process enables the scientist to attribute DNA profiles obtained from 

the sample specifically to semen, rather than any other source of DNA such as skin cells 

and/or saliva. Whilst the participating force has accreditation for this process, current 

practice is that positive AP reactions are still sent to the FSP for further confirmatory testing 

in recognition of their limits as a newly accredited facility. To ensure that when the process 

becomes fully integrated into in-house facilities, feedback loops should be used where FSPs 

communicate findings from cases submitted via this route as part of training and experience 

development.  
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Further, cross training, similar to that mentioned above, can increase confidence and 

build a more collaborative approach to the search and recovery of evidence. 

Recommendations from this study indicate that by opening a narrative with the RM early on 

during in-house testing and through cross training between the laboratory analyst and the 

RM, greater confidence in results can be achieved, promoting the likelihood of result 

acceptance. However, challenges such as contractual agreements, as well as the number of 

agencies and actors that can complete this role, makes this a complex recommendation. For 

example if one actor and one agency train the laboratory analyst, there is no requirement 

for alternative agencies to accept these results. However, training an analyst by all agencies 

is time consuming, costly, and ultimately ineffective due to the turn over and employment 

of staff into RM roles, and subsequent investment required.  

A final recommendation is that greater weighting for the compliance to ISO 17025 

standards and thus the capability of the in-house facility could be given, where it is accepted 

that accreditation demonstrates a high level of competency. To maximise this, emerging 

technologies such as those mentioned in Chapter 7.1.4 can be deployed when commercially 

available to remove the subjectivity associated with semen screening, and in turn facilitate 

confidence in accepting results. A more robust approach to improve the reliability of 

conventional presumptive testing methods is the application of body fluid detection 

technology, such as biosensors (Frascione et al., 2013) and ParaDNA (Blackman et al, 2017). 

These approaches, which can differentiate and confirm the presence of various body fluids 

offers the opportunity to remove the interpretive aspect of testing altogether – because 

whilst there is much criticism for in-house facilities taking on this role, it remains that 

interpretation and decision-making is complex and all actors, including RMs and experienced 

analysts are susceptible to external and internal influences.  

7.2.2.3 Procedural Capabilities 

In addition to concerns for the impact in-house facilities have on the interpretation 

of findings from a human factors perspective, this study also highlighted variation in 

procedure between the in-house and external facility.  

Current practice in the observed in-house testing laboratory is to conduct 

presumptive tests on a sample, collecting and submitting those with positive outcomes. 

Moving forward, there is an expectation that confirmatory testing and a full recovery is 

implemented so only a small sample, such as a swab is submitted, negating the need for any 
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search and recovery processes at the FSP. However, by collecting evidence prior to 

submission, samples are not exposed to the preferential split process available at all FSP 

facilities (United Kingdom Accreditation Service, 2019a; United Kingdom Accreditation 

Service, 2019b; United Kingdom Accreditation Service, 2019c), a method that separates 

epithelial cells from sperm cells.  

Whilst the exact process the participating FSP uses remains commercially sensitive, 

Cellmark Forensics published their process Sperm Elution© – a two phase method for the 

separation of epithelial cells and spermatozoa in sexual assault samples (Hulme et al., 2013). 

Findings suggested that not only did this separation process improve confidence in slide 

examination and the detection of spermatozoa following the H&E confirmatory test, but it 

also recovered over twice the amount of sperm cells when compared to conventional 

methods, improving overall outcomes. According to Allard’s (1997) method of head-count, 

doubling the amount of spermatozoa visible under microscopy may significantly alter the 

interpretation of findings and how these are contextualised for the courts.  

Without this stage, the examination of slides remains incredibly difficult and thus 

increases the chance that a sample containing spermatozoa is overlooked. Moreover, full 

recovery mechanisms such as swabbing will likely yield less spermatozoa than those samples 

that have been exposed to the preferential split, reducing overall quality of outcomes. 

Results from this study revealed that it is the expectation of the participating agencies that 

this process eventually moves in house, improving slide visualisation. However in doing so, 

the full search and recovery examination is removed from the RM entirely. Although AP tests 

are conducted in house currently, full exhibits that test positive are submitted, thus giving 

the RM some oversight and potential to amend search and recovery mechanisms if required. 

Under new developments where H&E is conducted in house, this will be lost in its entirety, 

and the first time the RM sees case information will be at the interpretation stage following 

full DNA analysis. Moreover, incorporating H&E within in-house facilities come new 

challenges, including increased time and resource requirement on an already strained 

system.  

7.2.2.4 Resourcing  

Three breakdowns (31; 32; & 50) that relate to in-house resourcing were identified 

as part of this study, where one full-time examiner carries out a majority of casework with 

the rest divided out to cross-trained CSIs. Whilst the lack of resilience created by only having 
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one examiner is negated by the non-essential requirement for evidence to be testing in-

house prior to submission, the use of cross-trained CSIs for laboratory processes has been 

debated.   

For example in a recent report, the FSR outlined key contributors to cognitive bias in 

the examination process, including a knowledge of detective expectations; strict hierarchical 

structures; and in some cases the use of ‘hits’ as key performance indicators (Forensic 

Science Regulator, 2020d). Whilst conventionally these have been applied to fingerprint 

examination, which is inherently in-house, as DNA laboratories become increasingly 

established similar examples are likely to occur. Although exposure to such information is 

viable at FSPs, there are a number of barriers that reduce the likelihood of such biases when 

working with external providers, encouraging a loosely coupled system. For example, in-

house laboratories lie in close physical proximity, sometimes at the same site, to the wider 

investigative team and as such, exposure to irrelevant information is more likely. Moreover, 

CSIs and in-house analysts have access to the same RMS database as the investigative team, 

who are continuously updating the system with contextual information such as CCTV 

footage and notes, concurrently to the forensic investigation. With access to data such as 

key suspects; case detail; and potential findings, there is perhaps increased risk of cognitive 

contamination (Dror, 2013) in comparison to those less exposed at external and 

independent sites, risks of which are evidenced in Chapter 5 through the discussion of tightly 

coupled systems.  

Similar concerns were expressed in the National Academy of Science report (National 

Academy of Science, 2009), a pivotal publication on strengthening forensic science in the 

United States. Here, it was recommended that forensic science laboratories were separated 

from the administrative control of police authorities due to conflict of interest, where it was 

felt scientists could potentially compromise their methodical and quality-based approach 

for outcomes, due to pressures from police authorities. Whilst such pressures are often 

unintentional, the variation in the term ‘success’ is also apparent in the UK, and remains the 

case over ten years after the publication of the NAS report. 

For example, the way that each agency places emphasis on ‘success’ is variable and 

multifaceted (Ludwig, 2016). For example, the police services identify success as an 

improved detection and conviction rate, whereas the commercial sector place a greater 

onus on the service delivery in terms of product, turn-around-time, and cost (Bruenisholz, 
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Vandenberg, Brown & Wilson-Wilde, 2019; Speaker, 2009). Regardless of the measure, a 

shared notion of success is a service that is ‘efficient’ and ‘effective’, which according to 

Drucker (Ludwig, 2016) means that an outcome is achieved in the most resourceful way 

without excess use of cost, energy, or time. Whilst these factors account for the tangible 

and external aspects of success, for example a significantly reduced TRT and cost for DNA 

testing (Forensic Science Regulator, 2016) consistently overlooked in the forensic sciences 

are the intrinsic and intangible aspects that are fundamental to creating a successful agency 

(Schein, 2015).  

Whilst the above challenges highlight limitations to the establishment of in-house 

semen-screening facilities, the participating agencies recognise the need for flexibility in the 

process and steps are being taken to ensure quality is maintained.  

One option identified through findings from this study is procedural change. As 

mentioned in Chapter 7.2.2, presumptive and confirmatory tests can be highly subjective. 

To ensure the most accurate interpretation is provided, the FSP adopts a second-check 

stage, where all reaction that cannot be easily repeated are observed and confirmed by a 

second checker. Whilst this stage is non-essential for evidence progression, it does enable a 

more robust conclusion to be drawn that is less susceptible to factors such as cognitive bias, 

and draws on a greater wealth of expertise, where both examiners will have exposed to 

different conditions and experiences. However with only one full-time examiner, the 

requirement for a second check is time and resource demanding and whilst others are able 

to second check, their full-time role as a CSI means that they are often unavailable or off-

site.      

Although the RM prefers to see the reaction first-hand and can act as the second 

checker, there are protocols in place for when the RM is on leave, a different shift, or at a 

scene and therefore opportunity exists for in-house facilities to provide a similar service. By 

stating that the second checker can be anyone trained in that particular technique, the 

requirement for RM presence is negated, and so replicating this process for in-house 

facilities offers an alternative solution for which RMs are more comfortable to accept 

photographs and documentation as results. 

Whilst there are a number of concerns, the participating organisations have 

recognised the immediate need for action, putting procedures in place to prevent the 

compromise of quality during this early stage of transitions. Currently, only cases which are 
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unlikely to be sent for further testing go through the in-house facility for triaging, with any 

cases that are high priority; complex in nature; or heavily reliant on a specific piece of 

evidence going straight to the FSP. This provides a work-around to prevent selectivity of 

cases from a force perspective and in contrast, offers a new and higher chance of success 

for cases that would be left unexamined under the previous framework. Whilst this use of 

an in-house facility recognises the limitations and risks associated with this more fragmented 

approach to service delivery, the future is uncertain with numerous frameworks, services, 

and increasing pressures to perform.  

 Although such reactions pacify concerns, they act only as a placeholder, and the 

participating FSU also recognise the need to future-proof. As such, this study has resulted in 

a number of opportunities to sustain and improve on current practice. For example, as a 

consequence of findings from this Thesis, cross training by experienced scientists within the 

FSP will look to provide training to in-house analysts, ensuring that approaches align and 

that they can more comfortably rely on results without the need for replication. In addition, 

the participating force continues to utilise their in-house facilities for more low-level and 

streamlined cases that without in-house input, may not make it to the external provider at 

all. For example, complex cases that require multiple levels of testing, as well as the 

application of more than one discipline will be sent directly to the FSP. For now, this 

mitigates the significant risk posed by variation in approach and experience, however as 

resources continue to become strained and pressures to produce results increase, the cross 

training and acceptance to work with, rather than against in-house services is paramount 

for successful and high quality service delivery.  

Whilst this is progressive, finding additional resource and cost to support such 

collaborations and to maintain a laboratory remains a challenge. A more imminent 

consideration is that whilst there is variability between FSPs and the in-house facilities, each 

laboratory accredited to conduct such procedures adhere to ISO 17025 guidelines and as 

such, each demonstrate a level of competency and quality around their procedures.  By 

demonstrating compliance, a degree of standardisation can be accepted, and could provide 

the foundations for a trusting cross-collaborative relationship where results are accepted 

and documented as part of the submission process.  

Results from this study indicate a high level of risk associated with the establishment 

of in-house testing facilities for complex cases, where by nature multi-agency collaboration 
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is required (Julian & Kelty, 2011), a concern first alluded to by Touche Ross (See Chapter 2). 

Whilst it could be recommended that complex processes remain outside of force-run 

facilities, a number of successful models exist where strong collaborations occur, and 

progression towards a more economical approach should be encouraged rather than 

repressed. Instead, it is recommended that if these facilities are to continue emerging, they 

must be done so in active collaboration with the existing provider of their services, and 

agreements for the distribution of workload following implementation should be made prior 

to their development to reduce resource and cost implications.  

This is an excellent example of where active and latent errors intersect. For example, 

the challenges with the interpretation of AP reactions can be considered a decision-based 

error, which falls under the active conditions of unsafe acts (Shappell et al., 2007). However, 

even if cross training occurs and competency is agreed by all participating agencies, there 

remains a more systemic challenge at the level of unsafe supervision. Although this sounds 

conscious where supervision is overlooked, in this instance it comes in the form of ‘planned 

inappropriate operations’ (Shappell et al., 2007) where in-house facilities do not yet provide 

services that separate cell types, thus improving recovery and visualisation. As such, even if 

the approach to AP detection and interpretation is managed, this existing, latent issue will 

continue to create challenge and thus present opportunity for errors to occur. As such, 

managing or eliminating the active failure goes some way to reducing the risk of an 

organisational accident, but to truly create a more effective service latent conditions must 

also be considered simultaneously. 

 Whilst many of these recommendations require collaboration between the 

participating agencies, the ‘bigger picture’ also requires National support. Albeit only 

identified across two agencies in this study, the establishment of in-house facilities is 

expanding, and increasingly incorporating complex techniques that bring about similar 

concern. Therefore, it is recommended as part of this study that the risks associated with in-

house facilities that incorporate complex and subjective processes are reviewed at a 

National level and encouragement for a more collaborative approach is supported. For this 

to occur, a number of systemic challenges within the forensic science arena must be 

addressed, those of which identified in this study have been outlined below in Chapter 7.3.  
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7.3 National Level  

The study identifies breakdowns at this level to be systemic. They often involve 

factors such as resource management; organisational climate; and/or organisational process 

(Shappell et al., 2007) and present as root cause issues. Making positive change at this level 

will be highly impactful, however it does require substantial resource and buy-in from a 

multi-agency perspective, including external stakeholder engagement. Table 7.4 presents 

each of the breakdowns that fall within the themes of this category, which include 

engagement; quality; experience; and literature. Moreover, change at this level will create 

systemic solution to a number of Local Level breakdowns. For example, whilst the suitability 

of in-house testing laboratories for complex analyses can be managed on a local level by the 

effected agencies, taking a more holistic approach from a quality, or experience perspective 

may offer a sustainable framework that can be applied widely in the forensic science 

community, rather than working on a case-by-case basis. Breakdowns have been 

categorised as National level where Local level change cannot feasibly be achieved. 

Table 7.4: National level breakdowns as identified in the Sequence and DPM models.  
 

Number Breakdown 

 
1 

 
Guidelines can be restrictive 
 

2 Often based on victim account only 
 

4 Cost constraints 
 

5 Victim may not be wearing same clothing 
 

6 Victim disengagement  
 

7 Victim may have poor account of event  
 

8 Time dependent based on FFLM guidelines 
 

9 Not required to adhere to forensic standards and guidelines  
 

10 Anti-contamination procedures in place but not as stringent as in forensic 
laboratories 
 

11 Suspect disengagement  
 

12 Suspect may not be wearing same clothing 
 

14 Basic cleaning procedures only 
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16 Moral vs. legal – If suspect declines this can be used against them in court 

(but not yet proven to be guilty) 
 

17 Scenes may not be identified  
 

18 Human interpretation required (see DPMs for more detail) 
 

19 Not competency checked 
 

21 Contractual agreements 
 

22 Distance causes time delay 
  
30 Resource Constraint 

 
35 Existing literature outdated 

 
36 Loss of experience due to high turnover of staff  

 
37 Findings from literature ineffectively disseminated  

 
39 Experiences vary between actors 

 
40 Experiences cannot be directly applied to new situations 

 
41 Limited knowledge base  

 
42 Lack of available information  

 
43 Highly variable levels of forensic awareness 

 
44 Exposure to ‘irrelevant’ information  

 
45 Intuition used  

 
49 Individual force drivers 

 

 

7.3.1 Engagement  

7.3.1.1 Victim/Suspect Engagement; Non-intimate Samples; and FFLM Guidelines  

Allegations of sexual assault are under-reported and challenging to prosecute 

(Campbell, Patterson, Bybee & Dworkin, 2009) with the most widely recorded reason being 

associated with social norms (Zinzow & Thompson, 2011). For example, McQueen and Kelty 

(2019) explain the impact of classic rape theory, where victims associate ‘true rape’ with 
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strangers carrying a weapon. In this case, victims that feel that if their scenario does not fit 

the mould, there’s an increased risk that they won’t be believed, and thus fail to report their 

assault. Moreover, factors such as alcohol consumption; type of assault; and self-blame 

were amongst reasons for under-reporting worldwide (Zinzow & Thompson, 2011).  

Even if victims do decide to report an allegation, delays created by such reluctances 

impact forensic evidence recovery, particularly if significant time since the assault as 

elapsed; the victim has washed; or if they have changed and/or laundered their clothes 

(Forensic Science Regulator, 2020b). Upon arrival at a medical facility, victims clothes are 

retained for forensic examination, however in cases where reporting has been delayed, this 

is not always effective and as such, potentially valuable evidence is lost.  

Whilst studies suggest that suspect DNA can be recovered from clothing after a full 

wash cycle (Karadayi, Moshfeghi, Arasoglu & Karadayi, 2020), interpretation of this finding 

should be applied with caution. When exploring the risk of transfer in laundered items, it 

was found that whilst stains can persist and aid investigations up to eight months after 

deposition (Brayley-Morris et al., 2015), transfer from other clothing materials can also 

occur, where both semen stains and vaginal secretions have transferred between items and 

in some cases, produced full genetics profiles (Noël et al., 2016; Voskoboinik et al, 2018) 

Instead, a more robust framework for evidence recovery that supports and reduces the 

likelihood of erroneous DNA profiles and thus misinterpretation would be to encourage 

timely reporting and increased engagement from the outset from victims of sexual assaults.  

McQueen and Kelty (2019) found that one way to improve immediate reporting was 

to increase awareness of the process. In 1999 Australia moved to a model where medical 

examinations could be conducted without notifying the police, a framework also employed 

in the UK. However a survey they found that only 46% of participants were aware of this, 

and instead associated reporting with a full police investigation, deterring them from 

reporting an incident. Moreover, Henninger, Iwasaki, Carlucci and Lating (2020) found that 

positive experiences of sexual assault investigations were linked to clear explanations of the 

examination and investigative process, as well as feeling believed by the examiners and 

authorities.  

The participating agencies employ an encouraging framework where annual 

meetings are held between stakeholders, including investigative teams; third party 

organisations including crisis workers and charities; FSPs; and academia. During this event, 
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forensic capabilities; victim needs; the current climate from the perspective of stakeholders; 

and on-going challenges are communicated on a collaborative platform, the hope for which 

is that later down the line, these ideas are shared with the wider community to encourage 

improved reporting. Whilst this is an excellent demonstration of collaborative working to 

reduce risk, effective dissemination of this knowledge is key (see Chapter 7.3.5), as well as 

maintaining balance between forensic requirement and victim support to ensure that 

forensic services remain appropriately independent from the wider investigation.  

In conjunction to non-intimate samples, victims and suspects routinely undergo 

Forensic Medical Examinations where a series of intimate samples are collected in line with 

FFLM guidelines (Faculty of Forensic and Legal Medicine, 2020). Throughout this study, 

actors involved in the development and deployment of forensic strategies suggested that 

these guidelines are potentially restrictive, especially when reports are made without police 

involvement and remain dormant for some time. FFLM guidelines provide thorough and 

routinely updated advice on when, and how to collect intimate samples from victims and 

suspects of sexual assault investigates in line with advancing technology. However, studies 

evaluating the persistence of perpetrator DNA in female intimate samples have 

demonstrated that success rates are highly variable, ranging from no obtainable profiles 

through to DNA detection after 156 hours following penile intercourse (Owers, McDonald, 

Montgomerie & Morse, 2018). Whilst the FFLM guidelines are developed and revised 

collaboratively with FSPs, continuously evolving techniques such as SpermTrap® (Kennedy, 

Thompson & Clayton, 2019), as well as increasingly sensitive chemistries including YSTR 

(Owers et al., 2018) enable greater scope for forensic recovery in sexual assault 

investigations, and therefore having early investigative insight to tailor recovery approaches 

may be beneficial to victims and the overall investigative process.  

Whilst we can continue to improve DNA capabilities to be more sensitive, or to better 

target and amplify male DNA (Chapter 2), without victim engagement this advancement is 

fruitless. Instead, findings from this study indicate that conjunctional efforts should be given 

on communicating, disseminating, and supporting the wider community to increase victim 

engagement with forensic recovery early on in the investigation.  

Although victim engagement is conducted by agencies outside of the forensic arena, 

there is a clear link a better knowledge of the forensic process and increased victim 

engagement. For example, when discussing forensic capabilities with the police team 
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dedicated to managing sexual assault investigations, there was a disparity between what 

forensic capabilities existed, and an understanding of how these could be used in 

investigations to improve forensic outputs. By creating such disparity, victims are less likely 

to receive a comprehensive evaluation of their options regarding DNA recovery following an 

alleged assault; which will depend heavily on personal circumstances; and thus may be less 

inclined to engage with the police investigation process in order to maximise forensic 

recovery, particularly where recovery methods can be highly invasive.  

To communicate an understanding to victims of sexual assaults and to explain the 

potential of forensic evidence, and in turn improve engagement, forensic knowledge must 

be better disseminated to third party organisations and the wider investigative team. For 

example, when new technologies such as Y23 emerge that improve our capabilities to 

recover and detect male DNA, these advances must be communicated further than the 

police force or scientific service department, and must have far-reaching impact to agencies 

such as the SARC, and charity agencies that work with victims of sexual assault on a daily 

basis. In doing so, victims will be encouraged to report and engage with the process earlier 

in the investigation, improving forensic recovery in sexual assault investigations.  

7.3.1.2 Logistics and the Impact of Physical Disparity  

Another factor linked to engagement and raised in results of this study is the distance 

between FSUs and their associated FSPs. The distance between two of the participating 

agency sites is 180 miles, which equates to roughly a nine hour round trip. Whilst regular 

couriers are scheduled between FSUs and all FSPs to ensure contracted workload is timely 

delivered, there are some instances where this time delay is significant. The first is in the 

case of urgent submissions. In these cases, couriers may be required to make the journey 

for one, or a small number of submissions. Not only does this time delay work against the 

investigation where a suspect is detained in custody, but also in cost implications such as 

petrol; courier services; and resource for preparation and transportation. Whilst this cannot 

be easily managed due to the number of FSPs per FSU countrywide and the regularly 

changing contractual agreements, it does highlight the potential benefits of in-house 

facilities where all of these factors can be reduced, or even eliminated. However, it must be 

noted that significant risk is associated with the current delivery of complex, urgent 

casework at in-house facilities (Chapter 7.2.2).  
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However more pertinently, challenges born from increased distance were raised 

from both agencies in relation to the use of experts at crime scenes. Take for example the 

distance between agencies in this study. If the participating FSP had a sexual offences 

contract with the FSU and a complex crime scene existed where the interpretation of body 

fluid in situ was essential, a scientist would have to travel over four hours to the scene, which 

would have to remain open and operated by staff. Not only incurring significant cost and 

resource implications to the force, this delay in some instances, depending on the condition 

and location of the scene, could impact the overall quality of forensic evidence. As such, 

there is an increased tendency to try and limit the number of callouts made, encouraging 

reduced engagement from scientists at crime scene and in turn, potentially impacting 

outcomes.  

This study found that both agencies felt impacted by this, where FSUs were less 

inclined to call FSPs and as such had to make a greater number of decisions at the crime 

scene, where previously they may have utilised a scientist; and FSPs felt as well as added 

time and resource to their own workload, they were feeling increasingly less involved at the 

early stages of an investigation, which was considered to negatively impact outcomes. 

Further, it was felt that the distance between agencies negatively impacted engagement 

from the perspective of both agencies, unlike in-house services where clear benefits are 

outlined from at least one participating agency.  

It was mentioned that in the old framework where the FSS laboratories were often 

local, stronger relationships could be forged with experts and as such, there was a greater 

emphasis on using them for scene examinations and on-site interpretation. Now, the 

inclination is to reduce expert use at the scene and where possible, and to use available 

resource such as CSIs. There are a number of challenges associated with this, which have 

resonated throughout the literature for a number of years. Firstly, practitioners report that 

it reduces job satisfaction, where scientist roles jobs have become office-based. Secondly, 

as the person responsible for interpreting the case findings, it’s felt that being at the scene 

can be beneficial in providing context and information that may be lost through images. 

Being on scene enables scientists to tailor evidence recovery to ensure forensic potential is 

maximised, and ultimately save overall cost and resource.  

Whilst results from this study revealed that on-scene interpretation can be highly 

valuable to a case, attending a scene does expose the scientist to irrelevant information. 
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Chapter 4 explores the risk this carries through the introduction of biases, and thus supports 

the idea that attending a scene can be dangerous to outcomes, however inconsistencies to 

when and how experts are called to a scene should be further explored to evaluate the 

impact it has on outcomes, and a standard approach should be achieved.  

This finding highlights two key issues. Firstly, the physical distance between agencies 

causes disparity and reduces the chance of expert scene attendance. Moreover, this lack of 

attendance initiates a further issue, where relationships between FSUs and FSPs are less 

likely to be forged, and thus collaborative and cohesive efforts to maximise the quality of 

outputs is reduced. Aforementioned, frameworks of collaboration such as EMSOU and the 

MPS, each of which have on-site scientists, goes some way to re-encourage this relationship. 

Scientists are closer to the scene for attendance, and also more readily available for personal 

communications with the investigative team and thus able to forge more trusting and 

embedded relationships. However, challenges such as bias and the sharing of irrelevant 

information introduce a level of risk to this collaborative working, such as those 

demonstrated in Chapter 6 regarding tightly coupled systems.  

An alternative method is to provide better digital, on-site services. For example, the 

use of 360° technology to capture detail of the scene which can be remotely accessed could 

be utilised to avoid callout without limiting scientist support. Already captured at many 

scenes, 360° imaging enables a more in-depth reconstruction for the courts and the 

investigative team (Sieberth, Dobay, Affolter & Ebert, 2019). Moreover, Sheppard, Cassella, 

Fieldhouse and King (2017) have demonstrated that by adapting 360° capabilities body fluids 

can be detected in conjunction to scene capture, enhancing visualisation mechanisms be 

reducing the need for decision-making during the search phase and better capturing the 

locations and context of stains in comparison to conventional photography methods.  

Taking it one step further, researchers are exploring the application of virtual reality 

and augmented reality, where scientists are able to put themselves in the crime scene and 

navigate their own search mechanism, enabling them to experience the scene first hand 

without the requirement for physical attendance (Carew & Errickson, 2019). Although 

security must be considered, it has been proved that such technologies can be easily and 

affordably accessible on smart devices such as iPhones, making them a viable option with 

little technological intervention from a user perspective (Ebert et al., 2014). Moreover, as 

these devices are already widely used and accepted by users, an increased chance of 
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technology acceptance, rather than resistance as explained by Chutter (2009) in Chapter 3, 

exists.  

However, whilst this offers a more thorough scene examination, transferring the 

data-capture to a device prevents real-time examination and as such, limits its application 

when seeking support with crime scene investigation in-situ. Instead, basic video capture 

offers a viable way for scientists to view and comment on scenes in real-time, and when 

distance or environment present difficulties in callout or where CSIs simply want to 

determine whether a callout is necessary, offers an alternative solution.   

Although remote scene-capture and interpretation is yet to find itself as standard 

process within the forensic science arena, remote working in complex environments for the 

purpose of high-impact decision-making is not novel. In the medical profession video-

mediated consultations have been proven to offer greater accessibility, convenience to 

patients, and cost reduction benefits (Shaw et al., 2020). Whilst limitations such as the 

inability to conduct thorough physical examination and difficulties in achieving an easy-

flowing conversation were documented, overall remote examinations with the use of video 

were considered to be successful, and provided a useful alternative to face-to-face services.  

Whilst success can be demonstrated, Chapter 3 presents a primary challenge in the 

form of technology acceptance, even when devices are accessible to a range of users. 

Moreover, success of augmented reality and remote interpretation is contingent not only 

on technology, but good collaboration between the user and provider. Similar to the notion 

that evidence recovery from victims is contingent on early reporting, effective use of real-

time data capture is reliant on CSIs and scene goers feeling comfortable and confident in 

contacting scientists remotely to seek opinion. In a climate where disparity exists between 

the public and commercial sector, this presents a further challenge, which will be explored 

in more detail in Chapter 7.3.6.  

7.3.2 Quality  

A number of complex vulnerabilities were identified as ‘quality-related’ including 

adherence to quality standards and guidelines, and contamination in non-forensic spaces. 
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7.3.2.1  Implementation of Quality Standards and Guidelines 

Each year DNA service providers are required to demonstrate compliance to ISO 

17025 standards whereby the competency of laboratory testing procedures are examined 

(United Kingdom Accreditation Service, n.d.). In addition, those accredited to load to the 

NDNAD are required to demonstrate their competency to produce profiles that are 

compatible with the system (Home Office, n.d.), and participate in proficiency testing 

programmes set out by the Forensic Information Database Service (FINDS) (United Kingdom 

Accreditation Service, 2018) - the service providers for the NDNAD (United Kingdom 

Accreditation Service, n.d.). As such, it should be assumable that all DNA profiles are of a 

certain quality standard that is agreed to be adequate by the forensic science community 

and key stakeholders.  

However, whilst quality control measures can provide assurance that profiles are of 

a certain standard in order to be loaded to the NDNAD, little end-to-end investigation into 

expected outcomes is documented. For example, FINDS conduct proficiency testing to 

ensure DNA profiles produce expected results that are compatible and suitable for loading 

to the NDNAD (United Kingdom Accreditation Service, 2018), but what it does not examine 

is how that evidence is collected and later interpreted in preparation for the courts, and 

whether this meets the same exacting standards. As such, whilst the physical testing 

mechanisms through which DNA profiles are produced is monitored and regulated, this does 

not assure that all crime stain samples are achieving similar high quality and consistent 

results (House of Lords Science and technology select committee, 2019). Take a sexual 

assault scene for example. It may be demonstrated that when provided with a proficiency 

test sample FSPs are able to effectively separate cell types using their documented 

techniques to produce an expected profile. It may also be demonstrated that through 

accreditation to ISO 17025, laboratories can evidence their compliance to quality standards 

and ensure their technical processes can produce consistent and quality results. However, 

the quality of that profile is also contingent on good practice at the front end of the process, 

during the search and recovery stage; submissions; and equally the interpretation of those 

findings. Thus, whilst ISO 17025 and proficiency testing delivered by FINDS assures that 

providers adhere to expected guidelines and appropriately apply protocol to their 

procedures, it does not consider whether the final outcome matches an expected outcome 

from an end-to-end perspective, particularly where similar regulation is lacking at the front 

end of the evidence journey.  
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In conjunction to the now well-established ISO 17025 for laboratory processing, the 

UK is moving towards the regulation of crime scene examination (Forensic Science 

Regulator, 2017). In doing so, quality control will be in place, albeit separately, throughout 

the evidence journey from start to finish (with the exception of the submissions stage). With 

crime scene processes accredited to ISO 17020 by 2020 (House of Lords Science and 

technology select committee, 2019) an end-to-end quality assurance programme will exist; 

however criticism for its suitability continues to emerge in the forensic community (Wilson, 

Gahan, Robertson & Lennard, 2018).  

Foremostly, it’s recognised that the designated ISO standards are not specific to the 

forensic science arena, and as such some of the requirements can be challenging to 

implement and demonstrate (House of Lords Science and Technology select committee, 

2019; Wilson et al., 2018). Moreover, practitioners explained that implementing such 

standards during a time of increased funding cuts and resource constraints deepens the 

likelihood of failure when it comes to gaining accreditation, the outcomes and impact of 

which remain largely unknown (House of Lords Science and Technology select committee, 

2019).  

Even if successfully implemented, the fact a number of different standards and 

guidelines exist throughout the evidence journey promotes inconsistencies and thus further 

fragments the forensic science arena. Moreover, the submissions stage, which plays a 

significant and far reaching role in the evidence journey, continues to lack clear quality 

control measures, even under the new developments such as ISO 17020.  

In recognising the limitations if a lack of end-to-end evaluation, and the importance 

of incorporating quality control measure across all roles throughout the evidence journey, 

forensic science provisions in Australia propose a different approach to establishing 

accreditation. By developing a new set of standards and guidelines specific to forensic 

science (AS 5388) that holistically evaluates the process from start to finish, including crime 

scene investigation; submission of evidence; analysis, identification; and case resolution, this 

approach better recognises the specific needs of the forensic science process and targets 

each of the stages under one quality umbrella (Robertson, Kent & Wilson-Wilde, 2013). 

However, it does remain that to develop and implement new quality control measure such 

as these, significant resource, cost, and user buy-in is essential, which is inherently limited 

in the UK forensic science arena.  
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In addition to suitability, the way in which quality is tested and enforced is criticised. 

For example, members of the forensic community, including FSUs and FSPs have suggested 

that accreditors tend to lack technical experience in the domains that they are evaluating, 

and as such have a misaligned interpretation of the applied standards and guidelines being 

measured against (House of Lords Science and Technology Committee, 2019). Moreover, 

without statutory powers, the FSR cannot enforce compliance, and as such risks further 

disparity of outcomes.  

Whilst the negatives of current quality control measures are widely debated, there 

are a number of positives born from building a more robust quality framework in the forensic 

science arena. For example, demonstrating compliance to documented quality control 

measures promotes customer confidence; sets clear benchmarks for what can be expected; 

and enforces a shared language between users and suppliers (Wilson-Wilde, 2018). 

Moreover, as part of compliance, service providers must evidence a reporting system for 

non-conformances and demonstrate how such errors have been managed and prevented 

moving forward, which evidenced in Chapter 6, is essential for learning and progress 

towards a more effective and efficient service delivery.   

One interesting point to note is the risk of over-regulation. Reason (1997) provides 

an excellent example of where this played a significant role in the unnecessary death of 

French soldiers in the early 1400s. In this case, the French army made significant 

improvements to their armour to prevent penetration and in turn, assure their safety during 

war. However when faced with a much smaller and less equipped British army, it was 

realised that their new armour was too heavy, and when knocked off their horses they could 

not get back up to fight. Whilst the forensic science arena is still on its journey to regulation, 

this highlights the key need to ensure quality control measures are fit-for-purpose; 

proportionate; and address key issues identified through robust research.  

As mentioned in Chapter 2, DNA profiles are the product of an extensive, linear 

process throughout which a variety of decisions are made that influence the trajectory of 

outcomes, where scientists tasked to interpret findings can only work with the product they 

are given that has been exposed to accumulative risk. To fully evaluate the quality of 

outcomes, the product should be considered from an end-to-end perspective using ground 

truth datasets, where a known profile is deposited at a scene and processed through a 

number of routes, incorporating a wide range of actors, agencies, and service providers. 
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Only then, when outputs are compared to determine whether delivery has been achieved 

to an equal standard to produce identical results, can we fully evaluate the level of 

standardisation in the forensic science arena.  

7.3.2.2 Contractual Agreements  

The commercial sector operates within an incredibly competitive marketplace where 

the distribution of workload is determined by a tendering process. Findings from this study 

showed that two key frustrations were expressed around the stringent nature of contractual 

agreements; quality of outputs; and relationships. Whilst the quality of outputs is discussed 

above, this section briefly explores the challenges associated with a competitive and 

changing marketplace and the impact this has on the submission of evidence.  

When evidence is submitted for further testing, the receiving agency is dictated by 

contracts agreed during the tendering process. For example, workload associated with 

sexual offence cases considered under the major crime category may reside with one FSP, 

while volume crime with another. Further complicating the system, DNA evidence for 

example, might be sent to a separate provider to toxicology. Aforementioned, this structure 

lends itself to case fragmentation, where elements of the same case can be sent to different 

FSPs, thus impacting a cohesive forensic investigation. Further to this, the observed agencies 

expressed frustration in the changing of providers on a three –five year basis, depending on 

the contract. Participants felt that this approach obstructed the development of meaningful 

professional relationships and in turn, reduced the likelihood that advice would be sought 

on a regular basis, linking with the deployment of scientists to crime scenes, and potentially 

impeding the overall quality of outcomes. In contrast, the actors explained that when 

working under previous frameworks such as that provided by the FSS, good working 

relationships were established and as such, communication was more fluid; scientists were 

more regularly consulted for early investigative insight; and it was felt a greater collaboration 

between user and supplier existed.  

Whilst quality control measures exist to ensure FSPs and providers of forensic 

services produce high quality outcomes regardless of agency, there is variation in approach. 

Whilst it may be that outcomes are still achieved to a similar level, increased proficiency 

testing and studies that utilise ground truth datasets from crime scene to court must be 

utilised to demonstrate such outcomes, and to provide greater confidence to stakeholders 

within the forensic science community and FSUs.  
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As such, it is recommended that when tendering processes are released and 

contracts are agreed, greater collaboration between agencies, particularly those working in 

the frontline and not just those in account manager positions, should be encouraged. With 

only three providers available in the DNA marketplace, developing such relationships, 

especially as work is divided between FSPs, can have longstanding and valuable impact on a 

movement to more collaborative working.  

7.3.2.3 Non-Conformances 

To demonstrate compliance to ISO standards and to gain accreditation, suppliers 

must be able to evidence a robust reporting system for non-conformances, which according 

to Chapter 6 is an essential requirement for learning and progress in complex systems.  

According to ISO 17025, procedure dictates that all non-conformances, including 

unexpected performances during proficiency tests, are escalated to the FSR (Forensic 

Science Regulator, 2017). By documenting and disseminating such errors, the forensic 

science community has the potential to learn from previous mistakes and prevent further 

error, and more recently a number of publications have been released to promote ‘lessons 

learned’ initiatives (Forensic Science Regulator, 2019a; Forensic Science Regulator, 2019b; 

Forensic Science Regulator, 2019c; Forensic Science Regulator, 2019d). However, a number 

of issues arise that prevent fluid implementation of change into practice and inhibit 

successful learning in the forensic science arena.  

First, models designed as part of this study show that the processing of evidence 

from crime scene through to interpretation takes time and crosses an enormous 

conglomerate of actors and agencies. As such, feedback loops are incredibly limited, or at 

best, very slow. Feedback loops refer to how long information takes from being collected, 

to being disseminated back to the community for learning purposes, where the longer it 

takes, the less likely receivers are to digest and utilise learning mechanisms. Syed (2016) 

explains the concept of feedback loops through the application of radiography, where 

mammogram results are often only confirmed through investigative surgery a number of 

weeks or months after the initial scan, and where results following surgery are scarcely 

feedback to the radiographers that made the initial evaluation. Moreover, missed 

opportunities and misidentifications are likely to only be caught during surgeries or through 

later admissions to hospital, once again often failing to be communicated to the 

radiographers that made the initial misidentification.  
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A similar structure was observed between participating agencies. For example, a case 

is investigated by a police force, where a CSI is deployed. A few days to week’s later, samples 

are submitted to a DNA laboratory for further testing via the submissions team, and received 

by the corresponding FSP. Samples are examined, and a full DNA profile is produced, 

creating a match on the NDNAD. Results are communicated with the customer (in cases 

where RMs are not assigned this is automatic, and does not pass through the FSP), and from 

a forensic perspective the case is complete. It is only later that the case goes to court and 

outcomes are decided, by which time hundreds more samples have passed through the 

system and feedback loops fail to reach those that worked on the forensic elements of the 

case. From an observational perspective, this not only inhibits the development of a learning 

culture, but also reduces job satisfaction, where the ‘bigger picture’ can often be lost, in turn 

promoting a high turnover of staff and thus a loss of experience. 

Whilst it is encouraged that agencies document and report non-conformances, 

findings suggest that the complex infrastructures and cultures within forensic science inhibit 

the reach of lessons learned activities and discourage reporting to the FSR for less serious 

offences. For example, if an FSP were to report every error and near-miss that occurred and 

these findings were disseminated to the wider community for learning purposes, there is 

risk of a lack of customer confidence in their service provider. However as FSUs increasingly 

implement complex procedures into their in-house facilities, these feedback loops are more 

important than ever if we are to create a safe and consistently high quality service to the 

victims and users of the CJS. Moreover, due to the highly competitive nature of the 

marketplace, sharing errors and near misses may lead to competitive disadvantage, further 

deterring a reporting system that is accessible to all.  

Chapter 5 evidences the importance of effective feedback loops through the 

example of aviation, where lessons learned are particularly effective in error reduction. 

According to this years’ annual report, 105 incidents were reported to the FSR, ranging from 

low risk (29 reports) to severe risk (1 report) (Forensic Science Regulator, 2020e). This 

includes all forensic suppliers including scientific service departments across the 43 forces 

in the UK, as well as commercial FSPs. For reference, the Rail Accident Investigation Branch 

documented 376 notifications of accidents and incidents in 2018, 19 of which received full 

investigations (Rail Accident Investigation Branch, 2019). Further, mechanisms for 

anonymous reporting for the public and forensic practitioners exist through the use of 

impartial bodies such as Crime Stoppers, encouraging those that feel they may be 
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disadvantaged by reporting internally (Forensic Science Regulator, 2020e). However, 

notable in the report is the expectation that where possible, errors and near misses should 

be handled internally by the involved agency. Whilst this aligns with the resource challenges 

in the forensic science arena, where the FSR works with only a small team to address quality 

incidents (House of Lords Science and Technology Committee, 2019), simply reporting 

internally fails to address the bigger picture and creates ineffective feedback loops where 

other agencies engaged in similar activities can learn from previous mistakes and prevent 

similar accidents in the future.  

Whilst there are challenges with implementing a nationalised reporting system such 

as competitive advantage; customer confidence; and resource constraints, in fact some of 

the more challenging aspects have already been addressed in the forensic science arena. 

For example, key to ensuring the system is accessible, usable, and impartial for all users is 

the application of an external agency to manage the system. The FSR, who already sits 

independently from the users of the proposed system, is perfectly placed for this. Moreover, 

concerns for sharing information with customers can be mitigated through a sifting process, 

where reporters are able to determine whether an incident is labelled as commercially 

sensitive, or not. To the discretion of the FSR (or manager of the system) it can then be 

decided whether this incident should remain confidential; be released but with anonymity; 

or openly released to customers with similar services. In doing so, greater learning 

mechanisms can be achieved through more robust and immediate feedback loops.  

7.3.2.4 Non-Forensic Spaces  

In England and Wales all laboratories that are responsible for the recovery and 

analysis of DNA evidence are required to comply to ISO standard 17025, which amongst 

other factors, outlines anti-contamination procedures to prevent the transfer of trace 

material (Forensic Science Regulator, 2015). Whilst currently SARC facilities are not required 

to demonstrate such compliance, the FSR has recently announced the introduction of ISO 

15189, a set of standards and guidelines for medical facilities that considers the assessment; 

collection; and recording of forensic specimens in SARC settings (Forensic Science Regulator, 

2020b). Within this regulation, elements such as the layout, including designated entrances; 

airflow; which should be one directional, and surface material; that should be wipe clean 

and/or one use, must be considered, and DNA free spaces established.  



210 

Whilst compliance to stringent standards is a relatively new notion for multi-purpose 

spaces such as this where the victim’s wellbeing must remain a priority, efforts to reduce 

contamination are well established. For example in New South Wales, portable kits designed 

for medical examinations have been developed with disposable, one-use consumables, 

which have appeared to be effective in both contamination control and ease of use (Nittis 

& Stark, 2014). Moreover Smith, Jetten, Sturney, Mound and Lovell (in preparation) found 

that cleaning product; cleaning agency; and single-use consumables are all relevant 

considerations when seeking to reduce contamination in SARC facilities, where it was found 

that designated cleaners familiar with DNA-free spaces were more effective than external 

companies, and fixed objects without disposable covers were the highest-risk areas.  

However, in conjunction to these findings, Smith et al., (in preparation) found that 

despite monthly deep cleans – a recommendation provided by the FSR in the most recent 

outline of ISO 15189 requirements – ambient contamination remained incredibly high. 

Moreover, although going some way to prevent contamination in non-forensic spaces, ISO 

15189 only applies to SARC facilities, and neglects other complex environments such as 

custody suits and hospitals, which also produce forensic samples to victims and suspects of 

sexual assault.  

Once arrested, current practice by the observed agencies is to contain the suspect, 

where possible, in a dry cell (Chapter 7.1.2). These cells are designated for suspects where 

DNA evidence is likely to be required, and has a separate set of anti-contamination 

procedures to other cell types such as cleaning between use and the immediate detainment 

of suspect clothes to avoid cross-contamination of trace material. Whilst these cells are not 

yet DNA free, they do provide a more appropriate space for forensic material to be 

recovered than ordinary cell types.  

Although the reduction of contamination in custody suits is documented (Forensic 

Science Regulator, 2020a), the focus tends to be on the physical separation of same-case 

individuals, where suspects from the same case; the victim and suspect from a case; and/or 

the medical examiner must remain entirely separate at all times. However data from Smith 

et al., (in preparation) suggests that even when cleaned thoroughly, SARC facilities have 

significant build-up of ambient contamination over a one-month period, and so lesser 

dedicated spaces such as custody suits, especially in the absence or poor availability of dry 

cells, remain incredibly high risk.  
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In conjunction to contamination control and early evidence collection, an interesting 

perspective arose in this study when discussing the suspect’s journey. Aforementioned, the 

journey often begins in custody following an arrest, where 10-print and DNA reference 

samples are taken, and suspects are detained. Even when dry cells are available, these 

spaces often high risk for DNA contamination, and outer spaces such as medical suits, 

interview rooms, and corridor spaces are largely unregulated in terms of forensic and anti-

contamination measures when compared to other medical facilities such as hospitals and 

SARCs. Moreover, once detained FFLM guidelines instruct that intimate samples should be 

taken within three days following an offence (Faculty of Forensic and Legal Medicine, 2020), 

and whilst this is best practice to optimise forensic recovery, collection is highly intrusive 

and can have long-standing impact on suspects of sexual assault, particularly if acquitted of 

charges. Whilst consent is required for intimate samples, policy dictates that refusing them 

from a suspect perspective can be later questioned in court, overall providing a very 

different and challenging suspect journey in terms of DNA evidence recovery.  

Whilst little data exists on the current standard of evidence recovery of custody suits, 

what is clear from the literature is a lack of standardisation across UK police forces in their 

approach to forensic examination. For example, the model by which the service is delivered 

is highly variable between forces (Payne-James, Anderson, Green & Johnson, 2009). 

Although more generally these services are outsourced to commercial suppliers, Payne-

James et al. (2009) explain that cost constraints and FME availability places strain on the 

system, impacting the quality of service that can be supplied. Moreover, Lepresle, Taprest 

and Chariot (2018) found that forensic physicians found custody suits highly unsuitable for 

examination purposes in their current condition. This demonstrates an additional variation 

in the evidence journey, where SARCs are moving towards a more established framework 

for evidence collection and a reduction in contamination, whereas custody suits remain 

comparatively neglected, despite recognition from the FSR of the potential miscarriages of 

justice associated with current conditions (Forensic Science Regulator, 2020e).  

Although some elements of this lie outside the remit of the Thesis and focus more 

on the investigative aspect of sexual assault allegations, results from this study demonstrate 

that as DNA recovery and analysis techniques become increasingly sensitive, all facilities 

where evidence collection occurs regardless of circumstances, including custody suits and 

hospitals, must be better equipped to deliver on-site medical examinations, regardless of 

the nature of the space. Moreover, evidenced in this section is the requirement for a greater 
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dataset on the impact of contamination in medical facilities, building a better understanding 

of how these spaces must be managed to facilitate both a person-focused and a forensic-

focused ethos.  

7.3.3 Experience  

Evident in the results of this Thesis is a strong reliance on human decision-making, 

particularly in the highly subjective roles. In fact, the need for human interpretation 

accounted 27 breakdowns, making it the fourth highest risk factors across all breakdown 

types. Chapter 4 explores how decisions are made in highly pressured situations, and 

suggests that commonly, humans rely on previous experience and intuition to determine 

the best approach (Klein, 1993; Klein, 2008; Lipshitz, 1993). However, results also 

demonstrate that relying solely on experience during the DNA evidence journey in sexual 

assault investigations should be approached with caution, where ‘experience varies between 

actors’ (38); ‘experience cannot be directly applied to new situations’ (34); and ‘user error’ 

(31) accounted for the three highest risk factors across all breakdown types.  

7.3.3.1 High Staff Turnover  

Whilst findings from this study demonstrate a level of risk associated with relying on 

experience to support the decision-making process, Klein (2008) explains that this is an 

unconscious and sometimes useful behaviour that enables us to react in high-pressured 

situations where stakes are high and conditions are unstable – much like in crime scene 

investigation and interpretation. However, the nature of the forensic science arena lends 

itself to a highly stressful environment, where actors are expected to perform to infallible 

standards (Almazrouei, Dror & Morgan, 2020); are exposed to high and often distressing 

levels of case detail (Kelty & Gordon, 2014); and experience high workloads and long hours 

(Kelty & Gordon, 2015). Consequently, the arena also encounters high staff turnover, and 

subsequently, regular loss of experience (House of Lords Science and Technology 

committee, 2019).  

There are a number of reasons for high staff turnover in the forensic science arena. 

For example, following the closure of the FSS in 2012, a significant number of highly qualified 

specialists left the field completely (House of Commons Science and Technology Committee, 

2011). Echoing similar challenges, regular restructurings and cost saving exercises, including 

the more recent administration of KFS, risked job loss for a large number of experienced 
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staff that were unable, or unwilling to relocate to another service provider, or work outside 

of their specialist area. Even if the arena were to stabilise, the fear for a lack of job security 

can cause high staff turnover, as well as lack of personal progression and high levels of 

responsibility, all of which feature in roles associated with the DNA evidence journey (Leone 

& Keel, 2016).   

To demonstrate such impact, Sasse and Norris (2019) evaluate staff attrition in the 

civil service, where movement between departments is encouraged at such a rate that 

projects can often see multiple leads throughout its duration. Whilst in these instances staff 

remain in the service, high staff-turnovers within a department disrupts fluid workload and 

reduces transfer of organisational memory, and thus prevents the development; fostering; 

and transfer of experience between colleagues (Sasse & Norris, 2019). More generally, high 

turnovers have been attributed to lack of knowledge continuity, and where individuals may 

move to an alternative agency providing the same service, risk of competitive advantage 

(Linhartová  & Urbancová, 2011). Whilst such movements do ensure that experience stays 

within the sector; unlike the example of the FSS where many experienced practitioners left 

the field entirely, this comment is particularly pertinent in the commercial sector, which is 

highly competitive and often provides commercially sensitive services. The participating 

agencies saw similar trends in their staffing, where recruitment was on going and turnovers 

were high, with many of the new roles being absorbed by graduates who lacked field 

experience.  

Although traditional understandings of heuristic decision-making have negative 

connotations such as leading to biases, a more contemporary approach offers an alternate 

narrative, where using heuristics can lead to positive and accurate judgements when faced 

with unfamiliar situations (Bingham & Haleblain, 2012; Gigerenzer & Gaissmaier, 2011). In 

fact, Luan, Reb and Gigerenzer (2019) explain that heuristic-based decision-making can be 

more effective that rational decision-making in circumstances where information is limited. 

For forensic practitioners every case is unique and presents new and often unfamiliar 

information. Whilst breakdown 34 suggests that experience cannot always be transferred 

between cases, the highly variable nature of workload lends itself the application of 

heuristics, and for heuristics to effectively develop and be deployed in a way that is positive, 

rather than negative, context-based experience is essential (Niittymies & Pajunen, 2020). 

Exampling such necessity, Erne, Cherubini and Delémont (2020) found that fire investigators 

most commonly relied on previous case experiences to solve new problems, and in many 
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cases did this unconsciously and under high-pressured situations. Whilst knowledge sharing 

through verbal communications can be easily lost though issues such as high staff-turnover, 

documenting experiences for others to learn from was found to be an effective way of 

disseminating experience to newer team members (Erne et al., 2020). Loosing established 

forensic practitioners not only impacts the way in which experience is generated; shared; 

and applied across the sector, (House of Lords Science and technology select committee, 

2019), but also impacts how the arena is viewed by the public domain. Research into the 

way evidence is perceived in court highlighted that both jurors and judges identified 

experience as the most persuasive tool in determining a scientists’ credibility in court 

(McCarthy Wilcox & Daéid, 2018), and as such apply more weight to their evidence in 

contrast to those with less experience. As such, whilst the use of experience can be criticised, 

its value in forensic science is well established, and more must be done to better understand 

the benefits and risks associated with its application.   

7.3.3.2 Restrictive Guidelines 

An interesting finding emerged from this study regarding the use of experience in 

crime scene investigation that builds links to the aforementioned quality control measures. 

First, actors felt as though strict and detailed guidance such as the FFLM guidelines applied 

to victims and suspects of sexual assaults could be restrictive. Whilst experienced actors 

appeared to use this in conjunction to experience to build a strategy where additional 

information had been provided, it was felt that newer, less experienced actors were less 

able to apply knowledge and thus may be more inclined to provide a standard approach. 

This appears logical, where strict guidelines give an indication on how to approach a scene 

(or set of samples) where additional information is unavailable and where heuristics may 

not be fully developed to manage the situation effectively. However, this raised a second 

concern of how newer actors with less experience would generate and establish their own 

experiences following the establishment of new guidelines such as ISO 17020, where 

approaches will offer a ready-to-go strategy that requires less experience-driven thinking.  

FFLM guidelines are based on a sound and collaboratively generated evidence base, 

however these concerns generally link to the lesser-established ISO 17020 standards that 

will be applied to crime scene investigation. Crime scenes are highly variable, and creating a 

strategy, often without seeing the scene, can be contingent on previous experience. For 

agencies to demonstrate compliance to ISO 17020 standards, local testing similar to that in 
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laboratories accredited by ISO 17025, is used to demonstrate compliance. However unlike 

the variable circumstances of crime scenes, in the case of FFLM guidelines and ISO 17025 

environments are similar and comparable every time, with only slight and subtle differences, 

making guidelines more widely applicable.  

Increased automation can be placed in a similar bracket, where lack of scientific 

underpinning can reduce the users’ knowledge of the system. As explained by Meshkati and 

Khashe (2015) human intervention is integral in error management and the prevention of 

organisational accidents, however without experience and underpinning knowledge, 

defence mechanisms cannot be created and in turn, failed defences (or holes in the cheese) 

will continue to emerge.  

7.3.3.3 Expertise-Driven Practice 

Historically when providing evidence in court experts relied on experience (Mnookin, 

Cole, Dror & Fisher, 2010) however increasingly practitioners are being challenged in court 

on the reliability and admissibility of their evidence (O’Brien, Daéid & Black, 2015). According 

to Tully (2018) this approach of relying on experience and training is no longer acceptable 

and instead, a strong scientific underpinning must be developed to support assumptions 

(Mnookin et al., 2010).  

Whilst evidence to support the need for experience exists, for example to generate 

accurate judgements through well-developed heuristics; to develop defence mechanisms; 

and for the purposes of the courts, the risk associated with relying solely on experience to 

make decisions and draw conclusions is well established. Jacoby, Troutman, Kuss and 

Mazursky (1986) explain the distinct difference between experience and expertise, 

highlighting that a number of people with the same amount of experience and training are 

likely to each have very different levels of expertise. Jacoby et al. (1986) goes on to suggest 

that to effectively define expertise, support by means of empirical evidence should be given. 

With that in mind, relying predominantly on experience to justify and interpret the value of 

forensic evidence jeopardises the validity of the CJS through the potential for erroneous 

assumption.  

Salas, Rosen and DiazGrandos (2010) comprehensively evaluate the need for 

expertise in organisations further, and acknowledge that whilst intuition can be very 

effective in the decision-making process, there are certain environments within which these 
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intuitions lead to positive, rather than erroneous decisions. To become an expert, and thus 

to rely on expertise-driven intuition rather than experience, the actor must have a well-

organised knowledge base that can be developed in a number of ways. Foremostly, 

exposure begins through repetition of task, or guided practice (Salas et al., 2010), 

mechanism often derived from robust training programmes.  

Results from this study suggest that in the forensic science arena, training is often 

conducted at a local level and in isolation from the wider process (House of Lords Science 

and Technology select committee, 2019). For example the participating agencies 

predominantly engaged in agency-delivered training programmes to train new staff 

members. However, both were also engaged with the wider community to some degree. 

Aforementioned, the FSP works closely with stakeholders to ensure compliance to quality 

standards and guidelines and partakes in proficiency testing. Moreover, the FSU engage with 

stakeholders to deliver and certify training programmes for their crime scene examiners, 

where the use of mock scenes and interactive activities are used to test competency.  

Using mock crime scenes and mock samples for training purposes is an effective way 

to see whether outcomes meet expectations, as ground truth datasets are established. For 

example, by planting blood in a car in a known location, the examiner knows exactly where 

the actor should be looking and what should be recovered. Equally if an analyst is presented 

with a mock saliva swab with a known profile, examiners can be sure that the outcomes 

meet expected standards and present the correct and excepted profile without erroneous 

peaks.  

Simulation for training purposes is widely used across sectors. For example in 

healthcare, simulation surgery for training purposes has been demonstrated to improve 

operation times, accuracy, and reduce post-operative complications (Spiliotis, Spiliotis & 

Palios, 2020). Moreover, Wang, Zhang and Salvendy (2010) demonstrated that by using 

simulation intervention in novice drivers, participants were able to better recognise crash-

related hazards. Perhaps most notably, simulation training has had a profound impact on 

safety in aviation, where simulator training is now recognised and standardised globally 

(Allerton, 2010). In similar vein, the aforementioned of establishment of virtual reality crime 

scenes (Carew & Errickson, 2019; Ebert et al., 2014) for more accessible information in real 

time could be utilised for training purposes. By using real case information and realistic 

settings, crime scene examiners can be trained and supported in the development of 
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decision-making skills. Equally, emerging scientists can gain a better understanding of 

frontline activity, promoting a more holistic understanding of the forensic science arena and 

the role within which they are situated.  

Although useful in training scenarios, simulation is not able to fully reflect the 

instabilities of real-life practice (Shanks et al., 2020) and cannot replicate all possible 

outcomes, particularly in highly variable environments such as crime scene investigation. 

However, when tasks are repeated and immediate feedback is given to enable the actor to 

continuously learn from their mistakes (Salas et al., 2010), expertise is established and thus 

can be applied to real-life scenarios with a greater level of accuracy.  

Touched on above is the need for immediate feedback at the time of training, 

however in conjunction the actor must be proactive in seeking feedback in all environments 

including that of a real-life setting if they are to develop effective expertise-driven intuition 

(Salas et al., 2010). In crime scene investigation this can sometimes be achieved through 

performance management, where actors are given an overview of detections or ‘hits’ 

against IDENT1 or the NDNAD. Although providing a performance indictor, this approach is 

scarcely immediate and does not always reflect the accuracy of collection or the correct 

application of a technique. For example a sample may not provide a DNA hit because DNA 

was absent from the sample or of too poor quality to load, and not because it had been 

incorrectly collected. In contrast, samples may provide a hit, but this is from the victim of a 

crime and not the suspect, and so does not necessarily reflect good practice. As such, the 

feedback seeking process must be genuine, and reviewed from a more holistic perspective 

through processes such as PDRs and mentor support.  

As well as attributes that enable the development of expertise-driven intuition, 

certain personality traits can also contribute to expertise. For example, Salas et al. (2010) 

also comments on motivation, self-regulation, and goal setting as pivotal in the development 

of expertise-driven intuition. For example, for an actor to become an expert there must exist 

a passion and motivation for the area of work and a drive for success, rather than fear of 

failure (Salas et al., 2010). Rober (2018) nicely summarises this approach using the Super 

Mario effect, where rather than seeing failure as a negative it should be observed as a 

challenge that must be overcome. This approach also resonates strongly in the ethos of the 

aerospace industry and their response to failure, where it’s viewed as a positive opportunity 

to learn, rather than negatively (Syed, 2016).   
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As such, moving away from reliance on experience, and towards a culture built on 

expertise and the drive to develop better expertise-driven intuition should be favoured. 

Through training programmes directed to develop expertise, as well as promoting 

personality traits synonymous with expertise-driven intuition, greater accurate decisions will 

be made in high pressured and dynamic situations. However, good practice and good 

decisions cannot exist within a sound evidence base to inform training and support 

validation; and to be applied where conscious decision-making, rather than intuition is 

applied.  

7.3.4 Literature  

Results from this study showed that in order to make decisions, actors across all 

stages and agencies must rely on material from the literature to inform judgement, whether 

consciously or unconsciously. For example, FFLM guidelines are reviewed and documented 

regularly as a basis for forensic medical examinations and are used consciously by examiners 

to inform DNA recovery strategies from victims and suspects of sexual assaults. 

Alternatively, CSIs unconsciously rely on information to make decisions around what to 

collect at crime scenes, and whilst other more dominant factors such as experience impact 

their decision-making process, there is a call for the development of a greater evidence base 

to underpin practice and inform decision-makers (House of Lords Science and Technology 

committee, 2019). However, the lack of up to date material designed to target high risk and 

complex decision-making processes is palpable. This notion is supported by a number of 

literature-themed breakdowns identified in this study, including existing literature out-

dated; findings from literature ineffectively disseminated; limited knowledge base; and lack 

of available information. These breakdowns are well represented throughout the DPMs, and 

are observed across multiple stages and at both agencies, thus exampling latent errors that 

require a national approach for change.  

7.3.4.1 Knowledge Generation 

A recommendation from the pivotal NAS report (National Academy of Science, 2009) 

was the need for improved research to underpin the accuracy, reliability, and validity of 

forensic findings. When evaluating the research culture in the forensic science arena 

Mnookin et al., (2010) further identified the need for greater empiricism, transparency, and 

on-going critical perspective in research outputs. However, results from this study suggest 
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that research in the DNA domain is still failing to reach; inform; and innovate frontline 

practice.  

For example, at the early stages of forensic investigation such as evidence recovery; 

submissions; and search and recovery much of the emphasis remains on experience to 

support and apply techniques. Moreover at the automated laboratory stages, scientists are 

increasingly reliant on technology, and any technological advancement is largely based on 

the need for competitive advantage and to remain present in the marketplace, rather than 

exploratory and foundation level research that identifies need and underpins decision-

making processes (Morgan & Levin, 2019). Even at the interpretation stage, whilst literature 

continues to emerge that explores the role of human factors to better understand how these 

can impact outcomes and the decision-making process (Chapter 4); and statistical software 

to inform the interpretation of results is more established, less exists to support the 

contextualisation of findings, or to enable greater activity-level interpretation in the form of 

a sound evidence base and/or empirical research. A key attribute to such shortfalls is the 

chronic lack of funding available to the forensic sciences to develop and maintain such a 

database (Forensic Science Regulator, 2016). 

When evaluating the source of research funding Morgan and Levin (2019) explain 

that a majority originates from outside of the forensic science arena in domains that can 

demonstrate indirect applicability. Whilst this approach has given rise to pivotal and highly 

impactful progress such as the development of DNA profiling techniques for criminal 

investigation, focus is scarcely placed on smaller; active; and quick-win solutions that are 

vital to support; improve; and validate everyday forensic processes, such as those 

considered to be Local Level - Category 1 requirements in this Thesis.    

 Further, research funding tends to be focused on more contemporary arenas such 

as digital forensics, rather than the traditional domains such as DNA (Morgan & Levin, 2019). 

Whilst this meets the growing demand for increased digital forensic resource in line with the 

changing crime demographic (van Beek et al., 2020), results from this study highlight a lack 

of operational research in the DNA domain infiltrating and influencing practice, and thus 

targeted funding and resource remains integral for progress.  

Even where operational research does occur, the lack of available funding often 

means that emphasis is placed on commercial advantage, and thus fails to innovate or 

integrate into frontline practice or disseminate across the sector. Moreover, by conducting 
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predominantly in-house and potentially commercially sensitive research studies, it can be 

difficult to effectively example the reproducibility, accuracy, and validity of techniques 

(Home Office, Association of Police and Crime Commissioners & National Police Chiefs 

Council, 2019; Morgan & Levin, 2019) and thus fails to promote confidence, and widespread 

application in forensic science practice. A good example of this within the DNA domain is the 

development and application of statistical software for the purpose of DNA interpretation. 

As DNA mixtures become more prevalent due to the increased sensitivity of DNA 

chemistries, agencies authorised for DNA testing and loading to the NDNAD are under 

growing pressure to deconvolute and interpret complex mixtures. However, the statistical 

software adopted by each agency is variable (Butler, Kline & Coble, 2018).  

There are a number of publications outlining the validation procedures of such 

software including national publications by the FSR that aim to demonstrate consistency in 

outcomes (Forensic Science Regulator, 2017b), as well as International reports and 

recommendations (Coble et al., 2016) which goes some way to ensuring the statistical 

models, particularly those developed in-house by larger FSPs (Forensic Science Regulator, 

2017b) perform to appropriate standards. Moreover, cross-agency comparison studies to 

demonstrate consistency of outcomes are encouraged, including those conducted by FINDS 

(Coble et al., 2016; United Kingdom Accreditation Service, 2018). For example, LiRA 

software, a package designed and optimised by one FSP, was compared with two separate 

existing statistical packages to measure success and comparability in order to demonstrate 

its usability in practice (Puch-Solis & Clayton, 2014). However, as these validations are 

conducted in-house, particularly in larger agencies, the transparency of results and the 

ability to objectively assess performance from an outsider perspective is potentially 

inhibited by commercial sensitivities, and thus once again stifles innovation occurring 

through shared resources, and effective dissemination of research across the sector. 

Demonstrating the risk of poor transparency, in a collaborative study that examined 

the consistency of interpretation across a number of DNA laboratories, it was found that 

each reported different levels of information, and thus mixture interpretation outcomes 

were variable. For example some laboratories felt comfortable applying statistical 

weightings to their finding where others did not; some laboratories felt unconformable 

providing results without contextual information whilst other agencies felt this to be an 

unnecessary commodity; and others did not want to offer interpretation of EPGs derived 

from laboratory processes at outside agencies (Butler et al., 2018) due to lack of alignment 
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in front-end processes (for example the CE system created EPGs that had peak heights too 

high for their own analytical methods). Due to variety in practice; siloed research; and the 

bespoke nature of agency needs, research outputs cannot be easily shared, stifling high-

level and high-impact research that more commonly attracts funding.  

Another reason that isolated operational requirement is often under-researched is 

misalignment in pressures and priorities across agencies. For example, FSUs might see 

success to be detection, conviction, and crime reduction rates (Morgan & Levin, 2019). 

However the number of convictions supported by DNA evidence is not reported (Home 

Office National Police Chiefs Council, 2019). In fact, whilst DNA evidence has led to high-

profile convictions, its contribution more broadly to crime reduction is vague (Opoku 

Amankwaa & McCartney, 2019). Thus, where ideas of success and value vary between users 

and suppliers of research, securing buy-in from both physical and financial perspectives is 

compromised and likely to be redirected to areas of higher, more pressing and impactful 

arenas that can demonstrate tangible multi-agency benefit, such as digital investigation.  

Equivalently, academic institutions are under similar pressure to demonstrate value 

to their own institutional bodies when developing and delivering research (Cherney et al., 

2013). Currently, England and Wales demonstrate their research success through the 

Research Excellence Framework (REF), where publications; outputs outside of academia; 

and the research environment are each considered (www.ref.ac.uk). Whilst this framework 

recognises the importance of tangible benefits to practice outside of publications and thus 

promotes collaborative efforts to produce foundational; theoretical; and operational 

research, the way that the research in academia eventually implements into practice is 

seldom linear, and can thus be a difficult way to contribute and demonstrate impact for the 

REF (Cherney et al., 2013). A more streamlined approach to gaining recognition is the 

generation of publications in peer reviewed journal articles. By publishing in journal article 

with high impact factors that can be quantitatively measured, offers academic institutions a 

more straightforward and favourable model for recognition that often lies outside of 

forensic science research or operational practice.  

Perhaps a more positive approach to research impact in operational arenas within 

academic settings is the emergence of the Knowledge Excellence Framework (KEF) 

(re.ukri.org). Although a relatively new initiative yet to complete its first cycle, the KEF is 

designed to run alongside the REF and encourages academic institutions to make more 
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effective use of public funding and to allow users to more easily access knowledge and 

information generated by academia (UKRI, n.d.). Whilst outputs are yet to be quantified and 

application to the forensic science arena is unclear, this avenue provides alternative 

potential to support partnerships between academia and forensic science practitioners 

moving forward.   

To achieve a robust empirical evidence base to support both operational and 

decision-making processes, research in the forensic sciences must successfully translate to 

policy and practice (Morgan, 2017a). Moreover, to ensure funding is secured and 

appropriately targeted, high priority areas must be identified through foundational research, 

in conjunction to targeting bespoke agency needs such as those highlighted as Local Level – 

Category 1 of this Thesis (Home Office, Association of Police and Crime Commissioners & 

National Association of Police Chiefs Council, 2019). Explained by Morgan (2017b), to do this 

successfully four key traits must be considered; there must be interaction between 

institutions and organisations; outputs must have genuine impact; information and 

knowledge generated from the research must be accessible to all users; and the research 

must be of high quality.  

Mentioned throughout this Thesis, frameworks to support such research exist within 

the forensic science arena, including the MPS, EMSOU, and the partnership relationship 

between Hampshire Constabulary and Portsmouth University (Forensic Science Regulator, 

2016). In each of these instances, providers of scientific services work closely with their users 

to establish more effective and efficient ways of working through operational research. Also 

of note, the emerging role of the FCN demonstrates a recent success in securing funding for 

forensic science research, where an £80,000 project on the application of biosensors for the 

detection of body fluids at crime scenes was successfully secured (Forensic Capabilities 

Network, n.d.). Not only applicable to stakeholders nationally, underpinning support from 

an independent body such as the FCN has the potential to increase reach and improve 

dissemination of work across wider platforms. However, whilst pockets of excellent 

examples exist, the way in which information is generated and disseminated on a wider 

platform continues to example challenge. As such, as well as securing funding and 

generating research for the development of a greater empirical evidence base, we as a 

community must be equally diligent in its dissemination to wider audiences, including 

stakeholders across the CJS.    
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7.3.4.2 Knowledge Sharing and Dissemination Between Agencies 

As well as generating more transferable knowledge that encourages a research-led 

culture, findings from this study indicate that the forensic science arena must be better at 

ensuring operational and foundational research outputs reach the desired users in a way 

that is accessible and implementable in practice.  

One reason that research often fails to disseminate and implement in user 

environments is the lack of alignment with perceived user needs (Huberman, 1990).  

Furthermore, Lum and Koper (2017) identify external components; such as they way outputs 

are packaged and delivered to users, as influential in the up take of research. As such, to 

create greater synergy between developers and users of research alternative platforms for 

dissemination, including reports, should be considered (Huberman, 1990). However, whilst 

academic publications are essential for the university status and for the progression of 

forensic science as a discipline, they rarely propose an easy and engaging solution for 

practitioners, risking failed implementation of physical change into frontline practice 

(Morgan, 2017b).  

Although dissemination and implementation evidently present challenge, the 

credibility of research conducted by universities has also been debated, and impacts the 

likelihood of user acceptance. Mennell (2010) compliments academic institutions for their 

resource and capabilities with regard to research generation, however Daéid’s (2011) 

findings signify a lack of contingency between practitioners and researcher in the design; 

development; and implementation of research. Supporting concern for misaligned research 

focus, Roux et al. (2012) identify that generally, much of the academic research is focused 

on the researchers core discipline, producing highly specific and complex methods that do 

not easily translate into practice. This is perhaps down to the lack of funding available for 

‘highly specific’ research projects that deter large funding bodies, stifling innovation for 

smaller, more bespoke needs. This, in conjunction to the attraction of high impact factor 

journals, which are conventionally in the pure sciences and not in forensic science specific 

journals (Linacre, 2013), provides some rationale for the challenges around forensic 

innovation within academic institutions.   

One way of encouraging an effective knowledge transfer between agencies is the 

establishment of networks, which as described by Provan and Kenis (2008) as three or more 

autonomous agencies coming together to reach a shared goal. In building such networks, a 
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number of benefits are exampled including an effective way to enhance learning; share 

knowledge and resource across domains and sectors; and address complex, multi-agency 

shortfalls effectively (Provan & Kenis, 2008). However, Coliandris and Rogers (2008) explain 

that for networks to effectively collaborate, a number of cultures must come together, 

which can cause tension and negatively impacting successful outcomes. Amongst some of 

the key conflicts in the forensic science arena are concerns around powers of relations, for 

example access to data and confidential systems; variable drivers and interests between 

network organisations; and blurred lines between agency roles (Newburn et al., 2007) which 

according to Kelty et al (2018) has encouraged the siloed approach to thinking and research 

generation observed in the forensic science arena. 

Although difficult to forge, effective networking is essential in multi-agency domains. 

To develop such collaborations; elements such as a joint purpose; effective leadership; 

support from the participating agencies; a clear and valuable output for each stakeholder; 

and dissemination of knowledge, are paramount (Kelty, Julian & Ross, 2013). Provan and 

Kenis (2008) expand on the generation of networks through three styles; lead-organisation 

governed; network administrative; and participant-governed.    

Lead-organisation governed is most common amongst user-supplier networks in 

which at least one of the participating organisations provides a service or product to another 

(Provan & Kenis, 2008). Initially, this aligns with the model of forensic science where FSUs, 

whilst generators of research and service providers to the public and wider CJS in their own 

right, are also customers of the FSPs. For this model of networking to be successful, there 

needs to exist a dominant supplier to take control and organise interactions, however the 

blurred boundaries between customer, collaborator, and competitor are significant within 

the forensic science domain which can contribute to the tensions of cross-agency working 

described by Coliandris and Rogers (2008) and Newburn et al., (2007).  

Whilst much of the forensic workload within the DNA domain is shared across the 

commercial sector (Tully, 2018), the procurement of work to in-house facilities is increasing. 

Currently in terms of overall forensic workload these facilities encompass 80% of the market 

share (Baron, Rohrig & Gonzalez-Rodriguez, 2020) and whilst this is comprised 

predominantly of domains such as fingerprinting and digital forensics, the appetite to 

expand and incorporate DNA testing capabilities is growing, as evidenced throughout this 

Thesis. Consequently, the line between customer and competitor continues to increase, 
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making the development of networks and the establishment of greater knowledge sharing 

through a lead-organisation approach challenging, due to the potential tension from 

presenting one agency as dominant over another.   

Alternatively, Provan and Kenis (2008) explain the position of ‘participant-governed’ 

networking, in which partnerships are maintained through informal and formal interactions 

but with no overarching body of power, for which examples exist within the forensic 

community already. As discussed, EMSOU and the MPS already employ frameworks by 

which FSPs and FSUs work in close collaboration as partnerships. Another example is the 

relationship between Hampshire Constabulary and The University of Portsmouth. In this 

case the Forensic Innovation Centre (FIC) has facilitated a collaborative approach to 

teaching, learning, research and innovation, providing a mutual and shared benefit to 

stakeholders within the network (Forensic Science Regulator, 2016). Although effective, 

without an overarching body to regulate and ensure partnerships are effective, previously 

discussed challenges such as high workloads; commercial sensitivities; and lack of funding 

may continue to stifle the effectiveness of partnership working in the context of research 

generation and dissemination, and also reduce the likelihood that outcomes will be more 

widely disseminated to the forensic community outside of the partnership.  

A final framework for effective networking is ‘network administrative’ (Provan & 

Kenis, 2008). In this instance an overarching but impartial body governs the collaboration. 

Whilst no over-arching and clearly defined body that manages multi-agency collaboration 

exists within the forensic science domain currently, the FSR does take on some role in 

ensuring quality compliance across all agencies and as such, has a high-level overview of 

interactions and collaborations that lend themselves to research generation and outputs 

(Tully, 2018). However, without statutory powers the FSR explains that enforcing compliance 

is difficult (Tully, 2018) and the role does not currently extend to overseeing the 

infrastructural position of the landscape. Further emphasising the importance of clear roles, 

Becker, Dale and Pavur (2009) explain that for effective networks to forge, the domain needs 

‘leaders’ and not ‘regulators’. An alternative solution perhaps is the emergence of impartial 

bodies such as The FCN. The FCN has been pivotal in the securing of recent research funding, 

and overall has the responsibility to coordinate a nationalised approach to improving quality; 

effectiveness; and knowledge sharing in policing and the forensic sciences 

(www.fcn.police.uk). Presenting as an impartial body that communicates between and 
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across all agencies, this could be a useful solution to developing an effective network 

administrative approach to knowledge generation and sharing.  

Although only recently considered within the forensic science arena, understanding 

the organisational structure and management within the domain is crucial (Houck, 

McAndrew, Porter & Davies, 2015) and intrinsically linked to effective knowledge sharing.  

7.3.4.3 Communications to Laypersons and the Role of a Better Evidence-Base  

Whilst it may be true that the experience of the person delivering expert witness 

testimonies is pivotal in how evidence is digested and interpreted by laypersons such as the 

jury (McCarthy Wilcox & Daéid, 2018), the need to be more transparent in our 

communications is salient (Mnookin et al., 2010).  

As well as experience, research has found that the way information is communicated 

to laypersons can impact outcomes, where the favoured approach to receive findings by 

non-scientific audiences is categorical, for example ‘X is a match with Y’ (Bali, Edmond, 

Ballantyne, Kemp & Martire, 2020). However, it’s understood that within the forensic 

science arena an ambient level of uncertainly exists in all cases (Georgiou, Morgan & French, 

2020). As such, categorical communications such as “this DNA profile matches the offender”, 

regardless of experience, is misleading to audiences and reinforces the notion that forensic 

science practitioners must present themselves to be infallible (Almazrouei, Dror & Morgan, 

2020).  

This study’s findings substantiate the requirement for more targeted, contemporary 

research that supports as well as progresses capabilities across the forensic science arena 

and as a community, we must also be better at detecting, delivering, and implementing 

impactful change. First, partnerships developed to design and disseminate information at 

both operational and foundational levels must be established. Most effective perhaps is the 

application of the network administrative method, where an over-arching body is 

responsible for the partnerships. Whilst currently the FCN is in its infancy, it presents a 

potential body suitable for such responsibilities, where it is independent from FSU and FSP 

control and has access to agencies across all stakeholder categories.  

Next, more reader-friendly outputs must be designed that reaches the intended 

users in an accessible format. Whilst Baron et al. (2020) suggests reports as an alternative 

to complex journal articles, studies should be designed to detect and identify how users and 
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stakeholders from various backgrounds and environments across the CJS most effectively 

digest information. For example, the way juries understand scientific reports is likely to be 

highly variable from FSUs, and again from FSPs.  

By generating a greater empirical evidence base, research can better underpin 

practice to inform both operational and decision-making processes. Moreover, by better 

understanding how users access and interpret of information, dissemination can be tailored 

to meet the needs of the user and in turn, communications will be more transparent. 

However, for relationships to be effective and to ensure communications are truly 

transparent, we must build a more trusting and honest culture across the forensic science 

arena, where strengths and limitations are embraced as progress towards and more 

effective and efficient service delivery.  

7.3.5 Towards a Better Culture  

Whilst there are distinct themes that emerge from the National Level requirements, 

including engagement; quality; experience; and literature, there is interconnectivity 

between each. For example, without a sound evidence base to underpin practice, and an 

effective dissemination of new knowledge, experience cannot be developed and translated 

to expertise. Moreover, if expertise-driven practice is not encouraged, quality of outcomes 

is compromised and the likelihood of organisational accidents in the form of miscarriages of 

justice is increased. Finally, if we are to increase engagement from wider stakeholders and 

users of the system such as victims, suspects, and juries, we must identity an appropriate 

dissemination platform for knowledge sharing through studies, and increased availability of 

literature. As such, there must be holistic and overarching change that encompasses each 

of these elements, and this can be encouraged by an improved culture.    

7.3.5.1 Organisational Culture 

Foremostly, some breakdowns described in this Thesis can be directly related to 

individual agency challenges, for example high turnover of staff. Whilst systemic 

circumstances of such breakdowns are system-wide have been discussed, many can also be 

managed in isolation or within agencies themselves and by doing so, can go some way to 

improving the overall service delivery without widespread system-change. One approach to 

creating favourable working environments is through improved organisational culture.  
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Campbell and Freeman (1991) explain that there are four culture types that can exist 

within organisations; clan; adhocracy; market; and hierarchical. Whilst each have merit and 

shortfall, the favoured approach for an effective work environment that creates highest job 

satisfaction are clan and adhocracy (Lund, 2003). Clan culture is cohesive; it promotes team 

working; and encourages strong mentorship programmes (Cameron & Freeman, 1991). Not 

only beneficial for retaining staff and thus reducing turnover, this also helps the exchange 

of knowledge between colleagues that supports expertise-driven practice. Similarly, an 

adhocracy culture encourages innovation and creativity, continuously seeking progress and 

growth through new ideas (Cameron & Freeman, 1991). Although not always achievable in 

high throughput environments such as laboratories and crime scenes, this is a particularly 

favourable approach for agencies creating and generating research ideas, such as academic 

institutions; research teams within agencies; and bodies such as the FCN.   

In contrast, hierarchical and market cultures are considered less favourable, stifling 

innovation and creating negative working environments. Hierarchical culture lacks 

innovation due to its strict and formalised structure that relies heavily on administration and 

tried and tested routine (Lund, 2003). Similarly unfavourable, market culture drives for 

competitive advantage and is goal orientated, often relying on performance measurement 

of employees and the implementation of targets (Lund, 2003; Cameron & Freeman, 1991).  

Whilst many agencies exploit a range of culture types, the forensic science arena has 

a tendency to demonstrate the less favourable cultures through its design. For example, 

FSUs are measured against targets such as convictions and detections, whilst FSPs are reliant 

on competitive advantage to remain stable in the marketplace, environments and traits that 

lend themselves to market and hierarchical cultures. In fact, it has been noted that 

hierarchical culture, despite its shortfalls in creating an innovative and attractive work 

environment, is perhaps the most appropriate culture for the forensic science arena, 

mirroring that of the NHS and medical arenas (Cole, 2010). It must also be recognised that 

whilst clan and adhocracy styles encouraged more favourable work environments, this did 

not necessarily equate to improved performance (Lund, 2003).  

When explaining culture types that exist within organisations Bashforth (2019) 

places a strong emphasis on the role of management, where the encouragement of a high-

performance culture promotes energy, enthusiasm, and greater collaboration (Barr, 2017). 

Through developing strong management identities, cultures are more easily established, 
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embedded, and taken on by actors, however according to Houck et al. (2015) management 

roles within the forensic sciences are infrequently filled by those with strong management 

backgrounds and instead, tend to be made of up of scientists who consider the science to 

be their primary role (Houck et al, 2009). As such, there is a tendency for the strong 

leadership attributes required to manage complex environments to be lacking, and in turn, 

a reduced sense of good work culture within and across actors and agencies. Exampling the 

high-risk nature of poor leadership within the forensic sciences, Kelty, Robertson and Julian 

(2017) explain that when crime scenes are inadequately managed the evidence and data 

collected is insufficient, thus failing to provide the courts with reliable and high quality 

information and in turn, heightening the opportunity for miscarriages of justice to occur.  

Whilst there is requirement for strong leadership, the forensic science domain exists 

within a complex environment that lends itself to significant challenge. For example Kobus 

et al (2011) describe the conflicting requirement for simultaneous effectiveness and 

efficiency, whereby effectiveness is quantified by quality outcomes and efficiency by cost. 

Whist these are reasonable measures for success, Kobus, Houck, Speaker, Riley and Witt 

(2010) goes on to say that the demand for quality outputs surpasses available resource and 

as such, encourages a climate whereby the providers of forensic services are unprofitable 

and strained (Baron et al., 2020). Demonstrated in Chapter 2, this economic breakdown of 

FSPs significantly compromises the stability of the marketplace and whilst currently all three 

of the dominant FSPs are in operation, the financial failure and subsequent closure of any 

commercial supplier would be catastrophic (Tully, 2018). This, in conjunction with the 

conflicting viewpoints around what a ‘successful’ service looks like, challenges the 

opportunity for a successful and cohesive culture across agencies and in turn, impacts the 

seamless flow of evidence from crime scene through to court.  

Although management in forensic science faces significant challenge and accounts 

for some of the cultural shortfalls across the domain, the need for increased management 

training is being recognised (Houck et al., 2015). Kelty, Robertson and Julian (2017) explain 

that by integrating management training into staff development early on in an actor’s 

career, the softer skills such as a professional attitude and cognitive abilities are established, 

encouraging earlier progression from newly graduate roles into high performing CSIs.  

Whilst increasing management awareness is important, caution should be applied 

when considering how that management should look. According to Becker et al. (2010), 
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strong leaders in the forensic sciences will identify and quantify outcomes and apply 

benchmarks of productivity to staff performance. Whilst this aligns with the domain in terms 

of measuring success by cost and output, using measurable outcomes is considered to 

promote unfavourable culture types such as market and hierarchical (Lund, 2003). 

Furthermore, according to Kelty et al (2017) poor performance that is not effectively 

managed leads to reduced morale and thus a higher turnover of staff.  

The success commercial sector is dependent on financial stability and so the 

implementation of measureables such as cost is logical, however this, in conjunction to focus 

on performance measurement places strain on the forensic community and in turn, 

impacted the overall culture. Dale and Becker (2004) conducted a study to explore poor 

retention of forensic scientists, finding that whilst experience is paramount within the 

domain, little attention has been focused on the longstanding issue of high staff turnover. 

Results indicated that key contributors were poor salaries and lack of upward mobility, and 

suggestions including a greater emphasis on internship opportunities in conjunction with 

university programmes, an improved salary structure, and more accurate job descriptions 

were made. Over a decade on, the FSR continues to express similar concern, and whilst 

expertise continues to be essential for robust reporting, significant financial strain across the 

domain has lead to a loss of skilled scientists that cannot easily be replaced without several 

years of training (Forensic Science regulator, 2018).  

Whilst there is risk associated with hierarchical culture styles, Bashforth (2019) 

explains on to say that no organisation is made up of just one culture and that in fact; having 

a combination of each can be healthy, especially in environments where the welfare of the 

organisation must also be considered in conjunction to the individuals that work there 

(Houck et al., 2015). As such, whilst being goal-driven might be suited to the forensic science 

domain, it must be done so in conjunction to appropriate individual support, which 

according to Houck et al. (2015) includes tangible artifacts including clear job descriptions 

and regular appraisals as well as intangible elements such as effective communications and 

an understanding of personality types. 

7.3.5.2 Collaborative Culture  

The benefit of collaboration has been documented throughout this Chapter, and the 

importance of building more collaborative relationships between stakeholders across the 

forensic science arena is palpable. Not only isolated to FSUs and FSPs, grater collaboration 
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between agencies; governing bodies; and users of the system such as suspects, victims, and 

jurors will create a movement towards a more effective and efficient service delivery.  

Firstly, collaboration is needed between the participating agencies in order to 

address Local Level - Category 2 breakdowns. In addition, National Level breakdowns are 

contingent on collaboration more widely across the CJS. Through building such relationships, 

a number of breakdowns can be addressed, managed, and reduced. For example, with 

greater collaborative efforts research priorities can be identified; suitable studies can be 

developed that are ready for operational implementation; greater communication of 

findings to the wider audience can be achieved; and increased funding and resource can be 

targeted.  

Not only relevant for the development of a greater empirical evidence base to 

underpin practice and improve operational and decision making processes, collaboration 

can improve user-supplier relationships, which targets quality, experience, and engagement. 

For example, if FSUs and FSPs have stronger relationships, there is an increased opportunity 

that scientists will interact with the scene. Whether remotely or in person, this enables 

improved early investigative insight, supports the tailoring of submission processes to better 

manage financial constraints, and potentially support the establishment of in-house facilities 

that seamlessly integrate into the current evidence journey. Moreover, the design of such 

in-house facilities can be agreed and developed in collaboration, improving the chance of 

acceptance from commercial suppliers and thus increasing its potential value. This, in turn, 

addresses quality and experience-related breakdowns in conjunction to those associated 

with the literature.  

7.3.5.3 Reporting Culture  

One recommendation from this Thesis is the development of a nationalised 

reporting system that can enable the forensic science community to learn from errors. 

However, for this to successful implement, there must be an improved reporting culture 

that reframes error in a way that enables practitioners to feel comfortable in reporting 

incidents, rather than a fear of punishment. The aerospace and rail industries have 

demonstrated the success of such systems. One reason that these industries are perhaps so 

successful is the direct association with organisational errors. For example, pilots are more 

likely to recognise and report fatigue as a source of potential error because they are directly 

impacted if these errors manifest as organisational accidents (Dawson et al, 2017). In 
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contrast, miscarriages of justice are likely to occur much further downstream form the 

source of error, and in some cases won’t even be communicated to those involved. With 

such large and ineffective feedback loops, recognising impact of error and thus willingness 

to report is stifled. As such, building a reporting culture and developing an effective 

reporting system links well with collaboration. If agencies collaborate and communicate well 

through the establishment of good work cultures, errors are more likely to be recognised 

when they occur and thus create a drive for change. Although feedback loops will remain 

large and take time due to the nature of the forensic science arena and the wider CJS, they 

will exist and promote engagement with the system (Kelty, Julian, Bruenisholz & Wilson-

Wilde, 2018). Moreover, a greater awareness of outcomes will increase job satisfaction 

through an improved sense of responsibility. Finally, by establishing a collaborative culture 

the fear of punishment, for example through loosing tenders due to mistrust, will be 

reduced. To promote a culture that exhibits these traits, there must be movement towards 

a more flexible and innovative framework, such as adhocracy or clan, rather than an over-

reliance on hierarchical and market culture.   

7.3.6 Discussion Summary  

This Chapter presents the breakdowns identified through the application of a 

modified CD approach to the DNA evidence journey from collection through to 

interpretation. First, Local Level Category 1 breakdowns are discussed and 

recommendations are made. By reducing these active errors (Reason, 1990), the holes in 

the Swiss cheese model that occur at the user end and are the most documented cause of 

error are managed and/or reduced.  

Next, Local Level Category 2 breakdowns are presented. These are active, and in 

some instances user-end latent errors and require collaboration between the participating 

agencies to create change. Whilst some of these breakdowns may present themselves more 

universally across the CJS, for example the establishment of complex in-house testing 

facilities, further research must be done to determine the extent. Once again, managing and 

reducing these holes, which are commonly associated with user-end error, will reduce the 

likelihood of a miscarriage of justice.  

Finally, National Level breakdowns are discussed. These are latent errors (Reason, 

1990), and closing holes at this level will create systemic change. Whilst closing holes at 

active levels creates short-term solutions by capturing errors just before they manifest as 
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organisational accidents, eventually holes will align and errors will occur. However, by 

managing systemic and latent conditions such as those presented in the National Level 

breakdowns, accidents will be prevented early on, and will thus not reach the active errors 

at the user end – where a majority of organisational accidents are sourced.  

The next Chapter summarises the findings from this Thesis and considers further 

work in this field.  
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8 Conclusions and Closing Remarks 

To begin, this Thesis explored the operational parameters in the forensic science 

arena to identify high priority areas of research. Highlighting operational requirement for a 

more streamlined approach to service delivery, and to meet demand for a faster and more 

automated DNA recovery system, this Thesis presented a case study of the application of 

the RapidHIT™ 200 instrument into the user environment (Chapter 3). However, evidenced 

in this case study are systemic vulnerabilities that exist in the forensic science system that 

render the instrument unsuitable for operational use. In part, this is sourced to the lack of 

alignment with current processing capabilities within the user environments. However more 

pertinent is the need to better understand existing requirement, in order to target research 

and ensure that change is impactful, particularly in a climate of limited resource and funding.  

To address this, this Thesis implemented a novel framework for identifying 

requirement in the forensic science arena, and applied it to DNA evidence in sexual assault 

investigations. Before conducting primary research and in order to understand the forensic 

science arena holistically, the Thesis provided a detailed overview of the literature with 

regard human factors. Next, error perspectives were broadly examined and contextualised, 

providing a foundational understanding of the areas of vulnerabilities within complex 

systems. Each aspect was considered in the application of the novel framework, which was 

a modified Contextual Design approach, and by implementing this approach 56 breakdowns 

were identified from evidence collection through to the interpretation of findings.  

Each of the breakdowns were detailed and evaluated in the discussion of this Thesis, and 

finally, recommendations for a more effective and efficient DNA service delivery were 

provided. This Chapter provides and summary of the three-fold contribution of this Thesis.  

8.1 A Novel Framework for Identifying Requirement in Forensic Science  

First, a novel framework for identifying requirement in the forensic science arena 

was implemented. Adapted from Beyer & Holtzblatt’s (1998) Contextual Design approach to 

systems design, a platform upon which key areas of requirement can be illustrated and 

communicated is evidenced. Figure 9.1 presents the modified version of Beyer and 

Holtzblatt’s (1998) Contextual Design approach for the forensic science arena. 



235 

Participant 
Observation

• Spend time in the environments of each agency

• Experience day-to-day activities as they occur in real-world 
practice

Model Design

• Develop Culture, Flow, Sequence & Decision-POint models in line with findings

• Culture and Flow models illustrate a general understanding of the subject area

• Sequence and Decision-Point models present a detailed narrative of end-to-end process 
from physical and human factor perspectives

• Breakdowns illustrated

Consolidation

• Participants provide feedback to support an 
iterative design

Targetted 
Change

• Areas of high priority are categorised

• recommendations are presented

Figure 8.1: Overview of the modified Contextual Design method for application in forensic settings 
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8.2 Breakdowns in the Processing of DNA Evidence In Sexual Assault Cases from 

 Collection to Interpretation.  

Secondly, key vulnerabilities in the processing of DNA evidence in sexual assault 

investigations, at collection from victim; collection from suspect; collection from scene; 

submission; case assessment; search and recovery in house; search and recovery externally; 

DNA processing pre-PCR; DNA processing post-PCR; analysis; and interpretation are 

illustrated, a full version of which is presented in Table 9.1.  
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Table 8.1: Full list of breakdowns presented in the Sequence and DPMs  
 

Number Description  

 
1 

 
Guidelines can be restrictive  

2 Often based on victim account only  

3 CSI only deployed to victim for CAT1 cases for victims 

4 Cost constraints 

5 Victim may not be wearing same clothing 

6 Victim disengagement  

7 Victim may have poor account of event  

8 Time dependent based on FFLM guidelines 

9 Not required to adhere to forensic standards and guidelines  

10 Anti-contamination procedures in place but not as stringent as in forensic laboratories 

11 Suspect disengagement  

12 Suspect may not be wearing same clothing 

13 Dry cell may not be available 

14 Basic cleaning procedures only  

15 Only out of hour urgent’s due to submission working hours 

16 Moral vs. legal – If suspect declines this can be used against them in court (but not yet 
proven to be guilty) 

17 Scenes may not be identified  

18 Human interpretation required (see DPMs for more detail) 

19 Not competency checked 

20 MG21 requires increasing level of administration 

21 Contractual agreements  

22 Distance causes time delay  

23 Varying levels of case detail provided  
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24  User error  

25 No RM guidance  

26 No second checker  

27 Preferential split capabilities  

28 RM cannot see reaction first hand  
 

29 Lack of standardised approach between agencies  

30 Resource Constraint 

31 One full time analyst  

32 Cross over between CSI’s and analyst role (split-time) 

33 Machine error 

34 Consumable performance  

35 Existing literature outdated 
 

36 Loss of experience due to high turnover of staff  
 

37 Findings from literature ineffectively disseminated  
 

38 Relationship between FSU & FSP strained  
 

39 Experiences vary between actors 
 

40 Experiences cannot be directly applied to new situations 
 

41 Limited knowledge base  
 

42 Lack of available information  
 

43 Highly variable levels of forensic awareness 
 

44 Exposure to ‘irrelevant’ information  
 

45 Intuition used  
 

46 Semen screening generally unavailable at scenes 
 

47 Expectations misaligned against actual capability 
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48 No visual oversight of evidence quality 
 

49 Individual force drivers 
 

50 Few experienced team members to communicate ideas with  
 

51 No RM strategy  
 

52 Results highly interpretable 
  

53 Scale ambiguous  
 

54 Epithelial cells obstruct view  
 

55 Laboratories will not accept results 
 

56 Automated systems reduce user knowledge and risk unidentified error 
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8.3 Categorisation of Breakdowns and Recommendations 

Finally, vulnerabilities are categorised and contextualised according to an original 

three-tiered system. Categories include Local level Category 1 breakdowns; Local level 

Category 2 breakdowns; and National level breakdowns. A comprehensive list of 

recommendations for a more effective and efficient service delivery are summarised and 

presented below. 

8.3.1 Local Level Category 1 Recommendations 

• To re-evaluate the deployment of CSIs to SARC facilities in CAT1 cases of sexual 

assault allegations 

• To establish the importance of the dry cell in evidence collection and preservation, 

and where appropriate consider the value in increasing the number of dry cells per 

custody suit 

• To assess the level of requirement for urgent DNA submissions, and evaluate the 

impact of submission team availability on TRTs and quality of outcomes 

• To engage with stakeholders in order to evaluate the emergence of in situ semen 

screening capabilities, and to explore collaborative opportunity to identify short-

term solutions and the value/risk this can add to sexual assault investigations 

•   To ensure relevant actors have training in the packaging and storage of evidence 

and to regularly conduct quality checks to identify training needs 

• To continue deploying quality assurance measures to test consumable performance 

for all chemical testing methods 

• To continue generating robust training packages that deliver under-pinning scientific 

theory alongside practical experiences with regard to automated devices, and to 

collaboratively develop packages for newly integrated systems with the users and 

designers 

• To encourage and engage with a reporting culture, so that training packages can be 

developed in accordance with previously identified breakdowns across the system  

8.3.2 Local Level Category 2 Recommendations 

• To work collaboratively to design a structurally suitable MG21 that meets the need 

of the FSU and the FSP, and where needed separate the information required for in-

house RMS systems and external agencies 
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• Continue to engage with research material that explores the relevance of 

information for interpretation purposes and integrate this into the MG21 

documentation 

• To generate more data on the risk associated with over-regulation of information, 

and the role this has on the development of search and recovery protocols and 

interpretation of findings 

• To establish expectations on the role of ‘points to prove’ on MG21 documentation  

• Examine the value of the case assessment process through blind proficiency tests, 

and better understand the challenges faced by RMs at the reporting stage when in-

house search and recovery is conducted 

• Build collaborative relationships with FSPs where the RM is assigned prior to in-

house search and recovery, and to encourage a dialogue for early investigative 

insight 

•  Develop a more robust way of conducting; evaluating; and documenting 

presumptive tests results within in-house facilities in preparation for submission to 

FSPs 

• To incorporate a trained second checker during in-house AP tests to reduce the 

impact of subjective interpretation  

• To improve feedback loops where FSPs feedback case outcomes from evidence that 

has been submitted via the in-house route for the purpose of learning  

• Consider the value of integrating preferential split capabilities at in-house facilities 

to improve slide examination and maximise forensic opportunity  

• To explore the impact of the increasing establishment of inherently tightly coupled 

systems in the DNA domain with consideration to in-house testing facilities, and to 

explore future opportunity for the minimisation of irrelevant information exposure 

through shared interfaces 

• Conduct a full evaluation of the cost/resource needs to establish whether there is 

benefit to in-sourcing complex DNA work in the current climate 

8.3.3 National Level Recommendations 

• Promote communication of forensic advancements to non-scientific agencies that 

work with victims of sexual assault, with the aim of improving victim understanding 

of forensic capabilities and in turn, improving early engagement 
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• Better understand the benefit to outcomes when scientists are utilised at scenes for 

early investigative insight 

• Explore remote scene-capture capabilities such as 360° and virtual reality to 

encourage greater early investigative insight without the need for physical callout of 

scientists to scenes 

• To conduct regular end-to-end proficiency and blind trial tests of the evidence 

journey to produce ground truth datasets, ensuring equally high quality outcomes 

are achieved regardless of evidence route  

• To ensure quality control measures such as the implementation of new standards 

are cohesive across the evidence journey; proportionate; and addresses key and 

documented issues 

• To further examine over-regulation and the impact this can have on the forensic 

science arena when looking into the future of quality control  

• To develop a nationalised reporting system that is transparent and encourages a 

greater learning culture, and to identify a suitable governing body that is sufficiently 

impartial from key stakeholders to manage the system, such as the FCN.  

• To encourage greater feedback loops between FSUs and FSPs, and where possible 

to do this in person in order to forge improved professional relationships   

• To consider custody contamination in the same light as SARCs, and to better 

understand the impact of ambient contamination in custody suits through an 

improved evidence base 

•  To continue research into SARC ambient contamination, and to develop an evidence 

base that better understands minimum requirement for anti-contamination 

procedures, alongside remaining a victim focused agency 

• To establish and promote expertise-driven practice 

• Develop simulation training programmes that encourage the development of 

expertise and that can be delivered on a National platform, and to do these in an 

environment where immediate feedback can be provided  

• To build on examples of successful collaborations in order to develop a greater 

evidence base, from local level through to national level, and to establish greater 

synergy between users across the CJS  

• Use foundational research to identify i) the audiences of forensic science research 

and ii) platforms from which they receive information for dissemination purposes. 



243 

• To better understand how users of literature absorb information, and tailor 

dissemination mechanisms accordingly  

• To consider the benefits of a network administrative partnership approach in the 

forensic science arena, where one overarching body facilitates the development and 

sharing of information across the sector  

• To promote a culture shift in the forensic science arena, including organisational 

culture, where a clan or adhocracy approach is favoured; a reporting culture, where 

actors and agencies feel comfortable with honestly and transparency without risk of 

punishment; and a collaborative culture across the CJS 

• To work with managers within forensic science to instil these values and to promote 

favourable work environments.  
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8.4 Informing Theory, Next Steps, and Further Work 

Within the pure sciences research is focused on testing hypotheses, and thus is 

inherently deductive by design. Similarly, research in forensic science is propelled by 

operational requirement, where problems are presented by the forensic science community 

and deductive studies are designed to test a hypothesis and develop new products. However 

unlike the pure sciences, many processes within the forensic sciences are highly subjective 

and human-driven, and thus must be considered more holistically from both pure science, 

and social science perspectives.  

To begin, this Thesis presents a case study that demonstrates the shortfalls in highly 

specific research. Whilst such studies are valuable in recognising and addressing active level 

error, often overlooked are the latent conditions that persist in the forensic science arena, 

and continue to threaten market stability. As such, this Thesis takes a novel approach to 

identifying requirement, adapting established techniques to understand and model the 

evidence journey from collection through to interpretation. Through evaluating the 

landscape from an inductive perspective, a holistic and comprehensive evaluation of the 

evidence journey is presented, and potential vulnerabilities are recognised at both active 

and latent levels.  

Whilst this two-fold approach promotes a more robust framework for identifying 

requirement and addressing need in the forensic sciences, the arena remains in a state of 

crisis from both financial and cultural perspectives. Financially, research funding within the 

forensic sciences is limited, and therefore research is often driven at a local level. In addition, 

cultural challenges exist that threaten the successful delivery of inductive research, 

especially where clear, tangible benefits to operational practice are absent. As such, in order 

to make effective change and to implement recommendations made as part of this Thesis, 

a cultural shift is required.  

Discussed in Chapter 7, there are a number of approaches that can be taken to 

encourage a more favourable culture. For example, a shift away from hierarchical culture 

and towards clan characteristics will encourage a more collaborative and innovative 

environment. To further support this, a greater focus on management training at all levels 
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will help to facilitate enthusiasm and energy for greater collaboration and in turn, promote 

a more cohesive and open environment across the sector.  

However, to improve collaboration and to fully address systemic challenge in the 

forensic science arena, greater transparency is required. To facilitate such transparency, a 

reporting culture, where practitioners feel able to recognise and report errors and near 

misses, is favourable. Aligning with highly successful arenas such as aviation, improved 

reporting enables lessons to be more effectively learned, and vulnerabilities in the forensic 

science arena more accurately understood.  

Finally, to ensure findings from this study are disseminated effectively it is important 

to understand how actors and agencies digest information, and tailoring outputs to meet 

individual needs. This body of this research has identified a number of recommendations 

that seek to improve the effectiveness and efficiency of the DNA evidence journey from 

collection through to interpretation, however how these are communicated to the wider 

stakeholder community is essential for the successful implementation of change.  

Firstly, Local level findings should be communicated to the participating FSU and FSP, 

and the implementation of change in frontline practice should be facilitated. Throughout 

this study, steps have been made to begin integrating recommendations into practice, 

including an agreement from the participating agencies that cross training within in-house 

facilities would be beneficial, particularly during the early establishment of the laboratory. 

Moving forward, initiatives to embed additional local level changes should be forged through 

on-going communications and effective dissemination of findings through relevant 

channels, such as newsletters and local conferences.  

Secondly, National requirements must be disseminated to the wider CJS through 

conferences and publications. The researcher has been accepted to present findings from 

this Thesis at the International Association of Forensic Science, and has a meeting scheduled 

to discuss outputs with the FCN research and development manager. However, it is also 

important to build networks that can support further dissemination of research. 
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Appendix B – Participant Information Sheet (interview) 

PARTICIPANT INFORMATION SHEET 

University of Portsmouth 
Institute of Criminal Justice Studies 
Museum Road 
Portsmouth 
PO1 2QQ 
 
Researcher: Katie.jetten@port.ac.uk 
Supervisor: Katherine.brown@port.ac.uk 
Head of department: Dr Phil Clements 
 
 

Title of Project: A contextual design approach to improving DNA service delivery  
 

Name and Contact Details of Researcher(s): Katie Jetten (katie.jetten@port.ac.uk) 

Name and Contact Details of Supervisor (if relevant): Dr Katherine Brown 

(katherine.brown@port.ac.uk) 

Ethics Committee Reference Number: 16/17: 30 

Invitation 

I would like to invite you to take part in my research study. Joining the study is entirely up to 
you, before you decide I would like you to understand why the research is being done and what 
it would involve for you. I will go through this information sheet with you, to help you decide 
whether or not you would like to take part and answer any questions you may have. I would 
suggest this should take about 10 minutes. Do ask if anything is unclear. 
About me 
I am currently a second-year PhD student at the University of Portsmouth. Prior to this, I 
obtained my undergraduate degree in Forensic Biology and subsequently spent two and a half 
years as a Forensic DNA, and senior Forensic DNA analyst within the private sector.  
Study Summary 
My PhD research focus is to identify and promote requirement directed research, aiming to 
explore closer collaboration between academics, the police service and forensic service 
providers (FSPs). models will be designed to visualise the current processing of DNA samples 
in rape investigations, establishing strengths and areas for improvement at each stage and, 
most importantly, highlight requirement. From this, applied and practical studies and 
experiments will be designed and honed to optimise evidence collection and processing. 
 
What is the purpose of the study? 
 
This research study will deliberate how this isolated approach to research can be remodelled using a 
contextual design framework, a novel approach to research formulation in forensic science. By utilising 
collaborations between academics, the police and forensic service providers, a processing continuum 
from the users perspective will be expanded upon, identifying fundamental variations and 
inefficiencies within rape investigations and DNA processing. It is from this design that requirement 
met research that is embodied by the users will be generated, unifying organisations to improve 
communication, funding availability and understanding, alongside ingraining data to support 
interpretation and embedding it within practice. 
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Why have I been invited? 
You have been invited to participate in this study as a member of your organisation. It is 
essential for this research that an overview of the workflow, artefacts, culture and physical 
elements of each job role are captured from a users perspective. Overall, multiple potential 
participants from each job role have been identified by a gatekeeper within your organisation. 
From this, I have personally and confidentially selected you to participate in this study to 
optimise confidentiality. I will also be recruiting participants from various other stages of the 
process, from the chosen organisations. Your name and organisation will be anonymised using 
a coding system and will not be identifiable to anyone but the researcher.  
Do I have to take part?  
No, taking part in this research is entirely voluntary. It is up to you to decide if you want to 
volunteer for the study. We will describe the study in this information sheet.  
What will happen to me if I take part? 
This study will require no more than 45 minutes of your own time, during which you will be 
asked a series of questions surrounding your job role, personal experiences and thoughts on 
scientific research development. Throughout this process you will be able to talk freely, and 
responses will be audio recorded using a Dictaphone device. Following an interview, the digital 
recording will be transcribed and the audio recording destroyed. You will be sent a copy of the 
transcripts to read over, if there is any information you are unconformable with or do not wish 
to be disclosed, it will be immediately removed from the transcripts and subsequent study, 
and this opportunity will be available up until data analysis. Whilst it is intended that 
information from this study be published through academic journal articles, presentations and 
academic posters, no raw data or identifiable information will be included.  
Expenses and payments  
Participation in this study is entirely voluntary, and no expenses or payments will be made to 
the participant. The researcher will travel to a convenient location for the participant and 
therefore no travel expenses will be reimbursed.  
Anything else I will have to do?  
There will be no preparation required to participate in this study.  

 
What data will be collected and / or measurements taken?  
This study will not require disclosure of any personal data; however any information the 
participant wishes to be removed from the research will be done so upon request. No 
specialist equipment will be used for the duration of the study, and no information that may 
harm, or significant to the health and wellbeing of the participant will be required.  
What are the possible disadvantages, burdens and risks of taking part?  
This study does not require a medical officer or paramedic, and will not require physical 
exertion. No information that may cause distress to the participant will be collected. 
What are the possible advantages or benefits of taking part? 
Whilst you will not receive any direct personal benefits from this study such as payments, this 
study aims to generate a series of research projects that will enhance and further science and 
technology that meet industry requirement, improving collaboration, communication and 
customer service whilst providing data to support interpretation.  
Will my taking part in the study be kept confidential? 
Confidentiality of the organisation and participant will be respected throughout this study, 
with each aspect will be anonymised using a coding system. Gatekeepers from within the 
organisation will identify multiple potential participants, from which the researcher will 
identify one per job role, thus further protecting the anonymity of the participant.   
The data, when made anonymous, may be presented to others at academic conferences, or 
published as a project report, academic dissertation or in academic journals or book. It could 
also be made available to any commissioner or funder of the research. 
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The raw data, which would identify you, will not be passed to anyone outside the study team 
without your express written permission.  
The raw data will be retained for up to 30 years. When it is no longer required, the data will 
be disposed of securely and destroyed. 
What will happen if I don’t want to carry on with the study?  
As a volunteer you can stop any participation at any time throughout the interview, or 
withdraw from the study at any time before, without giving a reason if you do not wish to. If 
you do withdraw from a study after some data have been collected you will be asked if you 
are content for the data collected thus far to be retained and included in the study. If you 
prefer, the data collected can be destroyed and not included in the study. Once the research 
has been completed, and the data analysed, it will not be possible for you to withdraw your 
data from the study. 
What if there is a problem? 
If you have a query, concern or complaint about any aspect of this study, in the first instance 
you should contact the researcher(s) if appropriate. If the researcher is a student, there will 
also be an academic member of staff listed as the supervisor whom you can contact. If there 
is a complaint and there is a supervisor listed, please contact the Supervisor with details of the 
complaint. The contact details for both the researcher and any supervisor are detailed on page 
1. 

If the researcher or their supervisor does not resolve your concern or complaint, you should 
contact the Head of Department: 
 

The Head of Department: Dr Phil Clements 
Tel: 023 9284 5069 
Email: phil.clements@port.ac.uk 
University of Portsmouth    
St Georges Building 
141 High Street 
Portsmouth 
PO1 2HY 

If the complaint remains unresolved, please contact:  
The University Complaints Officer: 023 9284 3642 or complaintsadvice@port.ac.uk 

 
Who is funding the research?  
The University of Portsmouth is funding this research. None of the researchers or study staff 
will receive any financial reward by conducting this study, other than their normal bursary as 
a student of the University. 
Who has reviewed the study? 
Research involving human participants is reviewed by an ethics committee to ensure that 
the dignity and well-being of participants is respected.  This study has been reviewed by the 
Humanities and Social Science Faculty Ethics Committee and been given favourable ethical 
opinion.  
Thank you 

     Thank you for taking time to read this information sheet and for considering volunteering for 
this research. If you do agree to participate your consent will be sought; please see the 
accompanying consent form.  You will then be given a copy of this information sheet and 
your signed consent form, to keep. 
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PARTICIPANT INFORMATION SHEET 

University of Portsmouth 
Institute of Criminal Justice Studies 
Museum Road 
Portsmouth 
PO1 2QQ 
 
Researcher: Katie.jetten@port.ac.uk 
Supervisor: Katherine.brown@port.ac.uk 
Head of department: Dr Phil Clements 
 
 

Title of Project: A contextual design approach to improving DNA service delivery  
 

Name and Contact Details of Researcher(s): Katie Jetten (katie.jetten@port.ac.uk) 

Name and Contact Details of Supervisor (if relevant): Dr Katherine Brown 

(katherine.brown@port.ac.uk) 

Ethics Committee Reference Number: 16/17: 30 

Invitation 

I would like to invite you to take part in my research study. Joining the study is entirely up to 
you, before you decide I would like you to understand why the research is being done and 
what it would involve for you. I will go through this information sheet with you, to help you 
decide whether or not you would like to take part and answer any questions you may have. 
About me 
I am currently a second-year PhD student at the University of Portsmouth. Prior to this, I 
obtained my undergraduate degree in Forensic Biology and subsequently spent two and a half 
years as a senior Forensic DNA analyst within the private sector. In conjunction with 
completing my PhD, I teach on the criminology and forensic studies undergraduate course and 
support current research being conducted within our partnership.  
Study Summary 
My PhD research focus is to identify and promote requirement directed research, aiming to 
explore closer collaboration between academics, the police service and forensic service 
providers (FSPs). Models will be designed to visualise the current processing of DNA samples 
from collection to reporting, establishing strengths and areas for improvement at each stage 
and, most importantly, highlight requirement. From this, applied and practical studies and 
experiments will be designed and honed to optimise evidence collection and processing. 
What is the purpose of the study? 
 

This research study will deliberate how the isolated approach to research currently adopted 
can be remodelled using a contextual design framework, a novel approach to research 
formulation in forensic science. By utilising collaborations between academics, the police and 
forensic service providers, a processing continuum from the users perspective will be 
expanded upon, identifying fundamental variations and inefficiencies within rape 
investigations and DNA processing. It is from this design that requirement met research that 
is embodied by the users will be generated, unifying organisations to improve communication, 
funding availability and understanding, alongside ingraining data to support interpretation 
and embedding it within practice. 
Why have I been invited? 
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You have been invited to participate in this study as a member of your organisation. It is 
essential for this research that an overview of the workflow, artefacts, culture and physical 
elements of each job role are captured from a users perspective. Overall, multiple potential 
participants from each job role have been identified by a gatekeeper within your organisation. 
From this, I have personally and confidentially selected you to participate in this study to 
optimise confidentiality. I will also be recruiting participants from various other stages of the 
process, from the chosen organisations. Your name and organisation will be anonymised using 
a coding system and will not be identifiable to anyone but the researcher.  
Do I have to take part?  
No, taking part in this research is entirely voluntary. It is up to you to decide if you want to 
volunteer for the study. We will describe the study in this information sheet.  
What will happen to me if I take part? 
This study will require the researcher to observe and discuss everyday life in your workplace, 
during which you will be asked a series of questions surrounding your job role, personal 
experiences and thoughts on the industry. Throughout these observations, you will be able to 
talk freely, and responses will be recorded through note taking. Once the information has 
been consolidated, models will be discussed and if there is any information you are 
unconformable with or do not wish to be disclosed, it will be immediately removed from 
study, and this opportunity will be available up until data analysis. Whilst it is intended that 
information from this study be published through academic journal articles, presentations and 
academic posters, no raw data or identifiable information will be included.  
Expenses and payments  
Participation in this study is entirely voluntary, and no expenses or payments will be made to 
the participant. The researcher will travel to a convenient location for the participant and 
therefore no travel expenses will be reimbursed.  
Anything else I will have to do?  
There will be no preparation required to participate in this study.  

 
What data will be collected and / or measurements taken?  
This study will not require disclosure of any personal data; however any information the 
participant wishes to be removed from the research will be done so upon request. No 
specialist equipment will be used for the duration of the study, and no information that may 
harm, or significant to the health and wellbeing of the participant will be required.  
What are the possible disadvantages, burdens and risks of taking part?  
This study does not require a medical officer or paramedic, and will not require physical 
exertion. No information that may cause distress to the participant will be collected. 
What are the possible advantages or benefits of taking part? 
Whilst you will not receive any direct personal benefits from this study such as payments, this 
study aims to generate a series of research projects that will enhance and further science and 
technology that meet industry requirement, improving collaboration, communication and 
customer service whilst providing data to support interpretation.  
Will my taking part in the study be kept confidential? 
Confidentiality of the organisation and participant will be respected throughout this study; 
with each aspect will be anonymised using a coding system (i.e. participant 1, 2 etc.). 
Gatekeepers from within the organisation will identify multiple potential participants, from 
which the researcher will identify one per job role, thus further protecting the anonymity of 
the participant.  
The data, when made anonymous, may be presented to others at academic conferences, or 
published as a project report, academic dissertation or in academic journals or book. It could 
also be made available to any commissioner or funder of the research.  
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The raw data, which would identify you, will not be passed to anyone outside the study team 
without your express written permission 
. The raw data will be retained for up to 30 years. When it is no longer required, the data will 
be disposed of securely and destroyed. 
What will happen if I don’t want to carry on with the study?  
As a volunteer you can stop any participation at any time throughout the observation, or 
withdraw from the study at any time before, without giving a reason if you do not wish to. If 
you do withdraw from a study after some data have been collected you will be asked if you 
are content for the data collected thus far to be retained and included in the study. If you 
prefer, the data collected can be destroyed and not included in the study. Once the research 
has been completed, and the data analysed, it will not be possible for you to withdraw your 
data from the study. 
What if there is a problem? 
If you have a query, concern or complaint about any aspect of this study, in the first instance 
you should contact the researcher(s) if appropriate. If the researcher is a student, there will 
also be an academic member of staff listed as the supervisor whom you can contact. If there 
is a complaint and there is a supervisor listed, please contact the Supervisor with details of the 
complaint. The contact details for both the researcher and any supervisor are detailed on page 
1. 

If the researcher or their supervisor does not resolve your concern or complaint, you should 
contact the Head of Department: 
 

The Head of Department: Dr Phil Clements 
Tel: 023 9284 5069 
Email: phil.clements@port.ac.uk 
University of Portsmouth    
St Georges Building 
141 High Street 
Portsmouth 
PO1 2HY 

 
If the complaint remains unresolved, please contact:  
The University Complaints Officer: 023 9284 3642 or complaintsadvice@port.ac.uk 

 
Who is funding the research?  
The University of Portsmouth is funding this research. None of the researchers or study staff 
will receive any financial reward by conducting this study, other than their normal bursary as 
a student of the University. 
Who has reviewed the study? 
Research involving human participants is reviewed by an ethics committee to ensure that 
the dignity and well-being of participants is respected.  This study has been reviewed by the 
Humanities and Social Science Faculty Ethics Committee and been given favourable ethical 
opinion.  
Thank you 

     Thank you for taking time to read this information sheet and for considering volunteering for 
this research. If you do agree to participate your consent will be sought; please see the 
accompanying consent form.  You will then be given a copy of this information sheet and 
your signed consent form, to keep. 
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Appendix D – Example Consent Form (interview) 

University of Portsmouth 
Institute of Criminal Justice Studies 
Museum Road 
Portsmouth 
PO1 2QQ 
 
Researcher: Katie.jetten@port.ac.uk 
Supervisor: Katherine.brown@port.ac.uk 
Head of department: Dr Phil Clements 

 

CONSENT FORM  

Title of Project: Using a Contextual Design Approach to Improve DNA Service Delivery  

Name and Contact Details of Researcher(s): Katie Jetten (katie.jetten@port.ac.uk) 

Name and Contact Details of Supervisor (if relevant): Dr Katherine Brown 

(Katherine.brown@port.ac.uk) 

Ethics Committee Reference Number: 16/17: 30  

 

1. I confirm that I have read and understood the information sheet dated 22/03/17, version 

2.0 for the above study. I have had the opportunity to consider the information, ask 

questions and have had these answered satisfactorily. 

 

2. I understand that my participation is voluntary and that I am free to withdraw at any time 

without giving any reason.  

 

3. I understand that data collected during this study, could be requested and looked at by 

regulatory authorities. I give my permission for any authority, with a legal right of access, 

to view data, which might identify me.  Any promises of confidentiality provided by the 

researcher will be respected. 

 

4. (If appropriate) I understand that the results of this study may be published and / or 

presented at meetings or academic conferences, and may be provided to research 

commissioners or funders. I give my permission for my anonymous data, which does not 

identify me, to be disseminated in this way. 
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5. I understand that by nature of this research, some sensitive case detail may be discussed 

and that this data will be omitted from study 

6. (If appropriate) I agree to the data I contribute being retained for any future research that 
has been approved by a Research Ethics Committee. 

7.  I consent for my interview to be audio / video recorded.  The recording will be 
transcribed and analysed for the purposes of the research, and will be retained on a 
password protected device.  

 

8. I agree to take part in the above study. 

 
Name of participant:  

Date:  

Signature:  
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Appendix E – Example Consent Form (observation)  

 
University of Portsmouth 
Institute of Criminal Justice Studies 
Museum Road 
Portsmouth 
PO1 2QQ 
 
Researcher: Katie.jetten@port.ac.uk 
Supervisor: Katherine.brown@port.ac.uk 
Head of department: Dr Phil Clements 

 

CONSENT FORM  

Title of Project: Using a Contextual Design Approach to Improve DNA Service Delivery  

Name and Contact Details of Researcher(s): Katie Jetten (katie.jetten@port.ac.uk) 

Name and Contact Details of Supervisor (if relevant): Dr Katherine Brown 

(Katherine.brown@port.ac.uk) 

Ethics Committee Reference Number: 16/17: 30  

1) Have you been provided with information about the purpose of this observation? 

Yes/No 

2) Have you had the opportunity to ask any questions about what this observation 

will involve? Yes/No 

3) Do you understand that your participation is entirely voluntary? Yes/No 

4) Do you understand that you are free to withdraw at any time and that you do not 

need to provide a reason for this withdrawal? Yes/No 

5) Do you understand that you are free to withdraw your participation in this study 

up until the point of data analysis? Yes/No 

6) Do you understand that your rights to anonymity and confidentiality will be 

respected? Yes/No 

7) Are you over the age of 18? Yes/No 

8) Do you consent to participate in this observation? 

Signature …………………………………………. 

Date …………………........  
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Appendix F – Ethical Approval  

  
      Ethics-fhss@port.ac.uk  

                

12th April 2017  
  
Dear Katie Jetten,   
  

  

Study Title:  A holistic approach to the optimisation of DNA 

processing in rape investigations  

Ethics Committee 

reference:  
16/17: 30  

  
Thank you for submitting your documents for ethical review.  The Ethics Committee was 
content to grant a favourable ethical opinion of the above research on the basis 
described in the application form, protocol and supporting documentation, revised in the 
light of any conditions set, subject to the general conditions set out in the attached 
document.   
  
The Ethics Committee provides a favourable ethical opinion   

  

  

  
  

  

  

  

  
 

  

  

  
 

 

 


