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Abstract 

Bloodstain pattern analysis (BPA) is a discipline that is useful in both the investigative and evaluative phases 

of an investigation. The field of BPA is one that attracts attention from software developers and educational 

institutions. The purpose of this study was to understand the extent to which BPA is used in casework. 120 

bloodstain analysts of varying expertise and training from around the world completed a survey addressing 

their experiences of using BPA in casework.  Of these participants, 73.34% of the participants indicated that 

they did two cases or less per month on average. 77.5% of the participants indicated that area of origin (AO) 

calculations were not used as part of their casework. 71.67% of the respondents have never given evidence in 

court, with only 5.83% appearing in court less than two times a month. 18.33% of the participants indicated the 

use of software or technologies in casework, despite 38.33% having access to such specialised provisions. 

Given that 89.17% of the participants believe that such provisions will enhance the criminal investigation , 

there is a significant hurdle to the use of emerging technologies in BPA casework. As a result of these 

findings, there appears to be clear evidence that the focus of educational institutions and the investments into 

BPA research, should be reviewed and updated. 

conclusion use probabilistic statements to 

potentially link individuals that are present at a 

scene, other crucial questions can remain 

unanswered, to include the sequence of events 

[7] [8] [45]. The general science of BPA appears 

to be widely accepted and is advocated by the 

Academy Standards Board (ASB), provided 

guidelines by the Organization of Scientific 

Area Committees (OSAC) [52] and the 

Academy Standards Board (ASB) [45]. This 

methodology consists of the determination of 

directionality, movement, area of convergence 

(AOC) and area of origin (AO) of bloodstains, 

the identification and categorization of 

bloodstain patterns, and the relationship 

between patterns and relevant items [46]. BPA 

corroborates, refutes, or clarifies a statement 

that has been provided by an eyewitness, 

INTRODUCTION 

 The presence of blood in a crime scene is not 

an uncommon phenomenon. Blood can be 

located on several surfaces such as floors, 

ceilings, walls, furniture, weapons, clothing, 

and on the body of a person present at the scene 

[1] [2] [3]. Bloodstain pattern analysis (BPA) can 

be used to reconstruct the sequence of events of 

a blood-shedding incident and provide 

investigators with an insight into who was 

involved [1] [4] [5]. The size, shape, location, 

and distribution of bloodstains can provide 

valuable information of how blood was 

deposited on a surface [9]. Although most DNA 
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 mathematical representation [17]. Although AO 

analysis is an interesting area of BPA, the 

utilisation of AO analysis in casework must be 

explored. This paper will highlight specialist 

equipment that BPA analysts believe would be 

useful to have access to, and their thoughts on 

such equipment. Researchers are conducting 

AO analysis studies, software developers are 

investing in BPA tools for AO analysis, and 

training institutions are teaching AO analysis, 

but very little research has been conducted to 

explore the  utilisation of AO analysis in 

casework, highlighting the value of the above. 

BPA training institutions teach the necessary 

skills involved in BPA (e.g., AO analysis) but 

not how to apply these skills within an 

acceptable methodological framework [41]. The 

challenges BPA analysts encounter on a day- to-

day basis need to be addressed, and greater 

research must be conducted within these areas. 

This paper will highlight the challenges 

bloodstain analysts encounter on a daily basis. 

 BPA is recognised worldwide in both 

adversarial and inquisitorial courts. In most 

common law countries, such as England and the 

United States, the adversarial system is utilised. 

On the other hand, the inquisitorial system is 

used in many European countries and 

continental jurisdictions, such as France and 

Italy. Since the second half of the last century, 

the US criminal courts have used BPA [3]. The 

training of analysts, as well as the validity of 

BPA itself, has been questioned by some 

scientists and legal scholars, in the view that an 

unproven discipline gained a hold in the 

American justice system and flourished through 

state by state [51]. BPA was established when a 

small group of scientists and forensic 

investigators began testifying in cases, as 

experts in a new technique. As a result of this, 

victim, or a suspect. 

 Since the National Research Council (NRC) 

highlighted recommendations for the accuracy 

and reliability in BPA [51], the accuracy and 

reliability of AO analysis of bloodstains has 

been thoroughly researched. The traditional 

stringing method [10], the tangent method [11], 

and the mathematical method from Varney et 

al. [12], allows for the calculation of the AOC 

and the AO [13]. This has been addressed 

through the use of software, which allows users 

to import point clouds and photographs for 

alignment, to present a virtual representation of 

the AO. Examples of such software are FARO 

ZONE 3D (FZ3D) [2] [14], Faro Scene [15], 

BackTrack [16], HemoSpat [29] [53], and 

HemoVision [34]. BPA software packages have 

been designed to support investigators in 

relation to speed and quality of analysis [17]. 

These software packages have been 

independently tested, compared, and validated 

through published peer-reviewed scientific 

articles. Researchers have felt the need for 

research to be conducted using these software 

packages for the accuracy and reliability of AO 

analysis [2], [15], [16], [18], [19], [20], [21], [22], 

[23], [24], [25], [26], [27], [28], [29], [30], [31], [32], 

[33], [34], [35], [36], [37], [38],[39]. However, 

these software packages have also been viewed 

skeptically for being potentially deceptive or 

lacking an objective mathematical foundation 

[40]. Vitiello et al. argues that the proposed 

approaches of these software packages attempt 

to replicate BPA investigators’ tasks without an 

official mathematical representation of BPA, 

allowing an objective reconstruction of the 

crime [17]. In summary, the available 

approaches focus on different computational 

methods to perform BPA without attempting to 

model the whole BPA process through a 
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 participants who are located in countries that 

use adversarial and inquisitorial justice systems. 

The survey was conducted between the 27th of 

January 2020 – 13th of January 2021. In total 120 

participants completed the survey. It must be 

noted that all participants who completed the 

survey have the authorisation to complete BPA 

in their day-to-day casework. All Qualtrics 

responses were documented on an Excel 

spreadsheet, along with the thematical analysis, 

and was saved on an Encrypted SD Memory 

Card. A proportionate ethics form for this study 

was completed and granted by Staffordshire 

University. Partial responses and student 

responses were eliminated from the overall total 

and were not considered in the analysis stage of 

this study. Gender, age, and ethnicity were not 

required for this study. The questionnaire was 

themed around four sections; including, 1. 

Training and experience, 2. Their view and 

experience in using BPA in casework. 3. Their 

view and experience of using area of origin 

calculations in casework, and 4. Their view and 

experience of using the software in casework.  

As well as the indicated responses, the 

participants were also invited to provide free 

text responses. For qualitative data, a thematic 

analysis for free text responses was conducted 

using an Excel spreadsheet. Understanding the 

free-text responses was the first stage of the 

thematic analysis. Colour coding was used to 

represent a pattern. which represented a theme. 

Themes were then cross referenced against the 

original data. 

RESULTS 

 The survey was published and attracted 

participants from many different countries. 

Figure 1 shows the number of participants who 

completed the survey. It is evident to state that 

many started to train police officers, crime-

scene examiners, and investigators, many of 

whom also testified in court as well [54]. As a 

result of this, defendants have appealed the 

legitimacy of these experts’ testimony, resulting 

in these cases being held in the state appeals 

courts. After one court ruled such testimony 

admissible, other states’ courts emulated [55]. 

Once reviewing the accuracy or reliability of the 

technique used in BPA, judges had faith in their 

own – or the testifying experts’ own – 

evaluation. Testimony has been accepted from 

forensic scientists with backgrounds in biology, 

physics, chemistry, serology, and pathology. It 

has also been accepted from law enforcement 

personnel such as evidence technicians, 

detectives, and crime scene investigators, who 

do not necessarily have a scientific background. 

It must be noted, these individuals – though not 

scientists – have attended and completed basic 

and advanced bloodstain interpretation. 

Coupled with casework experience at crime 

scenes, these attendees can attain expertise in 

the discipline and render credible testimony in 

courts of law [11]. To this date, there have been 

no peer-reviewed published papers on how 

often BPA evidence is presented in court, and 

how it would be presented. A recent paper by 

Bettison et al. questioned how BPA evidence is 

presented and interpretated in courts [45]. This 

paper will explore how often BPA is presented 

in courts, and the methods employed to present 

such findings. The overall aim of this study was 

to explore the utilisation of BPA in casework. 

METHOD 

 A survey consisting of 25 questions was 

developed using Qualtrics Software and 

disseminated through personal connections and 

social media. These platforms attracted 
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Figure 1- Illustrates where the participants are located worldwide  

Figure 2- Illustrates who the participants were employed by  
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 self-employed forensic consultants, laboratory 

technicians, and independent experts. This is 

highlighted in Figure 3. 

 Participants had a varied level of BPA 

training, with the majority, 48.33% having 

completed advanced BPA training, 22.50% of 

participants having completed basic BPA 

training, 14.17%- had simple BPA awareness, 

12.50% had crime scene only training, and only 

2.50% had training for the analysis of blood on 

items only, as seen in Figure 4. Participants had 

varying levels of BPA experience, 28.33% had 

<5 years’ experience, 16.67% had between 5-10 

years’ experience, 34.17% had between 10-20 

years’ experience, and 20.83% had >20 years’ 

experience. It was established that 71.67% of 

participant’s experience was all in the same 

department, and 28.33% of participants had 

experience in different departments.  

the majority of participants were from the 

United Kingdom (42.50%) and the United States 

(26.70%), with similar responses from other 

countries. 

 The majority of participants were employed 

by a police service (51.64%), and others worked 

for another law enforcement agency (9.02%), a 

private forensic science provider (10.66%), a 

smaller forensic science provider (3.28%), self-

employed (9.02%) or other (16.39%). Other 

consisted of non-profit government laboratories 

and other public sector departments. This is 

depicted in Figure 2. 

 The majority of participants were crime 

scene examiners (45.00%), forensic examiners 

(16.67%), reporting officers (14.17%), or other 

(24.17%). Other roles consisted of forensic 

science laboratories (state or privately funded), 

Figure 3- Illustrates the roles of the participants, these being crime scene examiners, forensic examiner, reporting officer and other  
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Figure 4 – Illustrates the level of BPA training of the participants  

Figure 5 – Illustrates where participants received their BPA training 
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Figure 7 – Highlights how often participants use BPA in casework per month  

Figure 6 – Highlights if participants use BPA in casework  

 Of the participants who completed the 

survey, 44.17% of participants received their 

training in-house, 29.17% attended courses 

approved for membership into the International 

Association of Bloodstain Pattern Analysts 

(IABPA), 15% received their training at other 

private companies, and 11.67% received their 

training through the Forensic Science Service 

which was a government-owned company in 

the United Kingdom which provided forensic 

science services to police forces, seen in Figure 

5. 

 The majority of participants, 80.83% use BPA 

in casework. For those participants who use 

BPA in casework, they are asked how often they 

use BPA per month, 43.34%, use BPA once per 

month, with the remaining participants using 

BPA more frequently than others ranging from 

once to eight times per month. It is evident to 

state that although the majority of participants 

use BPA in casework, the monthly use of BPA 

in casework is low. This is highlighted in 

Figures 6 and 7. 

 Participants addressed the most common 

use of BPA in their experience. 29.17% of 

participants stated that BPA was used for the 

reconstruction of an incident, 14.17% stated 

BPA was used to provide information to the 
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 AO four-to-five times per month (3.34%) were 

from France and Argentina. If required to 

calculate the AO, 34% would use the Stringing 

method, 26.67% would use the Tangent method, 

24.17% would use photography and non-

analytical BPA software packages, 8.33% would 

use the naked eye, and 6.67% would use all of 

the above. 

 As quoted previously, BPA software 

packages have been utilised for several BPA 

studies and addressed in many peer-reviewed 

articles. Participants were asked if they use 

software packages for BPA in casework, 18.33% 

do use BPA analytical software, and 81.67% do 

not use  BPA analytical software packages in 

their bloodstain examinations (Figure 9). Those 

who do use software packages for BPA use 

MATLAB, FARO Zone 3D, FARO Scene, 

HemoSpat, 3D Vista virtual tour pro, IMS 

MAP360, Photoshop, CAD, Image J, and 

Sketchup, and Crime Zone. Participants were 

asked if they have access to laser scanners or 

other specialised crime scene documentation 

equipment, 38.33% stated they do have access, 

and 61.67% do not have access to such 

equipment. Of these participants, 38.33% of 

participants have access to the following 

scanners: FARO, Leica, and Spheron VR. 

Participants believe that having access to high 

powered portable forensic lasers and LED 

systems/torches would be useful at crime 

scenes, especially when documenting blood on 

dark surfaces. 

 Participants shared their opinion if they 

thought it would add value to the BPA 

investigation if they could use specialised crime 

scene documentation equipment, allowing them 

to record and identify bloodstain patterns. The 

majority of participants (89.17%) believe it 

investigator, 30.83% stated the evaluation of the 

bloodstain patterns given certain hypothesis, 

14.17% stated BPA helped in the locating more 

significant stains for DNA analysis, and 11.66% 

stated all of the above. 

 Participants were required to highlight 

which aspect of BPA they use the most. 77.50% 

of participants use BPA for pattern 

classification, and 22.50% use BPA to calculate 

the AO. Pattern recognition consisted of contact 

stains vs impact stains, wipes vs swipes, impact 

spatter vs expirated blood, and identifying cast-

off stains. Figure 8 illustrates how often 

participants are required to calculate the AO per 

month. It must be noted, these were whole 

numbers provided by participants. Those 

participants who are required to calculate the 

Figure 8 – How often participants are required to calculate the 

Area of Origin per month  

Figure 9- Highlights the if participants use software for BPA  
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Figure 10 – the value of crime scene documentation equipment for BPA investigation  

Figure 11 – the value of laser scanners at crime scenes  
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 BPA evidence in court. For those participants 

who do give evidence in court, 79.41% give 

evidence verbally with the use of crime scene 

photographs and sketches, 11.77% use imaging 

software, and 8.82% use virtual reality (VR). 

This is depicted in Figures 12 and 13. 

 Participants described what they believe to 

be the biggest challenges in BPA in casework. 

Identifying what they cannot do, but if they 

could do, it would significantly enhance their 

capability as a bloodstain pattern analyst. 

Participants indicated that the number of 

reliable experts to assist at crime scenes is 

problematic. Crime scene investigators do not 

get the appropriate training due to time and 

cost, as it takes a significant amount of time to 

become an expert. The time at the crime scene is 

limited due to the volume of crime and the 

limited number of staff. Participants addressed 

the amount of unqualified BPA testimony, who 

do not have the appropriate training and 

experience, which restricts factual BPA 

testimony. Bloodstain pattern classification is 

problematic at crime scenes, such as 

discriminating impact spatter from expirated 

stains. Participants addressed the lack of high 

powered portable forensic lasers and LED 

systems/lights for those bloodstains on dark 

surfaces, such as jeans and leather chairs. The 

aging of blood is also a challenge at crime 

scenes. Software packages for bloodstain 

pattern analysis are valued, however, the cost of 

the software and software training is a 

disadvantage. Software packages are being 

updated frequently which requires further cost 

and training. Therefore, the amount of analysts 

who use software for analysis is limited.  

DISCUSSION 

The use of BPA in casework 

would add value to the BPA investigation and 

the remainder of participants (10.83%) believe it 

would not add any value. Participants stated 

their opinion on whether they believed laser 

scanners would save time, instead of using the 

traditional method of tape measures and 

drawings, and if laser scanners would reduce 

human error and provide value within the 

courtroom. The majority of participants, 71.67%, 

agreed it would, 13.33.% disagreed, and 15% 

were unsure. This has been depicted in Figures 

10 and 11. 

 Participants highlighted how often they give 

BPA evidence in court. No one gives evidence 

weekly, 5.83% give evidence monthly, 22.50% 

give evidence yearly, and 71.67% never give 

Figure 13 – Highlights for those participants who do give evi-

dence in court relating to BPA, how they present their evidence 

within the courtroom  

Figure 12 – Highlights how often participants give evidence in 

court relating to BPA.  
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 advanced BPA training had less than 5 years of 

experience and had completed the advanced 

BPA certification training. This demonstrates 

their employers or the individuals are striving 

to achieve a higher level of training. Statistics 

were similar for those who had advanced BPA 

training and had 5-10 years’ experience 

(11.76%). It was expected there would be a 

dramatic increase for participants who 

completed the advanced BPA training with 10-

20 years’ experience (27.06%) and >20 years’ 

experience in BPA (20.00%). A small percentage 

of participants (2.35%) had basic BPA training 

although having > 20 years’ experience. After 

reviewing these two individual participants’ 

responses, they quoted the following, “for more 

complex scenes we would just hire a BPA 

expert”.  

 Participants received their training from a 

variety of sources, with the majority receiving 

their training through their employer with 

others receiving their training through 

independent trainers listed by the IABPA, or 

 The overall aim of this study was to explore 

the utilisation of BPA in casework. This was 

achieved through responses to a survey 

provided by 120 participants with the 

authorisation to complete BPA in their day-to-

day roles. These participants were from a 

variety of countries, representing an 

international perspective with majority coming 

from the United Kingdom and the United States 

who use the adversarial justice system. The 

majority of the participants were crime scene 

examiners working for their local police forces, 

with a distribution of participants from other 

sectors, such as forensic science laboratories 

(state or privately funded), self-employed 

forensic consultants, laboratory technicians, and 

independent experts. The majority of 

participants had advanced BPA training. 

Participants had a range of experience from less 

than 5 years through to more than 20 years.  

 Table 1 reveals that a majority of 

participants (70.83%) had advanced and basic 

BPA training. Of these, 12.94% who had 

Training received combined with experience Percentage of participants 

Advanced Training with <5 years’ experience. 12.94% 

Advanced Training with 5-10 years’ experience 11.76% 

Advanced Training with 10-20 years’ experience 27.06% 

Advanced Training with >20 years’ experience 20.00% 

Basic Training with <5 years’ experience 8.24% 

Basic Training with 5-10 years’ experience 4.71% 

Basic Training with 10-20 years’ experience 12.94% 

Basic Training with >20 years’ experience 2.35% 

 

Table 1 – illustrates participants level of training combined with their experience. 
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 bloodstain pattern classification and the ability 

to differentiate between significant stain 

patterns. There has been limited research 

highlighting error rates, however, research has 

been conducted to highlight the rate of 

erroneous conclusions in bloodstain pattern 

classification and interpretation by practitioners 

[8] [47] [48] [49].  

The use of BPA software and digital technologies in 

casework 

 Only 18.33% of the participants stated they 

used software packages for their casework. The 

majority of participants, 61.67%, do not have 

access to laser scanners and other digital 

technologies. For those participants who do 

have access to laser scanners and other digital 

technologies, they use FARO, Leica, and 

Spheron VR. The majority of participants, 

89.17%, agreed that having access to specialised 

software and technologies, they would add 

value in BPA analysis. 71.67% of participants 

agreed that having laser scanners at a crime 

scene would save time and reduce human error. 

Participants addressed the need for enhanced 

high powered portable forensic lasers and LED 

systems/lights for BPA, especially when 

documenting blood on dark surfaces. 

 Whilst there seems to be a lot of effort and 

investment in developing software to support 

bloodstain pattern analysis, there seems to be 

little uptake of this. So, what is the stumbling 

block that stops such technologies from being 

used in casework, despite the desire and 

capability to do so? Possible reasons include 

operational requirements preclude them, the 

expense and time of using additional techniques 

was not justified, the techniques have not been 

validated or accredited for casework use and 

cannot be submitted to a court of law, and the 

through an independent trainer. As such, there 

is a confidence that the participants represent a 

reasonable spectrum of BPA analysts. It is also 

important to gain an international perspective 

as one country’s legal system may not allow for 

certain aspects of BPA to be carried out or 

render it inadmissible in a court of law. 

 The majority of participants, 80.83%, use 

BPA in casework, with the remaining stating 

they have the authorisation to do so. One of the 

key, and somewhat expected, findings was that 

the usage of BPA in various countries was low, 

with the majority of responders indicating that 

they only use BPA once or twice a month. While 

this was expected within the UK, it was also 

interesting to realise this was consistent in other 

countries, even in countries where the legal 

system is more inquisitorial than adversarial. 

The most common uses of BPA in participants’ 

experience were relatively the same - the 

reconstruction of an incident, providing 

information to the investigator, evaluation of 

the bloodstain given certain hypothesis, locating 

more significant stains, or all of the above. 

 When participants were asked what they use 

their BPA skills for, the majority indicated BPA 

was used for pattern classification, such as 

transfer stains vs impact stains, or expiration 

pattern or an impact pattern. Other usages were 

to conduct AO analysis, however, as seen in 

figure 7 there is low usage of AO analysis by 

participants in casework. Although the low 

usage of AO analysis was expected, it may 

provide an evidence-based research strategy to 

reexamine educational priorities, where a 

significant focus appears to be on AO 

calculations. Whilst AO calculations are 

important, the findings suggest that other 

aspects of BPA may be more important, such as 
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 broader discipline is required. The responses of 

the survey suggest that such research needs 

stronger practitioner input as there appears to 

be a disconnection between academia and BPA 

practitioners, and it is reasonable to state that 

researchers should be proactive in conducting 

research in areas relevant and valuable to the 

BPA discipline. 
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impacting upon the need to be cost-effective. 

Use of BPA in court 

 Surprisingly, 71.67% of participants had 

never given evidence in court. Here it is 

necessary to clarify that, depending on the 

justice system, it is not always necessary to give 

evidence in court for the evidence to be 

accepted. In some jurisdictions, the bloodstain 

witness statements or reports were tendered in 

evidence in lieu of actual witness testimony. So, 

in reality, the number of cases where BPA is 

used in court is probably higher, but it is 

unknown as to what extent. Of those who have 

given evidence in court 28.33% would use 

presentation aids such as photographs and 

sketches. Bettison et al. stated it is possible that 

BPA evidence will continue to be heavily 

scrutinised by the courts. BPA needs more 

practitioners’ input to explain the limitations 

and sources of error associated with the 

methods employed, and to provide quantifiable 

support from research for BPA being an area of 

specialised knowledge [45]. As this survey 

highlights the utilisation of BPA in casework, 

we have established the low use of AO analysis, 

and the challenges BPA analysts encounter on a 

day-to-day basis in casework. 

CONCLUSION 

In summary, while BPA is certainly a useful 

discipline, aspects of BPA need to be reviewed. 
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