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Abstract. 

Forensic science is the field of study that studies crimes and crime scenes. One of the major 

sub-areas of forensic science is crime scene investigations (CSI). Bloodstain pattern analysis 

(BPA) is a part of CSI and refers to the study of bloodstain patterns. The purpose of this project 

is to investigate the needs of those involved in the judicial chain when using a laser scanner to 

reconstruct a crime scene and how to represent any uncertainties. An additional purpose is to 

look into what expectations bloodstain pattern analysts have on their work situation. Interviews 

were held with nine persons involved in the judicial chain and an online questionnaire was 

distributed to the bloodstain pattern analysts across Sweden. To analyze the interviews a 

thematic analysis was used which led to three themes being identified (benefit, desires, 

obstacles) with eleven sub-themes. For the questionnaire two types of data were presented, 

numeric and written. The numeric result displayed results such as how confident they felt doing 

work or if the amount of cases was too much or too little. The written result displayed results 

showing that BPA is cumbersome, not because it is hard to use but rather because each case is 

unique, and many factors have to be considered. The conclusion of this study is that needs can 

be met using the framework that combined uncertainties and visualization, and the 

questionnaire showed that the bloodstain pattern analyst are a group of people who seek 

knowledge and welcome new technology. 
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1 Introduction 
Forensic science is the field of analyzing crime scenes. It represents the application of methods 

and knowledge from many scientific fields to find the resolution of legal matters. The goal of 

this field is to seek the truth of what happened at the scene (Bevel & Gardner, 2008). The 

approaches in the field are evidence-driven and the practitioners must be able to decide what 

problems to address in evidence analysis but also finding the most appropriate method for that 

analysis (Ubelaker, 2012). It is a field where a lot of different factors have to be concerned as 

crime scene is a delicate area of analysis therefore many areas of science can be useful for 

forensic science. Each case determines what kind of expertise is required. For example, if a 

scientist is specialized in rodents living within toxic environments and a case presents where a 

rodent of this kind is present the specialist can be useful for the forensic analysis.  

 

As there are many factors to consider at a crime scene it is common to divide the scene into 

several sections and analyze each section by itself. One of the biggest and most diverse areas 

of forensic science is criminal scene investigation (CSI). This is an important subsection of 

forensic science as it is this field that begins the work at the crime scene. Ubelaker (2012) 

defines a crime scene as a place where a crime has occurred or a place where evidence for a 

crime has been located or can be found. A crime scene is also defined based on other 

information such as environment (indoors vs outdoors), location (primary vs secondary), the 

offense (burglar vs murder), and the size (macroscopic vs microscopic). Regarding the location, 

a primary location is one in which the crime might have occurred meanwhile a secondary 

location is a location in where evidence can be found.  

 

Crime investigation is by no means a new field. Back in 1248 the Chinese found that an after-

death examination of the body could give information about the cause of death. At first a lot of 

the methods used in CSIs were rooted in biology and especially pathology, which is the 

knowledge about diseases and their diagnosis. Soon it became apparent that there was a need 

for a scientific backbone in how to perform investigations. This type of research focused on 

one thing in particular, identification. Alphonse Bertillon created the first scientific system of 

identification know as anthropometry, which is the knowledge of how to correct measure the 

body. From this point and forward new methods were developed such as fingerprints and the 

groundbreaking DNA analysis that would become very important for forensic science 

(Ubelaker, 2012).  
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Exactly what investigation methods are employed depends on the situation and because of this 

a walk-through is conducted by the scene investigator to determine what techniques that are 

most suitable for the presented case. Normally, video recordings are used for a three-

dimensional view of the scene, photography to give a detail visual account of the scene, and in 

some cases sketching which provides accurate measurements of the evidence and scene 

location. Until this stage in the process is conducted, the crime scene remains untouched.  

 

After the documentation is done, further and more detailed analyses are done. At this stage of 

the process fingerprints analysis, test for biological fluids or determining the trajectory of 

projectiles are possible methods of analysis. One area of analysis is bloodstain pattern analysis 

(BPA). BPA is a method that allows the forensic technician at the crime scene to seek 

information about what caused the splatter. By doing this the crime scene can be reconstructed 

and analyzed.  

 

With technological advancements, new instances of methods are being used in new areas. What 

used to be the standard procedure in crime scene reconstruction using pictures and where look-

alike scenes had to be created, can now be reconstructed digitally. As crime scene 

reconstruction and the evidence that follows affects both the suspect person and the prosecutor, 

one ought to be careful how to present what will be a digital representation of the crime scene 

as there is studies that have shown that there are factors that can affect such as color can affect 

judicial decisions (Dror, 2018).  

 

BPA as a method of analysis has the advantage of providing a possible location of the victim 

in a three-dimensional space. This allows for detailed analysis of a crime scene that also 

provides evidence of what have occurred at the crime scene. If this can be illustrated in 

straightforward fashion without any major ambiguity, court proceedings will hopefully be less 

affected to possible biases. If this is obtainable, the judicial system as a whole could benefit 

from more precise court sessions and therefore become more just/fair. This is in the interest of 

not only for NFC but also for the Swedish National Courts Administration. 

 

The intended audience for this report is therefore the personnel at Nationellt Forensiskt Centrum 

(NFC) who work with bloodstain pattern analysis at any stage of the process, meaning that it 

could be a forensic technician or a prosecutor. Further readers will be people that in some way 
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are interested in research regarding forensics and methods used in forensic technology. As it 

will be an open report, whomever is interested will have the possibility to take part of the report.  

 

1.1 Purpose 

This study is done on behalf of Nationellt Forensiskt Centrum. NFC is a national impartial 

expertise organization that has their main purpose to conduct crime investigations for the 

judicial authorities. NFC is a part of the police authority and is located in the city of Linköping.  

The aim of the present study is to investigate how uncertainties can be represented regarding 

BPA when using digital tools to reconstruct the crime scene. In today’s work situation the 

traditional method (see section 2.2.1 and 2.2.2) is standard and the digital tools are possible 

additions to the work routine. The reconstructed crime scene is to be presented with a strong 

theoretical foundation regarding what is good visualization, so the stakeholders can use the 

analysis in their field. An additional purpose is to investigate how the bloodstain pattern 

analysts perceive their work situation.  

 

1.2 Research statement 
One of the major issues regarding the new techniques and the usage of them is how insecurities 

from the analysis can be presented in the result so all the users (e.g. forensic technician) can 

use it in their field respectively. People that might use the new laser scanner or will take part of 

it in some way will probably have different backgrounds and work with different stages of the 

process of analysis, therefore a gap is created in-between the different work groups. Therefore, 

it is important to investigate how all possible user (forensic technician, investigator, prosecutors 

etc.) might benefit from the new laser technique. In today’s situation there a group called 

Brottsplatsdokumentation that is responsible for the laser scanner and that the scanning gets 

done properly done.  

 

As it is a fairly new technique there is not standard procedure on how to represent phenomena 

such as the height of the victim as there is an error range of approximate 20 cm (Hakim & 

Liscio, 2015). Many of the difficulties lie in the fact that each crime scene is different and there 

is no precise knowledge on what had happen at the crime scene. The analysis conducted at the 

crime scenes are supposed to come as to the truth as possible. Keeping this in mind, two 

research questions have been formulated.  
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1.3 Research questions  
Two research question has been formulated. 

 

R1 – Can uncertainty be represented regarding bloodstain pattern analysis in a digital crime 

scene reconstruction, so it covers the needs of all the users in the judicial chain from forensic 

technician to the prosecutor? 

R2 – How do bloodstain analysts perceive their work situation and possible needs regarding 

education and equipment? 

 

The first question is stated in such way that a quick answer could be a yes or a no. This is mainly 

because this is the first step to see in a laser scanner can be implemented as a tool.  

 

1.4 Limitations  
As forensics is a field that uses many different methodologies from many fields a clear 

delimitation of the project must be stated. Therefore, this study will only focus on bloodstain 

pattern analysis. BPA have many different aspects to keep in mind, such as the structure of 

blood or the dangers of working with BPA which means that it has to be specify what will be 

excluded. Therefore, all other aspects of BPA that not part of the calculation of area of origin, 

area of convergence, and angle of impact will be excluded meaning that the physiological 

aspects of blood will not be in the context of this report nor will diseases that can be 

transmittable through blood (e.g. HIV) be a part of this study. In regard to time, the available 

time for this project is the spring semester of 2019. A report is ought to be presented somewhere 

in the beginning of June.  
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2 Background 

Forensic science has a pivotal role in legal issues and is immersed in the legal system. It is with 

the use of forensic science that decisions are made in court but there is a danger if this is not 

well executed. If the outcome from forensic studies are not correct presented, faulty decisions 

can be made. There are factors that affect the judicial decision such as if the photos are presented 

in black or color (Dror, 2018). Therefore, it is essential to be aware of how evidence is presented 

as well.  

 

Similar to other fields, biases are unwanted but hard to avoid. Therefore, it is important to 

present evidence in such a way that there is little possibility of becoming biased of the evidence. 

An example of biases in forensic science is adversarial allegiance, which refers to the 

phenomenon in which examiners reached different conclusions depending if they thought that 

they were working for the defense or prosecution (Dror, 2017).  

 

By presenting pedagogical results from crime scene investigations that are easily interpreted, 

would mean that biases could be avoided. But as there are many people involved with forensic 

science there is a challenge in finding a way that suffices for everyone. It is most important to 

avoid any mistakes that may be done during in court proceedings as these can have major effect 

on people and their sentences.  

 

Bloodstain pattern analysis differs from other forensic science methods. Many of the methods 

used during CSI have the goal to answer the question “who”, such as DNA analysis. BPA on 

the other hand aims to answer the “what”. BPA is based on that blood is a fluid that is easily 

predictable. There is knowledge on how blood will react to external forces. As long as the 

conditions are similar air resistance and gravity are factor, among others, that will affect how 

the pattern will be formed and this is quite consistent (Bevel & Gardner, 2008). As fluids act 

the same way based on current conditions of a situation, some events have been classified into 

group events.  

 

The types of event are following: 

-blood dispersed from a point or area source by a force (e.g. impact patterns); 

-blood ejected over time from an object in motion (e.g. cast-off patterns); 

-blood ejected in volume under pressure (e.g. spurt and gush pattern); 
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-blood dispersed as function of gravity (e.g. drip, drip trails); 

-blood that accumulates and/or flows on a surface (e.g. pools and flows); 

-blood that is deposited through contact transfer (e.g. smears and pattern transfers). 

List taken from (Bevel & Gardner, 2008, p.2). 

 

It is also worth mentioning that bloodstains have been classified based on correlation between 

velocity of the force influencing the blood drop and the resulting bloodstain. Three main 

categories are defined.  

 

The first one, low-velocity impact spatter (LVIS), refers to when the bloodstain had a velocity 

of 1.5 m/s. These types of stains have generally a diameter of 4 mm. The second category, 

medium-velocity impact spatter (MVIS), are bloodstains created when the source of blood is 

subjected to a force with the velocity in a range of 1.5 m/s to 7.6 m/s. These stains have normally 

a diameter that ranges from 1 to 3 mm, but smaller or bigger stains can be presented. 

Bloodstains of this category are often associated with stabbings and beatings. The last category 

is high-velocity impact spatter (HVIS) and these bloodstains are created when the force and 

velocity that affects the source of blood is greater than 30.5 m/s. The diameters of the stains are 

often less than 1 mm, and these types of stains are often associated with gunshot injuries (James, 

Kish, & Sutton, 2005).  

 

Although there are different ways of classifying bloodstains the examination of bloodstains 

provides additional information that is very helpful for the crime investigation. This information 

is discovered through the analysis of bloodstain patterns. One major source of information 

during bloodstain pattern analysis is the direction in which the stain was traveling when 

deposited. By analyzing the stains in more detail, the forensic technician can calculate the angle 

of impact and the area of origin for impact patterns. Further information available is the 

direction from which the force was applied, and the nature of object(s) involved in creating the 

pattern. There are some cases where the approximate number of blows struck can be discover 

from the examination of the crime scene. It is even possible to find some relative positions of 

the suspect, or other objects that matter. Information about movement of individuals is 

obtainable from analyzing the crime scene (Bevel & Gardner, 2008). All this information can 

be very valuable in court and is therefore important to obtain.  
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All this information that can be obtained from crime scenes is very fragile and must because of 

this be handled with care. Forensics technicians are trained to handle crime scenes with 

precision. Traditionally, these analyses are conducted by a person and are hands-on but with 

the advancement of technology new methods are being developed. These new methods will 

hopefully reduce time and cost, thus increasing the efficiency in the field of work.  

 

2.1 Stakeholders  

The Police is the authority responsible for solving crimes in Sweden but there is an expertise 

organization responsible for conducting and developing new methods to improve the work 

quality at crime scenes. It is NFC that are responsible for these types of further analysis.  

 

The stakeholder and the users for this project is the work group established by NFC. This group 

works together when necessary and consists of several different people with different 

professional backgrounds. These are: forensic technicians, investigators, prosecutors or 

lawyers, generalists and technician at the Swedish National Courts Administration. The 

members are do not all work at NFC but rather at other authorities or workplaces but gather 

when needed at the request of NFC. Each of these will be shortly described in regard to what 

they do and their role. The suspect will also be mentioned but is not a part of the work nor NFC. 

These descriptions are based on the work of Beck & Brorsson Läthén (2006), Nationellt 

forensiskt centrum (2016), Sveriges Domstolar (2018), and information from the interviews 

conducted for this study. As the participant sign a consent form reassuring their anonymity no 

one will be named.  

 

2.1.1 Forensics technician 

When a crime has occurred, it is praxis to document and investigate the area of crime. This is 

done by securing the area and then documented what seems to be necessary for the case and 

can be done by either an emergency police or in the more severe cases also by a forensic 

technician. In the work there are several forensic technicians that are responsible of 

documenting the crime scene. There are many different ways a crime scene can be documented. 

One example is by taking picture of the area. For this a digital camera or an analogue camera 

can be used. This on-site work can vary in time, the factors that affect how long time it can take 

depends on the severity of the crime. If it is a severe case as murder, there are many factors to 

consider and there are less factors to consider if for example a store with surveillance cameras 
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gets broken into as the footage can be used for the investigation. After gathering the data from 

the crime scene, this is all sent to the investigator that makes further analysis.  

 

2.1.2 Investigators 

The investigators’ job is to analyze and to summarize the material into a pre-trial protocol that 

contains information such as questionings and the technical material from the crime scene but 

also other relevant information. At this stage suspects can be called for interrogation. An 

investigator can also be head of the case if it is not too severe. An example of an analysis is the 

measuring the height of a suspect caught on camera. The protocol is then sent to the prosecutor 

that is in charge of the prosecution but also to the defense attorney.  

 

2.1.3 Prosecutor/Lawyer 

The prosecutor is the person to decide how to use the material from the investigation that has 

been analyzed by the investigators or if there is a need for more investigations. They are also 

the ones in charge of the judicial aspect of the process. It is also up to the prosecutor of a case 

to determine if there is enough evidence to press charges against the suspect. In more severe 

crimes the prosecutor is also the person who leads the process forward and can request further 

analysis from NFC.  

 

2.1.4 Generalist at NFC 

A generalist is a person that often gets involved with crime of a special kind. A generalist often 

works with cases that involve murder, homicide, or robbery. These crimes can often become 

very complex. Generalists will almost always be involved with crimes that get a lot of attention 

by the media and crimes that have extensive amounts of material. Some of their duties as 

generalists include the overall responsibility for materials, material handling, results etc. at 

NFC. They can also be responsible for coordination, reporting and completion of forensic 

examinations.  

 

2.1.5 Technician at the Swedish National Courts Administration. 

Technicians at the Swedish National Courts Administration (SNCA) work with new methods 

that can be implemented in Swedish courts regarding IT. They work with the development and 

improvement of many aspects such as information flow in the legal process and have high aims 
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with using IT in Swedish courts. The technician will try to solve the current needs of SNCA as 

well as possible.  

 

2.1.6 The suspect 

The suspect in the trial has the rights to take part of the pre-trail document along with all the 

additional material that did not make it into the official pre-trail document. Every photo or 

relevant document regarding the trail is saved and available if requested. This person is not a 

part of NFC but is influenced by the work that is conducted.  

 

2.2 Explanation of methods used at the crime scene. 

An explanation between the two methods will be conducted based on two cases were the 

different methods have been used. The first method will be the traditional string method and 

the new method is laser scanning.  

 

2.2.1 Method A – Traditional method, BPA.  

After documenting the crime scene further analysis can be conducted. A BPA is conducted to 

get a sense of what happened the victim and where the victim was located when the crime 

occurred. Initially, blood has to be found. If blood spatter has been found the analysist jobs 

begins. The first step in bloodstain pattern analysis is to get the general sequence of events. 

This means that the analyst is interested in where the victim was struck and if he or she had any 

kind of motion after being struck (Bevel & Gardner, 2008). 

 

There is a rule-of-thumb indicating how the person moved. The location with the greatest 

amount of bloodshed is often the ending place of the incident, meaning that the place where 

there is least blood is likely to be the point where the incident began. This rule is not always 

applicable and can always be used but is a step that should not be ignored (Bevel & Gardner, 

2008). 

 

To determine where the victim was located when the attacker struck a pattern must be found. 

A pattern is defined as a group of individual spatters generated by the same impact or force. 

Spatters that are created by a single hit with uniform velocity will radiate in a fan-shaped or 

radial distribution. Some of the factors that might affect the pattern are the directionality of the 

applied force, surfaces textures, the velocity of the impacting force etc. (James et al., 2005).  
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After determining a pattern, the area of convergence (AOC) is the next step of the processes in 

a BPA. In this step, several well-defined stains are selected to be part of the analysis. These 

stains should be evenly distributed across the pattern to get a wholesome representation. When 

the stains are chosen, the analyst determines the directionality of the stains, which is done by 

looking at the shape of the stain. After determining the directionality, a line or a string is drawn 

in the opposite direction of the stain’s directionality. This will eventually create an intersection 

between the strings or lines. It is this area, where all the lines cross each other that creates the 

AOC (see figure 3). The AOC is a location represented in two-dimensional area (James et al., 

2005). 

 

 

Figure 3. Area of Convergence. (Taken from https://www.ifscolorado.com/wp-

content/uploads/2018/03/5-Area-of-convergence.jpg 6/2-2019) 

 

Next, the area of origin (AO) is to be determined. The AO is calculated with using the AOC 

and the angle of impact of the stains. This combination adds a third dimension to the two-

dimensional area that the AOC provided. With the three dimensions the analyst obtains spatial 

information about the victim. This means that one can calculate where in the room or area the 

victim was located and their relative posture (standing, kneeling, sitting, or lying down). 

Exactly what method used to calculate the angle of impact is determined by the analyst, if they 

have any preferences (James et al., 2005).  

 

The basics in calculating the angle of impact is based on trigonometry of a right tringle. 

Depending in the shape of the bloodstain, the angle changes. The more elliptical, the more acute 

the angle. A perfect circled formed bloodstain has the angle of impact of 90°. To calculate the 

angle for an elliptical stain, the length and width is measured and with the formula: 

 

𝑊𝑖𝑑𝑡ℎ

𝐿𝑒𝑛𝑔𝑡ℎ
= 𝑆𝑖𝑛 𝜃 

https://www.ifscolorado.com/wp-content/uploads/2018/03/5-Area-of-convergence.jpg
https://www.ifscolorado.com/wp-content/uploads/2018/03/5-Area-of-convergence.jpg
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With this formula the arc sin can be calculated and the angle of impact is obtained (James et 

al., 2005).  

 

With this information a sequence of event is created that later can be used in the court hearings 

to give a possible explanation of what occurred at the crime scene.  

 

2.2.2 Method B – FARO®. 

FARO® is a source for 3D measurement, imaging and realization technology and according to 

themselves it is the world’s most trusted source for 3D measurements (FARO Technologies, 

2019). FARO want to provide technology that enables faster, more accurate, and useable 3D 

documentation. FARO also reduces the measurement time and cost of reconstructing the crime 

scene.  

 

FARO operates using laser scanning to create a 3D-representation of anything. In this particular 

case it is used to re-create crime scenes. This is done by firing an infrared laser around the 

camera point, 360° horizontally and 305° vertically (the design only allows this as it cannot 

scan directly below itself). The lasers are fired at regular intervals and the reflected data create 

a dense point cloud that makes up a 3D representation of the area being scanned. In combination 

with the software Scene 7, distances can be calculated using trigonometric algorithms. The 

software can also calculate the AO (Lee & Liscio, 2016). To see the scanner, see figure 4. 
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Figure 4. A Faro scanner  

 

It is not the scanned area that solely lets the investigator analyze the crime scene but also the 

pictures taken on the bloodstain patterns. It is when the pictures are hyperlinked along with the 

laser scanned representation that the analysis come together to one more coherent piece of 

evidence. These types of representations have been used and accepted in courts in countries 

such as Australia, Germany, and the United States (Liscio, 2018). Figure 5 and 6 display how 

it can look when a room has been scanned. In both figures the AOC can be seen as a red circle.  

 

Figure 5. An overview of a room 
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Figure 6. A scanned wall with the AOC calculated. 

 

2.3 Theoretical background  

In this section theories about reliability and validity will be discussed as this is important to 

reason about when introducing new technology. Further, contextual information will be 

presented as topic which have a major importance at a crime scene. This will be followed by 

uncertainty, visualization and uncertainty visualization as these topics are the main focus for 

this project.  

 

2.3.1 Reliability and Validity 

There are two main recurring phenomena regarding studies or phenomena that should be kept 

in mind: the reliability and the validity. When a study/phenomenon has perfect reliability, the 

same result will be obtained every time this phenomenon is being tested. On the opposite, 

studies that have random result imply that the reliability is very low (Kjellberg & Sörqvist, 

2011).  

 

When referring to having a high validity this refers to the fact that what is desired to be 

measured is actually being measured. An example of this could be an intelligence test that test 

intelligence and not communication skills. Validity, on the other hand, is a term that can be 

divided into sub-groups such as face validity and content validity.  
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Kjellberg & Sörqvist (2011) define face validity as if the content of the study/phenomenon 

seems to be relevant for the purpose. If a question or a section of a study seems to be irrelevant 

the participant might be inclined to not answer or ignore that aspect. This goes along with 

content validity. Content validity refers to how much the study cover a topic and if the content 

in the study is enough to answer the research question.  

 

It is hard to always be confident if a study really has high enough reliability and validity, so the 

right things are being tested or presented. Lucky enough there are strategies available to use to 

test if these two phenomena are high or if one has to reconsider doing changes. To reassure that 

the reliability of a study is high enough the mean of the test results can be calculated if it 

possible. By doing this, momentary factors that affected the test are reduced into a general mean 

(Kjellberg & Sörqvist, 2011). To obtain perfect reliability is very uncommon but by having 

several trails, the error margin can be reduced and a result that is close to the truth could be 

found.  

 

There is no point of having a study that has high reliability if the validity is not correct. It could 

be compared to measuring the sunrays effect on plants during night. The measurement is going 

to be executed in a correct matter but as it is night, there will be a lack of sunrays which means 

that the study is not measuring what was intended.  

 

Another important aspect of validity regarding this study is construct validity. This term refers 

to the possibility of interpreting a causal relationship between two variables in way for one 

person, e.g. A → B, but for another person it was interpreted as A → X (Cook & Campbell, 

1979). One famous example of this the Hawthorne effect. This was a study were the 

illumination of an office was being changed to improve the work conditions. What happened 

was that there was an increasement of productivity when new lights got installed but what the 

dilemma was why it improved. Was it because there was a concern that the workers had poor 

working conditions and the administration cared about them or was it because of the 

illumination changes? This is a clear example of how causal relationships can be misinterpreted.  

 

2.3.2 Contextual information  

It is known that using BPA is not problem free. One major issue in recent years have been that 

there might be a risk for contextual bias also known as contextual information. Contextual 
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information, is a term used to define the unconscious effect of irrelevant information on 

judgement (Osborne, Taylor, Healey, & Zajac, 2016). There are some cases contextual 

information can be very helpful for the investigator but there also situations where contextual 

information can lead to error (Osborne, Taylor, & Zajac, 2016). The issue with contextual 

information is that it is necessary for the analysis as a whole, but it cannot neither be avoided 

and could be a bias for the analyst. It is difficult to avoid contextual information when analyzing 

bloodstain patterns because this type of analysis often overlaps with the process of crime scene 

reconstruction.  

 

These two processes that co-exist (pattern classification and scene reconstruction) are 

dependent of each other to create a coherent crime scene story and as of 2016 there was no 

BPA-protocol that made a distinction between those two processes (Taylor, Laber, Kish, 

Owens, & Osborne, 2016b). To further investigate if the contextual information lead to biases 

and thus could be a problem in the analysis, experts were tested in a study where they had to 

classify typical bloodstains on different surfaces.  

 

In the study conducted by Taylor et al., (2016b) experts around the world got pictures of typical 

bloodstain patterns along with additional information that they had to classify. The main goal 

with the study, that was a two-part study (testing both non-absorbent and fabric surfaces) was 

to test the reliability of pattern recognitions methods used in BPA when an expert conducted 

the analysis. The result from the study showed that contextual information affected the analysts 

in a way that the analyst interpreted the evidence from the crime scene in line with the 

expectations from the contextual information (Taylor et al., 2016b). Analysts tend to seek 

contextual information when they need help to make a decision. This mostly done when data is 

ambiguous which is a problem because it is in these cases where it is extra important that 

contextual information is not an affecting factor (Taylor et al., 2016b). Similar results were 

found in those cases where the bloodstains patterns were found on fabrics (Taylor, Laber, Kish, 

Owens, & Osborne, 2016a) 

 

In a study conducted with analysts from New Zealand and Australia they sought to understand 

different aspects on how contextual information affected the analysts work process. The study 

aimed to understand which factors in the contextual information are of value to the analyst but 

also why they were consider valuable and how these factors fit in into the overall analysis 

(Osborne, Taylor, Zajac, et al., 2016). 
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2.3.3 Uncertainty  

Uncertainty is a term that is hard to define. Giarranto & Riley (1998) defined it as "uncertainty 

can be considered as the lack of adequate information to make a decision". Uncertainty is all 

around us in our everyday life and cannot be avoided. It has a major role regarding decision 

making and must be taken into consideration as decision are taken on a daily basis (Watkins, 

2000). The decision might be of different types but for the forensic technician working on a 

case the decision will relate to a crime of some kind. These crimes often involve people and 

can have an effect on people lives thus must the decision be taken with care. Uncertainty does 

not make it easy to take decisions but fortunately Gulick & Martin (1988) proposed four 

approaches on how to manage uncertainty.  

 

The first one is to recognize and take due account of uncertainty as making coherent decisions 

under uncertainty is inevitable, the second refers to the understanding of uncertainty from a 

substantial and intelligent point of view. It is important to understand what the sources of 

uncertainty in data, devices and so forth are. The third approach to managing uncertainty is 

applying analytical tools and techniques that are appropriate to clarify and deal with 

uncertainties. Lastly, the final approach is to be open about the nature and extent of the 

uncertainty. It is important to avoid suppression of the uncertainty and instead communicate it 

so it is compatible with the culture, terms, and jargon of the user (Gulick & Martin, 1988). 

 

Uncertainty is as noticed a broad term and Watkins (2000) was unpleased with the fact that he 

could not find a well-defined and studied classification on uncertainty or its causes which led 

him to create his own taxonomy for uncertainty. This taxonomy was created as an aid to identify 

an appropriate manner of visualizing uncertainty. Watkins taxonomy is a combination of many 

relevant aspects of uncertainty and these parts will be described so there is an understanding of 

why the taxonomy is built the way it is. This taxonomy is firstly based on Tversky & Kahneman 

(1982) variants of uncertainty.  

 

Tversky & Kahneman (1982) argue that uncertainty is rooted in two attributes: the external 

world and our inner state of knowledge. The former can be exemplified as the uncertainty 

associated with the behavior of a volcano or the outcome of a race. On the other end, 

uncertainties associated with our state of knowledge presents in cases such as following 

statements: “I think the Paris is the capital of France” or “I hope I spelled the name correctly”. 

These sentences refer to properties tied to the person thinking rather than a fact per se. Two 
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terms were coined as of this: external uncertainty and internal uncertainty. Further, these two 

levels are divided into a second layer that enabled the definition of four additional modes of 

judgement which people use to assess uncertainties.  

 

External uncertainty can be divided into a distributional mode and a singular mode, where the 

latter refers to the assessment of the probability based on the biased of the specific case at hand. 

The former Tversky & Kahneman (1982, p.152) defined as “distributional mode, where the 

case in question is seen as an instance of a class of similar cases, for which the relative 

frequencies of outcomes are known, or can be estimated”. An example of how this occurs is 

when knowledge from an earlier experience is applied to a similar case. It could be the time it 

takes to repair a lamp that is similar to another lamp.  

 

The modes of assessment for internal uncertainty are illustrated by two sentences: “I believe 

New York is north of Rome, but I am not so sure” and “I think her name is Doris, but I am not 

sure”. The modes these two portray are reasoned and introspective. Statement one demonstrates 

the process of sifting and weighing of evidence, in this case it could be such a fact that New 

York is colder than Rome. By this the person in question tries to reason around an unknown 

fact by thinking about factors that could matter. The second statement has a different nature. 

The introspective nature of the statement is based on the inner judgement of the association 

being made but also how strongly one is confident about this association (Tversky & 

Kahneman, 1982). 

 

Watkins felt that the work of Tversky & Kahnemans (1982) was not enough to complete his 

own taxonomy of uncertainty which led him to search for further aspects of uncertainty. One 

fundamental discovery was Smithson’s taxonomy of ignorance. Ignorance is according to 

Watkins (2000) an essential aspect of uncertainty. Smithson’s (1989) taxonomy can be seen in 

figure 1. This taxonomy is based on two main concepts: error and irrelevance. Error describes 

an erroneous cognitive state that is rooted in unclear or deficient knowledge. Irrelevance is 

referred to the act of overlooking or avoiding something. These two branches later develop into 

further sub-categories. For further reading about the sub-branches see Watkins (2000) or 

Smithson (1989).  
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Figure 1. Taxonomy of Ignorance. Taken from Smithson (1989). 

 

What Watkins (2000) decided to do was to revise Smithson’s taxonomy in a way that he added 

a third contributor to ignorance, this being the unknown. An example of what the unknown is 

the outcome of a game or someone else thoughts.  

 

The next the step of the development of Watkins taxonomy was to fuse Giarrantano-Riley 

Types of Error to Smithson’s taxonomy to expand it which enriched the branch with a more 

detailed hierarchy. The original types of error proposed by Giarranto & Riley (1998) are: 

ambiguous, incomplete, incorrect, measurement, random, systematic, and reasoning. Out of 

these seven three of them have further development in form of additional branches, these are 

incorrect, measurement, and reasoning. Watkins (2000) revised, as done with earlier work, to 

better fit his taxonomy.  

 

The next two additions to Watkins taxonomy was Zimmerman’s Causes of Uncertainty and 

Agosta-Weiss Sources of Uncertainty. In Zimmerman’s theory several terms were discussed as 

possible causes of uncertainty. Belief, complexity, and confliction are terms that do not fit in in 

current causes and for that reason a new classification emerged, unreliability. Further, 

credibility was also identified but it was not until Agosta-Weiss Sources of Uncertainty were 

introduced that credibility and unreliability could be fully revised (Watkins, 2000). All of these 

sources were used as the building parts to create a taxonomy based on two main terms that 

explain uncertainty, ignorance and unreliability. These terms then have several explanations for 
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each cause. The figure 2 shows the taxonomy of uncertainty. To see in more detail how the 

taxonomy was developed, see (Watkins, 2000). 

 

 

 

Figure 2. Taxonomy of Uncertainty by Watkins.  

2.3.4 Visualization  

Norman (1993, p.43) once stated “the power of the unaided mind is highly overrated. Without 

external aids, memory, thought and reasoning are all constrained. But human intelligence is 

highly flexible and adaptive, superb at inventing procedures and objects that overcomes its own 

limits”. These external aids help the human to enhance our cognitive abilities. One powerful 

tool that we have used as an external aid are visualizations of different kinds. An example could 

be when doing multiplications. It is even easy to try it out oneself. The idea is to multiply two 

two-digit number (e.g. 43 x 82) mentally in the head and timing it and then repeating the 

experiment with another pair of numbers but this time use pencil and paper. The time required 

for doing the task should reduce when using pen and paper as there is an aid to facilitate the 

task. Visualizing the numbers reduce the mental effort of keeping it in the head and because of 

this, the task is more easily solvable (Norman, 1993).  

 

As visualizations can take many forms. Card, Mackinlay, & Shniederman (1999, p.6) chose to 

define visualization such as “the use of computer-supported, interactive, visual representations 

of data to amplify cognition”. They highlight that cognition is the usage of knowledge or the 

acquisition of knowledge. Visualization are a mean to provide insight for the user and the goal 

with providing these insights are decision making, discovery, and explanation.  
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There are many important factors to keep in mind when trying to handle visualization of any 

kind. Iliinsky (2010) argue that beauty is one of the factors that should be consider when 

discussing visualizations/visuals (this is what he uses to refer to any type of structured type of 

representation of information such as graphs, charts, diagrams etc.). He argues that to be able 

to classify a visual as beautiful is must be novel, informative, efficient, and aesthetically 

pleasing. Novelty is important as this is a way to give the reader a fresh look at the data from 

another perspective and this will lead a spark of excitement and result in a new level of 

understanding. Traditional formats no longer have the ability to surprise nor to delight the 

reader because a visualization that is delightful is often designed in such a way that it is effective 

and the novelty of it is a mere byproduct.  

 

Further, Iliinsky (2010) argue that a key factor for any visualization is providing access to 

information so the user can learn and obtain more knowledge. This is the most important factor 

because it determines the overall success of the visual. If a visual cannot convey information in 

such a way that the user gain knowledges the main goal has not been achieved and therefore 

failed as a visualization. There are two main considerations that matter when it comes to making 

an effective visual. These are the intended message and the context of use. 

 

When considering the intended message, one has to think about what knowledge the visual is 

trying to convey, what is the story this visual is trying to tell, or what question will this answer. 

At this stage it is too early to think about the specifics and should keep the planning on an 

abstract level. As this is a critical level spending a significant amount of time is recommended 

(Iliinsky, 2010). Once the message has been determined the users and their needs must be 

considered. Instances that matter here are aspects such as jargon or biases and should all be 

taken into account. It is beneficial in this step to be as specific as possible about what knowledge 

the user will have to take away as it will facilitate the process (ibid.). Make sure that you have 

clearly understood the message and the needs of the audience as the next step is considering the 

data you will be working with. Understanding the main goal of the visualization will let you 

select what data to include but also what data to avoid as it could be distracting or useless.  

 

In the context of use it is important to remember that different visuals are designed in different 

ways. Some are meant to be an aid to research meanwhile the other visuals are meant to reveal 

what is already known. The former can be seen as a tool for examination and the latter as tools 
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for presentations. To exemplify both these types (presentation and examination),  of 

visualization the example used by Iliinsky (2010, p.8) will be used. A hybrid example is the 

periodic table. The structure of the table presents what was known about the elements at the 

time and therefore displayed the current knowledge but simultaneously the structure revealed 

gaps in the table. These gaps were later used to predict the existence and behavior of elements 

yet not discovered and thus becoming a tool for research.  

 

Further, Iliinsky (2010) argue that when considering efficiency, the message of the information 

being conveyed should be accessed as straightforward as possible with having the correct 

amount of complexity, not little nor too much. If a content is not justifiable and does not go 

along with the message, the content should be considered for exclusion.  

 

Lastly, to achieve beauty the graphical construction must be considered. This consists of axes, 

shade, colors and lines. All these are necessary components. It is these elements that will guide 

the user, communicate meaning, reveal relationships, and also highlight conclusions. When 

thinking about graphics, less is often more and try to avoid anything that is not helping, as it 

will probably be in the way instead (Iliinsky, 2010).  

 

Another factor to keep in mind when working with visualizations is the usage of color and 

possible benefits but also the downsides of sing color. Driscoll (2010), argue that the usage of 

color has some perks. One example is color hue that can be used for coding categorical or 

quantitative information (Wickens, Hollands, Banbury, & Parasuraman, 2013).  

 

There are also visualization aspects that hinder and should be taken into account, one example 

of this is clutter. Clutter impedes traits such as attention and there are different kinds of clutter. 

Numerosity clutter is an example of how a set size can affect the time it is required to find a 

specific item in an array of objects (Wickens et al., 2013). So, if the task is to find a certain 

letter in a list of letters, the more letters the list contains the longer the time it takes to find the 

letter. Other types of clutter are disorganizational clutter or heterogeneous clutter.  

 

Navigating spaces, either real or synthetic can be puzzling for people if there is too much 

information to obtain. As this is a problem a solution was developed called visual momentum 

to help the user orient itself when coping with big amounts of data. Four basic guidelines have 

been formulated by (Wickens et al., 2013) and these are: use consistent representation, use 
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graceful transitions, highlight anchors, and display continuous world maps. For the purpose of 

the study only the first will be explained as it is the guideline that is relevant. 

 

Use consistent representations refers to the fact that it is important to keep elements consistent 

across displays. Although if there is a logical reason for a change in the element, this is also 

plausible. Try to the best extent possible to display the relationship between new and old data.  

 

It is not strange for modern technology to have a many possible features that allow the user to 

manipulate information within a system. It means that not all data in this given system has to 

be concrete and recognizable. Therefore Card et al. (1999, p.7), defined information 

visualization as “the use of computer-supported, interactive, visual representations of abstract 

data to amplify cognition” (italic text was added for the purpose of clarifying the difference 

with the definition of visualization). With this definition they allowed for the inclusion of 

information that has no obvious spatial mapping.  

 

The purpose of information visualization is to amplify cognition and this happens through a 

process called knowledge crystallization which is a task when someone gathers information 

with a goal in mind and then makes sense of it by composing a representational framework so 

this person then can form it to some kind of communication or an action(Card et al., 1999).  

 

According to Card et al. (1999) there are four levels of visualization. These can be seen in the 

table below. To see table with examples see Card et al. (1999, p.14). It is worthy to mention 

that most of the visualizations belong to the third category, visual knowledges tools.  

 

Table 1. Visualization Levels of Use  

Level of Visualizations   

 Contents Primary use 

Infosphere Information outside the user’s 

environment. 

 

Place to find information need for work 

Information workspace Information with which the user is 

interacting as part of some activity. 

 

Place to hold work in progress. Used for 

reducing cost of work, reminding user of 

work materials.  
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Visual knowledge tools A data set Substrate into which data is poured and/or 

tool for manipulating it. Used for patter 

detection, knowledge crystallization  

Visual objects One or more data sets packaged for 

convivence  

Packing of data (data often known in 

advance. Used to enhance object of 

interaction. 

 

Looking back at the goal of visualization—to amplify cognition—a classic study initially 

demonstrated how diagrams helped solving physics problems compared to non-diagrammatic 

representations. The study concluded in three main findings: (1) grouping together information 

that used together, thus avoiding large amounts of search for the elements needed to make a 

problem-solving inference; (2) diagrams typically use location to group information about a 

single element, avoiding the need to match symbolic labels which leads to reductions in search 

and working memory, and (3) visualizations support a large number of perceptual inferences, 

which are extremely easy for humans (Larkin & Simon, 1987).  

 

Card and colleagues took this idea and developed it proposing six ways visualizations can 

amplify cognition.  

1) By increasing the memory and processing resources available to the user 

2) By reducing the search for information 

3) By using visual representations to enhance the detection of patterns 

4) By enabling inference operations 

5) By using perceptual attention mechanism for monitoring 

6) By encoding information in a manipulable medium.  

(Card et al., 1999, p.16) 

All these ideas should be kept in mind when working with visualizations as they will facilitate 

and amplify cognition. 

 

2.3.5 Uncertainty Visualization 

Uncertainty visualization might not be the biggest field of research as most of the 

visualization research have the tendency to ignore the presentation of uncertainty (Watkins, 

2000). Uncertainty visualizations can be described as a method to include uncertainty about 

the data using the existing data into information visualizations. This is done by presenting 

information along with complementary uncertainty information (Jeong & Pang, 1997). There 

are specific methods for how this is conducted.  
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Jeong & Pang (1997) studied what uncertainty visualization information methods are 

appropriate to use when having hierarchical information structure. One of the methods, which 

also is the simplest, proposed for uncertainty visualization regards color. Jeong and Pang 

(1997) propose to use a color pallet in a lookup table to assign certain colors to specific 

uncertainty values. In this case darker shades implied higher uncertainty. Shading is also a 

useful tool. An example of how shading has been used is to illustrate possible tracks of a 

hurricane and if there is a probability of getting hit by the hurricane (Jeong & Pang, 1997; 

Watkins, 2000).  

 

Another method in uncertainty visualization is the use of glyphs. Glyphs are defined as 

symbols that visualize properties such color, shape, size, or orientation. They represent the 

data by taking all these beforementioned states. Other names for glyphs are probes, 

geometrical primitives, star etc. It is important to differentiate glyphs that represent data 

points with icons or symbols which refer to information or action within a user interface 

(Watkins, 2000; Wittenbrink, Pang, & Lodha, 1996).  

 

2.4 Summary 
The main idea for choosing these theories for the theoretical background is that they all add 

up to pinpoint a certain aspect of the crime scene and new possible tools at the crime scene. 

Reliability and validity are of importance as they are two phenomena that are relevant for the 

result of the scanning. Contextual information is of relevance as it is a major affecting 

phenomenon at a crime scene from the human perspective that should be consider. 

Uncertainty, visualization and uncertainty visualizations are the main core of the theoretical 

background. These belong together as they argue about how uncertainty is present, why 

visualizations are important and explicitly show how uncertainty visualizations can take form.  
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3 Method 

The main method of data gathering will be interviews and a questionnaire that will be sent to 

bloodstain pattern analysts all around Sweden. 

 

3.1 Participants 

The participants will be presented in separate sections below. 

 

3.1.1 Interview participants  

The participants were the members of the work group, this group consists of people from 

different authorities with different professional backgrounds (see section 2.1). The goal was to 

interview two persons from each sub-group but after conducting the interviews only nine people 

were available. The persons interviewed were one person from the brottsplatsdokumentation 

(BPD) group, two from the forensics technicians, two investigators, two lawyers/prosecutors, 

and two generalists at NFC. In the work group there are technicians working as a representative 

from the SCNA, but these were excluded as they did not seem relevant for this study as their 

main task is to support with IT related questions which this project does not contain. All the 

participants were contacted through email and these email contacts were provided by a contact 

person at NFC. 

 

3.1.2 Questionnaire participants 

Regarding the questionnaire, ten persons out of fourteen submitted their answers. To gather the 

participants the BPA group at NFC were asked to send out an email to individuals identified to 

be qualified to answer the questionnaire. Three out of the ten participants had a work life 

experience of ten years or more, the remaining seven participants had a work life experience 

that was between one to three years. The mean was therefore 4.9 (SD=4.6). To contact the 

participants an email was written with some basic information about the questionnaire and the 

link to the questionnaire (https://survey.liu.se/Survey/7551). The questions are also available 

as appendix D. 

 

3.2 Consent form 

Each participant was asked to sign a consent form in Swedish that allowed the usage and storage 

of the data provided from the interviews. This consent form also provided the written 

https://survey.liu.se/Survey/7551
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information about the study and stated that the participant would be anonymous throughout the 

whole study and that he/she cannot be traced through the data (appendix C). 

 

3.3 Ethics 

This study followed the four principals provided by Vetenskapsrådet (2002). These four 

principals are the following: the information principal, consent principal, the confidentiality 

principal and the utilization principal.  

 

3.4 Procedure 

The procedure of the interviews and about the questionnaire will be described in this section.  

 

 

3.4.1 Interview 
The interviews were semi-structured. A semi-structured interview refers to an interview in 

which the interviewer has an interview guide but there is room for deviations from the guide. 

This opens up the possibility for the interviewee to add his/her opinions (Bryman, 2011). The 

time-range for the interviews varied from 11 minutes to 45 minutes. The participants began by 

reading the information sheet (appendix B) followed by signing the consent form (appendix C). 

One of the difficulties with the interviews was that the participant uses the pre-trail protocol 

differently. Therefore, the interviews focused on finding how each group perceives the system 

and also if they see any insecurities or have any expectations with using laser scanning for their 

work.  

 

One reason why the interview was semi-structured was because of the fact that the participants 

had different professional background. This means that the interview began with some general 

questions. An example of one question asked was “Can you shortly explain the process of what 

happens from when a crime happens to the point of a trial being held”. All the participants got 

asked all the questions, but sometimes a follow-up questions were asked on the topic being 

discussed during the interview. For example, a prosecutor does not really need to know exactly 

how the laser scanner is implemented but rather needs to have the end-product of the analysis, 

being scanned crime scene images and the risks the end-product might have. This because the 

information provided from the analysis could be essential information in a court session in 

which a suspect has been accused of shooting a person which she/he pleads to being guilty. On 

the other side, an investigator might need to better understand how to make meaning of the 
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analysis conducted by the forensic technician. The interviews were held in Swedish. To see the 

interview guide, see Appendix (A) 

 

3.4.2 Questionnaire  
The questionnaire was distributed through the system that Linköping University provides, 

Survey&Report (https://sunet.artologik.net/liu/). The aim of this questionnaire was to be 

distributed across Sweden and the different police departments to be able to find possible trends 

across the departments. The questionnaire was directed specifically to bloodstain pattern 

analysts across Sweden and out of the fourteen who got the email ten answered. The main 

purpose of the questionnaire was to ask the analysts about their perceived work life situation. 

This could for example be the difficulties in BPA but also what expectations the analysts had 

on new methods. The questionnaire contained 22 questions and the questionnaire was 

accessible from the 26th of March until the 23rd of April.  

 

Questionnaires is a method that enables the collection of people’s knowledge, attitudes, beliefs, 

and behaviors. It is recommended to use an existing instrument if possible as these are often 

validated and published. By using an existing instrument, the opportunity for comparison with 

former results and your own results are possible (Boynton & Greenhalgh, 2004) 

 

If there is no existing questionnaire available, one must be created. When creating a new 

questionnaire there are a lot of factors to consider. This led Krosnick and Presser (2010) to 

summarize a list of important things to keep in mind when creating a questionnaire. The list 

contains of the following: 

 

• Use simple and familiar words (avoid technical terms, jargon, and slang);  

• Use simple syntax;  

• Avoid words with ambiguous meanings, i.e., aim for wording that all respondents will 

interpret in the same way; 

• Strive for wording that is specific and concrete (as opposed to general and abstract); 

• Make response options exhaustive and mutually exclusive;  

• Avoid leading or loaded questions that push respondents toward an answer;  

• Ask about one thing at a time (avoid double-barreled questions); and  

• Avoid questions with single or double negations. 

(Krosnick & Presser, 2010, p.264) 

https://sunet.artologik.net/liu/
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As no questionnaires were found that cover the needs for the current purpose, one was 

developed in collaboration with bloodstain pattern analysis experts at NFC. They provided the 

expertise about BPA. Along with their expertise, three days where spent (5/3-7/3) at NFC. 

During the first day, Anders Nilsson at NFC held an introduction to the field. During day two 

and three, the team involved in this project spent testing the device that would create the splatter. 

It was from observations and notes from days two and three questions were formed. These 

questions were then discussed and processed to fit the purpose. The questionnaire was written 

in Swedish.  

 

3.5 Apparatus 

To record the interviews a digital recorder was used. The device used was an Olympus Digital 

Voice Recorder VN-406PC. To have a back-up an iPhone 7 was also used to record the 

interviews. For this the app Voice recorder was used. During the interview, the interviewer took 

notes on a notepad that later were written on a MacBook Air.  

 

For transcribing the material, a computer application was used. This application is called 

NVIVO 12 and is a tool that lets the user gain insight into qualitative data. It is a tool that allows 

you to gather and store your data in one place and also it lets you to classify and analyze your 

data (QSR International Pty Ltd, 2019).  

 

The interview guide used for the study was divided into four parts. The first part asked briefly 

about what the participants background and working title. This section was followed by 

questions about the process that occurs at a crime scene and the material used for their job. The 

third part was questions on laser scanning and how they perceive the usage of laser scanning. 

Lastly, some questions about contextual information were asked. To see the interview guide, 

see appendix A.  

 

The questionnaire began with a section with information about the study and some instructions. 

This was then followed with the 22 questions that varied from question that required the 

participant to make an estimation and questions that required a written answer. The 

questionnaire is presented in appendix D as it was before making the Survey&Report version. 

To see the questionnaire in its normal state, click on link: https://survey.liu.se/Survey/7551 

https://survey.liu.se/Survey/7551
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3.6 Analysis  

An introduction to a thematic analysis which is the method used to analyze the interviews and 

a brief explanation on how the questionnaire will be presented will follow.  

 

3.6.1 Interviews  

To analyze the interviews a thematic analysis (TA) was conducted. This is an approach that is 

widely used in psychology. It is a flexible method that is used to identify, analyze, and report 

patterns in qualitative data (Braun & Clarke, 2006). One of the many perks of using a TA is 

that it is a method that describes the data in rich detail. TA is a six-step method.  

 

The first step is to familiarize yourself with the given data. This could be done by transcribing 

the data to the extent needed. It is also recommended to read and re-reading the data and putting 

down some initial notes about the data. As the data will come from interviews, this will have to 

be transcribed into written form. The second step involves generating initial codes. In this step 

it is good to go through the whole data set and code interesting features to each code that has 

been found. A code identifies a feature of the data, which may be interesting for the project in 

mind and is the most basic element, or segment, of the raw data. The third step involves the 

searching for possible themes. In this step all the codes are joined to form possible themes. A 

theme has a broader perspective than a code (Braun & Clarke, 2006). 

 

The fourth step concerns the reviewing of the themes found in step three. Here all the themes 

are checked if they work in relation to the coded data. This could mean that some themes do 

not work as there is lack of support for the theme. If there is lack of support that theme might 

have to be dismissed. During the fifth step, the themes are defined and named. In this step clear 

definitions of the themes are generated. The reader should understand what the theme is about 

immediately after reading its name. In the sixth and final step, the report is generated. It is in 

this step all the best extracts of example are once again reviewed (Braun & Clarke, 2006).  

 

This method was chosen as it allows the user to find patterns within the data. This is essential 

for this particular case as there are many different aspects of how the laser scanning method is 

being used. An TA is a good match as it allows the possibility of investigating both the aspect 

of the forensic technician but also highlights how the prosecutor might use the method. For this 
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project the six steps were followed. To familiarization was done through transcription of the 

interviews. Codes were then written on post-it-notes and put on a table to easily get an overview 

of all the codes. From this point and forward all the steps were followed.  

 

The method is straightforward and not that hard to understand. There are some pitfalls to keep 

in mind when using a TA. Some pitfalls will be described taken from Braun & Clarke (2006).  

The first pitfall regards the analysis of the data and is actually the failure to analyze the data at 

all. This means that a theme is just a collection of raw data that were put into groups without 

meaning. The data extracts ought to give support to the created themes but if no analysis is done 

there is no support for the themes and the analysis per se loses its sense. A second pitfall, which 

is very relevant for this study, regards the questions used when gathering data. The mistake 

often done is using the questions used (in an interview or similar) as themes later on in the 

report. If this happens, the themes have not been analytically produced and are therefore faulty.  

 

3.6.2 Questionnaire 

The data from questionnaire will be divided into two results. The questions where the 

participants were asked to estimate something will be presented based on the frequency. For 

the written answers, possible patterns int the answers will be presented as the result.  
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4 Result 

The results from interviews will be presented first followed by the results of the questionnaire.  

 

4.1 Interview results 

After conducting the interviews and analyzing the data using a thematic analysis three main 

themes were created. These were: benefit, desires, and obstacles. Each theme will be thoroughly 

described. Quotes will be used but as the interviews were held in Swedish the Swedish quote 

will first be presented followed by the English translation. Note that the results will be presented 

in a specific matter. First a Swedish quote will be presented followed by the English translation 

in brackets. Example “Idag var jag hos läkaren” (“today I went to the doctor”). 

 

Table 2. Themes and sub-themes from the thematical analysis.  

Themes Sub-themes 

Benefit Perks and Visibility 

Desires Reliability, Acceptance, and Wishes 

Obstacles Reliance, Lack of Resources, Visualization 

Deficiencies, Resistance, and Instability 

 

 

4.1.1 Benefit 

The theme Benefit consists of two sub-themes: perks and visibility. This theme illustrates the 

main benefits of using a laser scanner as a tool at crime scenes. The sub-theme perks cover a 

fair amount of different aspects regarding the usage of the laser scanner. An example of one 

aspect have been stated in the two following statements “det kan avdramatiseras, lite så man 

ser det mer sakligt och vetenskapligt” (“it can be de-dramatized, a bit so you see it more 

factually and scientifically”) and “ja alltså om man bara skannar av och inte lägger in saker som 

kommer från vittnen då är det bara ren fakta” (“yeah, so if you just scan and do not add anything 

that comes from the witnesses then it is just pure facts”). The underlying idea of these 

statements is to highlight that the laser scanner can provide a clean and precise representation 

of a crime scene that has not been manipulated and is reliable.  

 

Other perks that have been stated by participants are statements such “ kan vara nytta av när 

man har avancerade platser som man inte kan ha kvar” (“can be useful when there are advanced 
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locations that cannot be kept”) or “det gjorde också att man kunde släppa bilderna extern för att 

tillgodo se media och allmänhetens insynsrätt” (“it also made it possible to release the images 

externally to meet the media and the public’s right of access”). These statements pinpoint the 

variety in how in scanning can be of help not only internally for the police authority but also 

for a more societal point of view.  

 

A third aspect of perks is more focused on the time and space aspects. Statements that exemplify 

this are following “Då kan man frysa brottsplatsen med hjälpa av laserskanning i ett tidigt 

skede” (“then you can freeze the crime scene with help of the laser scanner in an early stage”), 

“ja det tycker jag för då får jag komma, om jag får möjlighet att titta på den här så får jag ju 

komma in på brottsplatsen i ett tidigt skede” (“yes I think so then I can come, if I get the 

opportunity to look at this then I may get into the crime scene at an early stage”) and “se exakt 

hur ett beslagtaget föremål ligger på brottsplatsen i förhållande till ett annat” (”see how a seized 

object is in relation to another”). These three statements all focus at some aspect regarding time 

or space. Having the crime scene as it were when found is a big aid as it might be manipulated 

after documentation has been done. These were some of the many perks of using laser scanners 

from the interviewees point of view that also show the broadness in perks.  

 

The second sub-theme, visibility, covers different aspects of visibility. One aspect is 

demonstrated in the two following statements; “så det gjorde att det var lättare att se hur 

kropparna låg när man skulle visa det sen”( “so it made it easier to see how the bodies were 

when you were to show it later”) and “för oss är det väldigt värdefullt att kunna bygga en 3d-

modell utav en brottsplats” (“for us, it is very useful to be able to build a 3D model out of a 

crime scene”.). These statements focus on why visibility is important. Just the fact that that is 

valuable to be able to make a 3D model is helpful but also as a tool to use how to visualize 

specific traits of a crime scene.  

 

The second aspect of visibility cover a more judicial and tool aspect. Participants stated “det 

handlar dels om ett utredningsverktyg och dels om ett illustrationsverktyg för mig” (“it is partly 

about an investigation tool and partly about an illustration tool for me”) and “ja men det är väl 

den fördelen att jag får en egen bild av hur det ser ut och kan bemöta det i rätten” (“yes, but it 

is the advantage that I get my own picture of how it looks and can respond to it in court”). These 

statements identify how laser scanning can be used, in this case as an illustration and 
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investigation tool. In addition to this the it can be used in such a way that everyone gets the 

possibility to see the crime scene and can better prepare for a court.  

 

4.1.2 Desires 

The theme desires consist of three sub-themes: reliability, acceptance, and wishes. This theme 

illustrates some important aspects of what the needs of the users might be not only regarding 

laser scanning but as a part of a judicial system. The first sub-theme, reliability, refers to the 

result of the laser scanning. Three statements that identify this are “sen måste naturligtvis 

resultatet vara pålitligt” (“of course, the result must be reliable”), “den är ganska ny, jag vet 

inte exakt hur pass validerad den är” (“it is fairly new, I do not know exactly how validated it 

is”), and “det måste vara tydligt vad som är konkret fakta och vad som är en hypotes” (“It must 

be clear what is concrete facts and what is a hypothesis”). Here it is stated that it is important 

to separate what is mere facts and what have been added from e.g. witnesses. The second 

statement flips the point of view and instead of wanting it to be reliable it questions its 

reliability.  

 

The second sub-theme, acceptance, refers to how the work group believe people will accept 

laser scanning as a useful tool and what are some of the dangers of people accepting it or 

rejecting it. There are two ongoing ideas in this sub-theme. The first is presented in the 

following statements “somliga är väldigt teknikvänliga, somliga är inte det” (“some are very 

technology-friendly, some are not”) and “folk är antigen för accepterande eller för skeptiska” 

(“people are either too accepting or too skeptical”). These statements illustrate people’s 

attitudes towards adding new features. Some might enjoy it, some will not but there is also a 

danger in believing too much it or never believing in it. It is a difficult middle-space that has to 

be found.  

 

The second aspect is about whom will accept it. Two statements demonstrate this “jag tror 

säkert att dom flesta är öppna för att del utav resultat från t.ex. laserskanning” (“I probably 

think most of them are open to part out of results from e.g. laser scanning”) and “det handlar 

tills viss del om en generationsfråga och att ta till sig ny teknik” (“it is, to a certain extent, a 

matter of a generation issue and to embrace new technology”).These statements show that there 

are different views on how people will accept laser scanning or the given result. There is a 

belief that it will be easily accepted as stated in the first sentence. At the same time there are 

beliefs that it might be a matter of generation and adapting to new technology which.  
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Lastly, the final sub-theme, wishes, refers to wishes the participants had about a variety of 

things. The statements in this sub-theme are in some way a bit broad but refer to some kind of 

wish. “Jag skulle vilja ha ett flödesystem” (“I would like a flow system”), “jag skulle vilja ha 

ett logistiksystem för material” (“I would like a logistics system for the material”), and “vi 

skulle behöva GIRA” (“we need GIRA”). All these systems point out that there is a lack of 

something but that there is a fix for the problem in some sense.  

 

4.1.3 Hindrance 

The theme hindrance is the biggest theme of them all with six sub-themes, these are: reliance, 

lack of resources, visualization deficiencies, resistance, and instability. Reliance is the first sub-

theme and refers to the fact that there is a risk of people relying on both the scanning procedure 

per se but also the result of the scanning too much. Two examples statements of this are “det är 

om man har övertro och tror att tekniken löser allt” (“it is if you have the confidence and believe 

that the technology solves everything”) and “det kan göra att man kanske missar sånt som inte 

går att se i 3D-data som dom hade kunnat upptäcka om dom hade varit på plats” (“it may mean 

that you might miss something that cannot be seen in 3D data that they could have discovered 

if they had been in place”). These two statements pinpoint that technology is not perfect and it 

is important to remember keep that in mind. Technology, like humans, are still faulty and this 

should always be remembered. 

 

The second sub-theme, lack of resources, is rather self-explanatory. There is a lack of resources 

which have consequences. “Därför att det inte finns tillräckligt resurser hos polisen och hos 

NFC” (“because there are not enough resources at the police and at NFC”) and “en sak är ju 

belastningen som vi har” (“one thing is the amount of work we have”). These statements imply 

that there are not resources enough to work smoothly. This is a problem internally, meaning the 

employees at NFC, and from those authorities that depend on NFC and the work they conduct.  

 

Thirdly we have visualization deficiencies. This sub-theme refers to possible flaws when using 

the visualization aspect of the laser scanner. Example statements of this are “jag tycker 

fortfarande inte att själva upplösningen och sånt är helt perfekt” (“I still don't think the actual 

resolution and stuff are perfect”), and “jag ser inga problem med att skanna in däremot ser jag 

att det finns problem med vad man gör sen för det är animeringen det är där jag är lite restriktiv” 

(“I see no disadvantages of scanning. However, I see that there are problems with what you do, 
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because it is the animation that is where I am a little restrictive”). Here the participants state 

that the visualization is not perfect, in particular the resolution of the scanned area. At two 

occasions the animations were brought up and it was discussed that they were not content with 

exactly how it had been done earlier. 

 

The fourth sub-theme, resistance, refers to why people may resist working with laser scanning. 

The main and only resistance here is about doing the laser scanning yourself. This can be seen 

in the following statements “jag tror mer det är praktiskt motstånd” (”I think it is more practical 

resistance”) and “det är skillnad tror jag om man ska börja liksom använda det, göra 

laserskanningen själv, då tror jag det kan finnas ett rätt stort motstånd från vissa” (“there is a 

difference I think if you should start using it, do the laserscanning yourself, then I think there 

may be a fairly large resistance from some”). The underling idea here could imply that it is not 

the laser scanning per se that is the problem but rather who has to conduct the scanning. People 

seem unwilling to perform the laser scanning themselves.  

 

The fifth and final sub-theme is instability. This sub-theme refers to the perceived instability of 

the process from when a crime has occurred to when a trial takes place. Examples of statements 

implying this are “det är en jämn röd tråd men vissa avseenden upplever jag att det finns hack 

I systemet som gör att det fungerar mindre bra” (“It's a smooth red thread, but in some respects 

I find that there is hack in the system that makes it work less well”) and “jag upplever att det 

inte flyter på så bra som det skulle kunna göra om det hade varit en sammanhängande kedja” 

(“I find that it does not flow as well as it could if it had been a coherent chain”). These sentences 

show that it seems like the work chain is functional but not optimal. This means that there is 

room for improvement.  

 

Another aspect of this is the fact that the participants perceive that that there is a lack of 

understanding and communication in-between each other which creates instability. “Jag 

upplever nog det ibland finns en brist i förståelse mellan dom olika länkarna” (“I experience 

that there is sometimes a lack of understanding between the different links”) and “det skulle 

behöva bli mycket bättre i kommunikationen rakt igenom alla delar egentligen i polisen” (“it 

would have to be much better in communication right through all the parts really in the police”) 

are examples of how this is highlighted by the participants. 
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4.1.4 Summary of interviews and the TA 
The three main themes display this story together with their belonging sub-themes. The idea of 

this thematic analysis is to tell the story of what is good, what can improve and what is 

problematic.  

 

4.2 Questionnaire 

The result from the questionnaire will be divided into two sections. One section covers the 

written answers and one section that cover the answers that have a numeric inclination.  

 

4.2.1 Numeric answers 

Out of the 22 question, seven questions were asked in a matter were the participants had to give 

a numeric answer. It was either a number that they wrote themselves or an estimate from one 

to six scale. Six out of the questions will be presented as one question was presented in the 

participant section.   

 

The first question asked was “How do you experience your need for continuing education in 

the method of blood stain pattern analysis?”. One on the scale meant that they found no need at 

all for further education and six meant that they found a very big need for further education. 

The answers implied that overall there they felt that they needed further education when 

working with such questions. As shown in the Figure 7, the majority of the participants are on 

the upper half on the spectrum with only one participant below the middle option of three. The 

participant had the opportunity to leave a comment if they but was not mandatory. Some 

participant wrote a comment explaining why they did the estimation they had chosen. One 

participant stated “detta är för att upprätthålla kompetens samt för att utveckla den” (“this is to 

maintain competence and to develop it”). 
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Figure 7. Estimation frequency for further education  

 

Next question was “How confident are you in your job as a bloodstain pattern analyst?”. This 

question had the same estimation scale as previous question, thus one being not at all and six 

being very confident. For this question all the participants gave an answer of three and higher 

which would imply that they are fairly confident in the profession.  

 

Figure 8. Estimation frequency for confidence at work 

 

The third question asked was “How difficult is it to do the job properly?”. The estimation scale 

was one being very easy and six being very hard. There was a broader variety in the results for 

this question than previous questions. Figure 9 highlights that the participants feel that the job 

can vary but the majority perceive that it is fairly hard.  
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Figure 9. Estimation frequency for job difficulty 

 

Continuing, the fourth question asked was “How do you perceive the number of cases you deal 

with bloodstain pattern analysis per year?”. Here estimation scale here went from one being too 

few and six being too many. Figure 10 displays the answer for the participants. Overall, there 

result show on some middle-ground, not too many nor too much.  

 

Figure 10. Estimation frequency for perceived cases per year 

 

The last of the estimation questions asked was “How well do you think your cooperation with 

other groups during a case is?”. The estimation scale for this question was one meant very good 

and six very bad Figure 11 displays the answer of the participants. Looking at the figure the 

participant feels that the cooperation with other teams during a case is working rather well. Six 

of the ten participants stated that it was very good which was the best estimation in the scale.  
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Figure 11. Estimation frequency for cooperation with others 

 

The last quantitative question was “What is the average time you spend on a crime scene / case 

concerning your job as a bloodstain pattern analyst?”. The results for this question are shown 

in figure 12. 

 

 

Figure 12. Number of hours spent on a case 

4.2.2 Summary of quantitative questions 

The quantitative questions show that the bloodstain pattern analysts are often leaning toward 

the same answer. They normally tend two stay on one side of the spectrum for the major part. 

The biggest variety is found for the question regarding hours spent on a crime scene / case 

where three participants had a remarkable higher number of hours.  
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4.2.3 Written answers 

The rest of the questions were questions to comment were the participants had to respond with 

written answers. Each question with corresponding answer will be individually presented. 

 

1) What general education and education specifically for BPA do you obtain? 

The participants had overall a similar educational background. The most common 

educational background was to have had studied to forensic technician and then a 

specialization in BPA.  

 

2) What do you think any further education in the method of BPA should contain? 

The answers for this question showed especially on one thing, practical exercises. For 

example, one participant answered “praktiska övningsuppgifter” (“practical exercises”).  

 

3) What is the strength of BPA? 

Based on the response from the participants there are several strengths with BPA as a 

method. “Delhändelser i ett komplex skeende kan analyseras och beskrivas” (partial events 

in a complex event can be analyzed and described”) and ” En av många metoder för att få 

fram ett händelseförlopp. Styrkan är att det inte är hokus pokus utan baseras på fysikaliska 

lagar” (one of the many methods to bring about a sequence of events. The strength is that it 

is not hocus pocus but is based on physical laws”). These are two of the strengths. 

 

4) What are the difficulties with BPA? 

The difficulties with BPA as a method lay in the fact that there are many factors that matter. 

Each case is unique and therefore can be hard to analyze. The number of parameters in a 

case can be many and because of this there is a risk of misjudging the situation.  

 

5) What risks do you see when working with BPA? 

For this question the participants had different views of the possible risk of working with 

BPA. One participant stated “Egentligen inga, blodbildsanalysen ger ofta en tydligare bild” 

(“Actually none, the result of the analysis often gives a clearer picture”). Another participant 

stated “blodsmitta vid oförsiktighet, övrig säkerhet” (“blood infection during carelessness, 

other safety”). This show that participants interpreted the question in different way and gave 

different answers. This also highlights that there are risks for the person doing the analysis 
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6) How could your job with BPA be simplified? 

The answers for this question imply that technology could facilitate their work. The 

following was stated “det är möjligt att 3D-skanning och kommande teknik kan underlätta 

att exempelvis räkna ut ursprung samt illustrera ett troligt händelseförlopp” (“it is possible 

that 3D scanning and future technology can facilitate, for example, calculating origin and 

illustrating a likely sequence of events”) and ”3D scanner kan bli ett bra hjälpmedel då den 

utrustningen är utprovad. Vi bygger nu upp en bildbank med så många olika blodbilder som 

möjligt och då vi har många olika exempel på varje typ av blodbild så blir det ett bra 

hjälpmedel” (“3D scanner can be a good tool when the equipment is tested. We are now 

building up an image bank with as many different blood images as possible and since we 

have many different examples of each type of blood image it becomes a good aiding tool”). 

These answers lean toward the inclusion of technology in their field of work 

 

7) What would you have liked to do in a crime scene regarding the method of BPA that is not 

currently doable? 

The main focus of the participants here was about the aspect of time. Several participants 

stated that the they wish they could determine how old the blood was and when was created. 

Another factor was what kind of blood, e.g. nose blood. 

 

8) What had simplified your work process regarding the BPA? 

This question is a bit similar to another (question 6) and the result were also similar. One 

person wanted to have less writing. Another would like to have the access to a program that 

could calculate the size of the splatter. 

 

9) How do you experience the assessments of blood traces at the crime scene carried out by 

basic trained forensic technicians? 

For this question, once again it was a mix variety of answers. One person experienced the 

results of basic trained forensics technicians as faulty, but another person experienced it as 

good. That person stated “god, alla har fått en bra grund” (“good, everybody has gotten a 

good base”).  

 

10) What is the most time-consuming work on a crime scene? 



 42 

What seems to be the most time-consuming aspect at the crime scene is the documentation 

of the crime scene. Some stated documentation per se and others wrote “fotografi” 

(“photography”) which is a way of documenting the crime scene.  

 

11) What do you use for type of aids in a bloodstain pattern analysis examination? 

Typical equipment that are used as stated by the participants were a camera with a stand (if 

needed) and measurement instruments. 

 

12) Is there any of these tools that you consider to be heavy-handed? 

A majority of the participants stated that they did not experience any tool being particularly 

hard do handle. One participant felt the amount of equipment was rather much but that 

everything was necessary.  

 

13) Is there any improvement that would facilitate how investigators, prosecutors and lawyers, 

etc., take part of BPA results in the protocol and in testimonials in trials? 

Some of these answers for this answer are directed towards one specific role of the judicial 

process and some are part of more general. One example of a more specific statement is 

“åklagarna borde nog ha mer kunskap i ämnet tycker jag” (“the prosecutor should have 

more knowledge in the subject I think”). This statement is directed to the prosecutor. A 

more general statement is “Om de hade bättre förståelse och kunskap om resultatvärdering” 

(“if they had a better understanding and knowledge of performance evaluation”). 

 

14) What external factors affect your work as a bloodstain pattern investigator? 

Once again, the answers for a question had a broad spread in responses. Some of the factors 

are spatial. One participant expressed that working outdoors is much harder. There is also 

a time aspect. If there not enough time to the work, it might affect. One participant said 

“Påverkan av information från kollegor/utredare som lämnar "för mycket" information 

innan undersökningen genomförs” (“Influence of information from colleagues/ 

investigators who provide "too much" information before the investigation is carried out”).  

 

15) Do you have anything else to add? 

One person wished me good luck with this project. 
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4.2.4 Summary of open questions 

It is hard to summarize what the open questions lean towards as many questions were asked. 

Those question that brought aspects of BPA show that it is a method with some strengths but 

when working with BPA one must consider the complexity in each unique case. 3D scanning 

was brought up for one question as a possible tool for analysts which was interesting. Regarding 

tools there was mostly neutral responses. It was stated that there are a lot of tools but that all 

are needed. All in all, the answers for the questionnaire give an insight in how bloodstain pattern 

analysts perceive their work situation.  
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5 Discussion 

The discussion will cover a result discussion, a method discussion, and future studies.  

5.1 Research questions and purpose 

First, I will begin this section by looking at the research questions and purpose.  

 

- Can uncertainty be represented regarding bloodstain pattern analysis in a digital crime 

scene reconstruction that covers the needs of all the users from forensic technician to 

the prosecutor? 

 

As noted from the interviews there are a lot of aspects to consider when reconstructing a 

crime scene using a technologic tool. Each case must therefore be taken into consideration 

on how to be represented as suitable as possible from the needs presented for that case. An 

example of an important aspect to illustrate for one case could be the sub-theme reliability.  

 

Exactly what the need was is stated in the sentence “it must be clear what is concrete facts 

and what is a hypothesis”. This need is important to visualize correctly as this is a major 

part of the judicial process and have an affecting role in the court hearings. One way of 

reassuring that the difference between facts and hypothesis could be by using colors and 

color shading. For example, using a darker shade of a color could represent what is a 

hypothesis.  

 

- How do bloodstain analysts perceive their work situation and possible needs regarding 

education and equipment etc.? 

 

This research question is rather broad but so is the answers. As seen in Figure 7 there is a 

need for further education. From the equipment perspective, the tool that matters the most 

is the camera as it is used to document the crime scene. Regarding the work situation the 

result show that there are ways that could simplify the work situation of the bloodstains 

pattern analysts. This can be seen in question six where it is stated that 3D scanning could 

be a useful tool to simplify the work situation.  

 

The purpose of this study was to investigate on how uncertainties can be represented when 

reconstructing a crime digitally using laser scanning. The approach taken was the needs of those 
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involved in the judicial chain on how to represent the uncertainties, specially working with 

BPA. After conducting a literature search a theoretical foundation was used to show how 

uncertainties can be represented and thus meeting that section of the purpose.  

 

The questionnaire fulfilled the second part of the purpose, this being investigating on how the 

bloodstain pattern analysts perceived their work situation. 

 

5.2 Result discussion  

The results will be divided into two sections, one covering the interviews and the other covering 

the questionnaire result. 

 

5.2.1 Thematical Analysis 

The result from the interviews as seen in table 2, were a thematic analysis with three main 

themes with corresponding sub-themes. The themes together are supposed to tell the story of 

what is good – what is needed – what is problematic. Looking first at the what is good part of 

the story we find the theme Benefit. In the first sub-theme, perks, there are some aspect that are 

very helpful for the judicial process. As stated by one person, using a laser scanner tool could 

provide a de-dramatized view of a crime scene that is more factually and scientific which goes 

along with what Iliinsky (2010) argues regarding visualizations.  

 

Iliinsky (2010) argues that a key factor for any visualization is providing access to information 

so that the user can learn and obtain more knowledge. By visualizing the scanned crime scene, 

the investigator or forensic technician can take part of it and obtain more knowledge that could 

be important for the case. This is particularly important when there are crime scenes that cannot 

be kept for a longer time (e.g. a car crash on a national road as the road has to be functional).  

 

Further, visualizations are according to Card et al. (1999) a way of amplifying cognition. They 

proposed six ways and one of them was: by increasing the memory and processing resources 

available to the user. This was one of the things one person stated, “so it made it easier to see 

how the bodies were when you were to show it later…”. By visualizing how the scene was and 

the bodies were located, it enhances understanding by providing processing resources.  
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Looking at the theme Desires one thing that must be clear what is fact and what is hypothesis. 

This could be related to face validity. Kjellberg & Sörqvist (2011) referred to this concept to as 

if a phenomenon is relevant for a purpose. In this case it is very important to distinguish what 

is relevant to visualize in a crime scene. The benefit of using scanner is that it captures the scene 

as it is found although things can be added from witnesses. Here it is important to be careful 

with what is added so not irrelevant objects get added and the face validity is lost.  

 

Hindrance is as mentioned the theme that consists of most sub-themes. This also mean that 

there are many aspects to discuss. First, the sub-theme reliance pinpoints the importance of 

reassuring that it is known what the laser scanner can and cannot do. Uncertainty was defined 

as the lack of adequate information (Giarranto & Riley 1998) and this is what has to be avoid 

according to reliance. It is important to remember that when using laser scanners, or any 

technology in any way, that the technology cannot solve every problem possible. This can lead 

to lack of correct information and uncertainty is created.  

 

Lack of resources is another aspect of this theme that is out of reach for this project as this is a 

bigger issue it is something worth looking further at. With lack of resources there will 

eventually arise problems with over-worked staff that are doing errors that could have been 

prevented.  

 

In the sub-theme visualization deficiencies participant pinpoint that the visualizations per se 

were not really perfect. The fact that things could be added without really making any sense 

made it seem unserious which again relates to face validity. As mentioned earlier there is an 

importance in believing what is presented in the visualization (Kjellberg & Sörqvist, 2011). 

This is essential as if there is a sense of unreliableness in what is shown, the overall trust 

decreases, and people could ignore parts of the visualization.  

 

Finally, in the sub-theme resistance, there were statements that showed that there might be a 

resistance on people using the tool for themselves. This resistance could come from one aspect 

of uncertainty, namely irrelevance. Smithson (1989) meant that irrelevance referred to people 

avoiding or overlooking something. By avoiding learning or using the scanner an irrelevance 

is created. One of the reasons why people could be resistant towards them doing the scanning 

is the lack of resources.  
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5.2.2 Questionnaire result 

The questionnaire had some interesting results. On a general level some of the results indicate 

positive results. The result show that people are inclined to keep learning to further develop the 

field (see figure 7). The same people also feel confident in their profession (see figure 8) which 

is beneficial for them. One affecting factor when contextual information was most prominent 

was when the analyst had to make a decision (Taylor et al., 2016a). If an analyst feels confident 

that he/she are doing a good job, then this risk could decrease which is beneficial. Although, it 

is still important to not be overly confident and believe that one’s work is perfect.  

 

One remarkable result is the number of hours that the bloodstain pattern analysts spend on the 

crime scene/for a case. The result from this question varied quite a lot. Two respondents 

answered 40h and 60h, the rest answered that they work between three to eight hours which is 

a huge difference. One possible explanation for this is the fact that people are located all across 

Sweden and these two might live in areas with high criminality and therefore had a higher work 

load. Another explanation is that these two interpreted the question as how big part of their job 

it is and because of this answered with significantly higher number of hours.  

 

Looking at the written answers, two questions stood out. The first one is question six, “How 

could your job with BPA be simplified?”. For this question, some participants did mention the 

3D scanner as a possible tool that would facilitate their jobs. One even mentioned that it would 

be beneficial if the system could calculate the area of origin. In some sense, these results are 

somewhat why this project first got initiated. It might not be the purpose of this project, but it 

is good to highlight that the underlying idea is to facilitate for the whole judicial chain and those 

involved.  

 

There came some noteworthy results from question 14 “What external factors affect your work 

as a bloodstain pattern investigator?”. One person brought up what is the essential aspect of 

contextual information as an external factor. Too much information from a co-worker can be 

problematic when conducting a site investigation and thus affecting how the site is perceived. 

As it is impossible to not be affected by the crime scene and all the surrounding information it 

is good to know that bloodstain pattern analysts are aware of the fact that they can get affected 

by contextual information. 
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5.3 Method discussion  

Both ways of gathering data will be discussed to highlight strengths and weaknesses with how 

the data has been gathered.  

 

5.3.1 Interviews and TA 

One of the strengths of conducting interviews is the rich data that can be provided by the 

interviewees. The data provided is also in-depth in the topic from the interviewee’s perspective. 

As the interview was semi-structured this allowed for flexibility during the interview which can 

be helpful if there is anything that has to be clarified. One downside of this is that the questions 

might vary from participant to participant.  

 

The amount of data provided from the interviews can be large, which has to be kept in mind as 

a lot of data to manage can be time-consuming. The preparation and analysis of the data can 

take time. In this case nine interviews had to be transcribed which took a fair amount of time. 

Transcribing is very time demanding but a good way to really study the data in detail.  

 

For this study, a thematic analysis was used to analyze the interviews. As mentioned in the 

method section there are some pitfalls to consider when using a TA. One major dilemma to 

consider when using this method is that the method is very subjective. Each thematic analysis 

will be unique as it depends on the person conducting it. This could be considered as a 

disadvantage but as the idea is not to generalize but rather to present the data in a structured 

and enriched matter, one could disagree that this is not a disadvantage but rather a factor that 

should be included and consider. No question from the interview guide was used as a theme 

which was one of the pitfalls.  Otherwise, a TA is a good way to create a story about a data set 

that highlights important aspect of the data set.  

 

5.3.2 Questionnaire  

One benefit of using questionnaires is the accessibility they provide. It is easy to send out a 

mass email to reach out to a big population thus collecting a bigger amount of data. There is 

also no geographical restriction as it was an online questionnaire.  

 

The questionnaire has a major disadvantage in the fact that there is no possibility to control if 

the participants finish the questionnaire. Another disadvantage of using a questionnaire is 
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cumbersome to ask about any uncertainties the participants might have about the questionnaire. 

They did have the opportunity to send an email but that means an additional time-consuming 

step. This means that there is a little uncertainty in the answers per se. A specific flaw with the 

questionnaire is that some questions are wide and can be interpreted in different ways. The 

consequences of this is that each participant can give their own interpretation of this which can 

lead to some odd-looking results.  

 

5.4 Future studies  

There are several interesting future studies that can be conducted. One could be to investigate 

how different uncertainty visualizations as color shading compared to glyphs are perceived by 

the work group. One approach might be more preferable than the other which would be 

interesting to find out. This was not tested in this project. Another might be to include 

uncertainty when managing blood and possible diseases the blood might contain and how these 

are represented.  
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6 Conclusion 

 In this project, interviews have been held with people involved in the judicial chain. A 

questionnaire has also been distributed across Sweden to bloodstain pattern analysts. The 

interviews were conducted as part of an investigation of their needs regarding on how to present 

uncertainty in digital reconstruction of a crime scene. For this a laser scanner is used which they 

feel is a beneficial tool to use. The results show that the laser scanner has many benefits but 

should be used with care. Exactly how the participants want to represent uncertainty was not 

stated but with the theoretical background examples where provided on how this could be done. 

This framework combined theories taken from the field of uncertainty with visualization 

theories. One important aspect for this project was though that it has to be clear what is true 

facts and what is added material from testimonies. This is important as the scanned images 

provide a scientific picture, that amplifies cognition, of the crime scene that can aid the 

understanding of the scene.  

 

The questionnaire was distributed as a way of gathering data to see how the bloodstain pattern 

analysts perceived their work situation and the results showed that they are satisfied for the 

most part. There is a sense of wanting more knowledge which is favorable. One remarkable 

aspect is the fact that the bloodstain pattern analysts see the laser scanner as a possible tool for 

them.  

 

Looking at the two research questions, the first, “Can uncertainty be represented regarding 

bloodstain pattern analysis in a digital crime scene reconstruction that covers the needs of all 

the users from forensic technician to the prosecutor?”, resulted in three themes that cover 

aspects of what is needed as for example clarity in what has been added in the image. 

 

The second question, “How do bloodstain analysts perceive their work situation and possible 

needs regarding education and equipment etc.?”, resulted in a variety of responses from the 

questionnaire that provides a broad view of how they perceive they work situation. They are a 

group of people who seek knowledge and welcome new technology 
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Concluding, the result show that laser scanners is welcome to be used as a tool in a forensics 

toolbox with care.  
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7 Recommendations for BPA and NFC 

The first recommendation I want to do regarding BPA is that if there are resources available 

that further investigation is conducted on how to more exactly represent uncertainties. This 

could be done as a design study that another student might have as a project during a 

semester. Further, I recommend the usage of laser scanner in those cases when BPA is a 

major part of the case and to do the scanning at an early stage of the documentation of the 

crime scene. Lastly, I want to recommend NFC to take advantage of the willingness from the 

bloodstain pattern analysts across Sweden that wants more knowledge to provide them with 

more material. This could be a day course in how the laser scanner works.  
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9 Appendices 

 

Appendix A – Interview questions  

Frågor till intervju:  

  

1. Vad har du för utbildning? 

2. Var har du för yrkestitel?  

3. Hur länge har du jobbat med det jobbet du håller på med idag?  

  

Från brottsplats till rättegång.  

4. Kan du beskriva hur arbetsprocessen går till när det sker ett brott. Från början till 

slut?  

a) Var i denna processen finns du?  

b) Kan du i detalj beskriva vad Du gör?  

c) Hur lång tid tar din del av processen?  

d) Vilka faktorer finns det som påverkar ditt arbete? (Tid, resurser)  

e) Hur mycket kan du om de övriga momenten i processen från brottsplats till 

slut?  

5. Upplever du att brottsrättsprocessen är sammanhängande?  

  

6. Arbetar du ensam?  

7. I ditt nuvarande arbete, använder du dig av någon typ av material/verktyg?  

a) Om ja, kan du beskriva materialet/verktygen?  

b) Om nej, varför inte?  

c) Hade du velat ha något verktyg? I så fall, vad?  

  

Laserscanning  

  

8. Ser du att det finns användning av lasersscanning för dig i din roll?  

a) Kan du beskriva fördelar för dig gällande din roll?  

b) Tror du det finns nackdelar och i så fall vilka?  

c) Hur tror du andra inom ditt fält skulle acceptera laserscanning som 

hjälpverktyg?  
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9. Hur hade du velat att laserscanningen fungerat för att den skulle vara hjälpsam för dig 

i ditt arbete?  

  

10. Hur tror du att det går att undvika sådan kontextuell information som påverkar 

personen på plats?  

11. Vad gör du själv för att undvika att få sådan kontextuell information?  

12. Tror du att genom användningen av att laserskanning går att undvika problem såsom 

kontextuella partiskhet?  

a) Hur i så fall?  

  

13. Finns det något övrigt du vill tillägga?  
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Appendix B – Information sheet 

LINKÖPINGS UNIVERSITET  

Institutionen för datavetenskap (IDA)  

Mateo Herrera Velasquez, mathe530@student.liu.se  

 

 Informationsblad 

 

Denna studie är del av min masteruppsats, som handlar om att undersöka osäkerheter kring 

användandet av laserskanning vid brottsplatser, med fokus blodstänk. I nuläget så är det en 

expert som gör allt arbete men med den ökade teknologiska utvecklingen finns det nu 

möjligheter att använda sig av fotografi och laserskanning.  

  

För att undersöka detta kommer de individer som har någon koppling till rättsbrottsprocessen 

att intervjuas. Intervjuerna kommer att spelas och kommer behandlas konfidentiellt. Du 

kommer inte kunna spåras och förblir anonym. Data från intervjuerna kommer att analyseras 

utifrån en metod som heter tematisk analys.  

  

Utöver intervjuerna har en enkät skickats ut till blodbildsutredare som fokuserar mer på 

styrkor och svagheter kring blodbildsanalyser.  

  

Har du frågor eller funderingar kan du höra av dig till mig.  
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Appendix C – Consent form  

LINKÖPINGS UNIVERSITET 

Institutionen för datavetenskap (IDA) 

Mateo Herrera Velasquez, mathe530@student.liu.se 

Samtyckesformulär 

 

Syftet med denna masteruppsats är att undersöka vad det finns med osäkerheter kring 

användandet av laserskanning vid brottsplatser men även att jämföra två olika metoder som 

används vid blodbildsanalyser.  

 

Jag ger mitt samtycke till att den information som jag lämnat den_______________ kan 

användas för publicering. Namn kommer att anonymiseras så att de inte kan knytas till riktiga 

personer. 

 

• Inspelningen kommer att användas som minnesstöd och kommer att förstöras efter 

avslutad masteruppsats. 

• Data som lämnas kan presenteras för studenter och forskare vid svenska och 

utländska universitet samt publiceras i form av en kandidatuppsats och eventuella 

vetenskapliga publikationer. 

• Data kan komma att lagras i ett tredje land. 

• Resultaten kan presenteras för andra än forskare och studenter. 

 

 

Jag är medveten om att min medverkan är frivillig och att jag när som helst kan välja att 

återkalla detta medgivande och avbryta mitt deltagande. Jag har rätt till att få tillgång till den 

data som har spelats in av mig samt det slutgiltiga resultatet från studien. 

 

Ort och datum __________________________________ 

 

 

Namnteckning __________________________________ 
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Namnförtydligande __________________________________ 

 

 

  



 63 

Appendix D – Questionnaire 

 

Hej!  

 

Jag heter Mateo och är en student på det kognitionsvetenskapliga mastersprogrammet och 

håller på med min masteruppsats om osäkerhet kring blodbildanalyser och hur du som jobbar 

med denna typen av arbete uppfattar ert arbete. Jag ber er därför att svara så uppriktigt och 

ärligt som möjligt.  

 

Är det så att ni inte kan svara på en fråga lämna ett "-"-tecken för att gå vidare. Jag vill 

poängtera att alla svar ni ger kommer inte att kunna spåras till er och att ni förblir helt 

anonyma. Ni kan när som helst avbryta ert deltagande. Det material som kommer från denna 

enkät kommer att användas som underlagsmaterial för min uppsats och eventuell artikel i 

vetenskapliga tidskrifter eller liknande.  

 

Genom att delta och skicka in dina svar ger du samtyckte kring användandet av den data du 

bidrar med. Det är totalt 22 frågor där mestadels av frågorna är sådana frågor där du behöver 

skriva in ett svar. Ett par frågor är skattningsfrågor där det går att lämna en valfri kommentar 

till ditt svar. Är det något som är otydligt så svara gärna på frågan i den mån det går. 

 

Har ni frågor är det bara att kontakta mig på Mathe530@student.liu.se 

 

Tusen tack för att du lägger ner tiden! 

1. Vad har du för generell utbildning respektive utbildning specifikt för blodbildsanalys? 

2. Hur länge har du jobbat som blodbildsundersökare? Ange i antal år 

3. Hur stort upplever du ditt behov av fortbildning inom metoden blodbildsanalys? 

• Inte alls 

•   

•   

•   

•   

• Väldig stort 

Valfri kommentar 

4. Vad tycker du att eventuella fortbildningar inom metoden blodbildsanalys ska innehålla? 

5. Hur trygg är du i ditt jobb som blodbildsundersökare? 

• Inte alls trygg 

•   

•   

•   

•   

• Väldigt trygg 

Valfri kommentar 

6. Hur svårt är det att utföra jobbet korrekt? 

• Väldigt lätt 

•   
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•   

•   

•   

• Väldigt svårt 

Valfri kommentar 

7. Vad är styrkan med metoden blodbildsanalys? 

8. Vad finns det för svårigheter med metoden blodbildsanalys? 

9. Vad ser du för risker med att jobba med metoden blodbildsanalys? 

10. Hur skulle ditt jobb med metoden blodbildsanalys kunna förenklas? 

11. Vad hade du velat kunna göra på en brottsplats gällande metoden blodbildsanalys som i 

nuläget inte går? 

12. Vad hade förenklat din arbetsprocess gällande metoden blodbildsanalys? 

13. Hur upplever du de bedömningar av blodspår på brottsplatser som utförs av 

grundutbildade kriminaltekniker? 

14. Vad är den genomsnittliga tiden du spenderar på en brottsplats / ett ärende gällande ditt 

jobb som blodbildsundersökare? Ange svaret i timmar 

15. Vad är mest tidskrävande gällande arbetet på en brottsplats? 

16. Hur upplever du mängden ärenden du handlägger inom blodbildsanalys per år? 

• Alldeles för få  

•   

•   

•   

•   

• Alldeles för många 

Valfri kommentar 

17. Hur väl anser du att du samarbetet med andra grupper på en brottsplats/ ett ärende är? 

• Väldigt bra 

•   

•   

•   

•   

• Väldigt dåligt 

Kommentar 

18. Vad använder du för typ av hjälpmedel vid en blodbildsundersökning?  

19. Är det något av dessa hjälpmedel som du anser vara otympligt? 

20. Finns det någon förbättring som skulle underlätta hur utredare, åklagare och advokater 

mm tar del av blodbildsresultat i protokoll och vid vittnesmål i rättegångar? 

21. Vilka externa faktorer påverkar ditt arbete som blodbildsundersökare? 

22. Har du något övrigt att tillägga? 
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