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A B S T R A C T   

When crime scene investigators (CSIs) encounter crime scenes with large volumes of blood, some selection and 
prioritization is often needed, and this will impact on what blood is and is not available for forensic analysis. 
What factors influence CSIs decision making process is largely unknown. This study examines the effects of 
awareness of limited resources and irrelevant contextual case information indicating either a homicide or a 
suicide on CSIs collection of blood traces. To this end, two scenario-based experiments with CSIs and novices 
were conducted. Overall, the results suggest that even when CSIs decisions are made under identical conditions, 
their trace selection varies both when it comes to numbers and locations. Furthermore, awareness of limited 
resources made CSIs collect fewer traces and their selections also varied following the contextual case infor-
mation, showing similarities and differences with novices. Since blood traces can be used to establish both ac-
tivity and identity the findings can have important implications for the subsequent investigation as well as trial.   

1. Introduction 

In previously published literature, CSIs have sometimes been 
referred to as ‘forensic dustmen‘ [1] or ‘evidence collectors‘ [2], which 
may imply they only mechanically assemble traces from the scene. 
However, this phrasing greatly understates their role as active agents in 
creating the crime scene evidence. Through selection and prioritization, 
CSIs transform traces into evidence that is potentially useful for the 
criminal investigation and proceedings [3]. While words such as ‘create’ 
and ‘transform’ seem to imply that CSIs consciously alter or make up 
evidence, this is not the intended meaning. Rather, CSIs make sense of the 
crime scene [4] by delimiting the potentially meaningful from the 
meaningless and making necessary prioritizations under uncertainty, 
time pressure, limited resources, stress etc. Hence, collecting traces from 
a crime scene and making prioritizations as regards which should be sent 
off for forensic analysis, are indeed discretionary tasks. 

The selection of traces at the scene and the prioritization of traces for 
forensic analysis are logically and chronologically separate processes. 
However, many CSIs are aware, as they select the traces, that the 
forensic labs have limitations as to the number of traces they will 

analyze. The mere knowledge of the available resources may influence 
the trace selection process. Across different jurisdictions, it varies to 
what extent such limitations exist and whether they are explicit/implicit 
and binding/non-binding. Yet, since all criminal investigations are 
restrained in terms of time and money, the existence of such limitations 
is a common and continuous denominator in criminal investigations 
globally. Today, it is unknown how awareness of such limitations impact 
on the work conducted by the CSIs while still at the scene. Concerns have 
been raised that such awareness restricts CSIs trace collection to pri-
marily or only comprehend the traces that, given what is known at the 
time, seem to have the greatest potential in bringing the investigation 
forward e.g. because they would be useful for a prosecutor when 
pressing charges and/or arguing the case in Court [5]. However, as the 
investigation proceeds or as a case is reopened, new circumstances or 
evidence may shed new light on what traces would have been most 
relevant to secure from the scene. Yet, these traces may no longer be 
available since they were never secured from the scene which by then 
has been released. 

Crime scenes can potentially contain a range of traces, that is, 
physical remnants of criminal activity which later on in the process will 
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become evidence to be presented in a Court of law [6,7]. However, 
blood is a common type of trace, not the least in cases of suspected vi-
olent crimes. Blood can be informative for activity-level and identity 
questions during investigations. The activity will be inferred from 
bloodstain pattern analysis (BPA), that is, categorization of bloodstain 
patterns based on the blood-shedding events which is believed to have 
given rise to the patterns [8–10]. Today, human sources of error per-
taining to BPA has received fairly extensive attention by researchers and 
it is well established that there are a number of issues with current 
methods of bloodstain pattern classification [8–10]. Clearly, this can 
cause issues in the understanding of whether a crime has been 
committed at all, and if so, what crime. 

Additionally, collection and preservation of blood is also essential 
because it enables typing of the blood or DNA analysis, that is, identi-
fication of the individuals likely to have been present at the scene. This 
identification process is also important for criminal investigations. It 
has, nevertheless, received far less attention when it comes to the po-
tential human sources of error, compared to the determination of what 
activity has taken place at the scene. At high volume blood scenes, CSIs 
will be unable to collect and preserve all blood traces and this constitutes 
a risk both of false positives and false negatives. For example, blood from 
the victim and another individual may have been identified. Given that 
this other individual is the only individual known to have some kind of 
involvement with the crime, he/she may easily become the suspect [11] 
and also be convicted of the crime, while, in fact, there was also another 
or several other individuals present at the scene who are the real per-
petrators (i.e. a false positive outcome). Likewise, it could be that only 
the victim’s blood is identified at the scene and based on this alone or 
together with other circumstances, it is presumed that the individual has 
committed suicide. Yet, in fact, it was not a suicide but a homicide and 
had the blood at the scene been collected and prioritized differently, the 
presence of another individual at the scene would have become apparent 
to investigators (i.e. a false negative outcome). 

Following the discretionary nature of CSIs selection and prioritiza-
tion of blood traces, it would be unsurprising if different crime scene 
investigators examining identical crime scenes would make different 
observations and also draw different conclusions regarding which blood 
traces should be selected and prioritized for forensic analysis. This is 
here referred to as lacking Between CSI Reliability. This term stems from 
an application of Dror’s Hierarchy of Expert Performance (HEP) in the 
context of crime scene investigation, noting that the framework de-
scribes expert reliability in a wider sense [12]. Furthermore, what traces 
are collected from the scene may in practice be a result of an interaction 
between limited investigative resources (‘bucks’) and contextual case 
information that cause CSIs to focus one-sidedly on one type of trace 
rather than others (‘bias’). In this research, we examine how both the 
‘bucks’ and ‘bias’ variables can impact on the selection and prioritiza-
tion of blood traces from a high-volume, ambiguous blood scene (i.e. 
ambiguous as regards whether the deceased has committed suicide or 
been the victim of a homicide). Specifically, we examine whether 
knowledge of a case hypothesis or that only a limited number of swabs 
can influence CSIs decision making. This is here referred to as Between 
CSI Biasability also following an application of the HEP framework [12]. 

Hence, the purpose of this research is to examine Between CSI Reli-
ability and Biasability in the selection of blood traces from a crime scene 
as well as the prioritization of the traces for forensic analysis. To this 
end, two experiments were conducted to examine the effect of two 
variables, 1) Resources: Unlimited v. Limited, and 2) Context: Homicide 
v. Suicide on, for example, the number and location of blood traces that 
are collected from crime scenes. For Experiment 1, data was collected 
from experienced CSIs operating in Sweden, Norway and the UK. For 
Experiment 2, using the same experimental design as Experiment 1, 
data was instead collected from novices. Experiment 2 provided baseline 
data for how individuals without the relevant expertise would behave. 
The data from each experiment was analyzed separately, and also 
compared to each other to see whether and how the behaviors of novices 

were different from that of experts. 

1.1. Between CSI reliability 

CSIs may examine identical crime scenes, yet they may make different 
observations and also draw different conclusions [12,13]. Disagreement 
between different CSIs regarding which blood traces should be collected 
from the scene and prioritized for forensic analyses can have different 
explanations, whereof inherent task difficulty is one [14]. Crime scenes 
are often both complex and ambiguous, and decisions are often made at 
early stages when relatively little is known about what might have 
occurred. Disagreement that stems from inherent task difficulty is 
important disagreement that, ideally, should be integrated into the 
decision-making process. For example, in some high-volume blood 
scenes where deceased individuals with multiple stab wounds are 
encountered, it can be incredibly difficult to decide whether the 
deceased has committed suicide or become the victim of a homicide. 
While suicide by self-stabbing is fairly unusual [15–20], there may be 
circumstances such as hesitation marks [21–23], primarily horizontal 
stab wounds [24,25], documented suicidal tendencies [26], and lack of 
signs of struggle or defense wounds [15,16,27] that may indicate sui-
cide. Yet, in these situations, the sheer volume of the blood and the 
number of stab wounds could make it questionable whether the harm 
could be self-inflicted, despite drugs, mental illness etc. 
[15,17,26,28–33]. However, in an applied setting, disagreement stem-
ming from task difficulty is not necessarily easy to distinguish from other 
sources of disagreement such as unstandardized methods [14,34] which is 
likely to be applicable to BPA which lacks a discipline standard in the 
methodology, and some BPAs may even struggle to articulate the 
methodology they employ [35,36]. Furthermore, there may be individual 
evaluator differences [14,37,38], that is, patterns of stable individual 
differences among evaluators, as opposed to mere inaccuracy or random 
variation, which contributes to diverging opinions. This can be due to, 
for example, differences in training, experience or theoretical starting points 
as well as different decision thresholds, which, in turn, may be linked to 
variations in personality and/or attitudes [14,39–42]. Disagreement 
between forensic experts examining identical evidence has been noted 
in a wide range of fields including for example age estimation [43], legal 
sanity opinions [44–46], sharp bone trauma diagnosis [47] as well as 
bloodstain pattern analysis (BPA) [48,49]. 

It is also clear that disagreement between BPA analysts does not only 
occur in controlled laboratory settings but also in real criminal cases, 
such as Aguirre-Jarquin v. State of Florida [50] and Camm v. State [51]. In 
both of these high profile cases BPA analysts were at the center of 
controversial arguments relating to the explanation of the mechanisms 
that produce very small bloodstains on clothing. When disagreeing ex-
perts are pitted against each other in Court, this often forces judges to 
decide on scientific issues about which the judges normally lack 
expertise [43] but, if disagreement is never detected or communicated, 
this is likely to pose an even larger threat to the administration of justice. 
To turn expert disagreement into an asset rather than a threat to the 
administration of justice, platforms for such disagreement need to be 
created, for example by having more than one CSI examining the scene. 
If CSIs regularly disagree on which traces should be collected and/or 
prioritized, then having two or possible three CSIs work together may 
result in productive conflict and ultimately a wider more comprehensive 
crime scene investigation. Against this background, it is noteworthy that 
no research up until today has examined the prevalence and extent of 
Between CSI Reliability when it comes to using blood for identification, 
that is which blood traces are secured and sent off for forensic analyses. 
If there is disagreement also in this process, on top of the classification of 
bloodstain patterns originating in certain activities, then the crime scene 
investigation may be more or less like a lottery both when it comes to 
identifying whether a criminal act has been committed (activity) and 
which individuals were at the scene (identification). In other words, the 
result of the crime scene investigation, that is, which traces are or are not 
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collected/prioritized, may be more dependent on the specific CSI than 
the characteristics of the scene. This can clearly have important conse-
quences not only for the focus of the subsequent investigation but also 
the Court proceedings and the odds of a wrongful conviction or 
acquittal. Similarly, if a wrongfully convicted individual applies for 
judicial review claiming for example that the real perpetrator’s blood 
must have been left at the crime scene, the possibilities to evaluate such 
claims are practically zero if those samples were never collected from 
the crime scene in the first place. 

1.2. Between CSI biasability 

There is potentially a range of circumstances which can have a 
biasing effect on CSIs. Knowledge of case hypothesis is one such factor 
which has been shown to bias Dutch CSIs selection and interpretation of 
traces from a mock crime scene [52]. Similarly, it has a documented 
biasing effect in relation to BPA analysts pattern classifications both on 
rigid non-absorbent surfaces [53] and fabric surfaces [54], with higher 
overall error rates following the biasing information in the latter (23.00 
%) than the former (13.10 %) category [54]. It can and has been argued 
that contextual information is a necessary part of BPA as patterns are 
analyzed in the context of a case with the objective to assist with the 
reconstruction of events [55] but if the methodology is unreliable, 
integrating case information may create a fertile breeding ground for 
confirmation bias [56]. Among experienced BPA analysts from New 
Zealand and Australia who were asked to think aloud as they classified 
patterns from two homicide cases and who could request items of 
contextual information, most analysts requested pathology reports (e.g., 
to determine the mechanism for blood deposition or to confirm suspect 
blood-letting injuries) and scene photographs (e.g. in order to put the 
scene in context and to understand the totality of the scene [55]). An-
alysts were often reluctant to conduct their analyses based solely on the 
pattern itself and many also stated they wanted the contextual infor-
mation because of routine, that is, because it is usually accessible to 
them. Especially in situations where data from a bloodstain pattern is 
limited, it may be tempting for analysts to seek out contextual infor-
mation in order to help reach a decision. Contextual bias is most likely to 
occur when data are ambiguous [57–60]. 

Furthermore, there are often routine approaches to trace collection. 
In other words, knowledge of previous cases allows targeting the most 
promising kinds of forensic case data in the context of a series or a 
typical crime phenomenon, often referred to as intelligence-led crime 
scene processing [61]. For example, when CSIs recognize a situation as 
belonging to a typical phenomenon, such as a house burglary, they 
would generally collect latent biological material at a commonly iden-
tified point of contact (on the window of the premises) [62]. This is due 
to an assumption that the specific modus operandi used by perpetrators 
in such situations creates exchange of biological material at this specific 
point. Hence, swabbing at this point is part of a routine approach when 
processing such scenes. Such routine approaches can be more or less 
explicit, sometimes even dictated by applicable guidelines, but are fairly 
common as noted for example in a sample of Swiss Crime Scene Ex-
aminers (CSE) (N = 73), among whom 68 % reported that they often to 
always base the selection of traces to be exploited on the available in-
telligence [61,63]. While the validity of such approaches can be ques-
tioned in themselves, they are conscious strategies and therefore not in 
themselves a bias. However, if the initial classification of a situation 
triggers a routine approach, this is likely to bias CSI selection and pri-
oritization of traces, even if the scene may very well contain other traces 
suggesting that the initial classification is incorrect. The ability to notice 
such traces may be hampered by the initial classification, thus resulting 
in a confirmation bias [52,64]. Thus, the use of crime intelligence in 
crime scene investigation immediately resonates with cognitive biases 
[65–68] since CSIs, in accordance with the crime intelligence, would 
generally tend to focus on what they or their organization know and 
prioritize. Along these lines, although not specifically researched yet, it 

is likely that limited investigative resources as well as time pressure 
resulting from organizational priorities can bias CSIs decision making. 
Typically, volume crime scene examinations take place within tighter 
budgetary and resource limits than those of major crime and this can 
affect whether a CSI attend a crime scene at all, the time available to 
examine the scene, what is collected and which of the forensic objects 
removed from the scene, if any, are submitted for laboratory analysis 
[69,70]. However, also with major crimes there are limitations as to how 
much evidence can be analyzed forensically, and typically CSIs are 
aware of such limitation. Knowledge of limited investigative resources 
may, for example, lead CSIs to engage in hypothetical prospective 
reasoning about which traces will be selected for forensic analysis and 
then they only or primarily collect those traces. This is not necessarily 
due to laziness but also rational considerations regarding the perceived 
usefulness and quality and nature of the trace, or odds that a trace will be 
capable of bringing the investigation forward, e.g. what the trace can 
possibly prove [4,63]. Yet, in the process of assessing usefulness etc. it is 
likely that knowledge of case hypotheses will have an impact. 

2. Experiment 1: Crime scene investigators 

2.1. Method 

2.1.1. Participants 
Study participants were 37 crime scene investigators (CSIs), 19 

(51.40 %) men and 18 (48.60 %) women, from Sweden (11), Norway 
(13) and the UK (13). The participants’ ages varied between 23 and 68 
years (M = 43.16, SD = 10.80) and their length of experience as CSIs 
ranged from 1 and 32 years (M = 10.49, SD = 8.60). For participants to 
be included in the study (i.e., the selection criteria) they needed to be 
“crime scene investigators, actively examining cases, including bloody 
scenes. Among the CSIs, 14 (37.80 %) had no formal training on 
bloodstain pattern analysis (BPA), 15 (40.50 %) had basic BPA training 
(40hrs or less), and 8 (21.60 %) had advanced BPA training (more than 
40hrs). 

The CSIs were approached through personal contact with the heads 
of staff or other representatives from within units in police organizations 
were crime scene investigators work. This study was approved by UCL 
Research Ethics Committee 17415/001 and the Swedish Ethics Com-
mittee 2019–03878 prior to commencement of data collection. 

2.2. Design 

The experiment had a 2 (Resource limitations: yes vs. no) × 2 
(Context: homicide vs. suicide) Mixed Subjects Design. The Resource 
limitations variable was varied within participants whereas the Context 
variable was varied between participants. 

2.3. Material 

The participants conducted their assessments on the basis of photo-
graphs from a real scene which was originally investigated in a national 
jurisdiction. The photos depicted a high-volume blood scene; more 
specifically a male body inside a toilet cubicle of a public bathroom. 
Inside the cubicle, a man had been found deceased and there was also 
broken glass inside the cubicle. 

The photos were high quality color photos, which were incorporated 
into Qualtrics software. The program enabled participants to zoom in 
and out on different aspects of the photos. Initially, in the homicide 
condition, participants were exposed to a photo of the deceased’s neck, 
with deep stab wounds visible. Participants in the suicide condition were 
instead shown a photo of the deceased’s left wrist showing non-deep 
marks consistent with hesitation marks. Thereafter, all participants 
were exposed to eleven photos of the scene. They were only asked to 
make assessments in relation to four of these photos, while the 
remaining photos displayed more details of specific parts of the scene as 
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a means to facilitate the participants’ decision making. The participants 
marked directly in the four photos from where they wanted to collect 
blood traces. This produced a heat map illustrating overall trends in the 
collection of blood traces. 

The choice of photographs as stimulus material was preferred over 
setting up a mock crime scene for four reasons. Firstly, also in real 
criminal investigations, assessments are often made on the basis of 
photos [55], not the least in released and cold cases [71]. Secondly, it 
facilitated compliance with COVID-19 regulations since all data collec-
tion could take place online and participants could maintain social 
distancing without complications. Thirdly, the conditions in the pho-
tographs would clearly remain exactly the same even if several other 
CSIs had examined them before, unlike with a mock crime scene. 
Fourthly, the usage of photographs enabled effective tracking of where 
the CSIs secured blood traces, as indicated by their markups in the 
photos. 

2.4. Procedure 

The procedure followed four steps; the manipulation step (Step 1), 
the trace collection under unlimited resources step (Step 2), the trace 
collection under limited resources step (Step 3) and the supplementary 
questions step (Step 4). 

In Step 1; the manipulation step, participants were randomized via 
Qualtrics to either the homicide or the suicide condition. All participants 

were asked to collect blood from a scene in which a deceased person had 
been found. 

In the homicide condition, participants were told that: 1) On the way 
to the scene, a police officer provided information that they were going 
to a murder scene with high volumes of blood, and 2) the detective on 
site said that a witness had heard two men who appeared to be fighting 
in the bathroom. One of the men had shouted to the other “I will kill you, 
bastard!”. Also, in this condition, the photo of the deceased man’s neck 
with deep stab wounds was presented. For clarity, the photo of the neck 
with stab wound was only shown in the homicide condition. Similarly, 
the photo of the wrist with hesitation marks was only shown in the 
suicide condition. 

In the suicide condition, participants were told that: 1) On the way to 
the scene, a police officer provided information that they were going to a 
site where a man had committed suicide and the site had high volumes 
of blood, and 2) the detective on site said that a witness had heard a man 
inside the bathroom who appeared to be on the phone while he was 
saying “I love you, good bye” several times. In this condition, the photo 
of the deceased’s left wrist showing non-deep marks consistent with 
hesitation marks was shown. 

All participants were informed that they could take an unlimited 
number of swabs from the scene (Unlimited Resources). 

In Step 2; the trace collection under unlimited resources step, CSIs 
were exposed to the 11 crime scene photos. They could watch the photos 
for as long as they wanted but the time taken to complete the task was 

Heat map 1. Right Wall of Entrance and Body on the Floor. Location of Markups in the Conditions: Homicide and Unlimited Resources (1-A), Suicide and Unlimited 
Resources (1-B), Homicide and Limited Resources (1-C) and Suicide and Limited Resources (1-D). 
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recorded and correlated with the dependent measures. They were then 
asked to mark up, in four of the photos, the areas from which they 
wanted to take their swabs. Once the markup was done, they could not 
change their decisions. The CSIs markups were saved in the program, 
producing the heat maps which enabled observations of differences in 
their collection of blood traces, hot spots etc. Hence, in this step, the 
program registered three measures: 1) where the CSIs did their markups, 
2) how many markups they did and 3) how long they took to complete 
the task. 

In Step 3; the trace collection under limited resources step, all par-
ticipants were asked to decide again, on the basis of the same four 
photos, from where they wanted to collect blood. However, this time 
expert participants were told that they were asked to prioritize and 
collect given that a maximum of five (5) bloodstains could be analyzed 
forensically. Hence, Step 3 required CSIs to collect and prioritize 
simultaneously. This was in order to see whether knowledge of limited 
resources when it comes to the number of forensic analyses that could be 
conducted would impact on e.g., from where they collected blood and 
how many samples they took. Hence, also in this step, the program also 
registered the same three measures: 1) where the CSIs did their markups, 
2) how many markups they did and 3) how long they took to complete 
the task. 

In Step 4; the supplementary questions step, all participants were 
asked five questions in order to gain some insight into their impressions 
and thought processes while collecting the blood traces. The first two 
questions pertained to the participants’ impressions, more specifically:  

(1) What is your impression: was the deceased killed by another 
person (i.e., a homicide/manslaughter) or did he inflict injuries to 
himself (i.e., a suicide)? Participants could choose one of the 
following options: The deceased was killed by another person (i. 
e. homicide/manslaughter), he inflicted injuries to himself (i.e. 
suicide), or Other (with free text),  

(2) On a scale from 0 to 100 %, how confident are you that your 
impression is correct? (0–100 %). On the scale “0 %” means 
“totally unsure”, “50 %” means “neither unsure nor sure” and 
“100 %” means “totally sure”. 

The latter three questions were more focused on understanding the 
participants’ thought processes. They were all free response questions 
and while all participants had to respond, they could provide as little or 
as much information they wanted. These questions were:  

(3) How did you decide from where to secure blood?  
(4) How did you decide how many swabs to collect and send for lab 

analysis?  
(5) Are there rules or recommendations in the organization where 

you are currently working which tell you from where to secure 
blood as well as how many swabs to take and send for analysis? If 
yes, is this related to the type of crime suspected to have taken 
place? Participants’ responses to the five questions were analyzed 
statistically (questions 1 and 2) and qualitatively using thematic 
analysis (questions 3–5). 

Heat map 2. indicates that participants in the Suicide conditions (2-B and 2-D) collected somewhat more blood from the handle on the inside of the toilet cubicle 
door, compared to participants in the Homicide conditions (2-A and 2-C). This difference appears to have been largest between the Suicide Unlimited (2-B) and the 
Homicide Unlimited (2-A) conditions. 

M. Lidén and M.A. Almazrouei                                                                                                                                                                                                              



Science & Justice 63 (2023) 276–293

281

2.5. Data analysis 

The data was analysed using IBM SPSS Statistics version 28.0.1.0. 
For significant results obtained using ANOVA, partial eta squared (ηp

2) 
was used an effect size measure. Because partial eta squared is a measure 
of the variance that a variable explains which is not explained by other 
variables in the analysis it, unlike eta squared, partials out effects of 
other variables and is therefore preferred [72,73]. The associated cut-off 
levels used for interpretation are ηp

2. 
≥ 0.01 (small), 0.06 (medium) and 0.14 (large). Furthermore, for 

chi-square analysis, odds ratio was used as an effect size measure. The 
higher the odds ratio, the stronger the association. An odds ratio of 1.0 
indicates that the odds are the same as those in another condition 
relevant for comparison and an odds ratio greater than 1.0 indicates that 
the odds are greater [72]. Because it is usually easier to understand than 
e.g. Cramér’s V, the odds ratio is usually preferred as an effect size 
measure. Also, for correlations, the cut-off levels suggested by Cohen 
[74] which are widely accepted in the research community [72] were 
used. This entails the following values: r ≥ 0.10 (small), 0.30 (moderate) 
and 0.50 (large). In the Results section, the applicable effect size mea-
sures and cut-off values are reported for significant outcomes. 

3. Experiment 1: Results 

3.1. Background variables 

Exploratory analyses were conducted in order to examine whether 
any of the background variables, that is, biological sex, age, years of 
experience and level of training were significantly related to partici-
pants’ impressions of the scene or their confidence levels. 

For impressions of the scene, the following tests were conducted: chi- 
square for biological sex and level of training, correlational analysis for 
age as well as years of experience. For confidence levels the following 
tests were conducted: t-test for biological sex, correlational analysis for 
age as well as years of experience and Between Subjects ANOVA for level 
of training. 

As illustrated by the analysis in the Online Supplementary Material, 
none of the background variables were significantly related to partici-
pants’ impressions of the scene or their confidence judgments. 

Heat map 3. indicates that participants in both conditions collected blood from the walls, although to different extents. Specifically, participants in the Homicide 
conditions (3-A and 3-C) collected somewhat more blood from what appears to be a smear stain right above the toilet than participants in the Suicide conditions (3-B 
and 3-D). The difference appears more clearly in the Unlimited (3-A v. 3-B) than the Limited (3-C and 3-D) conditions, although it is likely to still be a relatively 
small difference. 
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3.2. Location of markups 

3.2.1. Heat maps for homicide and suicide conditions with Unlimited and 
Resources 

In the following, we present and comment on Heat maps 1-5. Note 
that a higher intensity of the color in the heatmaps indicates a higher 
number of markups selected by the participants (i.e. intensity goes from 
lowest to highest as follows: blue, green, yellow and red). 

The locations from which CSIs decided to secure blood was different 
across the conditions, see Heat maps 1 and 2. To facilitate comparisons 
the maps for the respective conditions are presented together. 

As illustrated in Heat map 1, in the Homicide conditions, there was 
no apparent collection of blood from the deceased’s left arm (1-A and 1- 
C), to be compared to the concentrated collection of blood traces from 
the left arm in the Suicide conditions (1-B and 1-D). Furthermore, in the 
Homicide conditions, there is some collection from the external side of 
the toilet door (1-A and 1-C), while no collection from this location is 
apparent in the Suicide conditions (1-B and 1-D). However some simi-
larities between the conditions are also apparent, as participants in both 
conditions appeared to have collected blood from the right wall. 

As illustrated in Heat map 4, there appears to have been more vari-
ation and spread in the collection made by participants in the homicide 
condition compared to in the suicide condition, particularly with un-
limited resources. Possibly, this is an indication that participants in the 
homicide condition, to a larger extent than those in the suicide condi-
tion, wanted to ensure they did not leave behind any blood from a 
perpetrator at the scene. 

It is also notable that when comparing the limited and unlimited 
conditions, it appears that the limited condition is not always merely a 
selection of the samples selected in the unlimited condition, but also 

other blood samples are taken. See, for example, how CSIs in the limited 
condition appear to gather more blood from inside the toilet seat in Heat 
map 3 (3C&D v. 3A&B). This indicates that one and the same CSI, when 
faced with limited resources, will not simply do less of the same he/she 
would do with unlimited resources but it seems like the strategy itself 
may also change. 

Furthermore, to examine variation in how CSI’s collected blood in 
identical conditions, individual responses were compared. Among these 
individual responses, two CSIs with similar background characteristics 
(age, years of experience, etc.) were identified. The collection of these 
two CSIs respectively are presented in Heat map 5. They were both in the 
homicide condition. The comparison refers to the collection they did 
with unlimited resources. Participant A collected in total 15 samples 
while Participant B collected in total 38 samples. 

3.2.2. Location of markups – Explanations 
In the homicide condition, participants’ explanations as to why they 

decided to secure blood from specific locations were divided into 4 
themes. Three of the themes were reoccurring. Most participants, 7 out 
of 18 (38.89 %), decided on the basis of different blood patterns. Also, 5 
out of 18 participants (27.78 %) used a maximizing strategy, i.e. to do as 
many markups as possible from different blood patterns in different 
parts of the cubicle. Furthermore, 5 out of 18 participants (27.78 %) 
made assessments of what blood could be informative about the activity 
in the cubicle and/or a perpetrator. In this assessment, they would take 
into account, for example, that the act had been carried out with a sharp 
object. Another less common strategy, used by 1 out 18 (5.56 %) was to 
collect blood only from the small patterns of blood in order to avoid 
mixed DNA and to enable more reliable determinations of activity and 
the presence of a perpetrator. 

Heat map 4. Bloodstains below the Toilet. Location of Markups in the Conditions: Homicide and Unlimited Resources (4-A), Suicide and Unlimited Resources (4-B), 
Homicide and Limited Resources (4-C) and Suicide and Limited Resources (4-D). 
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In the suicide condition, 8 out of 19 (42.11 %) participants decided to 
secure blood traces they though were informative about what happened 
(activity) and who was there, e.g. from the handle or broken glass or 
areas where the blood was swiped or smeared. Also, it was fairly com-
mon to do as many markups as possible from different types of patterns 
in different parts of the room (maximizing strategy), which 4 out of 19 
(21.05 %) participants mentioned. Some participants, 2 out of 19 (10.53 
%) focused on the blood furthest away from the victim to make sure 
there was not a perpetrator and others – also 2 out 19 (10.53) – based 
their decisions on both blood patterns and surface area of deposition. 

Individual participants (1 out 19, 5.26 %) focused on small patterns of 
blood in order to avoid mixed DNA, or on areas where blood would be 
unexpected, or where contamination would be least likely. 

3.3. Number of markups 

Table 1 outlines the descriptive statistics for the number of markups. 
As illustrated in Table 1, participants sometimes decided to not 

collect any blood traces at all. Possibly, this is because they did not 
consider it relevant to collect blood. Alternative explanations are that 

Heat map 5. Collection of Blood by Participant A and Participant B Blood in Identical Conditions; Homicide and Unlimited Resources.  
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they did not fully understand the instructions or that they did not fully 
understand how to use the heat maps. 

A mixed subjects ANOVA was conducted to test whether the Re-
sources (Unlimited v. Limited) and the Context (Homicide v. Suicide) 
impacted significantly on the number of markups made. There was a 
significant main effect of Resources, F (1) = 11.41, p =.002, ηp

2 = 0.246 
(large effect). However, there was no significant main effect of Context, 
F (1) = 3.47, p =.071, and no significant interaction effect, F (1) =
1.191, p =.283. This is illustrated in Fig. 1. As illustrated in Fig. 1, the 
main effect of Resources appear to have been driven by differences in the 
homicide condition. 

Also, to test whether participants’ impressions were signficantly 
related to the number of markups they made, we conducted a between 
subjects ANOVA. This analysis showed no significant difference, F (2) =
0.105, p =.901. Notably, since participants were only asked about their 
impressions after they had done their markups, it would be unclear how 
the two variables relate to one another, even if there had been a sig-
nificant relation. 

3.3.1. Number of markups - explanations 
In the homicide condition, 10 out of 18 (55.55 %) of the participants 

wanted to do as many markups as possible to avoid contamination and 
improve chances of saying something about activity and identity. 
Others, 4 out of 18 (22.22 %) decided based on blood patterns and 
location, or on blood that might originate from the perpetrator (2 out of 
18, 11.11 %). Individual participants (1 out of 18, 5.55 %) decided on 
the basis of the volume of the blood or the injuries on the victim’s body. 

In the suicide condition, 7 out 19 (36.84 %) participants wanted to 
do as many markup as possible and/or based their decisions on blood 
patterns and locations (5 out 19, 26.32 %). Also, 2 out 19 (10.53 %) 
participants stated they would submit samples that might originate from 
someone other than the victim. Individual participants (1 out 19, 5.26 
%) based the number of markups on the volume of the blood (5.88 %), or 
stated that the number of markups did not matter since the blood was 
expected to come from the deceased regardless of whether it was a ho-
micide or suicide. Furthermore, individual participants suggested that 

the number is for the detective not the CSI to decide, or that 5 to 7 swabs 
should be taken considering the wet/dry method used in the partici-
pant’s jurisdiction (based on e.g. lab capacity). 

3.4. Impressions and confidence 

3.4.1. Other impressions 
Among participants who answered “other” for their impressions of 

the scene, thematic analysis was conducted for each condition. In the 
homicide condition, participants who said their impression was “other” 
explained that it was too early and/or that they had too little informa-
tion available to form any impression regarding how the deceased man 
had passed away (80 %), or that they thought it was not for them to 
decide (20 %). 

In the suicide condition, participants also stated that the information 
provided was insufficient for deciding (60 %), some mentioned other 
explanations such as medical conditions or illnesses (20 %) and some 
stated that while they would want to know more, for example, regarding 
the prevalence of blood outside the cubicle, the information spoke more 
for suicide than homicide (20 %). 

As illustrated in Table 2 the percentage of CSIs whose first impres-
sions were that the scene was a homicide scene was higher in the ho-
micide condition (52.90 %) than in the suicide condition (30.00). Also 
the percentage of CSIs who stated “other” as their first impression was 
lower in the homicide condition (29.40 %) than in the suicide condition 
(55.00 %). However, there was no significant association between the 
condition participants were in and their impressions of the 
scene,χ2(2) = 2.624ρ = .269.

A Between Subjects ANOVA was conducted to examine whether the 
condition (Homicide v. Suicide) and the Impression (Homicide v. Sui-
cide) impacted significantly on confidence judgments. There were no 
significant main effects of condition, F (1) = 0.054, p =.818, or 
impression, F (1) = 1.185, p =.319 and neither a significant interaction 
effect, F (1) = 0.787, p =.464 on confidence levels. 

3.5. Organizational rules and recommendations 

When asked to answer whether there are rules or recommendations 
on securing blood in their respective jurisdictions/workplaces, the 
participants answered in the following way. Most participants, 23 out of 
37 (62.16 %) said there are neither rules nor recommendations but that 
this is up to the CSI’s critical thinking and own judgements on what are 
relevant traces. A few participants, 7 out of 37 (18.92 %) answered that 
there are such limitations with less serious but frequent crimes, like 
burglaries. Four participants in this group mentioned three swabs as a 
limit in the less serious crimes but that there usually wouldn’t be any 
limits for more serious crimes. One participants mentioned that there are 
rules when it comes to examine vehicles involved in e.g. robbery, and 
another participant mentioned that if a deceased body is found there are 
rules stating from where on the body to secure traces. Yet another 
participant stated that while there are no limitations as to how many 
swabs can be taken a CSI is aware of limitations on how many swabs will 
then be analyzed forensically. Furthermore, a single participants 
mentioned that while no recommendations are in place, if the medical 
doctor and CSI believe that they are dealing with a suicide, no blood 
samples will be collected. 

To test whether these differences significantly impacted on partici-
pants’ decisions in this study we conducted chi-square tests and Between 
Subjects ANOVAs to test for any associations with the dependent vari-
ables. As illustrated by the analysis available in the Online Supple-
mentary Material, the differences in practices were not significantly 
associated with any of the dependent variables. 

Table 1 
Descriptive statistics (M,SD, min, max.) for number of markups in the Homicide 
and Suicide Conditions and Unlimited and Limited Conditions.   

Homicide Suicide 

Unlimited M SD Min. Max. M SD Min. Max.  

13.06 9.79 0 38 8.75 5.35 0 17 
Limited M SD Min. Max. M SD Min. Max.  

6.71 5.00 4 20 5.50 3.49 2 20 
Total 9.89  0 38 7.13  0 20  

Fig. 1. Number of Markups by Resources and Context in Experiment 1.  
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3.6. Time to complete task 

The total time to complete the task was correlated with participants’ 
background variables as well as the dependent variables. This analysis 
showed two significant correlations. Firstly, there was a significant 
positive correlation between the time to complete the task and the 
number of years of experience as a crime scene investigator, r = 0.387 
(moderate), p =.018. Secondly, there was a significant positive corre-
lation between the time to complete the task and the age of the CSIs, r =
0.369 (moderate), p =.025. There was also a significant positive corre-
lation between the number of years of experience and the age of the 
CSIs, r = 0.748, p <.001 (strong). Hence, it is uncertain whether longer 
experience, higher age or the two in interaction are associated with 
longer time to complete the task. However, there were no significant 
correlations with the dependent measures, that is, the impression of the 
scene r = 0.198, p =.240 or confidence judgments, r = 0.318, p =.065. 

3.7. Country where CSIs operate 

A chi-square analysis was run to examine whether CSI operating in 
Sweden, Norway and the UK differed significantly in their impressions of 
the scene, and this analysis showed no such difference, χ2(4) = 2.33ρ =

.676. Furthermore, there were no significant differences in participants’ 
confidence levels when analyzed by the country in which they operate, F 
(2) = 0.379, p =.687. Neither was there any significant difference be-
tween the number of markups CSIs from these respective countries 
made, F (2) = 28.32, p =.457. Also, the participants did not vary 
significantly in their responses as to whether their respective organiza-
tions had rules and recommendations for trace collection χ2(2) = .

83ρ = .661, or in the time taken to complete the task, F (2) = 0.44, p 
=.645. 

4. Experiment 2: Novices 

4.1. Method 

4.1.1. Participants 
Participants were 80 individuals from the UK recruited via Prolific, 

42 (52.50 %) females and 37 (46.30 %) males. Their ages varied be-
tween 18 and 57 (M = 25.400, SD = 7.477). They were offered 3 Euros 
each for their participation in line with Prolific guidelines. The inclusion 
of novices generated baseline data to be compared with the expert data 
in Experiment 1. 

4.1.2. Design, material and procedure 
Just like Experiment 1, Experiment 2 had a 2 (Resource limitations: 

yes vs. no) × 2 (Context: homicide vs. suicide) Mixed Subjects Design. 
The Resource limitations variable was varied within participants 
whereas the Context variable was varied between participants. Also the 
material and the procedure was identical to in Experiment 1, with the 
exceptions of what questions were posed to participants (Step 4). Given 
that participants in Experiment 2 were novices they were not asked how 
many years of experience, what type of BPA training they have and also 
not whether there are rules or recommendations in their respective or-
ganizations about collecting blood from high volume blood scenes. 

5. Results: Experiment 2 

5.1. Background variables 

Exploratory analyses were conducted to just like in Experiment 1. As 
illustrated by the analysis available in the Online Supplementary Ma-
terial none of the background variables were related to the dependent 
variables. 

5.2. Location of markups 

5.2.1. Heat maps for homicide and suicide conditions with Unlimited and 
Resources 

Unlike with the experts, the locations from which novices decided to 
secure blood did not seem to vary across the conditions. This is illus-
trated in Heat maps 6-9. To facilitate comparisons the maps for the 
respective conditions are presented together. 

5.2.2. Location of markups – Explanations 
In the homicide condition, participants’ explanations as to why they 

decided to secure blood from specific locations were divided into 7 
themes. Most participants, 17 out of 40 (42.50 %) decided to secure 
blood from places where there was a lot of blood, and some, 15 out 40 
(37.50 %) from where they expected to find blood from another person 
than the victim. A few participants, 6 out 40 (15.00 %), were attempting 
to secure blood from all over the cubicle. Yet others, 3 out of 40 (7.50 
%), in places that were not contaminated or were closest to the victim 
(also 3 out 40, 7.50 %). Individual participants (1 or 2) secured blood on 
the basis of different patterns, e.g. blood that seemed to come from 
different angles or they just guessed (2.439 %). Note that some partic-
ipants mentioned more than one theme. 

In the suicide condition, most participants, 17 out of 40 (42.50 %) 
secured blood from places where there was a lot of blood or, 8 out 40 
(20.00 %) tried to spread the collection all over. A few novices, 5 out of 
40 (12.50 %) decided to secure blood from close to the victim and/or 
where they expected to find blood from someone else other than the 
victim. Individuals participants (1 or 2) focused on places where the 
blood wouldn’t be contaminated, where there was just a little blood, 
based on patterns or just followed their intuition/guessed. 

Hence, roughly the same themes were mentioned in both conditions, 
although with different frequencies, and there was one additional theme 
in the suicide condition (where there was just a little blood) which was 
not mentioned in the homicide condition. 

5.3. Number of markups 

Table 3 outlines the descriptive statistics for the number of markups. 
A mixed subjects ANOVA was conducted to test whether the Re-

sources (Unlimited v. Limited) and the Context (Homicide v. Suicide) 
impacted significantly on the number of markups made. There was a 
significant main effect of Resources, F (1) = 21.489, p <.001, ηp

2 = 0.218 
(large effect). However, there was no significant effect of Context, F (1) 
= 2.638, p =.108 or significant interaction effect, F (1) = 3.589, p 
=.062. As illustrated in Fig. 2, the main effect appears to have been 
driven by a difference in the homicide condition, in which participants 

Table 2 
Descriptive statistics for overall impressions (%) and confidence judgments (M,SD) in Experiment 1.   

Condition  

Homicide Suicide  

Homicide Suicide Other Homicide Suicide Other 

Impression 52.90 17.60 29.40 30.00 15.00 55.00 
Confidence 69.889 

(15.909) 
66.667 
(11.547) 

49.800 
(35.358) 

55.00 
(13.784) 

70.00 
(10.000) 

55.455 
(27.955)  
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collected significantly more traces in the unlimited condition than the 
limited. Also, the number of traces collected in the homicide condition 
with unlimited resources was significantly higher than in the suicide 
condition with limited resources. 

5.3.1. Number of markups – Explanations 
In the homicide condition, participants’ explanations as to how they 

decided on how many markups to make entailed the following 5 themes. 
Most participants, 27 out of 40 (67.50 %) had a maximizing strategy, i.e. 
they wanted to get as many markups as possible to make sure they did 
not miss anything important. Some, on the contrary, wanted to make as 
few markups as possible with the best results (7 out of 40, 17.50 %). 
Others, 3 out 40 (7.50 %) decided on the basis of where it was likely that 
the involved would have touched. Individual participants (1 or 2) did 
not think much about the number or only marked up closest to the 
broken glass, referred to as “the weapon”. 

In the suicide condition, 14 out of 40 (35.00 %) participants decided 
to markup based on the number of blood stains they could see and/or 
(11 out of 40, 27.50 %) the lowest number necessary to obtain a good 
result. A few, 8 out 40 (20.00 %) did not think much about the number. 
Others tried to do as many markups as possible (7 out 40, 17.50 %). 
Hence, none of these participants decided on the basis of where in-
dividuals were likely to have touched or closest to the “weapon”. 

5.4. Impressions and confidence 

Descriptive statistics for participants overall impressions of the scene 
and confidence judgments are displayed in Table 4. 

There was a significant association between the condition the par-
ticipants were in and their impressions of the scene, χ2(1) = 14.687ρ <

.001. The odds that participants perceived of the scene as a homicide 
scene were 1.522 times higher if they were in the homicide condition 
than the suicide condition. Vice versa, if participants were in the suicide 
condition, the odds of them perceiving of the scene as a suicide scene 
were 14.718 times higher than if they were in the homicide condition. 
Because the odds ratio was higher in the suicide condition (14.718) than 
in the homicide condition (1.522), it seems like the suicide manipulation 
had more of an impact on novice participants. However, this is probably 
at least in part explained by that many novices, regardless of manipu-
lation, appears to have thought that a homicide had taken place, see 
Table 4 (97.60 % in homicide condition and 64.10 % in the suicide 
condition). In other words, had it not been for the suicide manipulation, 
most participants probably would not have thought of this possibility 
themselves. 

A Between Subjects ANOVA was conducted to examine whether the 
condition (Homicide v. Suicide) and the Impression (Homicide v. Sui-
cide) impacted significantly on confidence judgments. There were no 
significant main effects of conditions, F (1) = 0.247, p =.620 or 
impression, F (1) = 1.411, p =.239. There was a significant interaction 

Heat map 6. Right wall of Entrance and Body on the Floor. Location of Markups in the Conditions: Homicide and Unlimited Resources (6-A), Suicide and Unlimited 
Resources (6-B), Homicide and Limited Resources (6-C) and Suicide and Limited Resources (6-D). 
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Heat map 7. Close-up to Bloodstains around the Door Handle of the Toilet Cubicle Seen from Inside. Location of Markups in the Conditions: Homicide and Unlimited 
Resources (7-A), Suicide and Unlimited Resources (7-B), Homicide and Limited Resources (7-C) and Suicide and Limited Resources (7-D). 

Heat map 8. Overview of Bloodstains on the Walls and the Floor. Location of Markups in the Conditions: Homicide and Unlimited Resources (8-A), Suicide and 
Unlimited Resources (8-B), Homicide and Limited Resources (8-C) and Suicide and Limited Resources (8-D). 
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effect between condition and impression, F (1) = 4.335, p =.041. 
However, the more conservative post hoc tests came out non-significant. 

5.5. Time to complete task 

Correlational analysis was conducted to test whether the total time to 
complete the task was correlated with participants’ background 

Heat map 9. Bloodstains below the Toilet. Location of Markups in the Conditions: Homicide and Unlimited Resources (9-A), Suicide and Unlimited Resources (9-B), 
Homicide and Limited Resources (9-C) and Suicide and Limited Resources (9-D). 

Table 3 
Descriptive statistics (M,SD, min, max.) for number of markups in the Homicide and Suicide Conditions and Unlimited and Limited Conditions.   

Homicide Suicide 

Unlimited M SD Min. Max. M SD Min. Max.  

10.800 9.455 0 40 7.359 6.698 0 40 
Limited M SD Min. Max. M SD Min. Max.  

5.425 3.594 0 20 5.103 3.432 0 19 
Total          

Fig. 2. Number of Markups by Resources and Context in Experiment 2.  

Table 4 
Descriptive statistics for overall impressions (%) and confidence judgments (M, 
SD) in Experiment 2.   

Condition  

Homicide Suicide  

Homicide Suicide Homicide Suicide 

Impression 97.60  2.40 64.10 35.90 
Confidence 80.425 (18.230)  50.00 65.680 

(17.382) 
74.00 
(15.059)  
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variables or the dependent variables. This analysis showed no significant 
correlations, r = 0.117, p =.301 (biological sex), r = 0.011, p =.921 
(age), r = -0.076, p =.501 (impressions of scene), r = 0.085, p =.454 
(confidence judgments). 

6. Comparison of novices and experts 

6.1. Impressions and confidence 

There was a significant association between whether the participant 
was a novice or an expert and what their impression of the scene was, 
χ2(2) = 40.817ρ < .001. Overall, across both the homicide and the 
suicide condition, novices were 6.35 times more likely than experts to 
state that their impression of the scene was homicide. Within the ho-
micide condition specifically, χ2(2) = 26.380ρ < .001, novices were 
35.56 times more likely than experts to state homicide as their impres-
sion. Within the suicide condition specifically, χ2(2) = 26.380ρ < .001, 
novices were 4.17 times more likely than experts to state homicide as 
their impression. Notably, none of the novices stated “other” as their 
impression, while a total of 16 experts – 5 in the homicide condition and 
11 in the suicide condition – did so. Overall, these results suggest that 
novices were more likely to believe that a homicide had taken place, 
regardless of what condition they were in. As indicated by the high odds 
ratios, particularly 35.56, this was a considerable difference. 

A Between Subjects ANOVA was conducted to examine whether the 
Context (Homicide v. Suicide) and the Type of Participant (Novice v. 
Expert) impacted significantly on confidence judgments. There were 
significant main effects both of the Context, F (1) = 4.759p =.031, ηp

2 =

0.040 and the Type of Participant, F (1) = 12.503, p =.001, ηp
2 = 0.100. 

However, there was no significant interaction effect, F (1) = 0.433, p 
=.512. As illustrated in Fig. 3 participants in the homicide condition 
appeared more confident than participants in the suicide condition and 
the novices were more confident than experts. 

7. Number of markups 

A visual comparison of Figs. 1 and 2 suggest that novices and experts 
showed similar behaviors in the number of markups they did across the 
conditions, although experts appeared to collect somewhat more traces 
in the homicide unlimited condition. This difference did not come out 
significant, t (55) = -0.817, p =.418. 

8. Discussion 

8.1. Between expert Biasability 

The heat maps contain a few relevant findings for the discussion 

pertaining to Between Expert Biasability. As illustrated by Heat map 1, 
expert participants in the suicide condition seemed to have focused more 
on the deceased’s arm when collecting blood, compared to participants 
in the homicide condition who do not appear to have collected virtually 
any blood from the man’s arm. The difference remains even when par-
ticipants in the respective conditions had limited resources. The differ-
ence is likely a result of the context manipulation, including the picture 
of the hesitation marks and the witness testimony. The context was 
manipulated using many pieces of information in order to simulate real 
life criminal cases as far as possible. In addition, the combined context, 
including the choice of the photo for each condition, has the potential to 
strengthen the experimental manipulation, thus addressing methodo-
logical concerns on ineffective manipulation designs in forensic 
decision-making research [75]. This is, however, associated with the 
limitation that it cannot be concluded which specific piece of informa-
tion had the observed effect, but simply that the context in a wider sense 
had such an impact. Furthermore, we decided to only show the photo of 
the wrist in the suicide condition and only the photo of the neck in the 
homicide condition to simulate how investigators’ choices to commu-
nicate some but not other information to CSIs can be a biasing factors, 
especially when combined with other information consistent with the 
preferred hypothesis. 

Furthermore, as illustrated in Heat map 2, participants in the suicide 
condition with unlimited resources appear to have collected more blood 
from the handle on the inside of the toilet cubicle door, compared to 
participants in the homicide condition with unlimited resources. The 
door handle ought to be a relevant place for collection, even if it is likely, 
in a public toilet, that DNA from multiple individuals will be present. It 
is unclear why participants in the homicide condition would not to the 
same extent perceive of this as a relevant collection spot. One possible 
interpretation is that they presumed they would find blood from the 
perpetrator elsewhere, closer to the victim, and that DNA from the 
handle would not be sufficient for proving guilt. 

Interestingly, however, when participants had limited resources, the 
differences between the homicide and suicide conditions were smaller 
(as also more participants in the homicide condition collected blood 
more often from the handle, compared with the unlimited condition). 
Possibly, the limitation made them motivated to secure DNA from the 
handle, should it not be possible to identify closer to the victim. 
Furthermore, as illustrated in Heat map 3, participants in the homicide 
condition appear to have been somewhat more likely to collect blood 
from what appears to be a smear stain right above the toilet. The dif-
ference appears more clearly in the unlimited than the limited condition, 
although in all cases it appears to be a relatively small difference. If there 
has been struggle between two individuals within the toilet cubicle, it is 
possible that one or both individuals have deposited blood in a smear 
stain. If blood from someone other than the victim is found within this 
stain it can therefore both be informative of identity and activity. This 
can be compared to any potential DNA left on the handle, which is more 
indicative of identity, and not necessarily that the individual has been 
involved in the death of the man. Seen together, Heat map 2 and 3 
therefore seems to indicate that participants in the homicide condition 
may have been more focused on tying a perpetrator to not only having 
been inside the cubicle but also having, potentially, committed a crime 
against the victim. 

There are also some relevant differences appearing in Heat map 4. 
There appears to have been more variation and spread in the collection 
made by participants in the homicide condition compared to in the 
suicide condition, particularly with unlimited resources. Possibly, this is 
an indication that participants in the homicide condition, to a larger 
extent than those in the suicide condition, wanted to ensure they did not 
leave behind any blood from a perpetrator at the scene. 

Based on visual inspection, the heat maps together seem to suggest 
that participants in the respective conditions were more likely to collect 
blood from where it was expected to be found, given that the hypothesis 
they had been provided with was true. This tendency appeared more 

Fig. 3. Confidence Judgments by Type of Participant and Context.  
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clearly with unlimited resources. However, two things should be noted 
in this regard. Firstly, in a few places (see e.g. Heat map 1 and 3 in 
Experiment 1), participants in both the homicide and the suicide con-
ditions did collect blood from the same location although to different 
extents. Apparently, some traces were important for participants in both 
conditions, while some were chosen more often in one of the conditions. 
Secondly, it should be noted that since the location of the markups have 
been recorded using heatmaps we have not been able to test for signif-
icant differences in meaningful ways and future research still needs to 
evaluate the nature of this difference. For example, also participants in 
the suicide condition appear to have collected blood traces to see if 
another individual could be linked to the scene. One possible interpre-
tation is that participants in the suicide condition wanted to examine the 
possibility primarily to exclude the possibility of a homicide while 
participants in the homicide condition wanted to identify a perpetrator. 

It is also interesting to note that there are some indications in the 
Heat Maps (see e.g. Heat map 3), that CSIs, with limited resources, do 
not simply collect fewer traces from the same spots as with unlimited 
resources but they in fact change the spots to. This can be interpreted as 
an issued with Within Expert Biasability, a term also stemming from the 
Hierarchy Expert Performance (HEP) [12]. This means that one and the 
same expert, who conducts the same task at two different points in time 
will vary in their decisions given that the context changes. 

Apart from the location of the markups, there are also some relevant 
differences in the number of markups made by the participants in the 
different conditions. For example, in the homicide condition with un-
limited resources, participants collected an average of 13.06 samples. 
This is almost twice as many as when participants were aware of limited 
resources in the homicide condition where the average was 6.71 sam-
ples. The resource limitation did have a significant impact (p =.002, ηp

2 

= 0.246. The context (Homicide v. Suicide) also seem to matter in this 
regard as, for example, participants in suicide condition with unlimited 
resources collected an average of 8.75 samples, to be compared to the 
corresponding average in the homicide condition (13.06), although the 
context did not have a significant impact in this regard (p =.071, ηp

2 =

0.090). The largest difference in averages was between the homicide 
condition with unlimited resources (13.06) and the suicide condition 
with awareness of limited resources (5.50), although there was no sig-
nificant interaction effect (p =.283, ηp

2 = 0.033). However, as illustrated 
by Fig. 1, the significant main effect of Resources appear to have been 
driven differences in the homicide condition. 

Similarly, participants in the homicide condition were more likely to 
state that their first impression was that a homicide had taken place. 
Specifically, 52.90 % of these participants stated their impression was 
that a homicide had taken place, and they were, on average 69.89 % 
confident. This is somewhat higher than in the suicide condition in 
which 30.00 % of participants stated “homicide” as their first impression 
and they were on average 55.00 % confident. Interestingly, among the 
participants in the suicide conditions, participants also appeared to have 
been more likely to state “other” (55.00 %) than in the homicide con-
dition (29.40 %). Potentially, this is an indication that participants in the 
suicide condition were more open to alternative courses of events and/ 
or more uncertain about what had occurred. For example, in the suicide 
condition participants who answered “other” explained that the death 
may have happened due to medical conditions or illnesses, which was 
not mentioned in the homicide condition. 

8.2. Between expert reliability 

Even among expert participants who made their decisions in iden-
tical conditions, there was some relevant individual variation. This is 
clearly illustrated in Heat map 5. Both Participant A and B were in the 
homicide conditions but when they collected blood with unlimited re-
sources, Participant A decided to secure a total of 15 traces while 
Participant B secured 38 traces. The location from which they secured 
blood also seem to be different, for example because Participant A 

collected blood only from the main blood stain below the toilet (2nd 
picture from the left) while Participant B also collected from the blood 
pattern next to it. While it is unknown whether the collection of either 
participant would have been better in identifying a potential perpe-
trator, it seems that such differences may have important implications. 
Also, when participants explained why they decided to secure blood 
from a certain location there was relevant variation. For example, 
among participants in the homicide condition, 7 out of 18 (38.89 %) 
decided on the basis of different blood patterns. A few others, 5 out 18 
(27.78 %) wanted to do as many markups as possible from different 
parts of the room, while yet others (the same number) decided to collect 
based on what blood could be informative of activity. One participant 
(5.56 %) decided to collect blood only from small patterns in order to 
avoid mixed DNA. Similarly, different CSIs seemed differently prepared 
to state a first impression. For example, while some stated “Homicide” 
and were around 70 % confident, others would say that it was not for 
them to decide, or that it was too early to decide. It is possible that this 
reflects differences in metacognitive judgments or subjective decision 
thresholds, or tolerance to ambiguity [76,77]. In other words, different 
CSIs vary in when, and whether, they are comfortable in stating their 
opinion in the case. It is unknown whether and what effect such dif-
ferences would have in real life criminal cases. However, possibly, in-
dividuals who are more likely to say “Homicide” already from the outset, 
would be more susceptible to biases such as confirmation bias. This bias, 
however, also operates on a subconscious level and is not necessarily 
connected to what a CSI decides to declare or not declare about their 
beliefs to someone else. On a similar note, there appears to have some 
differences in the total time taken to complete the task. Specifically, CSIs 
of higher age and with more years of experience seem to have taken 
longer to complete the task. However, age and years of experience were 
not correlated with, for example, the impression of the scene. What 
exact consequences such individual differences have in real life criminal 
cases is unknown, but it does underline that individual differences as a 
source of lacking Between Expert Reliability [78] deserves more atten-
tion in future research. 

8.3. Experts vs. Novices 

When comparing the expert and novice data some relevant differ-
ences and similarities appear. 

While experts’ collection of blood traces differed in some ways 
depending on what condition they were in (Resources, Context) – see 
Heat maps 1-4, novices collection show no apparent differences in this 
regard – see Heat maps 6-9. Yet, for both experts and novices, it seems 
the Context manipulation was relevant for their first impressions of the 
scene, although to different degrees. For example, among novices in the 
homicide condition, 97.60 % of participants stated that their impres-
sions of the scene was homicide and they were, on average, 80.43 % 
confident. Among the experts in the homicide condition, 52.90 % 
answered that their first impression was homicide and they were, no 
average, 69.89 % confident. Specifically, novices in the homicide con-
dition were 35.56 times more likely than experts in the same condition 
to state “homicide” as their first impression. In addition, none of the 
novice participants thought of “other” answers while this was fairly 
common among the experts, especially those in the suicide condition. 
This indicates that novices were more likely than experts to jump to 
conclusions about what might have happened. 

In the explanations provided for the location of their markups, most 
novices decided to secure blood from places where there was a lot of 
blood (41.46 %), where they expected to find blood from another person 
than the victim (36.59 %) or they tried to spread the collection all over 
the scene (20.51 %). Among experts, some of the most commonly 
mentioned explanations was that they decided to secure blood traces 
that could say something about what happened (activity) and who was 
there, e.g. from the handle or broken glass or areas where the blood was 
swiped or smeared (42.11 % in the Suicide condition). Furthermore, 
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many experts decided on the basis of different blood patterns (38.89 % 
in the Homicide condition) or wanted to do as many markups as possible 
from different parts of the room (27.78 % in the Homicide condition). 

As such, there were some similarities in the reasons provided among 
novices and experts. It is possible that the reasons for securing blood 
from one or the other location could be further examined to provide CSIs 
with a more scientifically sound basis for their decision making. These 
findings in fact suggest that the motivation for collecting blood from one 
or the other location is not necessarily that different from that provided 
by novices. Note however, that while the explanations provided for 
collections were similar, experts and novices seem to have varied in how 
they actually collected traces, based on the heat maps. 

Overall, the findings in this study pertaining to Between Expert 
Biasability and Reliability are consistent with but also expand on pre-
vious research. For example, it is in line with previous findings on how 
collection of other crime-relevant traces than blood can be biased by 
contextual information [52]. Similarly, it reinforces the importance of 
the human factor when it comes to blood traces but compared to pre-
vious research it focuses less on blood stain pattern analysis [54] and 
more on the actual collection of blood, which can be informative of both 
activity and identity. 

9. Conclusion 

The purpose of this research was to examine Between CSI Biasability 
and Reliability in the selection of blood traces from a crime scene. 
Experiment 1 with CSIs operating in Sweden, Norway and the UK 
provided data on how experienced CSIs collect blood from a scene 
following different resources and different contexts. Then, as a com-
parison, Experiment 2 used the same experimental design with novices 
to obtain baseline data for how individuals without the relevant 
expertise would behave. 

The results points to potential issues with both biasability and reli-
ability. As such, it appears that the decision making of CSIs could benefit 
from a more sound scientific basis. It is unknown whether one blood 
collection strategy generally would increase the chances of, for example, 
identifying a perpetrator, at a high volume blood scene. To gain 
important insight into this question different strategies need to be 
empirically evaluated, thereby creating an evidence-base for the de-
cisions made at such a scene. Possible strategies could be investigated 
using realistic controlled experiments, using virtual or in-person mock 
crime scenes, as opposed to photographs as in the current study. Virtual/ 
in-person mock scenes can enable CSIs to better imagine how things 
might have happened and where traces can be left. For example, this 
approach can be used to test the potential of different trace collection 
strategies like random collection vs. structured strategies like collecting 
in circles or lines vs. strategies that focus on the different blood stain 
patterns seen on the scene. To test and compare the outcomes of such 
strategies would allow conclusions as to whether one works better than 
another and thereby create an evidence-base for the decisions made by 
CSIs at crime scenes. The importance of sound collection strategies can 
hardly be overstated, considering, for example, that the collection dic-
tates what will, and what will not, be analyzed forensically. The fact that 
such scientific basis is lacking can be an explanation as to the similarities 
in the reasoning between novices and experts in this regard. Possibly, 
the collection of blood happens more on the basis of the individual’s 
common sense instead of scientifically established methodology. To 
avoid that important traces are left at the scene, it is essential that re-
searchers and CSIs in collaboration examine scientifically valid meth-
odologies for trace collection. Since both novices and experts appear to 
have been impacted by the Resource limitation and the irrelevant 
contextual information, the importance of contextual information 
management (CIM) models deserves to be mentioned. In other words, it 
is essential to make informed decisions about what CSIs should know 
when they enter a scene, and to also document and disclose of these 
decisions [79]. This assessment needs to be made by a context manager 

on a case to case basis [80]. Importantly, a context manager’s job is not 
to completely shield CSIs from contextual information but rather to 
make informed decisions about what should be disclosed to CSIs and 
when, and this needs to be based on research. Today, recommendations 
are starting to appear aiding context managers’ assessments of what is or 
is not relevant (for an overview see [81]). 

On top of this, the importance of individual differences in CSIs and 
the relevance for their decision making need to be further explored. This 
experiment provides no explanation of these differences since age, bio-
logical sex, years of experience, type of training or the country in which 
the CSIs operate were not significantly related with the dependent 
measures. Note that more senior CSIs (more experience, older) seemed 
to take slightly longer to complete the task, but their decision making 
was not significantly different from the less experienced and younger 
CSIs. Individual differences are not necessarily inherently a threat to the 
administration of justice. In fact, such differences can be beneficial if the 
dissent is effectively incorporated into decision making processes.. If 
blood is only collected by one CSI, it appears the chances to identify a 
perpetrator, and outcome in a more general sense, may vary in impor-
tant ways. It is possible that trace collection can be discussed among 
multiple CSIs, for example on the basis of photos, before the actual trace 
collection is conducted. Hence, this research has identified a few 
important lines for future research to address. Until such research is 
available, the awareness of contextual effects, resource limitations and 
individual differences may make CSIs and police and/or prosecution 
authorities rethink methodologies that they currently use, preferably in 
collaboration with researchers. 
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