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Linear Sequential Unmasking–Expanded (LSU-E): A general approach for improving decision 
making as well as minimizing noise and bias  
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1. Introduction 

All decision making, and particularly expert decision making, re
quires the examination, evaluation, and integration of information. 
Research has demonstrated that the order in which information is pre
sented plays a critical role in decision making processes and outcomes. 
Different decisions can be reached when the same information is pre
sented in a different order [1,2]. 

Because information must always be considered in some order, 
optimizing this sequence is important for optimizing decisions. Since 
adopting one sequence or another is inevitable —some sequence must be 
used— and since the sequence has important cognitive implications, it 
follows that considering how to best sequence information is 
paramount. 

In the forensic sciences, existing approaches to optimize the order of 
information processing (sequential unmasking [3] and Linear Sequential 
Unmasking [4]) are limited in terms of their narrow applicability to only 
certain types of decisions, and they focus only on minimizing bias rather 
than optimizing forensic decision making in general. 

Here, we introduce Linear Sequential Unmasking–Expanded (LSU-E), 
an approach that is applicable to all forensic decisions rather than being 
limited to a particular type of decision, and it also reduces noise and 
improves forensic decision making in general rather than solely by 
minimizing bias. 

1.1. Cognitive background 

All decision making is dependent on the human brain and cognitive 
processes. Of particular importance is the sequence in which informa
tion is encountered. For example, it is well documented that people tend 
to remember the initial information in a sequence better —and be more 
strongly impacted by it— compared to subsequent information in the 

sequence (see the primacy effect [5,6]). For example, if asked to 
memorize a list of words, people are more likely to remember words 
from the beginning of the list compared to the middle of the list (see also 
the recency effect [7]). 

Critically important, the initial information in a sequence is not only 
remembered well, but it also influences the processing of subsequent 
information in a number of ways (see a simple illustration in Fig. 1). The 
initial information can create powerful first impressions that are difficult 
to override [8], it generates hypotheses that determine which further 
information will be heeded or ignored (e.g., selective attention [9–12]), 
and it can prompt a host of other decisional phenomena, such as 
confirmation bias, escalation of commitment, decision momentum, 
tunnel vision, belief perseverance, mind set and anchoring effects 
[13–19]. These phenomena are not limited to forensic decisions, but also 
apply to medical experts, police investigators, financial analysts, mili
tary intelligence, and indeed anyone who engages in decision making. 

As a testament to the power of the sequencing of information, studies 
have repeatedly found that presenting the same information in a 
different sequence elicits different conclusions from decision-makers. 
Such effects have been shown in a whole range of domains, from food 
tasting [20] and jury decision-making [21,22], to countering conspiracy 
arguments (such as anti-vaccine conspiracy theories [23]), all demon
strating that the ordering of information is critical. Furthermore, such 
order effects have been specifically shown in forensic science; for 
example, Klales and Lesciotto [24] as well as Davidson, Rando, and 
Nakhaeizadeh [25] demonstrated that the order in which skeletal ma
terial is analyzed (e.g., skull versus hip) can bias sex estimates. 

1.2. Bias background 

Decisions are vulnerable to bias — systematic deviations in judgment 
[26]. This type of bias should not be confused with intentional 
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discriminatory bias. Bias, as it is used here, refers to cognitive biases that 
impact all of us, typically without intention or even conscious awareness 
[26,27]. 

Although many experts incorrectly believe that they are immune 
from cognitive bias [28], in some ways experts are even more suscep
tible to bias than non-experts [27,29,30]. Indeed, the impact of cogni
tive bias on decision making has been documented in many domains of 
expertise, from criminal investigators and judges, to insurance un
derwriters, psychological assessments, safety inspectors and medical 
doctors [26,31–36], as well as specifically in forensic science [30]. 

1.3. Bias in forensic science 

The existence and influence of cognitive bias in the forensic sciences 
is now widely recognized (‘the forensic confirmation bias’ [27,37,38]). 
In the United States, for example, the National Academy of Sciences 
[39], the President’s Council of Advisors on Science and Technology 
[40], and the National Commission on Forensic Science [41] have all 
recognized cognitive bias as a real and important issue in forensic de
cision making. Similar findings have been reached in other countries all 
around the world—for example, in the United Kingdom, the Forensic 
Science Regulator has issued guidance about avoiding bias in forensic 
work [42], and in Australia as well [43]. 

Furthermore, the effects of bias have been observed and replicated 
across many forensic disciplines (e.g., fingerprinting, forensic pathol
ogy, DNA, firearms, digital forensic, handwriting, forensic psychology, 
forensic anthropology, and CSI, among others; see Ref. [44] for a 
review)—including among practicing forensic science experts specif
ically [30,45–47]. Simply put, no forensic domain, or any domain for 
that matter, is immune from bias. 

2. Minimizing bias in forensic science 

Although the need to combat bias in forensic science is now widely 
recognized, actually combating bias in practice is a different matter. 
Within the pragmatics, realities and constraints of crime scenes and 
forensic laboratories, minimizing bias is not always a straightforward 
issue [48]. Given that mere awareness and willpower are insufficient to 
combat bias [27], we must develop effective —but also practical— 
countermeasures. 

Linear Sequential Unmasking (LSU [4]) minimizes bias by regulating 
the flow and order of information such that forensic decisions are based 
on the evidence and task-relevant information. To accomplish this, LSU 
requires that forensic comparative decisions must begin with the ex
amination and documentation of the actual evidence from the crime 
scene (the questioned or unknown material) on its own before being 
exposed to the ‘target’/suspect (known) reference material. The goal is 
to minimize the potential biasing effect of the reference/’target’ on the 
evidence from the crime scene (see Level 2 in Fig. 2). LSU thus ensures 
that the evidence from the crime scene -not the ‘target’/suspect- drives 
the forensic decision. This is especially important since the nature of the 
evidence from the crime scene makes it more susceptible to bias, because 
–in contrast to the reference materials- it often has low quality and 

quantity of information, which makes it more ambiguous and malleable. 
By examining the crime scene evidence first, LSU minimizes the risk of 
circular reasoning in the comparative decision making process by pre
venting one from working backward from the ‘target’/suspect to the 
evidence. 

2.1. LSU limitations 

By its very nature, LSU is limited to comparative decisions where 
evidence from the crime scene (such as fingerprints or handwriting) is 
compared to a ‘target’/suspect. This approach was first developed to 
minimize bias specifically in forensic DNA interpretation (sequential 
unmasking [3]). Dror et al. [4] then expanded this approach to other 
comparative forensic domains (fingerprints, firearms, handwriting, etc.) 
and introduced a balanced approach for allowing revisions of the initial 
judgments, but within restrictions. 

LSU is therefore limited in two ways: First, it applies only to the 
limited set of comparative decisions (such as comparing DNA profiles or 
fingerprints). Second, its function is limited to minimizing bias, not 
reducing noise or improving decision making more broadly. 

In this article, we introduce Linear Sequential Unmas
king—Expanded (LSU-E). LSU-E provides an approach that can be 
applied to all forensic decisions, not only comparative decisions. 
Furthermore, LSU-E goes beyond bias, it reduces noise and improves 
decisions more generally by cognitively optimizing the sequence of in
formation in a way that maximizes information utility and thereby 
produces better and more reliable decisions. 

3. Linear Sequential Unmasking—Expanded (LSU-E) 

3.1. Beyond comparative forensic domains 

LSU in its current form is only applicable to forensic domains that 
compare evidence against specific reference materials (such as a sus
pect’s known DNA profile or fingerprints—see Level 2 in Fig. 2). As 
noted above, the problem is that these reference materials can bias the 
perception and interpretation of the evidence, such that interpretations 
of the same data/evidence vary depending on the presence and nature of 
the reference material —and LSU aims to minimize this problem by 
requiring linear rather than circular reasoning. 

However, many forensic judgments are not based on comparing two 
stimuli. For instance, digital forensics, forensic pathology, and CSI all 
require decisions that are not based on comparing evidence against a 
known suspect. Although such domains may not entail a comparison to a 
‘target’ stimulus or suspect, they nevertheless entail biasing information 
and context that can create problematic expectations and top-down 
cognitive processes —and the expanded LSU-E provides a way to 
minimize those as well. 

Take, for instance, CSI. Crime scene investigators customarily 
receive information about the scene even before they arrive to the crime 
scene itself, such as the presumed manner of death (homicide, suicide, or 
accident) or other investigative theories (such as an eyewitness account 
that the burglar entered through the back window, etc.). When the CSI 
receives such details before actually seeing the crime scene for them
selves, they become prone to develop a priori expectations and hy
potheses, which can bias their subsequent perception and interpretation 
of the actual crime scene, and impact if and what evidence they collect. 
The same applies to other non-comparative forensic domains, such as 
forensic pathology, fire investigators and digital forensics. For example, 
telling a fire investigator —before they arrive and examine the fire scene 
itself— that the property was on the market for two years but did not 
sell, or/and that the owner had recently insured the property, can bias 
their work and conclusions. 

Combating bias in these domains is especially challenging since these 
experts need at least some contextual information in order to do their 
work (unlike, for example, firearms, fingerprint, and DNA experts, who 

Fig. 1. A simple illustration of the order effect: Reading from left to right, the 
first/leftmost stimulus can affect the interpretation of the middle stimulus, such 
that it reads as A-B-14; but reading the same stimuli, from right to left, starting 
with 14 as the first stimulus, often makes people see the stimuli as A-13-14, i.e., 
the middle stimulus as a ‘13’ (or a ‘B’) depending on what you start with first. 
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require minimal contextual information to perform comparisons of 
physical evidence). 

The aim of LSU-E is not to deprive experts of the information they 
need, but rather to minimize bias by providing that information in the 
optimal sequence. The principle is simple: Always begin with the actual 
data/evidence —and only that data/evidence— before considering any 
other contextual information, be it explicit or implicit, reference mate
rials, or any other contextual or meta-information. 

In CSI, for example, no contextual information should be provided 
until after the CSI has initially seen the crime scene for themselves and 
formed (and documented) their initial impressions, derived solely from 
the crime scene and nothing else. This allows them to form an initial 
impression driven only by the actual data/evidence. Then, they can 
receive relevant contextual information before commencing evidence 
collection. The goal is clear: As much as practically possible, experts 
should —at least initially— form their opinion based on the raw data 
itself before being given any further information that could influence 
their opinion. 

Of course, LSU-E is not limited to forensic work and can be readily 
applied to many domains of expert decision making. For example, in 
healthcare, a medical doctor should examine a patient before making a 
diagnosis (or even generating a hypothesis) based on contextual infor
mation. The use of SBAR (Situation, Background, Assessment and 
Recommendation [49,50]) should not be provided until after they have 
seen the actual patient. Similarly, workplace safety inspectors should 
not be made aware of a company’s past violations until after they have 
evaluated the worksite for themselves without such knowledge [32]. 

3.2. Beyond minimizing bias 

Beyond the issue of bias, expert decisions are stronger when they are 
less noisy and based on the ‘right’ information —the most appropriate, 
reliable, relevant and diagnostic information. LSU-E provides criteria 
(described below) for identifying and prioritizing this information. 

Rather than exposing experts to information in a random or incidental 
order, LSU-E aims to optimize the sequence of information so as to 
utilize (or counteract) cognitive and psychological influences (such as, 
primacy effects, selective attention and confirmation bias; see Section 
1.1) and thus empower experts to make better decisions. It is also critical 
that as the expert progresses through the informational sequence, they 
document what information they see and any changes in their opinion. 
This is to ensure that it is transparent what information was used in their 
decision making and how [51,52]. 

4. Criteria for sequencing information in LSU-E 

Optimizing the order of information not only minimizes bias but also 
reduces noise and improves the quality of decision making more 
generally. The question is: How should one determine what information 
experts should receive and how best to sequence it? LSU-E provides 
three criteria for determining the optimal sequence of exposure to task- 
relevant information: biasing power, objectivity, and relevance —which 
are elaborated below.  

1. Biasing power. The biasing power of relevant information varies 
drastically. Some information may be strongly biasing, whereas 
other information is not biasing at all. For example, the technique 
used to lift and develop a fingerprint is minimally biasing (if at all), 
but the medication found next to a body may bias the manner-of- 
death decision. It is therefore suggested that the non- (or less) 
biasing relevant information be put before the more strongly biasing 
relevant information in the order of exposure.  

2. Objectivity. Task-relevant information also varies in its objectivity. 
For example, an eyewitness account of an event is typically less 
objective than a video recording of the same event —but video re
cordings can also vary in their objectivity, depending on their 
completeness, perspective, quality, etc. It is therefore suggested that 

Fig. 2. Sources of cognitive bias in sampling, observations, testing strategies, analysis, and/or conclusions, that impact even experts. These sources of bias are 
organized in a taxonomy of three categories: case-specific sources (Category A), individual-specific sources (Category B), and sources that relate to human nature 
(Category C). 
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the more objective information be put before the less objective in
formation in the order of exposure.  

3. Relevance. Some relevant information stands at the very core of the 
work and necessarily underpins the decision, whereas other relevant 
information is not as central or essential. For example, in deter
mining manner-of-death, the medicine found next to a body would 
typically be more relevant (for instance, to determine which toxi
cological tests to run) than the decedent’s history of depression. It is 
therefore suggested that the more relevant information is put before 
the more peripheral information in the order of exposure, and –of 
course- any information that is totally irrelevant to the decision 
should be omitted altogether (such as the past criminal history of a 
suspect). 

The above criteria are ‘guiding principles’ because:  

A. The suggested criteria above are actually a continuum rather than a 
simple dichotomy [45,48,53]. One may even consider variability 
within the same category of information; for example, a higher 
quality video recording may be considered before a lower quality 
recording, or a statement from a sober eyewitness may be considered 
before a statement from an intoxicated witness.  

B. The three criteria are not independent; they interact with one 
another. For example, objectivity and relevance may interact to 
determine the power of the information (e.g., even highly objective 
information should be less powerful if its relevance is low, or 
conversely, highly relevant information should be less powerful if its 
objectivity is low). Hence, the three criteria are not to be judged in 
isolation from each other.  

C. The order of information needs to be weighed against the potential 
benefit it can provide [52]. For example, at the trial of police officer 
Derek Chauvin in relation to the death of George Floyd, the forensic 
pathologist Andrew Baker testified that he “intentionally chose not” 
to watch video of Floyd’s death before conducting the autopsy 
because he “did not want to bias [his] exam by going in with pre
conceived notions that might lead [him] down one path or another” 
[54]. Hence, his decision was to examine the raw data first (an au
topsy of the body) before exposure to other information (the video). 
Such a decision should also consider the potential benefit of watch
ing the video before conducting the autopsy, in terms of whether the 
video might guide the autopsy more than bias it. In other words, 
LSU-E requires one to consider the potential benefit relative to the 
potential biasing effect [52]. 

With this approach, we urge experts to carefully consider how each 
piece of information satisfies each of these three criteria and whether 
and when it should, or should not, be included in the sequence —and 
whenever possible, to document their justification for including (or 
excluding) any given piece of information. Of course, this raises prac
tical questions about how to best implement LSU-E, such as using case 
managers —and effective implementation strategies may well vary be
tween disciplines and/or laboratories— but first we need to acknowl
edge these issues and the need to develop approaches to deal with them. 

5. Conclusions 

In this paper, we draw upon classic cognitive and psychological 
research on factors that influence and underpin expert decision making 
to propose a broad and versatile approach to strengthening expert de
cision making. Experts from all domains should first form an initial 
impression based solely on the raw data/evidence, devoid of any 
reference material or context, even if relevant. Only thereafter can they 
consider what other information they should receive and in what order 
based on its objectivity, relevance, and biasing power. It is furthermore 
essential to transparently document the impact and role of the various 
pieces of information on the decision making process. As a result of using 

LSU-E, decisions will not only be more transparent and less noisy, but it 
will also make sure that the contributions of different pieces of infor
mation are justified by, and proportional to, their strength. 
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