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1. AIMS

This Best Practice Manual (BPM) aims to provide a framework for procedures, quality
principles, training processes and approaches to the forensic examination of footwear
impressions. This BPM can be used by member laboratories of ENFSI and other forensic
science laboratories to establish and maintain working practices that will deliver reliable
results, maximize the quality of the information obtained and produce robust evidence. The
use of a consistent methodology and the production of more comparable results will facilitate
interchange of data between laboratories.

The term BPM is used to reflect the scientifically accepted practices at the time of writing. The
term BPM does not imply that the practices laid out in this manual are the only good practices
used in the field of footwear impression evidence. In this series of ENFSI Practice Manuals,
the term BPM has been maintained for reasons of continuity and recognition.

2. SCOPE

This BPM is aimed at experts in the field and assumes prior knowledge in the discipline. It is
not a standard operating procedure and addresses the requirements of the judicial systems in
general terms only. It is focussed on the processing of footwear impression evidence, both in
the field and on evidence submitted to the lab. As well as the comparison of footwear
impressions recovered from crime scenes with suspect footwear and aspects of footwear
intelligence.

The main areas that this manual covers are listed below:

* The location, enhancement and recovery of footwear impressions from crime scenes, to
include aspects such as:

e Lighting

¢ Photography/Imaging

¢ Lifting techniques

e Casting

e Powdering

e Chemical enhancement

» The principles and processes involved in the comparison of crime scene impressions to
suspect footwear, including:

o Methods used for the production of test impressions
¢ Comparison

¢ Evaluation of results

¢ Verification

o Footwear intelligence

¢ Quality assurance and quality control procedures

The manual addresses best practices relating to the forensic examination of footwear
impression evidence. It looks at the total process from scene to lab and provides advice and
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guidance that the examiner should consider. The law enforcement agency and legal system in
which a forensic laboratory is working is also a factor in determining what processes will be
expected and allowed.

3. TERMS AND DEFINITIONS

Impression: The term impression is used to describe the mark left by the (out)sole
of an item of footwear. Without any further specifications, it refers to a
mark whose origin is in question. It also refers to as an unknown crime
scene mark or simply a crime scene mark in this document.

Test impression:  This term refers to impressions created from a known item of footwear,
generally for the purpose of performing a comparison with an unknown
crime scene mark.

Manufactured Characteristics of a sole that originate from the manufacturing process
characteristics: and that are generally shared by a group of shoes.

Acquired Characteristics of a sole that form during use of the shoe over time (all
characteristics: kinds of wear) or during a single event (like cuts).

For the purposes of this Best Practice Manual (BPM), the relevant terms and definitions given
in ENFSI documents, the ILAC G19 “Modules in Forensic Science Process”, as in standards
like 1ISO 9000, ISO 17000 and 17020 apply.

4. RESOURCES

4.1 Personnel

People are likely to be the most important resource in any forensic application, and for staff to
work effectively and efficiently, everybody involved in the process must understand the nature
of the tasks and the competencies required to perform them. The information provided in this
section defines the key responsibilities, and competencies required by personnel involved in
the forensic examination of footwear impressions. Due to variations in national rules and
regulations, and the structure and size of forensic science organisations, absolute
standardisation of a footwear examiner’s role and responsibilities cannot be achieved.

411 Roles and Responsibilities

The key responsibilities include:

e Scene examination

¢ Recovery of evidence

o Footwear examination and comparison

o Footwear intelligence (e.g. brand/model determination of a scene impression)
o Interpretation and evaluation of findings

e Preparation of reports

e Peer review and verification of findings

BPM FW-BPM-001 Issue 002 Under review
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132 e Court testimony

133 4.1.2 Knowledge and Competencies

134  Organisations should have written competence requirements for each role, with a documented
135 training program and a process for assessing that trainees have achieved the required level of
136 competence.

137  Depending on individual responsibilities, key competencies include:

138 o Familiarity with relevant health and safety issues

139 o Familiarity with the organisation’s quality management system and procedures

140 ¢ Knowledge of general manufacturing processes regarding footwear

141 ¢ Knowledge of the processes leading to the development of acquired characteristics
142 on shoe soles and to the formation of impressions.

143 e Knowledge of techniques for evidence detection, collection and documentation
144 (including photography)

145 ¢ Practical skills to operate required equipment safely and reliably, in accordance with
146 the laboratory’s protocols

147 e Performing brand/model determinations

148 ¢ Evaluation of comparisons

149 ¢ Awareness of other forms of evidence, e.g., DNA, glass

150 ¢ Awareness of the potential for bias and means to limit its influence

151 Personnel responsible for reporting should have the following additional competencies:

152 e Performing the examination and comparison of footwear to scene impressions and
153 interpretation of the results

154 ¢ Knowledge of the requirements of the criminal justice system in which they work

155 o Familiarity with the presentation of evidence, in both written and oral forms

156 o Familiarity with courtroom procedures and etiquette

157  All personnel involved in the examination of footwear impressions should also be required to
158 demonstrate that they maintain their proficiency at regular intervals, e.g., by participating in
159  annual proficiency tests (PT) and/or collaborative exercises (CE) (see Section 7.1).

160 4.2 Equipment

161 Equipment for the forensic examination of footwear impressions should be shown to operate
162  properly prior to use in casework. The organisation should have written procedures for the
163  handling, use, calibration and maintenance of equipment that is required for the correct
164  performance of laboratory activities and that can influence the results.

165 Examples of equipment:

166 e Camera and associated software

167 e Light sources

168 ¢ Lightbox, computer with image comparison software or other equipment for physically
169 and/or digitally comparing footwear and test impressions

BPM  FW-BPM-001 Issue 002 Under review 5127



170
171
172
173
174
175

176

177
178
179
180

181
182
183

184

185
186
187
188
189

190
191
192
193
194
195
196

197
198
199

200

201
202
203

Under review

e Scanner and associated software

o Measuring tools

e Footwear databases for brand/model determinations

¢ Different materials for producing test impressions, e.g. oil, ink, powder, Mikrotrack,
Biofoam

o Stereomicroscope with suitable lighting for examination of footwear outsoles

4.3 Reference Materials

Reference materials are used for purposes such as quality control, calibration and validation
of methods. Where possible, certified values of reference materials should be provided by a
producer with stated metrological traceability to the International System of Units (Sl), such as
a producer fulfilling the requirements of ISO 17034.

Reference materials may be used for qualitative controls, e.g. to verify the fitness of use of
chemical detection/enhancement reagents. Reference materials may also be used to check
the accuracy of measuring tools, e.g. rulers.

4.4 Facilities & Environmental Conditions

The organisation should have written procedures that address security and access to evidence
examination and storage areas. Laboratory space used for the examinations of items should
be designed for safe, efficient, and effective work, with the provision of adequate lighting. The
organisation should also consider other footwear impression related activities that may be
applicable, such as the recovery of trace evidence or the handling of bio-hazardous items.

The room/studio, used for photographing footwear impressions should be suitable for different
types of evidence to be examined (e.g. black gelatine lifters, pieces of glass etc.). It is
preferable for the room/studio to have dark dull-coloured walls to avoid reflections from shiny
surfaces. Several chemical enhancement techniques can be used. An example being the
treatment of footwear impressions made in blood. Good health and safety practices must be
followed, which usually means the use of a fume hood and appropriate personnel protective
equipment when dealing with chemicals.

Depending on the method used for making test impressions, it is also important to follow good
health and safety practices. For example, when using powders, it is recommended that there
is good ventilation in the room or the dusting is undertaken in a fume/downdraft hood.

4.5 Materials and Reagents

Materials used for producing test impressions and chemical detection/enhancement reagents
should be of a suitable quality for its intended use and purpose, risk assessed, labelled and
tested prior to use.
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5. METHODS

5.1 Handling Impression Evidence at Scenes and in the Laboratory

51.1 Introduction

This section describes the recommended approaches to handle and protect impressions at the
scene and on evidence. To include searching, detection, documentation, recovery,
enhancement and preservation. For a more detailed description on the described techniques,
refer to [1] or other accepted literature.

The methods described may not cover all aspects one may encounter when dealing with
impression evidence. But all relevant available information about the incident should be
obtained before starting any examinations. As the exams proceed, further information gathered
through research, consultation, etc. may be required in order to maximize collection efforts and
consider all possible hypotheses. The examiner should always proceed from non-destructive
to potentially destructive techniques and assess the following included but not limited to:

e Surfaces involved

o Material comprising the impression

o Other evidence types on footwear related evidence such as DNA, trace materials and
bloodstain patterns

¢ Whether or not a reconstruction of how an offender moved around a scene will be
required

¢ Sequencing of techniques

5.1.2 Approaching the Scene

Crime Scene Protection: All scenes containing potential footwear impressions should be
protected as soon as possible to prevent the loss, damage or contamination post-incident. This
can be done by limiting personnel entering the scene, wearing of disposable overshoes, the
establishment of screened paths and/or the use of stepping plates.

At outdoor scenes, the following can be used to protect impressions;

¢ Placing a box or another object over an impression in case of rain/snow, etc.
Shielding the impression from the sun and/or the wind using a tent

Applying a fixative in the case of blood impressions which may be damaged by rain
Removing objects which may contain impressions

5.1.3 Search Techniques (Scene and Lab)

A systematic search should be conducted in order to locate and better observe visible and
latent (possibly higher in quality) impressions. Special focus should be placed on likely areas
in which an offender could have walked such as the point of entry into a scene.

A white light source held obliquely is often the first step in this process. Alternate wavelengths
with appropriate filters such as infrared and ultraviolet as well as co-axial lighting may also be
used. Other commonly used techniques are electrostatic lifting, powdering and chemical
enhancement. All of which will be described more below.
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Any items of evidence or flooring bearing an impression (visible or possibly latent) and can be
removed without damaging the impression should be documented (see 5.1.5) and transported
to the laboratory and not processed in the field.

5.1.4 Sampling of Impressions at the Scene

Many impressions may be visualized and developed at the scene. These include not only
impressions from the suspect/victim but also those from first responders, innocent bystanders
and family members. Therefore, it may be necessary to make decisions on what will and will
not be considered evidentially significant.

For example, using the outsole design only, impressions can be compared to the footwear
from first responders still present at the scene to eliminate those not pertinent. Footwear
exemplars from these individuals (and others) can be taken using techniques such as
photography, inkless kits and gelatine lifts.

Any remaining impressions can be examined to determine their suitability for subsequent
brand/model determinations and comparisons based on the clarity and quantity of detail
present and if relevant taking into account the location(s) within the scene and relation to other
evidence types such as bloodstain patterns. All different outsole designs should be processed,
preferably from both the left and right shoes if available.

5.1.5 Documentation (Scene and Lab)

Examination quality photographs of sufficient resolution must be taken if subsequent
comparisons will be performed as well as before and after each processing technique. This
includes:

¢ Filling the frame with the sensor on the back of the camera parallel to the impression

o Use of a tripod, L-shaped scale, a fixed focal length lens with minimal distortion
(typically 50 or 60mm) and impression number/letter

¢ Side lighting

Alternatives to photography (such as 3D scanning of impressions) may be employed,
provided that both the materials used and the application of the collected data within
the comparison process have been properly validated.

5.1.6 Processing and Recovery

Casting: Casting is primarily used to recover the detail within and physical size of 3D
impressions in mud, sand, snow, etc. Casting can also be used to lift chemically enhanced
impressions in blood and powdered impressions on textured surfaces. Most commonly a
dental stone material is used however others such as polyvinylsiloxane, plaster and sulfur
cement can be tried depending on the type of impression (e.g. in snow).

Before using any casting material, one should refer to manufacturer recommendations on
usage. Given that the environmental conditions may greatly affect the quality of the resulting
cast, it is recommended to test the material on site prior to using on the evidential impression.
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But the general technique for dental stone is as follows:

¢ The correct manufacturers dental stone to water ratio is thoroughly mixed

e Pour the mixture to the side letting it flow into the impression

o Lift the cast after drying (about an hour) and label the back of the cast with the
impression number/letter

o After the cast has fully cured (about 48 hours), secure in a breathable container

For snow impressions, it may be necessary to coat the impression prior to casting with a
material such as grey primer or wax. Any dirt adhering to the cast should be preserved as it
may be evidentially probative.

Electrostatic (ES) Lifting: ES lifting is used to recover/detect dry residue impressions, both
visible and latent, from non-porous (e.g. laminate) and porous (e.g. carpet) surfaces. This
technique can also be used to remove surface debris from an impression prior to being lifted
with a gel. The recovered light colored impressions can be very high in quality and contrast
well on the black surface of the lifting film.

ES lifting is particularly useful for searching areas for latent impressions prior to another
technique such as powdering since it is considered non-destructive to subsequent processing.
Here, the charged film is rolled over the surface versus using a piece of film when attempting
to recover a single visible impression. Refer to the manufacturer’s instructions on how to use
the various kinds of ES lifters. Make sure to label any large rolled out sheets prior to lifting to
denote the orientation.

The impressions are quite fragile therefore care must be taken when packaging. A single piece
of film can be taped down impression side up into a non-shedding folder or box. A larger sheet
that was rolled out can be rolled back up and placed into a rigid container (e.g. a cardboard
tube). Examination quality photographs using a high intensity white light can be taken of any
impressions prior to packaging. Lifts should then be submitted for photography as soon as
possible so that the impressions can be documented in a more controlled environment.

Powder: Fingerprint powder may be used to search for and enhance impressions on smooth
and semi-smooth surfaces, made with a dry or wet item of footwear. Once powdered, the
impression can be recovered with a gelatine lifter as described below. This method will destroy
any residue impressions so must not be performed prior to electrostatic lifting. Powder (or other
specific products for snow impressions) may be useful to enhance contrast of snow
impressions for subsequent photography.

Gelatine (Gel) Lifting: Gelatine lifts can be used for the recovery of visible dry and wet origin
impressions (after drying) from smooth and semi-smooth surfaces. Gels can also be used to
lift powdered impressions onto a contrasting surface as well as some kinds of blood
impressions which have been chemically enhanced. The general technique to apply a gel is
as follows:

¢ Slowly remove the cover
¢ Gently roll out the gel over the impression making sure to maximize contact and
minimize air bubbles

BPM FW-BPM-001 Issue 002 Under review
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e Leave the gel on the impression at minimum for several minutes before removing
¢ Label the back of the gel with the impression number/letter

Store in a covered non-shedding container especially if the cover is not replaced. If the cover
must be replaced, gently roll it back over the gel minimizing the amount of air bubbles trapped
between the gel and the cover. Examination quality photographs using a high intensity white
light should be taken of any impression post lifting especially if the cover is replaced. Lifts
should then be submitted for photography as soon as possible so that the impressions can be
documented in a more controlled environment.

Chemical Enhancement: Chemical techniques can be used both to search for latent
impressions and as an enhancement tool to develop better contrast between the impression
and the underlying substrate. In some cases, chemical techniques can be performed after ES
lifting and powdering. If no detail useful for comparison will be removed, a small area of a blood
impression should be swabbed pre-enhancement for any subsequent DNA testing.

Generally, reagents fall into three categories depending upon the material making up the
impression, these being blood, environmental deposits and skin/sweat/sebum.

Blood reagents target either proteins (e.g. amido black, fuchsin acid) to stain impressions a
darker color. Or target hemoglobin (e.g. luminol, leuco-crystal violet) whereby a colorless
solution turns to a colored product upon contact with the impression.

Chemicals for environmental deposits react with compounds in the impression such as metal
ions or respond to changes in pH. Examples are 8-hydroxyquinoline, bromophenol blue and
ammonium thiocyanate.

Similar to the development of fingerprints, ninhydrin, DFO and indanedione target amino acids.
These chemicals are particularly useful for the development of impressions on the inside of
victims clothing due to blunt force trauma from mechanisms such as kicking, stomping or being
run over by a vehicle.

52 Laboratory Examination

Evidence submitted to the laboratory must be prioritized by discipline (for example DNA traces
before footwear) to minimize contamination and prevent loss of fragile materials while ensuring
that all examinations can be performed (see Chapter 10). This may require communication
with the contributor (e.g. prosecutor, investigative personnel, etc.) to understand the forensic
questions to be addressed and what evidence types may be most probative to address any
propositions and alternatives in a particular case.

In addition, for the examination of footwear evidence in particular, it is important to know the
following (refer also to Section 9.2 for initial assessment):

¢ That all the items have been submitted for examination. This includes all images of
impressions taken on scene, casts/lifts of these impressions and any original evidence
such as a piece of flooring bearing an impression. Also, any footwear from suspects
and victims as well as exemplars (e.g. from first responders).

BPM FW-BPM-001 Issue 002 Under review
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358 e The date between incident and collection of known footwear has been recorded.

359 Triaging Impressions in the Laboratory: In some cases, there may be many multiple
360 impressions, with sometimes more than one pattern, present in the submitted evidence. If the
361 number of impressions to be examined is too onerous, the contributor should be consulted to
362 see if all the examinations are necessary to address the questions in a case. It may be possible
363  to narrow down the number of examined impressions by sampling based on the clarity and
364  quantity of detail present.

365 5.3 Test Impressions

366  Test impressions may need to be made with any submitted footwear for comparison to the
367  scene impressions. Normally, more than one impression is made per item of footwear using
368  static (shoe is held or placed on a holder) and dynamic (wearing the shoe) methods. A
369 validated process which reproduces the details of the outsole should be used. For example:

370 ¢ Applying powder or ink to the outsole and then pressing it onto an adhesive film which
371 is subsequently covered with clear acetate.

372 ¢ Using an inkless process with chemically treated pad and paper.

373 ¢ Using a material such as bio-foam for the reproduction of 3D impressions.

374 5.4 Comparative examination

375 5.4.1 General Principles

376  Footwear evidence is a comparative discipline where a scene impression is visually compared,
377  through side by side and superimposition techniques, to an item of footwear. Test impressions
378 made with footwear serve as a tool to assist with the comparison to ensure that features are
379  reproduced.

380 Comparative examination of footwear involves a 4 step process commonly called ACE-V
381  (Analysis, Comparison, Evaluation and Verification) during which the examiner analyses,
382 compares and evaluates the degree of correspondence in manufactured and acquired
383  characteristics between the scene impression and item of footwear to reach a conclusion
384  before it is verified by a second examiner.

385  Any limitations within the process must be noted such as:

386 e Lack of original items
387 e |Improper scene documentation or collection
388 o Lack of clarity/detail within the impression

389  The exact conclusion scale may vary across jurisdictions, but comparisons have the ability to
390 exclude/include to some degree the shoe as the source of the scene impression.

391 54.2 ACE-V process

392 Refer to Section 9.2 for initial assessment.

BPM  FW-BPM-001 Issue 002 Under review 11127
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Analysis: In this stage, the scene impression will be examined and features marked prior to
examining the known footwear. Documentation of all observations must be made through

notes, diagrams, photography, etc.

In general, documentation of impressions should include (if relevant):

In general, documentation of footwear should include (if relevant):

Is the impression partial or complete?
Are there overlapping impressions?

Was the impression processed (e.g. powder/chemicals)?
Are there any signs of particular dynamism or distortion?
The orientation of the impression (left or right shoe)

Are there any indications of the size of the footwear which made the impression?

Is there any background “noise” which obscures detail?

What are the type of substrate and the composition of the impression?
What are the geometric shapes present?

Are any manufacturing characteristics present?

Are there possible wear or other acquired characteristics present?

Outsole design which may show text and logos

Features on the outsole which indicate the consumer size of the shoe

Manufacturing method

Manufacturing characteristics (e.g. mould detail)

Presence of general and specific wear and/or other acquired characteristics

The presence of material stuck in the outsole

If the impression is unsuitable for comparison, for example due to a lack of clarity/detail, it will
be noted clearly describing the limitations. If there is correspondence in overall outsole design
between the impression and item of footwear, the examination will proceed to the comparison

stage. See Section 5.3 for comments on making test impressions.

Comparison: During the comparison, the scene impression, outsole and test impression are
fully compared next to each other (side by side) to evaluate the degree of correspondence/non-

correspondence in manufactured characteristics including specific outsole design or other
manufacturing features. It is also possible to compare the degree/location of general wear. The
scene impression can also be overlaid (superimposition) with the test impression to evaluate

the degree of correspondence/non-correspondence of these features as well as physical size.

The comparison then proceeds to correspondence/non-correspondence

in acquired

characteristics (position, orientation, size and shape) using the same side by side and

superimposition techniques. Areas of specific wear such as Schallamach detail (ridgelike

pattern produced through wear) that can be observed will be noted.

After being observed on a test impression, any corresponding features of manufacturing detail
and acquired characteristics must be verified as being on the item of footwear.
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A microscope, light table or software such as Adobe Photoshop can be used if needed for the
comparison.

Evaluation, Interpretation and Conclusions: The examiner then evaluates and interprets
the significance of the observed correspondences/non-correspondences between the
impression and examined footwear. This includes any limitations in the comparison. A
conclusion, used to describe the significance of any findings in the context of the case, will be
assigned at this point. All findings, observations and results should be recorded in the case
notes and on a working report. Refer to Chapter 12 for more detailed information.

Review of Technical Findings and Verification: The case material and examination results
must be verified by another qualified examiner prior to reporting any inclusions. Exclusions can
be verified according to the laboratory policy. Refer to Section 7.4 for more detailed
information.

Case Records: All records generated during the forensic examinations must be in accordance
with the requirements of the legal system operating in the member country and in sufficient
detail to allow another competent forensic examiner to evaluate the quality and reliability of the
work. Examination records, test impressions, photographs and other items generated during
the examination process should be retained per the policy of the laboratory.

5.5 Scene Linking/Forensic Intelligence

Forensic intelligence is defined as the processing of forensic case data for investigation and/or
criminal intelligence purposes. Particularly in the context of serial (or high volume) crime,
linking criminal events is crucial and footwear impressions may assist with this task.

Performing scene linking should mainly be understood as the process of comparing unknown
impressions collected on distinct events, generally without having a suspected shoe at hand.
Comparing or triaging marks from one single event might be assimilated to this process but
with different outcomes and utility.

Comparing two unknown impressions will be done through a similar process as described in
Section 5.4: A preliminary examination followed by a side-by-side comparison or
superimposition. When the only use of the comparison result is a forensic intelligence process,
it is acceptable to have a less extensive documentation of the result and a verification step
may not be mandatory.

The result of the comparison can be expressed using a scale representing different degrees
of support. Within a forensic intelligence environment, it is also accepted to use a simplified
conclusion scale (for example: link/no link). This type of conclusion scale requires the examiner
to decide whether or not the link should be established. This decision is based upon the
evaluation of the observations on the two impressions but may also take into consideration
contextual information. However, it must be emphasised that in the context of forensic
intelligence, the existence of a link between two unknown impressions must not be equated to
an "identification" (an association to the exclusion of any other source).
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Independently of the conclusion scale used, comparison between crime scene impressions
allows generally for a less informative comparison result (as opposed to impression to known
shoe comparison). Any person (stakeholder) involved the investigation and/or forensic
intelligence process should be made aware of this limitation.

Should the result of an impression to impression comparison be used in an evaluative report,
the whole comparison process must comply with the principles described in Section Erreur !
Source du renvoi introuvable..

From an investigative point of view, an unknown crime scene impression may also provide
valuable information: from the general pattern visible on a crime scene impression, it is
possible to infer a list of possible brands and models of the shoe at the source of the impression
and thus give information on the possible appearance of the upper part of the shoe. This type
of information will typically be found in case records of the laboratories, databases, through
commercial services or even through general knowledge of the examiner.

Examiners should bear in mind that, no matter the source of information used, a list of possible
brands and models can never be considered as exhaustive due to the rapid evolution of the
shoe market. When a list of possible brands and/or models is communicated as a result, the
communication should state clearly that the list should not be considered as exhaustive.

6. VALIDATION AND ESTIMATION OF UNCERTAINTY OF
MEASUREMENT

6.1 Validation

Validation is a documented process for obtaining, recording and interpreting the results needed
to prove that a process consistently delivers products that meet given specifications. For the
validation of methods used in the field of footwear impression examination, follow the ENFSI
document “Guidelines for the Single Laboratory Validation of Instrumental and Human Based
Methods in Forensic Science” [2].

6.2 Estimation of Uncertainty of Measurement

A scene impression was produced during the incident under unknown conditions which will
affect the way in which the characteristics of the outsoles are reproduced. These conditions
are (but not limited to) [1]:

e The weight, walk, and gait of the individual wearing the shoe

e The force and manner with which the impression is made

e The outsole composition and its general condition

e The substrate in which the impression is made

e The type of surface on which the impression is deposited

¢ Environmental conditions at the time the impression is made and after
¢ Any action altering the impression after being made

Since the ground truth around the scene impression is not known, good documentation at the
crime scene and knowledge of aspects of the case may help to assess some of these factors.
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A test impression is produced under more controlled conditions in the laboratory but factors
may affect the reproduction of characteristics from the outsole to the impression. These factors
are (but not limited to):

e The production method (static or by walking/dynamic)
e The type/amount of powder or ink (or other material) used
o The type of material used to transfer the impression from the outsole

Multiple test impressions may need to be produced to assess how these factors affect the
reproduction of characteristics.

Other potential sources that may influence the uncertainty of measurement:

¢ The way in which the scene impression was photographed (e.g. taken at an angle or
distortion and position of the scale)

¢ The amount of time between the deposition of the impression at the scene and the
seizure of the comparison shoes as well as how these shoes were used in-between.

¢ Limited data available while assessing the rarity of a feature

¢ Human factors such as explicit or implicit bias

A scene impression has been produced under unknown conditions and therefore cannot be
reproduced exactly. A test impression made from a shoe is produced under controlled
conditions and can be repeated. While evaluating the rarity of a matching characteristic (i.e.
the probability to find a similar characteristic on another shoe), only the quality and clarity of
that characteristic as seen on the scene impression should be taken into consideration.

7. QUALITY ASSURANCE

7.1 Proficiency Testing/Collaborative Exercises

Annual proficiency tests (PT) and/or collaborative exercises (CE) are strongly recommended
to assure the quality of footwear impression examination processes and the competence of
the involved examiners. A list of currently available PT/CE, as put together by the QCC, is
available on the ENFSI website or at the ENFSI Secretariat. Participation in other PT/CE like
exercises is encouraged.

Participants should follow the standard laboratory procedures for casework. They should not
give the tests/exercises any special treatment that would not be given in the same
circumstances to routine casework.

Any design and implementation of the PT/CE should be carried out in accordance with the
recommendations of the ENFSI Framework for the Conduct of Proficiency Tests and
Collaborative Exercises [3].

7.2 Quality Controls

Beside verification/peer review, reported results should be submitted for administrative (non-
technical) review to ensure that procedures in place have been followed and that all supporting
documentation is included in the case packet.
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545  The laboratory should have a documented Quality Management System for controlling all
546  systems, processes and methods used in the examination and reporting of footwear casework.

547  The Quality Management System should include requirements for the following minimum
548 documentation relating to footwear examinations:

549  Casework administration procedures:

550 o Details of systems for the safe storage of casework material

551 ¢ Records of all transfers of possession of casework material (chain of custody)

552 o Records of all case relevant communications within the laboratory and with external
553 personnel

554 ¢ Details and results of all examinations/analyses/calibrations carried out

555 ¢ Any statements/reports concerning the examinations

556 ¢ Records of checking results and case file review

557 ¢ Financial records and costing data (if applicable)

558 Equipment:

559 ¢ Inventories of equipment held and those responsible for them

560 ¢ Records of commissioning, suitability for purpose and validation records
561 ¢ Maintenance schedules and records of breakdowns, work carried out, etc.
562 e Calibration records

563  Materials and Chemicals:
564 e Records of preparation and/or acceptance testing

565  Protocols and Standard Operating Procedures (if applicable):

566 o for the preparation of reagents

567 ¢ for the examinations and analytical methods and processes used

568 o for calibration and quality control

569 e for recording and presenting results

570 Training:

571 e Competence standards, training programmes and assessment protocols
572 e Records of proficiency tests

573 e Training packages

574 ¢ Training/competence records for individuals

575 7.3 Data Collection for Control, Monitoring and Trend Analysis

576  Not applicable to this manual.

577 7.4 Verification/Peer Review

578 The case material and examination results must be verified by another qualified reporting
579 examiner prior to issuance of the report. This peer review is a useful method to improve
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objectivity and increase the reliability of results. Its use should not necessarily be limited to the
review of results prior to issuance of a report. A peer review can be used during the whole
examination process including for all critical steps/findings.

A review can be done using the existing case notes with conclusions or by a second
independent (blind) examination where the verifying examiner does not know the original
conclusions (blind peer review is recommended). It's most important for the verifier to note if
the data/observations/documentation support (or do not support) the conclusions and have all
appropriate examinations/analyses been carried out.

Following lab policy, significant editing (additions or modifications) in the original case notes
should be trackable.

Once an agreement is in place, the name of the verifier and date must be marked on the case
notes and depending on lab policy, an issued report.

If the conclusions differ between examiners, then a discussion can be had as to where there
are differences and a decision made as to which of the two conclusions will be used. In this
case, often the more conservative conclusion is the preferable one. Any changes to the
conclusions will be documented in the case notes (refer to Section 12.5).

If needed, a third examiner can review the evidence, either using existing documents or
independently. If there is still a continued disagreement between examiners, often the most
conservative conclusion will be reported.

Any protocols for review should meet the requirements of EN ISO/IEC 17025 [4] or 17020 [5],
the ILAC Guidance for Forensic Science Laboratories G19 [6] and the requirements of the
prevailing criminal justice system.

8. HANDLING ITEMS

The collection and packaging of footwear and processing for footwear impressions requires
the same standards as the collection of other evidence types. The integrity of the item and the
traceability (chain of custody) are of utmost importance and are required in all case
investigations.

8.1 Atthe Scene

The ENFSI Best Practice Manual for Scene of Crime Examination [7] provides a framework for
the procedures, quality principles and approaches to the forensic examination of scenes of
crime. The examiner should be aware of and understand the laboratory procedures concerning
assessment of evidence at the scene and subsequent examination of evidence. The examiner
should remain in compliance with their local laws relating to search, sampling, seizure and
recovery of items of evidence. The techniques used for detection, collection, and preservation
of items should be recorded together with the location from which the items are removed. The
following subsections list some factors that are especially important to consider when dealing
with footwear and footwear impressions at the crime scene. This guidance is directed towards
ensuring that nothing is done by scene and/or lab personnel that may lead to erroneous links
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being established between suspects and the scene, victims and suspects through the
mishandling or cross-contamination of items and materials.

8.1.1 Anti-Contamination Precautions

Seized items should be handled in such a way that contamination or destruction/degradation
is minimized as much as possible or ideally entirely avoided. For footwear and footwear
impressions, contamination of other forensic material such as DNA, glass, paint, fibres, soil
etc. needs to be considered.

8.1.2 Preservation and Packaging

All items should be packaged and sealed as soon as they are retrieved, using breathable bags
or containers of an appropriate size, to avoid the packaging being damaged or the seals being
broken. Packages should be sealed in such a way that all gaps are covered and secure, e.g.
folded bags should be sealed with adhesive tape along all open edges. Every precaution (for
example labelling, barcode, etc.) should be taken with the packaging to ensure a proper chain
of custody.

In cases where the only examination is likely to be a comparison of footwear with a crime scene
impression, then the footwear should be packaged to ensure that no additional damage is
acquired or material lost from the outsole. If there may be other evidence types adhering to the
footwear, such as glass, blood, trace materials or accelerants, then additional precautions may
need to be taken.

All footwear must be packaged in non-airtight containers (avoid sealed paper bags) to prevent
the development of mould. If testing for accelerants may be needed, only then can airtight
containers be used but sampling for accelerants should be conducted as soon as possible.
Any wet items of footwear should be dried prior to packaging. Each pair of shoes should be
packed separately to avoid mix-up and contamination. The left and right shoes can also be
packaged separately.

For items bearing footwear impressions such as pieces of flooring or clothing, care must be
taken to ensure that the packaging does not rub up against the impressions. See Chapter 5
for more detailed information on packaging ES and gelatine lifts as well as casts.

8.1.3 Labelling and Documentation

In order to demonstrate the chain of custody for judicial proceedings, documentation of who
has handled an item and when, from collection through to examination (if requested) and final
storage must be maintained. This is done through a written record with date/time/initials and/or
full name of everyone who has handled an item of evidence. The exact location from where an
item was recovered may be documented through video, photography (including associated
photo log) and/or on a sketch.

8.1.4 Transport

The submission of footwear evidence to a forensic institute/laboratory will be determined by
local protocols and the needs of the investigation. Generally, it involves the transportation by
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police or an authorised carrier of the correctly packaged items which must be handled with
care. All chain of custody requirements are to be followed. Consideration of temperature inside
the transport vehicle must be taken into account as environments which are too hot or too cold
could affect the evidence.

8.2 In the Laboratory

8.2.1 Anti-Contamination Precautions

Care must be taken at all times when handling casework material to minimize or eliminate the
possibility of contamination. This is especially true when handling evidence that may contain
other materials such as DNA or trace materials (e.g. soil, glass, hair, fibres).

Anti-contamination steps may include, but are not limited to:

¢ Following the quality management system of the laboratory.

e Using personnel protective equipment such as face masks, gloves, lab coats and
white disposable scene suits as well as disposable equipment when required.

¢ All items are packaged, sealed and labelled to ensure integrity and continuity of an
item.

e Documenting packaging on arrival at the laboratory in the case of damaged materials
that may have led to evidence being lost or contaminated.

¢ Cleaning work areas and equipment prior to use.

e Making sure that recovered items, or materials obtained from items, cannot be mixed
up with other items or materials.

o Ensuring that all DNA testing and collection of trace materials has been done prior to
the footwear impression comparison.

o Making sure that all material gathered from victim(s) is stored separately from material
gathered from suspect(s).

8.2.2 Labelling

A unique identifying number(s) (e.g., case number and/or item number) should follow the item
throughout the examination in the laboratory. Depending on the local guidelines, the items can
be labelled by putting the item in a package with a label, by attaching e.g., a cable tie with a
label to the item or by putting a label with the number directly on the item. Care must be taken
not to damage any item when labelling it. Test impressions that are produced during the
examination process should also be labelled or put into labelled containers.

8.2.3 Precautions to Avoid Mix-Ups
A high level of cleanliness in the laboratory is important. Laboratory routines to minimise the

risk for mix-up include:

e Taking photos of the items at an early stage.
e Regular cleaning and clearing of laboratory benches.
e Labelling of the items.
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8.2.4 Storage Conditions

The items should be stored properly while adhering to the quality management system of the
forensic institute/laboratory. In general, evidence has to be stored safely in a proper place,
protected from damaging environmental influences. Exhibits with residual moisture must not
be kept in closed sealed containers. Exhibits treated with chemical reagents and/or
biohazardous must be packaged in accordance with health and safety guidelines and should
have warning labels attached.

9. INITIAL ASSESSMENT

9.1 Assessment at the Scene

All relevant available information about the incident should be obtained before starting any
examinations at the scene, e.g., viewing surveillance footage and/or getting information from
witnesses. All possible hypotheses, from all sources, should be considered as part of this
process. If footwear was not seized from the suspect, it is important to establish a link using
methods such as DNA analysis and/or social media/CCTV images of person of interest
wearing the shoes.

9.2 Assessment at the Laboratory

Before starting the examination, the contributor (submittor of evidence) requirements must be
clearly and unambiguously defined and documented. In the case of unclear or ambiguous
requests, the contributor must be contacted for clarification prior to starting any examinations.
In addition, all information on the circumstances necessary for the laboratory examination and
the interpretation of the results must be obtained. For example, the time between the incident
and collection of the suspect’s shoes. Furthermore, it must be clarified exactly whether the
examination falls within the specialist field of footwear impressions and if other specialist fields
are required. If the documentation is not clear about the connection between the footwear and
the suspect, the contributor should be contacted.

If several disciplines are involved in the examination of the same evidence, the order of
examination must be critically reviewed (see Chapter 10). In general, the footwear impression
examinations are carried out after the other disciplines (especially DNA). Examples of
materials that can persist on footwear and other impression evidence includes:

Blood (visible and latent)

Bloodstain patterns

Fire accelerants (arson cases)

Trace materials (soil, paint and glass)

In addition, it must be clarified that the laboratory has the capacity, appropriate resources,
facilities and equipment to carry out the necessary examinations. The next step is to take an
inventory of all evidence items and check that they are complete and packaged according to
standard laboratory procedures. This involves a check that all items have been submitted to
the laboratory. For example, both images and dental stone cast (if taken) of a footwear
impression. An assessment of photographic needs and the potential for physical/chemical
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enhancement of the evidence can also be made in this stage. The footwear impression
examination can be started after this initial assessment has taken place. Otherwise, limitations
may apply to the validity of the outcomes and must be documented in the case record.

The examiner should then consider to what extent the proposition put forward by the
contributor can be tested and should also frame at least one alternative proposition.

The examiner should consider what he/she would expect to find if each proposition was correct
and should assess the likely evidential value of the anticipated findings. In the case of footwear
evidence, this may require consideration of:

e Quality of the footwear impression. Impressions should be evaluated for the
clarity/detail available for comparison. If unsuitable, documentation should show why.
Any items with no discernable impressions should be noted.

¢ Quality of the test impressions

e Manufactured characteristics

e Acquired features (wear, accidental, etc.)

e Degree of correspondence

o Time delay (time between date of incident and recovery of footwear). This is
particularly important if the examiner eventually finds differences in the degree of wear
between the unknown impression and the submitted footwear.

e Relevant databases

10. PRIORITISATION AND SEQUENCE OF EXAMINATIONS

Where there is more than one item and/or evidence type involved in the examination of a case,
then priorities and sequences for the examinations will need to be considered, whether it is at
the crime scene or laboratory. Before commencing any examinations within a case, the
following matters should be considered:

e The urgency and priority of the case/investigation.

o The other types of forensic examinations which may have to be carried out on the
same item.

¢ Which evidential types or items have the potential to provide the most information in
response to the various propositions and alternatives.

o The perishable nature of any material that may be present.

¢ Health and safety or security considerations.

e Environmental conditions.

If an item of evidence is to undergo more than one forensic examination, all relevant examiners
should determine the most appropriate sequence based on the needs of the case. Evidence
like fingerprints, paint and DNA may be destroyed or altered during a footwear examination.
So they are often recovered before the footwear examinations. However, deviations from the
general sequence and prioritisation of examinations are possible, depending on case specific
requirements and sample material present.

BPM FW-BPM-001 Issue 002 Under review

21127



770
771

772
773

774
775
776
7
778
779

780
781
782
783
784
785

786
787
788
789
790
791
792
793
794

795
796
797
798
799
800
801

802

803

804
805
806
807

Under review

The sequence of examinations may be re-evaluated at all stages of examinations with respect
to the results of any previous analyses.

11. RECONSTRUCTION OF EVENTS

The laboratory examination of footwear evidence generally falls into two areas:

1. Footwear intelligence: At the investigation stage, the determination of brand/model of
a shoe which could have made a scene impression as well as scene linking based on
a correspondence in outsole designs of impressions between scenes.

2. Footwear examination: The comparison of a scene impression to an item of footwear
to determine a common (or not) source. This may link a shoe being worn by an
individual to a scene, a victim or a particular piece of evidence.

However, in some cases, it may be useful to reconstruct the movement of individuals around
a scene or to provide some information on the dynamic nature of how an impression was made.
When trying to reconstruct movements, care must be taken to properly document all the
impressions in the context of the scene. Measurements from fixed points placed onto a sketch,
overall photography, notes and video are all useful techniques in order to demonstrate the
findings.

For example, a person of interest when interviewed may admit to being in a scene and so the
link between his/her footwear and a scene impression is less probative. But in the same
interview, the suspect may have provided a specific account of how he/she moved around the
scene. This account could be proved or disproved by looking at a particular track of
impressions of the same outsole design. Following this track could also conceivably lead to
finding other evidence (for example a discarded firearm). Lastly, a track may describe the
movement of first responders or other involved people as they walked through the scene after
the crime was committed. As such, it is important to get exemplars from first responders and
others who had been in the scene post-incident.

In terms of looking at how an impression was made, an example could be an impression on
the inside of the victim’s clothing or on the victim’s skin. These impressions may be visible or
latent and when observed, indicate forceful contact with the victim. Another example would be
an impression on a forcefully kicked door. In these two cases, it may be necessary in the lab
to try and reproduce the mechanisms of action which made the impressions. Any limitations to
the lab reproduction must be documented in the case notes as it may not be possible to
reproduce all the exact conditions under which a scene impression was made.

12. EVALUATION AND INTERPRETATION

12.1 General Considerations

The document “Guideline for evaluative reporting in forensic science” published by the ENFSI
provides a recommended framework for formulating evaluative reports [8]. The application of
this guideline is recommended. This section provides recommendations that are compatible
with the ENFSI guideline but apply more specifically to the examination of footwear
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impressions. The recommendations provided hereafter apply whether or not the evaluation is
done using likelihood ratios.

Evaluation and interpretation aim to assess the evidential value of corresponding and
dissimilar features between a crime scene impression and a test impression (made from the
subject’s shoe) or between two unknown impressions. The features taken into account are
those observed and documented during the analysis and comparison steps.

Independently of the scale or wording used to express the conclusions, during the evaluation
two (or more) competing propositions are used to explain the observed features. In the field of
footwear impressions, these propositions will typically be that the scene impression and test
impression originated from the same source or from different sources. The evaluation in itself
will therefore be the assessment of the plausibility of the observed features given the
proposition that the scene impression and test impression are originating from the same source
versus from different sources.

When available, the evaluation phase should take into account background information about
the scene impression and the test impression that could affect the observed features. This
information can be (but not limited to) date and time of the incident, when the evidence was
collected/documented, the location of the impression, the sequence and method used to
collect impressions or create test impressions, when any footwear was recovered or any
information that could inform about the production process of the scene impression (for
example a particular force that can cause distortion).

The whole evaluation process must be fully and transparently documented in the case file. The
examiner should have an awareness of bias and how it applies to the comparison.

12.2 Type of Features

Multiple types of features can be observed during the comparison process. They can be
divided into two main categories: those created during the manufacturing process and those
acquired after this process.

Manufactured characteristics are generally shared by a group of shoes. These can be
characteristics of a mould purposely added (for example the general outsole design and
physical size) or happen by accident (for example a defect in the mould).

Acquired characteristics on the outsole appear after the manufacturing processes and occur
during use of the shoe. These include characteristics such as general and specific wear that
may occur over a larger area of the outsole. Or those that are limited to one position,
orientation, size and shape such as a rock stuck in the tread or a piece of rubber that has been
removed from the outsole.

Manufactured characteristics have generally a lower discriminating power compared to the
discriminating power of acquired characteristics. Each characteristic may have its own
discriminating power, however, the whole combination of features must be taken into account
during the evaluation.
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The type of characteristic (manufactured or acquired) should be verified not only with the test
impression of the sole but also by examining the sole itself (or a recording of it).

12.3 Assigning a Value to Observations

The creation process of a scene impression is, by definition, a unique event that occurred in
the past at a particular time and place and under uncontrolled conditions. No statistical model
exists that could apply universally to all comparisons. Therefore, to assign a value to an
observation (such as corresponding acquired features), the examiner will use a combination
of data and subjective judgements.

Numerical data used to assign a value should be appropriate and relevant to the case under
examination [8]. They can be:

Published data

Unpublished data (for example a laboratory database)

Case specific experimentation

Personal data such as experience in similar cases and peer consultations

The value assigned to the observation and the origin of the data used should be recorded in
the case file in order to be transparent as to how the examiner came to a particular conclusion.

12.4 Expressing the Conclusion

At a minimum, when a positive conclusion is reached (i.e. the result of the comparison supports
to some degree that the scene impression and the test impression have a common source), a
verification should be conducted by another qualified examiner. This should be reflected in the
laboratory’s Standard operating procedures.

The conclusion expressed in the report must reflect the evidential strength of the findings. The
evidential strength is the logical compilation of all assigned values of the observations.

According to the probabilistic approach, the outcome of the evaluation phase is the estimation
of the evidential strength of the findings under two mutually excluding hypotheses. The
evidential strength is reported as a likelihood ratio which can be calculated or expressed by
using a verbal scale and/or a numerical scale. The conclusion is based on a combination of
data and the subjective interpretation of the examiner.

According to the posterior approach, the basis of a footwear impression conclusion is that an
examiner has located corresponding and in some cases sufficiently discriminating features
between the scene impression and the test impression. Here the expert’s opinion of the
evidence strength is guided by the experience/training of the examiner and other sources such
as published research. The limits of the association and the given conclusion should be stated
in the report. For example, any other shoe with the same outsole design and physical size
could have also made the scene impression.

Posterior scales of conclusions or opinions are still widely used in certain legal systems by
laboratories. They include conclusions based on posterior probabilities, such as “It is highly
probable that shoe A left the scene impression”. This type of scale states probabilities of the
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propositions given the findings and not, as expressed in the likelihood ratio, the probabilities
of the findings given the propositions.

If a scale is used to express conclusions, whether it is numerical or not, it should be made
accessible to the recipient of the report.

When considering a conclusion scale and wording, examples can be found within the Guideline
for Evaluative Reporting in Forensic Science [ref], published by European Network of Forensic
Science Institutes.

12.5 Conflict Resolution Policy

Agencies should have a written procedure to handle differences in conclusions reached by
examiners during the verification process. The conflict resolution policy should reflect all the
elements taken into account during the analysis, comparison and evaluation phases by the
examiners, and should address the necessary steps to adjudicate any conflict.

13. PRESENTATION OF EVIDENCE

13.1 General Principles

The overriding duty of those providing expert testimony is to the court and to the administration
of justice. As such, evidence should be provided with honesty, integrity, objectivity and
impartiality. Any limitations to the examination should be made clear.

Evidence can be presented to the court either orally or in writing. Only results which are
supported by the examinations carried out should be presented. Presentation of evidence
should clearly state the results of any evaluation and interpretation of the examination.

The relevant legal framework may define the information that must be stated when presenting
evidence. But in any case, the evidence must be accompanied by sufficient information to
enable the recipient to understand the origin of the known and unknown evidence under
examination. All relevant information should be made available and presented whenever
required. This can include (but is not limited to):

¢ details about staff involved in the examination and about the laboratory
¢ details about the received/collected/examined evidence

e chronological data of the examinations

¢ methodological details of the examinations and evaluation.

All discipline specific terminology should be explained in such a way that all recipients can
clearly understand.

13.2 Written Report

Written reports should include all the relevant information in a clear, concise, structured and
unambiguous manner as required by the relevant legal process. Written reports must be peer
reviewed.
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13.3 Oral Testimony

Persons expected to give oral testimony should have received instruction and/or mentoring in
the procedural requirements of the particular criminal justice system in which the evidence is
to be presented.

Only information which is supportable by the examinations carried out should be presented,
unless specifically directed by the court.

Expert witnesses should resist responding to questions that take them outside their field of
expertise unless specifically directed by the court, and even then, a declaration as to the
limitations of their expertise should be made.

13.4 Visual Documentation

Whether presented in writing or orally, the results can be supported by visual documentation.
This documentation should enable the recipient to have a better understanding of the results
and their meaning. In particular, it may highlight the corresponding features found and used to
reach a conclusion.

Modifications to the original evidence (e.g. adding arrows) can be made, but they should not
alter the perception of the degree of correspondence. Any enlargements shown should include
a view of the entire piece of evidence.

14. HEALTH AND SAFETY

Health and safety considerations are extremely important in all aspects of the work and at all
stages of the forensic process. The materials dealt with in footwear enhancement and recovery
(or in other steps) can be inherently hazardous and a risk assessment should be undertaken
prior to use and appropriate health and safety protocols followed. At crime scenes, hazardous
materials may be encountered within difficult circumstances. Often the exact facts of the scene
may not be known. The reporting examiner should at all times be aware and take appropriate
actions to ensure a safe method of working. It is advisable upon leaving a scene to
communicate with supporting law enforcement any chemicals or other hazardous substances
that were used during scene processing. So that appropriate clean-up of the scene can be
performed if necessary.
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ENFSI wishes to promote the improvement of mutual
trust by encouraging forensic harmonization through the
development and use of Best Practice Manuals.
Furthermore, ENFSI encourages sharing Best Practice
Manuals with the whole Forensic Science Community
which also includes non ENFSI Members.

Visit www.enfsi.eu/documents/bylaws 1{o]g more
information. It includes the ENFSI framework document
Framework for the Process for the Creation of Technical
Documents within ENFSI (code: QCC-FWK-001).




