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A B S T R A C T

Gait, the pattern or style in which locomotion is undertaken, has kinematic characteristics that may occur in varying proportions of a population and therefore have
discriminatory potential. Forensic gait analysis is the analysis, comparison and evaluation of features of gait to assist the investigation of crime. While there have
been recent developments in automated gait recognition systems, gait analysis presented in criminal court to assist in identification currently relies on observational
analysis by expert witnesses. Observational gait analysis has been the focus of considerable research, and it has been shown that the adoption of a systematic
approach to both the observation and recording of features of gait improves the reliability of the analysis. The Sheffield Features of Gait Tool was developed by
forensic gait analysis practitioners based on their casework and trial experience, and consists of more than a hundred features of gait and variances. This paper
reports the findings of a study undertaken to assess the repeatability and reproducibility of the Sheffield Features of Gait Tool.

Fourteen participants, with experience in observational gait analysis, viewed footage of computer generated avatars walking, and completed the features of gait
tool on multiple occasions. The repeatability scores varied between participants from a highest score of 42.59 out of a maximum possible score of 45 (94.65%), to a
lowest score of 30.76 (68.35%), with a mean score of 35.79 (79.54%) and a standard deviation of 3.59 (7.98%). The reproducibility scores for the assessment of each
avatar varied from a highest score of 137.73 out of the best possible score of 180 (76.52%), to a lowest score of 127.21 (70.67%), with a mean score of 132.21 (73.45)
and a standard deviation of 3.82 (2.12%). The results demonstrated that the use of the Sheffield Features of Gait Tool by experienced analysists resulted in what could
be considered to be good levels of both repeatability and reproducibility. Some variation was shown to occur both between the results produced by different analysts,
and between those produced from the analysis of different avatars. An understanding of the probative value of gait analysis evidence is an important facet of its
submission as evidence, and the design and testing of standardized methods of analysis and comparison are an essential element of developing that understanding.
This study is the first to test a purpose designed features of gait tool for use in forensic gait analysis.

1. Introduction

Gait, the pattern or style in which locomotion is undertaken [1], has
kinematic characteristics that may occur in varying proportions of a
population and therefore have discriminatory potential [2]. Forensic
gait analysis is the analysis, comparison and evaluation of features of
gait to assist the investigation of crime (Draft Forensic Gait Analysis
Code of Practice, 2018).1 Gait was first used as evidence in court in
1839 at the Central Criminal Court London, and was first undertaken
using closed circuit television (CCTV) footage in 2000 [3]. Since 2000
there has, in the experience of the authors, been a steady increase in the
use of gait analysis as evidence [2,4]. While there have been recent
developments in automated gait recognition systems, gait analysis
presented in court to assist in identification currently relies on

observational analysis by expert witnesses [5].
Observational gait analysis is commonly used in clinical practice by

a number of healthcare professions to assess pathological gait [6]. Its
use has been the focus of considerable research and it has been shown
that the adoption of a systematic approach to both the observation and
recording of features of gait improves the reliability of the analysis
[7–13]. Key aspects of reliability in this context are repeatability and
reproducibility. Repeatability (intra-rater reliability) is the stability of
data recorded by one individual across two or more trials. Reproduci-
bility (inter-rater reliability) is the stability of data recorded by two or
more individuals for the same trial [14]. Tools specifically designed for
use in observational gait analysis have been shown to be repeatable and
reproducible and improve objectivity [9,11,15–17]. While clinical ob-
servational gait tools inevitably focus on detecting pathological gait,
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some were found to be reliable for assessment of normal gait patterns.
The highest mean percentage agreement of both reproducibility and
repeatability of the Salford Gait Tool were found in patients exhibiting
“normal gait style” [11]. Reliability of the Edinburgh Visual Gait Score
[18] also increased in higher functioning patients. This would suggest
that the development and use of such a tool could enhance the relia-
bility of gait analysis in the forensic context.

Many factors have been shown to influence the reproducibility and
repeatability of observational gait tools in the clinical context. One of
the most commonly reported findings is the impact of observer ex-
perience [9,11,15,16,19]. Several studies have also reported on the
importance of the angle of the camera relative to the subject being
recorded [9,11,20,21]. In the clinical context the angle from which gait
is filmed can be selected and controlled, and clinical papers generally
support the use of a camera angle at right angles to the sagittal plane of
the subject [9,11]. Clinical tools such as the Salford Gait Tool [10] are
specifically designed for use with a particular camera angle. In the
forensic context the analyst has no such control, and the most effective
orientation for recording has yet to be established [20], although Birch
et al. [21] found that the highest rate of correct identifications was
achieved with a camera angle at right angles to the sagittal plane of the
suspect, or when the questioned footage (footage of the unknown
figure) and reference footage (footage of the known subject) were
captured from the same camera angle. Tools intended for use in forensic
gait analysis must be suitable for use with footage captured from any
angle.

Clinical tools also tend to be designed for use with particular
pathologies or demographics, the features of gait included therefore
being limited by their relevance. In the forensic context no such pre-
dictive assumption can be made as to the type of features of gait that
may be demonstrated.

The use of gait analysis in the forensic context is still developing
together with the research base underpinning practice, and there re-
main significant areas requiring further investigation. Birch et al. [21]
demonstrated that experienced analysts instructed to focus on features
of gait were able to identify successfully individuals from CCTV footage
on up to 79% of occasions when the questioned and reference footage
were recorded from the same angle. However, this work was under-
taken without the use of a tool to structure the participants' observation
and recording of the features of gait they saw. To date the published
research investigating standardized methods to perform observational
gait analysis in the forensic setting is limited. Larsen et al. (2008)
published a checklist used in a criminal investigation which appeared
not to have been peer-reviewed or tested for reliability. DiMaggio and
Vernon (2011) published a list of suggested features of gait heavily
based on medical deviations of gait (e.g. hemiplegic, paraplegic and
ataxic gait) [20,22]. While these tools could facilitate a general overall
observational assessment of gait, in the opinion of the authors, they lack
the discriminatory potential of a more extensive and structured tool.
Vernon and Dimaggio subsequently published an observational frame-
work based on the early developmental work of the Sheffield Features
of Gait Tool [23].

The Sheffield Features of Gait Tool was developed by forensic gait
analysis practitioners, based on their extensive theoretical, clinical,
research, casework and trial knowledge and experience. The format of
the tool was informed by that of observational gait analysis tools de-
veloped for use in the clinical context [6,8–13,15–19,24–26]. The
content of the tool was initially based on a review of the features of gait
noted in 51 forensic gait analysis reports and further informed by
subsequent forensic case work. The tool consists of 113 features of gait
and variances divided into 14 main sections, containing those features
of gait and variances noted most frequently in the gait analysis reports,
plus a supplementary ‘additional features’ section, containing those
features which were noted less frequently, but on more than three oc-
casions. A section of the tool is shown in Fig. 1. It was designed for use
with any gait, and with footage captured from any angle. Although

developed by experienced practitioners, the tool had yet to be tested for
repeatability and reproducibility. The knowledge and understanding of
the reproducibility and repeatability of strategies and tools used in
casework are fundamental requirements of forensic practice [27].
Methodological reliability has been stipulated as a requirement to im-
prove the standing of evidence given by expert witnesses. In the US,
reliability it is one of the Daubert criteria governing the admissibility of
expert testimony [23,28]. In the UK, the absence of published studies of
analyst reliability has recently been highlighted as a key area of concern
in a primer providing guidance to UK courts on how gait evidence
should be used [29]. Reproducibility and repeatability testing of an
observational gait tool could improve the scientific robustness of the
use of gait analysis as forensic evidence.

This paper reports the findings of a study undertaken to assess the
repeatability and reproducibility of the Sheffield Features of Gait Tool.

2. Method

The study was approved by the School of Health Sciences Research
Ethics and Governance Panel at the University of Brighton. Sixteen
participants, each with a minimum of 12months post-graduation ex-
perience in observational gait analysis and with a regular caseload of
patients requiring observation of gait, were recruited from within the
School of Health Sciences community at the University of Brighton to
act as gait analysts. None of the participants had any prior experience in
forensic gait analysis, nor was any training given in forensic gait ana-
lysis in general, or in the use the Sheffield Features of Gait Tool. This
approach was adopted as there is currently no requirement for a person
wishing to undertake gait analysis in the forensic context to undergo
training prior to embarking on casework.

Eighteen pieces of footage, each of approximately six seconds in
duration, were produced by the research team at the University of
Groningen, The Netherlands, led by Professor Bert Otten as part of a
project investigating the use of avatars as a means of testing gait ana-
lysis competency. Each piece of footage showed a computer generated
avatar walking and wearing the same clothing. These avatars have been
specifically designed and developed to replicate human movement,
their gait being based on three dimensional motion capture data of a
human subject. The avatars were used in order to ensure that the fea-
tures of gait they demonstrated were known, an important component
of the follow up work to this study which will test the validity of the
tool in terms of its ability to facilitate the accurate observation and
recording of features of gait. Six pieces of footage were used, each
showing an avatar walking from a left side frontal oblique perspective,
which was selected for use in this investigation as it offered the type of
perspective often seen in forensic gait analysis casework and allowed
consideration of features of gait occurring in all three body planes (see
Fig. 2).

The avatar seen in each piece of footage was programmed with a
different combination of variances of features of gait. The selection of
the features of gait demonstrated by the avatars was based on forensic
casework, ensuring that the combination of features reflected those
seen in actual footage as accurately as possible.

The six pieces of footage to be used (one piece of footage of each of
the six avatars, captured from a left frontal oblique perspective) were
uploaded to a secure folder at Dropbox.com and a link created to each
of the six pieces of footage. Each link was made available for a two day
period selected by the participant.

Each participant was randomly allocated a pair of avatars (one and
two, three and four, or five and six), and was sent the link to each of the
two pieces of footages on three occasions in a random order to mini-
mize recall bias. Each participant therefore viewed one of their two
pieces of footage on six separate occasions, at one week intervals for a
period of six weeks. The participants did not know how many different
avatars they had viewed nor did they know whether or not they had
viewed the same avatar on multiple occasions. The time period and the
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number of tasks allocated to each participant were selected so as to gain
as much information as possible while minimizing the risk of partici-
pant drop out. It was recognized that participation in the study was
both potentially challenging and certainly time consuming for the
participants. The Sheffield Features of Gait Tool was emailed to each
participant each week as a Microsoft Excel document and labeled with a
participant identification number and the date of completion. No
identifying personal data was included on the completed tools. A sup-
plementary terminology sheet was also provided.

Participants were instructed to view the footage as many times as

they wished and to complete the Sheffield Features of Gait Tool for each
piece of footage they were sent. For each of the 113 features of gait and
variances the participants indicated with a number 1 in the appropriate
box of the tool if a feature or variance was seen, leaving the box blank if
it was not seen. The completed tool was then returned. Having com-
pleted the analysis of each avatar, the participants were instructed not
to view the footage again, and not to review their completed and re-
turned tool. The participants were asked not to discuss any aspects of
the study with other participants for the duration of the research pro-
ject, so as reduce the possibility of a participant being influenced by
another participant.

The data recorded by each participant on the tool was transferred
onto a Microsoft Excel spreadsheet and scored for repeatability and
reproducibility. Repeatability scores were calculated by counting the
highest number of same responses for each element of the tool, an
element being a feature of gait or variant related to a particular part of
the body. Eleven sections of the tool contained only mutually exclusive
elements,2 and therefore only positive responses, indicated by a 1 en-
tered by the participant, were counted. The remaining 4 sections of the
tool contained non- mutually exclusive elements3 for which leaving the
element without an entry provided equally valuable information re-
garding the feature of gait as a positive response. The non-mutually
exclusive elements were scored by counting the highest number of same
responses, whether they were positive responses or blanks. As the
sections contained different numbers of elements, section scores were
normalized to a maximum score of three to prevent some sections
having a greater influence on the final total score than others. Nor-
malized section scores were then added together to give an overall
score for each analysis.

Reproducibility scores were calculated by comparing the responses

tiaglacirtemmys1A
tiaglacirtemmysa2A

A3 erra!c gait 
denimretedebtondluoctiagfoyrtemmys

osrotdnadaehehtfognillortnacifingison1B
osrotdnadaehehtfognillor2B

B3 rolling of the head and torso, more to the right on right steps than to the le" on le" steps    
B4 rolling of the head and torso, more to the le" on le" steps than to the right on right steps    

denimretedebtondluocosrotdnadaehehtfonoitomenalplatnorf

osrotehtfogniwaytnacifingison5B
B6 yawing of the torso, right side forwards on le" steps, le" side forwards on right steps    
B7 yawing of the torso, right side forwards on right steps, le" side forwards on le" steps    

denimretedebtondluocosrotehtfonoitomenalpesrevsnart
petshcaenoosrotdnadaehehtfotnemevomlacitrev8B

C1 head held approximately in line with the midline of the torso in the frontal plane    
C2 head held !lted to the right rela!ve to the midline of the torso in the frontal plane    
C3 head held !lted to the le" rela!ve to the midline of the torso in the frontal plane    

denimretedebtondluocdaehehtfotnemngilaenalplatnorf

Fig. 1. The first four sections of the Sheffield Features of Gait Tool, showing the features relating to the gross symmetry of gait, the trunk, and the frontal plane
alignment of the head.

Fig. 2. Screen shot of an avatar demonstrating the left side frontal oblique
perspective used during the study.

2 In a section of the tool containing mutually exclusive elements one, and only
one, element must be selected for any one piece of footage. For example:
right knee is flexed at or close to heel strike
right knee reaches a position of full or close to full extension at or close to

heel strike
right knee reaches a position of full or hyper extension at or close to heel

strike
angulation of the knees at or close to heel strike could not be determined
3 In a section of the tool containing non- mutually exclusive elements more

than one, or no elements can legitimately be selected. For example:
right foot is noticeably inverted prior to heel strike
right foot noticeably everts on weight bearing
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of each of the participants for each element of the tool with those of
each of the other participants who analyzed the same avatar. Mutually
exclusive elements were scored by using only positive responses, while
non-mutually exclusive elements were scored by using both positive
responses and blanks. Section scores were again normalized, in this case
to a maximum of 12, before being added together to give an overall
score.

3. Results

Fourteen of the sixteen participants completed all six rounds of the
study. Six participants completed analysis of avatars 1 and 2, four
participants completed avatars 3 and 4 and four participants completed
avatars 5 and 6. As repeatability is a function of each participant's
ability to analyze the gait of the avatars on multiple occasions, the
results yielded by all fourteen of the participants who completed the
study were used to assess the repeatability of the outcomes. However,
as reproducibility is a function of multiple participants' ability to ana-
lyze the same avatars, only the data yielded by the first four partici-
pants to complete the analysis of each of the avatars was used to assess
the reproducibility of the outcomes in order to negate a possible
skewing effect on the data of a different number of participants ana-
lyzing each of the avatars. The results are presented as both actual
scores and percentage of best possible scores to facilitate comparison
with previous papers.

Table 1 and Graph 1 show the repeatability scores for each of the 14
participants, demonstrating the variation in the ability of the partici-
pants to produce repeatable outcomes. The repeatability scores varied
between participants from a highest score of 42.59 out of a maximum
possible score of 45 (94.65%), to a lowest score of 30.76 (68.35%), with
a mean score of 35.79 (79.54%) and a standard deviation of 3.59
(7.98%).

Table 2 shows the mean repeatability scores for each of the 6 ava-
tars, while Graph 2 shows the repeatability scores for each of the six
avatars divided into the components contributed by each of the parti-
cipants. This data demonstrates the effect of the variation in the com-
binations of features of gait shown by the six avatars on the repeat-
ability scores reported in Table 1. The mean repeatability scores for
each of the six avatars showed less variation than those of the partici-
pants with a highest mean score of 37.99 out of a maximum possible
score of 45 (84.41%), and a lowest of 32.12 (71.38%), with an overall
mean score of 35.66 (79.25%) and a standard deviation of 2.38
(5.28%).

Graph 3 shows the total repeatability scores (sum of the scores of
the 14 participants) for each of the 15 sections of the Sheffield Features
of Gait Tool, demonstrating the variation in repeatability of observing
different features of gait. These scores showed a greater degree of
variation than those of the participants or of the avatars, with a mean
score of 66.81 out of a maximum possible score of 84 (79.54%), a

highest score of 75.72 (90.14%), a lowest score of 59.00 (70.24%) and a
standard deviation of 4.33 (5.15%).

Table 3 and Graph 4 show the reproducibility scores and the per-
centage of the best possible score for each of the six avatars, also shown
in Graph 4. As was the case with the participant repeatability scores,
the avatar reproducibility scores varied with a highest score of 137.73
out of the best possible score of 180 (76.52%), and a lowest score of
127.21 (70.67%), with a mean score of 132.21 (73.45%) and a standard
deviation of 3.82 (2.12%).

Graph 5 shows the total reproducibility scores (sum of the scores of
the 6 avatars) for each of the 15 sections of the Sheffield Features of
Gait Tool. As was the case with the repeatability scores, the section
scores varied to a greater degree than did the reproducibility scores for
the avatars, with a mean score of 53.88 out of a maximum possible
score of 72 (73.45%), a highest score of 61.00 (84.72%), a lowest score
of 45.50 (63.19%), and a standard deviation of 4.44 (6.17%).

4. Discussion

The aim of this study was to test the repeatability and reproduci-
bility of the Sheffield Features of Gait Tool. To date there has been no
tested method of observing and noting features of gait in the forensic
context. The use of tried and tested methods for which error rates are
known is a core element of The Forensic Science Regulator's Forensic
science providers: codes of practice and conduct, 2017, and this study is
therefore an important facet of ensuring that forensic gait analysis
practice meets the same stringent requirements as all other areas of
forensic practice.

Participant repeatability was found to vary between observers,
ranging from 42.59/45 (94.65%) to 30.76/45 (68.35%). However, the
standard deviation of 3.59 suggests a relatively tight grouping of the
participant scores. The presence of variation in participant scores is
consistent with the findings of investigations into tools to facilitate
observational gait analysis in the clinical context [8,11,24], Toro et al.
reporting results of 75% for intraobserver repeatability. However, it
should be noted that comparison between the results of the papers is
less than straight forward in view of the different methodologies and
analyses employed. The presentation of the six pieces of footage,
showing the two avatars seen by each participant in this study, was
randomised, the participants not knowing how many avatars or whe-
ther features of gait varied or were constant. This strategy was used to
minimize the possible effect of recall bias, the influence of prior
knowledge and experience gained in the preceding assessments. Ran-
domising was only explicitly stated in four studies that tested the re-
peatability of clinical observational gait tools [9,11,15,25].

One explanation for the variation that was found could be the dif-
fering levels of experience of the participants, which is widely reported
in the clinical literature to be a factor [9,11,15,25]. The number of
participants (14 for the assessment of repeatability, and 12, divided into

Table 1
The repeatability scores for each of the 14 participants (maximum possible score 45).

Participant 1 2 3 4 5 6

Avatar analyzed 1 2 1 2 1 2 1 2 1 2 1 2
Total score 33.81 38.11 30.76 34.17 40.00 37.26 36.34 33.96 41.67 40.33 36.68 35.74
% score 75.12 84.69 68.35 75.92 88.89 82.80 80.75 75.47 92.59 89.63 81.51 79.43

Participant 7 8 9 10 Mean Score
Max
Min
Std

Mean % Score
Max %
Min %
Std %

35.79
42.59
30.76
3.59
79.54
94.65
68.35
7.98

Avatar analyzed 3 4 3 4 3 4 3 4
Total score 33.20 33.23 39.74 42.59 35.14 36.67 41.65 39.45
% score 73.77 73.85 88.32 94.65 78.09 81.48 92.55 87.66

Participant 11 12 13 14
Avatar analyzed 5 6 5 6 5 6 5 6
Total score 31.59 32.24 30.81 37.23 31.80 30.89 34.28 32.90
% Score 70.20 71.64 68.47 82.73 70.67 68.64 76.17 73.11
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three groups of four, for the assessment of reproducibility) who took
part in this study is relatively large compared to many of the studies
assessing the reliability of the clinical observational gait tools, some of
which were based on just one or two observers [8,16–18]. Three studies
reporting specifically on the impact of experience on observational gait
analysis found that repeatability increased with experience [8,18,19].
Previous studies in the forensic context have all relied on individuals
with experience. Birch et al. [21] compared the results of the experi-
enced analysts in their study who successfully identify individuals from
CCTV footage on an overall 71% of occasions to the inexperienced
analysts in the previous research of Stevenage et al. [30] showing that
they had a correct identification score 21% higher, and suggested that
analysts with experience perhaps perform better than those without
experience. Although all the participants had been trained in observa-
tional gait analysis as part of their pre-registration education, and had
at least 12months post-graduation experience, none of the participants
had any experience in forensic gait analysis. Forensic gait analysis re-
quires a more detailed and protracted analysis of gait than is usually
undertaken in the clinic, and therefore the participants' experience of
gait analysis and that required as part of this study may not have
aligned. Experience can be hard to define and it has been suggested that
clinical experience does not necessarily equate to experience of ob-
servational gait analysis [31], and experience in observational gait
analysis may not equate to an ability to apply that experience for a
forensic purpose [32]. Future testing of the tool using participants with
experience in forensic gait analysis would provide useful data.

This study relied on participant involvement over a six-week period.
One participant withdrew due to time commitments and it is possible
that the competing professional commitments of some of the other
participants also limited the time available for them to undertake the
research task, potentially impacting on their level of engagement.
Variations in participant engagement in study designs involving mul-
tiple rounds of activity have been previously reported [33]. The tool
provides a list of features of gait and variances, and is therefore both
extensive and complex. A terminology sheet was provided, but no
guidance was given regarding the completion of the tool, the intention

being to test the use of the tool under the least favourable conditions.
The complex nature of the tool and the lack of experience in its use may
also have contributed to demands placed on the participants and the
variation in their scores.

Graph 3 shows the variation in repeatability between the 15 sec-
tions of the tool, the scores varying from a highest score of 75.72/84
(90.14%) to a lowest score of 59.00/84 (70.24%), with a standard
deviation of 4.33, again suggesting a relatively tight grouping of the
scores from each of the sections. Each section of the tool deals with
either a different part of the body or a different point in the gait cycle.
The sections necessarily vary slightly in complexity, and in terms of
ease of completion are dependent on aspects of the particular piece of
footage being analyzed. The lowest scoring sections were those dealing
with the frontal plane movement of the head and torso, the movement
occurring at the hip and its effect on the path of motion of the feet, and
the angulation of the knee at or close to heel rise. The sections represent
a variety of types of observation. Papers reporting the testing of clinical
tools generally found that observations of more distally occurring fea-
tures of gait were more reliable than those of proximal ones
[8,9,18,19,25]. This appears not to have been the case in this study.
Some studies suggested variation by body segment could be due to a
lack of understanding about what constitutes a particular feature of gait
and recommended the inclusion of more detailed definitions. This is
unlikely to be significant in this case because detailed definitions were
provided; indeed the authors of the tool have previously published a
paper on the importance of consistent terminology and clear definitions
in forensic gait analysis [34]. Also, the great majority of participants
were podiatrists and should have been particularly familiar with motion
of the foot during the gait cycle and associated terminology. It is
therefore possible that although participants knew what to look for they
found these subtle movements hard to distinguish from the footage of
the avatars.

The section scores also show that the most repeatable section of the
tool was that dealing with arm swing. Birch et al. [21] reported that
analysts focusing on upper body gait features such as arm swing scored
more highly in terms of correctly identifying individuals from their gait
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Graph 1. Repeatability scores for the two avatars analyzed by each of the 14 participants (maximum possible score 45).

Table 2
The mean repeatability scores for each of the 6 avatars (maximum possible score 45).

Avatar 1 2 3 4 5 6

Participants 1,2,3,4,5,6 1,2,3,4,5,6 7,8,9,10 7,8,9,10 11,12,13,14 11,12,13,14
Mean score 36.54 36.60 37.43 37.99 32.12 33.31
Mean % score 81.20 81.32 83.18 84.41 71.38 74.03
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features than those focusing on lower body gait features. The high score
of the arm swing section would seem to agree with this earlier finding,
particularly in view of the high proportions of participants with a po-
diatric background who were more experienced in assessing lower limb
pathology. However, the explanation may not be quite as straight for-
ward. The arm section had a number of detailed subsections, which
although the final section scores were normalized, may have played a
part in the high score.

The reproducibility scores for each of the six avatars also varied,
with a highest score of 137.73/180 (76.52) and a lowest score of
127.21/180 (70.67), with a standard deviation of 3.82, a proportio-
nately smaller standard deviation than was found for the repeatability
scores. The ability of a gait assessment tool to produce reproducible
results is important in any context. In the clinical context it allows gait
analysis undertaken by one practitioner to be compared, or used in
conjunction with, that undertaken by another at a later date. In the
forensic context it assures parity between the gait analysis undertaken
by different experts working on the same case, allowing the court to

compare more easily the findings based on that analysis. The re-
producibility scores in this study were calculated using a line by line
analysis and section totals rather than a total score or overall assess-
ment. The calculation of reproducibility and repeatability in clinical
tools is commonly based on cumulative scores whereby nominal scores
for each joint segment are added together to assess overall pathology
[8,15–17]. The section scores from this study showed the scores to vary
from a highest of 61/72 (base of gait) to a lowest of 45.5/72
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Graph 2. Repeatability scores for each of the six avatars (maximum possible score 45; participant number shown in the base of each column).
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Graph 3. Total repeatability scores for each of the 15 sections of the Sheffield Features of Gait Tool (maximum possible score 84).

Table 3
The reproducibility scores and the percentage of the best possible score for each
of the six avatars (maximum possible score 180).

Avatar 1 2 3 4 5 6

Total score 134.70 137.73 127.21 130.98 129.30 133.33
% of best possible score

(180)
74.83 76.52 70.67 72.77 71.83 74.07
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(angulation of the knee at heel strike) with a mean score of 52.88/72
and a standard deviation of 4.4. The lower score of the angulation of the
knee at heel strike section may have been related to the perspective of
the avatar shown in the footage, left side frontal. From this orientation
determination of the angulation of the knee would have been challen-
ging for the participants, and in a forensic context the selection of
‘could not be determined’ may have been the most appropriate option.

Whilst comparison with other observational gait tools is limited due
to the different statistical measures employed, these results broadly
align with tools in the clinical setting shown to have good reproduci-
bility such as the Salford Gait Tool (77% mean agreement) [11] and the
Edinburgh Visual Gait Score (70% mean agreement [9], 60–90%
agreement [18]). What constitutes good or moderate reproducibility
within a particular context is relatively subjective and varies between
studies. Toro et al. [11] warn that a tool that is reliable for one patient
group may not be reliable for another. It has also been suggested that
reliability should be greater when making clinical decisions related to
individuals than for clinical decisions affecting groups [14,35]. This

raises the question of what acceptable reproducibility and repeatability
should be in the forensic context. The 2017 publication ‘Forensic gait
analysis: a primer for courts’ noted that identification success rates of
71%, equating to a failure rate of 29%, were unacceptably high [29].
However, the primer mismatches the process used in current forensic
gait analysis practice, which is acknowledged as not being capable of
identification [2], with research papers that apparently investigated the
ability of observers to identify subjects [21,30,36,37], thus conflating
two different paradigms. A criminal conviction has a profound and
lasting impact on people, however, forensic gait evidence remains class
level, providing a likelihood of this being the same person or “con-
gruence of identity” not a definitive match [2,38]. What is currently
important is to help courts to understand the probative value of gait
analysis evidence, and the more information that can be clearly pro-
vided regarding the strategies used during analysis and comparison, the
better this objective can be achieved.

The study used computer generated avatars which were specifically
designed for use in observational gait analysis competency testing, and
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Graph 4. The reproducibility score for each of the six avatars (maximum possible score 180).
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Graph 5. Total reproducibility scores for each of the 15 sections of the Sheffield Features of Gait Tool (maximum possible score 72).
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were programmed with pre-determined features of gait. Six avatars
were used, each programmed with a different set of features of gait. The
use of six sets of features introduced the possibility of a variation in the
challenge presented to the analyst when analyzing the gait, as would be
found in forensic practice. However, two other aspects of this strategy
need to be considered. The first is the obvious question of whether
using footage of a person rather than an avatar would have made the
task easier or more difficult. The object of the study was to test the tool,
and the use of the avatar removed the complication of a range of in-
trinsic and extrinsic factors that can affect gait [4,39–41]. The use of
footage of a person would have resulted in the results representing a
combination of the tool and that variability. However, the analysts
experience was entirely based on analyzing real people not avatars. The
second is that the footage used was of a high frame rate, good resolution
and good lighting, and therefore footage that would be considered ideal
for use in forensic gait analysis. Much of the footage submitted for
analysis is suboptimal and the limitations imposed are well established
[21,31,42]. The quality of the footage used could have been down-
graded, but once again this would have resulted in the results reflecting
a combination of determining factors rather than just the ability of the
tool to yield appropriate results. Both aspects certainly warrant further
consideration.

5. Conclusions

The results demonstrated that the use of the Sheffield Features of
Gait tool by experienced analysts resulted in good levels of both re-
peatability and reproducibility. Some variation was shown to occur
both between the results produced by different analysts, and between
those produced from different avatars. Reproducibility scores between
sections of the tool were shown to vary slightly more than repeatability
scores. This is the first observational gait analysis tool specifically de-
signed for use in the forensic context, and the research described in this
paper will inform future development and retesting of the tool.

An understanding of the probative value of gait analysis evidence is
an important facet of its submission as evidence, and the design and
testing of standardized methods of analysis and comparison are an es-
sential element of developing that understanding. This study is the first
to test a purpose designed tool for use in forensic gait analysis.
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