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Abstract

Background and importance Use of video review in medicine is established in contexts such as surgery. Although
not widely used in the emergency department (ED), some centres use it to evaluate non-technical skills (NTS) to
support teaching and quality improvement.

Objective There is no consensus on assessment of NTS using video review in the ED and the purpose of this review
was to identify tools used in this context.

Design, setting and participants Studies were identified using Embase, Medline, CINAHL and Google Scholar.
Inclusion criterion for the review was NTS of resuscitation teams working within the ED were assessed using video
review. A systematic search method was used, and results were synthesised after search criteria was checked by two
independent reviewers. Authors settled on the same 9 studies eligible for inclusion.

Outcome measures and analysis Reliability and validity of tools identified for use in this context. Due to the
heterogeneity of studies, no meta-analysis occurred.

Main results There are 9 studies included in the review. The review was registered with PROSPERO (Ref No:
CRD42022306129). Four unique tools were identified — 6 studies used T-NOTECHS, 1 used TTCA-24, 1 used CALM and
1 used the Communication tool. T-NOTECHS is validated in the literature for use in this context.

Conclusion T-NOTECHS is the tool of choice for assessing ED teams in this context.
Keywords Non-technical skills, Emergency department, Resuscitation team, Trauma, Video review, T-NOTECHS
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Introduction

Providing high quality resuscitation to patients present-
ing in the emergency department requires a coordinated
performance of interventions to achieve resuscitation
success and patient survival; [1] this requires non-techni-
cal skills (N'TS). [2] NTS include skills such as leadership,
communication, situational awareness, decision making
and teamwork. [3] Leadership skills are correlated with
increased quality of CPR and the International Liaison
Committee on Resuscitation recommends that “specific
teamwork training” should be taught on courses. [4] The
importance of evaluating NTS within teams is increasing,
as are the number of tools used to assess them. [1] Early
examples are adapted from the aviation industry, where
measuring NTS was already commonplace. [5, 6].

Assessing NTS of a resuscitation team in real time is
challenging due to the emergency department (ED) envi-
ronment. [7] One study showed that traditional review
only detected 20% of errors that were seen in video
review [8], highlighting the opportunity to enable foren-
sic review of team performance. Clinical work must be
examined in its natural setting to allow for inclusion of
the nuances of real-life not accounted for in simulation.
Introducing video review into the ED allows for critical
review to gain insight from others. [9].

Video review in medicine is established in many con-
texts, including simulations and surgery. [10] Although
not widely used in the ED yet, some hospitals use it to
assess NTS to support teaching and quality improve-
ment. [11] There is currently no consensus on assessment
of NTS using video review in the ED. [12].

Aims
+ To provide an overview of tools used to assess NTS
in resuscitation teams within the ED using video
review.
+ To explore to evidence for the validity and usability
of the tools.

Methods

This review is registered with PROSPERO (Ref No:
CRD42022306129). Peer-reviewed studies were identi-
fied using electronic databases Medline, Embase and
CINAHL. A grey literature search was completed using
Google Scholar. A manual search of the reference list of
relevant articles was conducted. The PRISMA diagram
for review of NTS assessment tools is shown in Fig. 1.
[13] The search strategy is further detailed in the supple-
mentary material.

The inclusion and exclusion criteria were informed
by the authors’ experiences and familiarity with exist-
ing literature. We sought papers available in English and
published between January 1995 and September 2023,
which studied resuscitation teams within the ED. Terms
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including other descriptors were included (e.g., trauma
teams, resus team). Papers must also describe a tool used
to assess at least one component of NTS where video
review was utilised in a real clinical setting. Papers exclu-
sively assessing simulation were excluded. Papers exclu-
sively assessing resuscitation of paediatric patients were
excluded due to the challenges presented by paediatric
patients lying outside the scope of this paper.

The search criteria were checked by two independent
reviewers. Papers for potential inclusion were checked
for relevance by title and abstract (see Fig. 1 for PRISMA
flowchart process). Relevant papers were retained for full
review. Two papers did not have a full paper associated
with their abstract, and one was not available in English.
In the initial search, no papers required adjudication by
the senior author as agreement between reviewers was
achieved.

In the final analysis, three structured tools were found
(T-NOTECHS, CALM and TTCA-24) and one tool
assessing communication (Communication tool). Stud-
ies were analysed over three main domains: method of
development, applicability and context use of tool, and
evidence of validity. Data were collected and synthesised
by one author and checked by another.

Risk of bias was considered throughout data analy-
sis and interpertation. Potential bias includes study
selection bias, language bias and anchoring bias. One
author published a review in situational awareness, [14]
a key component of NTS, which may lead to familiarity
bias. Mitigations for these risks include review by three
authors, use of a systematic search method, repeated re-
examinations of papers in a random order, attempting to
access pre-published papers from authors and an Eng-
lish translation. The latter were unsucessful as shown in
Fig. 1.

All reviewed articles were quality assessed using the
Mixed Methods Appraisal Tool (MMAT) Version 2018
[15] by two authors. Discrepancies were discussed until
agreement was reached. MMAT is a “critical appraisal
tool designed for appraisal... of systematic mixed studies
reviews” Its validity and reliability meet accepted stan-
dards and it was pilot tested for reliability in systematic
reviews. [16, 17].

Lack of homogeneity in design, definition, and study
populations precluded the use of meta-analytic tech-
niques. Findings were tabulated and summarised by
detailed narrative analysis in accordance with the
PRISMA checklist. [18].

Results

The screening process is shown in Fig. 1 as per PRISMA
guidance. There were 378 discrete studies screened, 339
were eliminated based on title relevance and 28 were
eliminated on abstract relevance. A total of 12 studies
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CINAHL, Google Scholar)
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Records after de-duplication
n=378

Records excluded — title
not relevant to search
n =339

Records screened
n=39

Records excluded —
abstract not relevant to
search
n=30

Full text articles assessed for
eligibility
n=9

i

Articles included in synthesis
n=9

Fig. 1 PRISMA diagram for NTS assessment tools

were assessed for eligibility and 9 were included in the
final study.

The summary of characteristics of studies is shown
in Table 1. Six observational studies, two retrospective
reviews, and one randomised controlled pilot study were
included. The trials were conducted in the Netherlands
[19, 20], USA [21-24, 27] Lithuania [25] and Canada
[26]. Van Maarseveen et al [20] did not declare duration
of time over which data was collected. The other stud-
ies were conducted over a mean of 6.94 months (range
2-24).

There was heterogeneity between studies in relation to
patient groups, outcome measures and methodology. All

studies were single centre studies due to methodology.
The key findings of the studies are highlighted in Table 2.

Four unique tools for assessing NTS in this setting
were identified. The Communication tool was used to
assess whether communication was audible or absent
[19]. Three structured tools were identified: the Trauma
Non-Technical Skills Assessment Tool (T-NOTECHS),
the Concise Assessment of Leader Management (CALM)
tool and the Trauma Team Communication Assessment
(TTCA-24). The components of T-NOTECHS, CALM
and TTCA-24 are shown in Figs. 2, 3 and 4 respectively
[19, 23, 27].
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Table 1 Characteristics and findings of included studies
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Paper, Year, Type of Study Length Patient population Sam- Toolused Methodology
Country of Study ple
(months) Size
Bergsetal. [19], Observational 4 Patients RTS* <12 assessed by 193 Communi-  Resuscitations consecutively enrolled.
2005, Netherlands major trauma team, > 12 as- cation tool  Information transfer evaluated for all
sessed by minor trauma team ABCDE'st. Observer trained and first 30
videos excluded.
Van Maarseveen Retrospective None Patients whose condition is 18 T-NOTECHS  Pre-power calculation determined
et al. [20], 2020, review stated severe enough to activate 18 videos needed for analysis using 3
Netherlands trauma team reviewers and T-NOTECHS. Investigated
interrater reliability.
Dumas et al. [21], Observational 24 Patients who underwent 61 T-NOTECHS  Used T-NOTECHS to evaluate NTS. Modi-
2020, an emergency department fied to 3-point Likert scale.
USA thoracotomy (EDT)
Nagaraj et al. [22], Retrospective 3 Patients with level 1 trauma 99 T-NOTECHS  Compared standard of handover from
2021, review or an injury severity score paramedics to T-NOTECHS score.
USA (ISS)>15
Steinemann et al. Observational 6.5 Blunt, multisystem trauma 69 T-NOTECHS Developed T-NOTECHS. Interrater reli-
[23],2012, in nonpregnant patients>6 ability and correlation assessed.
USA years
Kava et al. [24], Prospective 2 Patients triaged as a 20 CALM Postgraduate year 2 and 3 residents
2019, USA randomised resuscitation acted as team leader for resuscitation. In-
controlled pilot tervention group reviewed performance
study before 2nd attempt. Used CALM tool.
Aukstakalnis et al. Observational 8 All emergency department 143 T-NOTECHS Audio / video review process to evaluate
[25], 2020, Lithuania resuscitation patients>18 technical and non-technical skills perfor-
years mance. Used T-NOTECHS.
Bhangu et al. [26], Observational 2 Patients for whom a trauma 55 T-NOTECHS 2 independent reviewers used T-
2022, Canada code was activated NOTECHS with 5 point Likert scale to
assess NTS using video review.
DeMooretal.[27],  Observational 6 Patients recorded as trauma 70 TTCA-24 Compared TTCA-24 to T-NOTECHS and

2017, USA

resuscitations (1:1 ratio of
stable:unstable patients)

TEAM tool scores for same videos to
assess concurrent validity

*RTS=Revised Trauma Score; TABCDE's=Airway, Breathing, Circulation, Disability, Exposure

T-NOTECHS, CALM and TTCA-24 measure
NTS, however, they score components differently.
T-NOTECHS splits NTS into 5 distinct categories with
a 5-point Likert scale for each heading, whereas CALM
and TTCA-24 utilise a 4-point Likert scale for each indi-
vidual element under its headings. They all assess lead-
ership, communication, and general team performance;
however, they adopt individual approaches.

The Mixed Methods Appraisal Tool (MMAT) was
used to assess quality of papers; however, this was lim-
ited by the variability in provision of evidence [15]. The
highest quality papers by MMAT standards was Bergs et
al [19] and DeMoor et al [27] with 100% quality review.
The T-NOTECHS papers scored a mean of 87.5% (range
75-100%) [20-23, 25, 26]. Kava et al [24] scored 80%,
however, there were five sections to score this paper due
to its methodology compared to four sections for the
others.

Reliability was assessed within studies using inter-class
correlation coefficient (ICC). Rater reliability repre-
sents the extent to which the data collected in the study
correctly represents the variables measured. [28] The

T-NOTECHS papers which used ICC were Steinemann
et al [23] who had an ICC score of 0.48 for real-life resus-
citations and van Maarseveen [20] et al. had an ICC of
0.94 (0.87-0.98). Steinemann et al [23] report poor reli-
ability and van Maarseveen et al [20] report excellent reli-
ability. [29] Bhangu et al [26] had an ICC score of 0.52
but did not comment on the reliability.

The CALM paper, Kava et al [24], used weighted Kappa
between two experts to ensure agreement and it was 0.45
(CI 0.35-0.56, p<0.0001). This is a weak level of agree-
ment. [28] Both ICC and weighted Kappa can be used
to assess inter-rater reliability. The other papers did not
demonstrate assessment of reliability.

The TTCA-24 paper, DeMoor et al [27], assessed the
ICC in both stable and unstable patient activations and
reported 0.87 and 0.78, respectively, which demonstrates
excellent reliability. [29].

T-NOTECHS is suggested to be a more reliable
assessment of NTS than CALM, as inter-rater reli-
ability is higher across the studies that assess it. Both
T-NOTECHS and the CALM tool are previously
validated in the literature. [23, 30]. The TTCA-24
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TRAUMA NOTECHS

Leadership
5 4 3

Clearly defined team leader.
Good time management, all
tasks completed, non-hierarchical

Cooperation and Resource Management
5 4 3

All team members clearly
fill a role and perform all
designated tasks

Communication and Interaction
5 4 3

Clear communication with
Team Leader as a hub, relayed
to scribe

Assessment and Decision Making
5 4 3

Orderly and complete 1°
(ABCDE) and 2° surveys. Plan

communicated to team. complete

Situation Awareness / Coping with Stress
5 4 3

Untoward findings and
distractions did not upset
systematic and orderly flow.
Team is calm and plans ahead.

Fig. 2 T-NOTECHS tool [23]

their own studies. [20-23, 25] The T-NOTECHS scale is
shown in Fig. 2.

The CALM tool was developed by Nadkarni et al [30]
in 2018 and validated in paediatric simulations to assess
team leader performance. It was applied to adult real-
life resuscitations by Kava et al [24] to assess individual
resident performance as team leader. The CALM tool is
shown in Fig. 3. It assessed 15 NTS components which is
more than the 5 components assessed in T-NOTECHS,
providing a greater scope of assessment. T-NOTECHS
may be able to give a greater insight into smaller range of
NTS assessed.

The TTCA-24 tool was designed by DeMoor et al [27]
as they commented on the use of T-NOTECHS and the
Team Emergency Assessment Measure (TEAM) devel-
oped by Cooper et al[38]. The senior author felt that
these tools lacked scope to adequately assess communi-
cation as a NTS so developed the TTCA-24 tool to be

Individual defined, but
some tasks not completed.

Identity of all members
not clear, some do not
perform assigned tasks

Communication not always
through Team Leader, or not
relayed rapidly to scribe

Assessment somewhat
out of order, all major tasks

Untoward findings caused
disruption but did not
preclude task completion.

2 1

Identity of team
leader not clear

2 1

Unable to discern
role identity of team members

2 1

Unorganized or incoherent
communication on many different
levels

2 1
1° and 2° surveys
disorderly and/or incomplete.
Plan not clear.

2 1

Untoward findings or interruptions
completely upset orderly
assessment and task completion
Not anticipatory.

used live or during video review. DeMoor et al. assessed
concurrent validity between TTCA-24 and T-NOTECHS
and TTCA-24 and TEAM. The Spearman rank correla-
tion coefficient between TTCA-24 and T-NOTECHS is
r=0.261, demonstrating positive correlation that was sta-
tistically significant (p=0.029). There was no statistically
significant correlation between TTCA-24 and TEAM.
As T-NOTECHS contains a distinct communication
category, it is understandable how these tools would be
correlated.

The T-NOTECHS, CALM and TTCA-24 tools both
assess leadership, communication and team manag-
ment. T-NOTECHS emphasises decision making and
situational awareness, CALM focuses on medical man-
agement and knowledge and TTCA-24 focuses on team
communication. These are not distinct categories and
demonstrate overlap in some areas. T-NOTECHS rec-
ognises the response to “untoward findings’, a useful
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VIDEO:
DATE: TRAINEE: PGY: ASSESSOR: CASE:
| . LEADERSHIP |
A. ROLE
1. Announced role as leader O no O yes

2. Clear role as leader throughout case
B. STYLE
1. Stylc appropriate and effective for situation

Specific examples/comments:

O rarely OJ sometimes [J mostly [J always

O rarcly O sometimes [J mostly [J always

| . COMMUNICATION

A. Voice is appropriately loud and clear
B. Addresses people explicitly (e.g. by name)
C. Recinforces closed-loop communication

Specific examples/comments:

O rarcly [J sometimes [J mostly [J always
O rarely OJ sometimes [J mostly [J always
O rarely O sometimes [J mostly [J always

| IIL.TEAM MANAGEMENT |
A. Assigns or acknowledges roles O rarely OJ sometimes [J mostly [J always
B. Directs team effectively / assigns tasks O rarely OJ sometimes [J mostly (J always
C. Balances work load of team O rarely 0J sometimes [J mostly [J always
D. Engages tcam members in decision making O rarcly OJ sometimes [J mostly [J always
E. Summarizes case status periodically 0O rarely O sometimes OJ mostly [J always

Specific examples/comments:

| IV.MEDICAL MANAGEMENT |
A. Prioritizes task order O rarely OJ sometimes [J mostly [J always
B. Maintains global view (avoids fixation bias) O rarely [J sometimes [J mostly (] always
C. Periodically reassesses patient O rarely OJ sometimes [J mostly [ always
D. States next step(s) in patient carc O rarely OJ sometimes [J mostly [J always
E. Aware of limitations and seeks help as needed [ rarely [J sometimes [J mostly [J always
Specific examples/comments:
| V. MEDICAL KNOWLEDGE

Prescribe an action plan to address any knowledge gaps identified from today’s scenario:

| VI.GLOBAL ASSESSMENT

How did the leader perform in comparison to peers?

[ below expected for level (J as expected for level OJ above expectations for level (J top 5%

Fig.3 CALM tool
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Trauma Team Communication Assessment (TTCA-24)

Team Flow
The team’s efforts to be...
Emotionally controlled

Collaborative/organized/structured

Focused and alert

Global Perception

Observation Notes

Team Relationships
Team members demonstrating...
Assertive/responsive behaviors

Appropriate task/social talk behaviors

Competent, caring, trustworthy
behaviors

Global Perception

Observation Notes

Team Space Negotiation
The team’s efforts to...
Yield to each other when necessary

Remain at bedside only when
necessary

Get-in/get-out

Global Perception

Observation Notes

Team Noise Management
The team’s efforts to...
Manage environmental noise

Manage team member noise

Global Perception

Observation Notes

Team Listening
The team’s efforts to...
Pay attention to each other

Understand each other

Respond to each other

Global Perception

Observation Notes

['eam Emergent Leadership
The team’s efforts to...
Instruct each other

Delegate roles and duties

Compensate for others

Ask insightful questions to close gap

Global Perception

Observation Notes

1.Team Flow total score:

2.Team Relationships total score:

SCOre:

3.Team Space Negotiation total

Scale Range = 24 to 96

Midpoint = 60 seore:

4.Team Noise Management total

> 60 = Effective Team

5. Team Listening total score:

Communication :
< 60 = Ineffective Team 6. Tez'un Emergent Leadership total
Communication Score:

Team TTCA-24 Total Score:

Fig. 4 Similarities and differences between the tools identified

inclusion that helps to validate its use in real-life resusci-
tations, as this is common in the ED. [36] T-NOTECHS
and TTCA-24 are designed to assess team performance,
whereas CALM is better suited to assessing individual
performance.

All tools demonstrate a high level of usability.
T-NOTECHS provides an explanation for the low-
est, highest and middle score to guide the user. CALM
uses a simple scoring system which enables the user to
assess the frequency at which each NTS is exhibited.
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T-NOTECHS is potentially easier to complete as lim-
ited number of components to rate. When paired with
video review, reviewers can pause or rewind the video for
a more accurate assessment of NTS. [23] The TTCA-24
tool was designed for interprofessional use and comes
with a codebook. The high inter-rater reliability suggests
that the raters utilised the tool in the same way. The inter-
rater reliability of TTCA-24 is highest of the three, how-
ever, it has both TTCA-24 and CALM have only been
utilised in this context in one paper so more research
is needed. T-NOTECHS has more variable ICC across
studies, so more research would be beneficial in getting a
truer picture of ICC across a larger sample size. [20-27].

Higham et al [1] evaluated tools used for assessment of
NTS in healthcare. Due to broader inclusion criteria, this
study identified 76 distinct tools, including T-NOTECHS,
for assessment of NTS. They noted a large amount of
variation between methodology of design of tools, extent
of their validity and usability. This was also evident in the
comparison of our three assessed tools. They suggest that
there is a “need for rationalisation and standardisation in
the way we assess non-technical skills in healthcare”. This
study was published in 2019 and included Steinemann
et al. [23], and 6 out of 7 of the studies we reported that
used T-NOTECHS were published later. The inclusion of
the newer studies in our review furthers the research into
the standardisation of assessment of NTS.

Bhangu et al [37] also published a scoping review
in 2022 evaluating tools used to assess NTS in both
real world and simulated settings. They identified the
T-NOTECHS and TEAM tool as the most reliable for use
in this context. The TEAM tool was used in studies utilis-
ing simulation which means they do not fit the inclu-
sion criteria for this review. This tool was adapted from a
paper by Cooper et al. in 2010 [38] and further validated
in 2016 [39] in both simulated and real-life settings, with-
out video review. No studies included in this review uti-
lised the TEAM tool.

The aim of this review was to provide an overview of
tools used to assess NTS in resucitation teams within
the ED using video review and to explore the evidence
for the validity and usability of the tools. This review has
answered the stated aims despite having a limited num-
ber of papers included. We found T-NOTECHS to be the
most valid tool and has been shown to be a reliable tool to
assess NTS during resuscitation in the emergency depar-
ment using video review. The TTCA-24 tool showed
early signs of good reliability but will need to be fur-
ther validated. The TTCA-24 provides more insight into
communication as a NTS than T-NOTECHS, but when
assessing NTS more holistically, T-NOTECHS demon-
strates usability, reliability and validity. The authors are
aware of the difficulty of excluding bias and can hope that
the techniques utilised minimised bias.

Page 10 of 12

Due to the heterogeneity of studies, there was limited
application of statistical approaches to compare tools. A
similar review identifies a need to benchmark outcomes
between studies, thus enabling a potential future meta-
analysis. [40] The findings of our review provide more
clarity on the use of T-NOTECHS as a standardised tool
which would enable use of video review as a tool in edu-
cation and quality improvement. [41] One study trans-
lated T-NOTECHS into Finnish to assess translatability
and validity and found that it can still be used to assess
efficacy of trauma team resuscitations. This study used
simulated trauma resuscitations, which was an exclusion
criteria for our review. [34].

Steinemann et al [23] also assessed use of T-NOTECHS
in the context of simulated resuscitations using video
review. Rater agreement was higher in simulated resusci-
tations than in real-life resuscitations (ICC=0.71). There
was a significant correlation found between the number
of completed resuscitation tasks (r=0.50, P=<0.01) and
faster time to completion of the 3 common resuscitation
tasks (r=-0.38, P<0.05). [23] Simulated resuscitations
are a useful tool to assess NTS of staff as there are less
ethical considerations when filming patients. However,
the nature of the simulated environment does not pro-
vide assessors with a true picture of how teams would
perform in a real life clinical setting, hence the exclusion
from our review.

This review highlights the tools used in this setting
and recommends use of T-NOTECHS to assess NTS in
resuscitation teams within the ED using video review.
In terms of future study, using T-NOTECHS with larger
sample sizes, such is in a multi-centre study may greatly
establish utility of this tool. TTCA-24 may have uses in
departments where communication is identified as a
weakness by the use of T-NOTECHS or other means.
Both tools can be used to identify areas where further cli-
nician education is indicated. Furthermore, there is scope
to formally compare NTS with TS using video review
within the ED.

Limitations
One of the limitations of this review is the small sam-
ple size. There is a breadth of tools available that assess
NTS across all domains of healthcare, however, use of
video review in the ED is a growing field and excluding
studies without video review reduced the number avail-
able. Due to the infrastructure and resource demands to
review video creation and validation of a new tool and
demonstrating generalisability will be challenging. Use
of tools developed and validated in the simulation con-
text requires demonstration of their utility in real-world
clinial care.

Many institutions lack audio-visual recording access
due to finanacial and ethical restraints, therefore there
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is limited generalisability for these findings. Researchers
may be faced with a reluctance to be filmed due to pri-
vacy concerns from staff regarding patients and them-
selves. There should be strict measures in place to ensure
recordings are only accessed by appropriate personnel to
ensure privacy and security.

Conclusion
The aim of this review was to provide overview of tools
used to assess N'TS in resuscitation teams within the ED
using video review and to explore the evidence for the
validity and usability of the tools. T-NOTECHS was first
validated in Steinemann et al [23] and therefore was the
tool of choice for the majority of future papers assess-
ing NTS in the ED using video review. This review found
T-NOTECHS to be valid and reliable. The conclusion
that T-NOTECHS is the best tool of those used in this
context is suggested, but not able to be proven fully due
to small sample sizes.
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