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Executive Summary
Introduction
Guidance on the decontamination of individuals exposed to chemical, biological,
radiological or nuclear materials was provided by the then Scottish Executive in 2006. This
guidance incorporated the Scottish CBRN & Hazmat Decontamination Algorithm (SCHDA
– shown in Appendix 1), developed by Health Protection Scotland in conjunction with
a multi-agency group. This algorithm was designed to help emergency responders in
choosing the most appropriate decontamination option, when dealing with members of
the public who have been actually or potentially exposed to hazardous materials.
One of the drivers behind development of the algorithm initially was the wish to prevent overprecautionary and unnecessary use of decontamination, as well as to ensure use of the best
method when justified. Evidence suggests that the use of algorithms can result in improved
learning, better implementation of guidance and enhanced responses to clinical situations.
Various other algorithms related to decontamination work exist but none attempts to integrate
all the relevant decision steps as incorporated in the SCHDA, particularly the decision whether or
not to decontaminate.
The algorithm has been used by the Scottish Ambulance Service since the decontamination
guidance was issued. However, use of the algorithm had not been formally evaluated before
now. An evaluation study was therefore funded by the Scottish Government to assess if using
the algorithm made a detectable difference to the decisions made on the decontamination
of people involved in CBRN or Hazmat incidents, by emergency responder staff.

Methodology
The study consisted of a series of trials using the algorithm under carefully controlled
conditions, by a group of 148 emergency services personnel, recruited in Scotland from
the Scottish Ambulance Service (SAS) and Grampian Fire & Rescue Service (GF&RS) and
in England from the North West Ambulance Trust (NWAT). Data was collected on the
participants’ age, sex, educational attainment, duration of service and details of their
professional background and experience in use of decontamination.
A standard set of 60 simulated case vignettes was developed. An expert group was
convened to identify the ideal decontamination outcome for each of these cases, so
setting ‘Gold-Standard’ outcomes for use in the study.
In addition to 14 classroom-based training and evaluation sessions, which the majority
of participants took part in at 7 locations across Scotland and one in England, two
responders participated in a live play exercise involving 60 simulated casualties organised
by SAS and GF&RS in Aberdeen.
All participants were given identical briefings on basic triage and decontamination
methods initially. The participants were then divided into two groups. An ‘algorithm’ group
of 70 staff who were trained in and used the SCHDA to assist them in determining the best
decontamination outcome for the standard series of simulated case presentations. The
‘control’ group of 78 staff were presented with the same cases under the same conditions
but did not receive training in and did not use the algorithm to assist them in determining
the best decontamination outcomes.
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Data was analysed using SPSS and S-plus statistical software. The decontamination
decisions of the study participants were compared against the Gold-Standard outcomes
pre-specified by the Expert Panel and the level of agreement of each group with the
standard outcomes was assessed. Comparisons were made of the percentage of correct
answers (in terms of decontamination or no decontamination) achieved by each group.
A separate analysis using a derived Kappa statistic was also carried out to eliminate the
effect of chance from the findings. This enabled a statistically sound interpretation of the
results. Statistical testing was carried out using a 95% significance level for determining
statistical significance.

Analysis and Results
The mean age of participants was 38 years and 76% were male. There were no significant
differences between the age and sex distribution or levels of education between the
two groups. Those in the algorithm group had a significantly longer average service
history. Previous knowledge of the algorithm was generally quite low across the range
of participants, with 63.4% of participants having ‘never heard of’ the algorithm and a
further 24.8% having heard of it but having had no experience in using it. Fewer of those
in the control group than in the algorithm group had heard of the algorithm before the
study, however slightly more of the control group members had some previous experience
of decontamination incidents. The differences in the composition of the control and
algorithm groups were investigated to see if any of these background factors were
independently related to the participants’ performance in the evaluation, or were acting
as a source of bias in the study findings.
The participants’ individual ‘performance’ was assessed using two separate indicators.
Each individual’s responses were compared to the Gold-Standard responses to identify
whether or not they correctly identified that decontamination was or was not required.
This provided the ‘percentage of correct decontamination answers’, giving the first
performance indicator. Summary statistics (median etc.) and a boxplot as shown in Figure
A indicated that the algorithm group had performed better on average than the control
group.
Figure A: Boxplot comparing percentage of correct decontamination answers by group
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The median and other summary statistics were higher for the algorithm group and the
algorithm group data plotted in Figure A shows clearly that higher percentages of correct
decontamination answers were achieved. Analysis of this indicator using a 2-sample t-test
confirmed a statistically higher mean percentage of correct responses for the algorithm group
at 84.0%, versus 77.8% for the control group. There was an ‘extreme outlier’ in the control group
(meaning a participant with a percent correct score that was greater than 3 IQR’s from the
‘1st quartile’ value). This observation was not excluded from the analyses as it represented only
0.7% (1 of 148 participants) of the entire study group and was therefore unlikely to have an
appreciable influence on the data analyses.
The second indicator also compared participant responses to the Gold-Standard but
used a derived Kappa statistic to remove the effect of chance, i.e. the fact that a
participant could have guessed the correct response. The Kappa statistic or Kappa ‘score’
is generated for each participant and is a measure of the strength of agreement of that
participant’s responses with the Gold-Standard responses beyond agreement by chance.
The Kappa ‘score’ can be simply interpreted via the classification in Table A noting that
a participant getting 50% of answers correct would be getting the agreement we would
expect by chance and therefore would have a Kappa score of 0.
Table A: Descriptive classification of Kappa scores to indicate relative level
of performance
Kappa value
< 0.00
0.00

Agreement beyond chance
Less than chance agreement
No agreement beyond chance

0.01 – 0.20

Slight agreement beyond chance

0.21 – 0.40

Moderate agreement beyond chance

0.41 – 0.60

Good agreement beyond chance

0.61 – 0.80

Very good agreement beyond chance

0.81 – 0.99

Excellent agreement beyond chance

1.00

Perfect agreement with Gold-Standard
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Figure B presents the boxplot of the control group compared to the algorithm group
by the Kappa score. This Figure has the Kappa classifications (as detailed in Table A)
annotated for ease of interpretation. As with the ‘percentage correct’ indicator, on initial
scrutiny the summary statistics and the boxplot (see Figure B) indicated that the algorithm
group had higher Kappa scores on average than did the control group. The median and
other summary statistics for the algorithm group were again higher than the corresponding
statistics for the control group.

Kappa score (based on decon vs. no decon)

Figure B: Boxplot comparing distribution of Kappa scores by group within organisation
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A 2-sample t-test of the Kappa scores confirmed that there was a statistically significant
difference in the mean Kappa scores of the algorithm and control groups, with the
algorithm group having the better mean score. This confirmed that participants in
the algorithm group achieved significantly better agreement with the Gold-Standard
outcomes than the control group. In other words, the algorithm group participants
performed better at making the correct decision on whether or not to decontaminate a
casualty.
Linear regression analysis was carried out to determine if there was any association
between performance and any of the background characteristics identified as having a
different distribution between the two groups. The linear regression analysis was performed
on the Kappa statistic measure of performance as this is the more statistically robust of the
two performance indicators. All of the baseline characteristics that had been collected
from the participants were included in the linear regression modelling in an attempt
to find if any influenced the performance of the participants in their decision-making.
Additionally, the participants’ employing organisation was included in case this was a
factor in the performance of the participants. The linear regression analysis found that
none of the background variables assessed had any independent association with the
participants’ performance in the evaluation. This confirmed that the only factor associated
with significantly better performance, was use of the algorithm to assist decision-making.

iv
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The majority of participants were from SAS (104) with two smaller groups from GF&RS (20)
and NWAT (24). There were some minor differences in the composition of the groups from
the three participating organisations. Fewer of the staff from NWAT had any previous
awareness of the algorithm (as would be expected) but they did report having more
experience in decontamination incidents than the SAS and GF&RS participants. There was
no significant difference in the performance of participants comparing across the three
organisations (as was indicated by the linear regression analysis), hence performance
was not dependent on which organisation the participant worked for. Comparison of
the distribution of the Kappa statistic data for the three organisations (seen in Figure
C) illustrates a consistent pattern of higher scores in the algorithm group of each of the
organisations.

Kappa score (based on decon vs. no decon)

Figure C: Boxplot comparing distribution of Kappa scores by group within
organisation
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Formal statistical analysis of the results for each of the three organisations separately
confirmed significantly better performance associated with use of the algorithm among
SAS staff and GF&RS staff. NWAT staff using the algorithm also achieved a better
performance, which bordered on statistical significance. Results for GF&RS and NWAT
have to be carefully interpreted due to the relatively small sample sizes, compared to SAS
but in general the findings within the individual organisations support the overall evaluation
group finding and indicate that the beneficial effect of using the algorithm is retained
across a range of emergency response organisations.
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Conclusions
Ensuring that appropriate decontamination of persons exposed to hazardous substances
is carried out when justified is important, both for the benefit of the affected individuals
and for the protection of emergency responders, health care providers and the wider
public. Preventing unnecessary decontamination of people is also important. The Scottish
CBRN & Hazmat Decontamination Algorithm was designed to help emergency responders
decide whether decontamination is necessary or not, as well as to decide which form of
decontamination is most appropriate.
This study was designed to assess the impact of using the algorithm on decisions made
by emergency responder staff on decontamination of persons exposed to hazardous
substances. The study was conducted using 148 emergency responders with varying levels
of experience from ambulance and fire service organisations. Although the sample was
limited in size, the methodology was statistically robust and took account of variations
between participants in age, education, background training and past experience of
decontamination work. The study showed conclusively that use of the algorithm resulted in
correct decontamination decisions being made more often by the participants.
The study was conducted in a controlled situation but involved the use of a wide range of
realistic scenarios and case studies. This strongly suggests that use of the algorithm in real
field situations, by staff that have received appropriate training, is likely to result in better
decontamination decisions.
Other staff groups likely to be faced with making decontamination decisions on selfpresenting casualties, including hospital Accident and Emergency Department staff are
also likely to benefit from training on and use of the algorithm. The maximum benefit of
using the algorithm is likely to occur if training is repeated at periodic intervals to reinforce
understanding and competency in its use.

vi
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Recommendations
1

The Scottish CBRN & Hazmat Decontamination Algorithm should be adopted for
routine use within Scotland by emergency responders, particularly the Scottish
Ambulance Service (SAS) and Scottish Fire and Rescue Services, to assist in making
appropriate decontamination decisions and to help prevent the unnecessary use of
decontamination.

2

References to the algorithm should be incorporated in all relevant training and
operational guidance used by the emergency services. Training on use of the
algorithm should be incorporated routinely into the emergency responder’s training on
decontamination of people, by relevant national training organisations and should be
repeated regularly, to maintain competency in its use.

3

The algorithm should be adopted by other NHSScotland staff who may be faced with
self-presenting casualties from CBRN or Hazmat incidents, particularly those in Accident
and Emergency Departments. Appropriate training would be required. Consideration
should also be given to extending training and use of the algorithm to Primary
Healthcare staff.

4

The training used as part of the evaluation study should be developed further,
including use of the evaluation tool, which could be adapted for future use in the
routine assessment of staff undergoing decontamination training. Further analysis of
the study data could be carried out to provide additional information to support such
developments.

5

Further development of the algorithm should be overseen by a multi-agency project
group, linked to further development of the decontamination guidance document
itself, under the supervision of the Scottish Government CBRN Programme Board.

6

The Scottish CBRN & Hazmat Decontamination Algorithm and the findings of this
evaluation should be made available to emergency services and others involved in
providing decontamination of persons exposed to hazardous substances elsewhere in
the UK.
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1. Introduction
The emergency services, in particular fire and ambulance services, respond to chemical
incidents frequently and under a variety of circumstances. They may be required to treat
casualties with a range of injuries and exposures to hazardous materials at the scene and/
or transport to a hospital receiving unit. The successful management of incidents involving
actual or potential exposure to hazardous materials strongly depends on the speed and
the ability of emergency services to react appropriately. One of the key issues in the
aftermath of an accidental or deliberate release of a hazardous material is the triage
response to actually and potentially contaminated victims. When people are exposed to
hazardous materials, some substances can become lodged on their clothing, skin and hair
and present a continuing health risk for themselves and their immediate contacts. This also
presents a challenge to Accident & Emergency departments given the potential for selfpresentation of contaminated casualties, without warning.
In the UK before 1999, there was no national model or standard approach to managing
casualties involved in chemical incidents. A Department of Health initiative to prepare
the National Health Service for chemical incidents was launched in the same year. By
2001, a Structured Approach to Chemical Casualties had been developed that included
the procurement and distribution of an NHS standard chemical personal protective
equipment suit and training package. Improvements in subsequent years have been seen
in the planning and resourcing for dealing with the consequences of incidents involving
chemical, biological, radiological and nuclear materials, which have been developed from
best practice and lessons learned from live incidents and multi agency exercises (see for
example Al-Damouk & Bleetman, 2005).
Guidance recommending a safe, rapid and appropriate response is crucial to minimise
the potential for adverse health effects of a hazardous material on an exposed person,
as well as to protect emergency responders and others involved in the incident from
secondary exposure. The infrequent occurrence, potential severity and consequences of
Hazmat incidents all substantiate the need for guidance, tools and training in effective
practices that can be applied consistently, safely and in a timely manner by those
with limited experience with Hazmat incident response (see for example Hamel 2006,
Edwards et al 2007). The UK Government recognises the need to strengthen resilience by
ensuring closer collaboration between the various agencies involved in the management
of the consequences of a CBRN or Hazmat incident and has produced strategic
national guidance on The Decontamination of People Exposed to Chemical, Biological
Radiological or Nuclear (CBRN) Substances or Material (UK Resilience 2004). The prime
objective of any guidance or guideline is to facilitate the dissemination, acquisition and
adoption of good practice in performing the most appropriate actions, consistently, for a
given circumstance.
The Scottish version of the guidance document, now in its second version (Scottish
Executive 2006), uniquely provides associated operational guidance for the emergency
services on the decontamination of contaminated casualties from an incident. As part of
this operational guidance, a decision-assisting flowchart or algorithm (shown in Appendix
1 and termed the ‘Scottish CBRN & Hazmat Decontamination Algorithm’ (SCHDA))
was developed by Health Protection Scotland (HPS) in conjunction with the Scottish
Ambulance Service (SAS), Her Majesty’s Fire Inspectorate for Scotland (HMFIS), National
Poisons Information Service (NPIS) Edinburgh, A&E representatives and the Scottish
Executive Health Department (SEHD).
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There is historical evidence that the use of decision-trees, flowcharts or clinical pathways
can result in faster learning, a higher retention of information, and better compliance with
practice standards than prose text. Cook (2005) describes some examples of algorithms
in clinical practice guidelines in New Zealand and references several guides used to
assist the development of guidelines including those from the Scottish Intercollegiate
Guideline Network (SIGN) and the UK National Institute for Health and Clinical Excellence
(NICE). The inclusion of pictorial or graphical representations of practice is seen as a
valuable component of the guideline development processes. ‘Algorithm’ is regarded
as the umbrella term for graphical representations found in clinical guidelines. There are
several examples of the use of algorithms in clinical practice, including in the UK several
of the Joint Royal Colleges Ambulance Liaison Committee Guidelines (JRCALC) and the
telephony-based patient ‘triaging’ employed by NHS24/Direct.
Acute medical treatment for those who have life-threatening injuries may be unduly
delayed as a result of applying decontamination unnecessarily to an injured patient or
to unexposed lower priority casualties. Hence, administering decontamination when
appropriate is critically important, particularly in the event of incidents involving larger
numbers of casualties. For many agents and the majority of scenarios, the removal of
clothing and use of the recommended rinse-wipe-rinse procedure with soap and water
is sufficient to reduce substantially the risks to the patient and hospital staff. Whilst such
aspects and procedures on how to decontaminate feature in the scientific and medical
literature (see for example Houston et. al 2005, Hall & Maibach, 2006), there is very limited
published guidance on deciding when to decontaminate. Three approaches that have
been sourced are described briefly below:
1. Okamura et al (2005) describe a rudimentary model that provides criteria for
decontamination depending on i) whether the victims are ambulatory and ii) whether
the agent is visible. The priority for decontamination is highest for non-ambulatory
casualties with visible contamination and lowest for ambulatory casualties when the
‘state of cause material’ is ‘invisible’ as described in the model. Decontamination is
undertaken in this model for all outcomes in the form of ‘dry-decon’ or ‘wet-decon’ as
either self-service or administered by emergency personnel.
2. Subbarao et al. (2005) have created a series of interconnected symptom-based
algorithms for use in the initial encounter with victims of terrorist attacks, industrial
accidents, or emerging infections. The series starts with an ‘attack’ algorithm that
begins by differentiating between overt and covert attack victims, categorises the
casualties as stable or unstable and directs the user to separate algorithms entitled
‘dirty resuscitation’, ‘biological agents’, ‘chemical agents’ or ‘known agents’. (NB. The
‘known agents’ algorithm is not reproduced in their publication and two additional
algorithms for ‘Radial Dispersal Devices’ and ‘Suicide Bomb/Blast/Explosion’ are
not linked to the primary ‘attack’ algorithm). Irrespective of patient stability and
possible exposure agent, all pathways result in a decontamination outcome; the only
exceptions to this are some of the pathways through the ‘biological agent’ algorithm
where the casualty is assessed to have already developed a fever.
3. A generic procedure decision matrix has been described by Henry (1998) but in a
commercial publication rather than the peer-reviewed literature. It considers sequentially
an evaluation of i) visible vs non-visible contaminants, ii) signs and symptoms of exposure,
then iii) ambulatory state. However, all pathways result in a decontamination outcome,
with the exception of gaseous exposures where a symptomatic casualty will have their
clothes removed and receive medical treatment, and an asymptomatic casualty
receives no further action except a recommendation of medical surveillance.



Report on an Evaluation of the SCHDA - Introduction

Although developed independently, there are some similarities within these
decontamination triage approaches and with that of the Scottish CBRN & Hazmat
Decontamination Algorithm. Devised as a tool to help the emergency services in their
assessment of whether to decontaminate, the Scottish CBRN & Hazmat Decontamination
Algorithm complements existing guidance and practice on how to decontaminate
casualties provided in the first version of the decontamination guidance (first published
in 2003). It also offers the prospect of harmonising the nature of the emergency service
response to incidents potentially requiring decontamination. The rationale behind the
development of the algorithm was to specify a set of decision points for consideration
when assessing the need to decontaminate ‘casualties’ involved in incidents where there
is actual or potential exposure to hazardous materials. Each step in the sequence guides
the user along a pathway towards an outcome depending upon the response(s) chosen.
There are more than 20 possible pathways through the algorithm, leading to one of five
decontamination outcomes.
The algorithm first considers the injury and exposure status of the person(s) being triaged.
This stage is reliant upon the clinical acumen of the person using the algorithm and
assessing the injury status of the casualty. Similarly, consideration of whether the incident
has lead to actual exposure is left to the judgement of the emergency services personnel.
The algorithm is designed to supplement the users existing knowledge and training in
scene assessment (e.g. SAD CHALET) and focuses on guiding the decision-making rather
than information gathering process. This first stage therefore allows for the prioritisation of
casualties who are in immediate need of critical care at hospital, those injured/uninjured
and potentially contaminated, and those deemed uninjured and unexposed, who are
each in need of a distinct type of response/treatment.
The second stage of the algorithm presents the user with the issues to consider when
assessing the relative hazard of any potential contaminant (chemical, microbiological
or radiological) in combination with any signs and symptoms of exposure to a nonvisible agent. The clinical assessment of casualties is again left to the judgement of the
emergency service personnel. The algorithm’s purpose is to guide the decision on whether
to decontaminate on the basis of their dynamic assessment of the incident and casualties.
The final stage of the algorithm integrates the options for the type of decontamination
(clinical, improvised and mass decontamination) with the availability of resources.
The Scottish CBRN & Hazmat Decontamination Algorithm differs from the previously
discussed approaches by
1) giving consideration to the relative hazard of a visible contaminant; not all
substances are harmful, and
2) including the option of reassessing asymptomatic casualties after observing for a
period of time, who do not appear to be contaminated, instead of proceeding to
immediate decontamination.
The Scottish Ambulance Service has implemented the Scottish CBRN & Hazmat
Decontamination Algorithm with its Special Operations Response Teams (SORT). This study
was conducted as the first systematic evaluation of the use of the algorithm in order to
assess its utility in a variety of scenarios.
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2. Aims and Objectives
The aim of the study was to determine if the use of the decontamination algorithm by
emergency responder staff was associated with a detectable difference in the quality of
their decision making on the use of decontamination.
The specific objectives of the study were to:
• Recruit participants from cohorts of emergency responders working for the
Scottish Ambulance Service, Grampian Fire & Rescue Service and the North West
Ambulance Trust (England).
• Collect standardised demographic and other relevant data on their background
characteristics from all participants.
• Provide standardised decontamination training to all selected participants at
dedicated events and training on the Scottish CBRN & Hazmat Decontamination
Algorithm and its application to a subset of the participants only.
• Present all the participants with a standardised set of simulated clinical cases
requiring their assessment for decontamination.
• Compare the decisions made by the study participants, with ‘Gold-Standard’
responses: decisions made previously by a selected group of ‘experts’.
• Compare the decisions made by those participants trained in the use of the
algorithm, with those of participants who had not received such training, to
determine if there was any detectable difference between the groups.
• Analyse the distribution of background characteristics among the two groups of
participants to identify any potential ‘confounding’ factors and determine if there is
evidence of any independent association between such factors and variation in the
decontamination decisions.
• Draw conclusions from the analysis on what effect use of the algorithm had on the
quality of decontamination decision-making and on the utility of the algorithm as a
decision aid.
• Make recommendations on the use of the algorithm in future, based on the findings
of the study.
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3. Methodology
3.1 Evaluation Design
3.1.1 Study type
The evaluation followed a modified controlled trial format. The controlled intervention
was the use of the algorithm by one group of study participants in making decisions
on the need for decontamination in a standard set of case scenarios. The ‘control’
element was provided by having a similar group of participants who did not use the
algorithm to make decisions for the same set of cases; hence they acted as a ‘control’
group. The evaluation process was standardised for both groups and the evaluation
responses of the individuals were recorded. Data were analysed to compare
participant responses against pre-defined correct decisions (i.e. Gold-Standard) and to
identify the proportion of decisions which matched the pre-set standards. Differences
in the background characteristics of participants were analysed to test for evidence of
association between any of the factors, including use or no use of the algorithm and
variation in test performance.

3.1.2 Sample size
The number of participants recruited to the study was determined by the number
required to ensure a reasonable probability of being able to detect a statistically
significant difference in performance between the ‘control’ group who did not use the
algorithm and the ‘algorithm’ group who did. With 60 cases available to be assessed,
a minimum of 70 participants was required in each of the two study groups in order to
detect a difference of 5% between the numbers of correct responses of participants
in the two study groups, with 99% power. The final groups consisted of 78 in the control
group and 70 in the algorithm group. The study was therefore considered to have
sufficient power to determine:
a) if the study participants performed at a level better than they could by
chance (guessing) alone
b) if there were significant differences in the levels of correct response
achieved by participants in the two groups.
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3.1.3 Recruitment of participants
The study participants were all volunteers who were invited to participate freely. They
were not required to take part and informed consent was requested before enrolment
in the study.
Participants were recruited mainly from the Scottish Ambulance Service (SAS), as the
principle target users of the algorithm in Scotland to date, from the following categories
of staff:
• full-time Special Operations Response Team (SORT) Staff;
• on-call SORT Staff and
• SAS College students.
Additional participants were recruited from the Grampian Fire & Rescue Service
(GF&RS) to provide an opportunity to test the delivery of standardised decontamination
training, including use of the algorithm, to Fire & Rescue Service personnel. GF&RS
participants were recruited from 2 separate ‘Watches’. This also enabled comparison in
the results obtained following use of the algorithm by ambulance personnel and by fire
service personnel.
Finally, a group of ambulance staff from North West Ambulance Trust (NWAT) in England
were recruited to provide a comparison between ambulance staff in Scotland and in
England. NWAT participants consisted of staff that were available on the day of the
scheduled evaluation.
In order to ensure that the participants were a representative sample of relevant
staff from each organisation, with a range of background experience and training, a
standard questionnaire was used to collect ‘baseline characteristics’. This information
was used to help identify any potential for bias in the selection of participants and in
later analysis.
Background data was therefore collected on:
• age; sex; educational attainment; length of service in SAS or GF&RS; length of
service in a SORT or MDU team; whether previous SORT/MDU decontamination
training had been undertaken; most recent occasion training had been
completed; previous knowledge of the algorithm; involvement in incidents
requiring decontamination.

3.1.4 Participant briefing and training
At the start of each session, all participants received a briefing on: the aims and
objectives of the study; the training component to be provided; the process of
allocating the participants into two groups; the evaluation process and the outcome
measures being recorded. The briefing provided an opportunity for questions on any
issues of concern to be addressed.



Report on an Evaluation of the SCHDA - Methodology

After the briefing, participants were then given a standard “decontamination training
package” consisting of training on triage and decontamination techniques. After the
standard training package was delivered, the participants were allocated to either
the algorithm group or the control group. Following this only the algorithm group were
given additional training on the algorithm and its application.
All participants then undertook the actual evaluation. The “evaluation tool” used for
the study consisted of a set of standardised case studies presented via a PowerPoint
presentation together with an individual response form for recording each participant’s
decontamination decisions. The same basic “evaluation tool” was used in all desktop
evaluation events and in the live play exercise.

3.1.5 Allocation of participants to groups
The participants were divided into two groups for the practical evaluation assessments:
• An algorithm (intervention) group consisting of participants who had,
immediately before the assessments were given, received training in triage
and in decontamination techniques, including training in the use of the
decontamination algorithm. This group were then provided with a copy of the
algorithm for use in the practical assessment evaluation exercise.
• A control group consisting of participants who had received the same training in
triage and in decontamination techniques as the intervention group, except that
they did not receive any training in the use of the algorithm. This group were not
provided with the algorithm for use in the evaluation exercise.
To try to minimise possible bias in the composition of the groups, in particular in relation to
the level of experience of individual participants, consideration was given initially to using
a stratified randomisation process for their allocation to the groups. However, data from
the baseline characteristics questionnaires suggested that stratification was not necessary
as there did not seem to be any distinct difference in the level of experience across
the responders and it seemed reasonable to assume that simple random allocation
was unlikely to result in groups that had significantly greater numbers of more or less
experienced participants.
Individuals were therefore assigned to the control or algorithm group randomly at
each evaluation session, where this was operationally possible. In a few sessions, where
the numbers of participants was very small, it was logistically impractical to provide
two types of training session at a single event (with or without the algorithm training
component) and hence on a small number of occasions, all the participants were
allocated to only one group.
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3.1.6 Case scenarios
The evaluation consisted of presenting a series of 60 simulated casualties to the study
participants and asking them to assess each individually in terms of the need to
decontaminate the case concerned. Each simulated casualty was to be assessed
independently of the others.
A total of 15 types of case were developed based on the possible outputs from the
algorithm. The casualty types ranged from extremes of:
injured and exposed to a visible hazardous contaminant
to
uninjured and not been exposed.
Of these 15 case types, 7 types had injuries and 7 had no injuries. The 15th type of
case was defined as an ‘exceptional circumstances’ case type. An ‘exceptional
circumstances’ case type could include a VVIP (for whom there are special
arrangements for rapid decontamination) or someone with serious life-threatening
injuries such that they require urgent transport to a hospital for specialist medical
attention. These people may or may not also require some form of decontamination.
Triage classification as ‘exceptional circumstance’ by-passes the algorithm’s full
assessment of exposure and contamination status.

3.1.7 Deriving the Gold-Standard decontamination
outcomes
The evaluation was based on comparing the responses of the study participants in
the control and algorithm groups against a ‘Gold-Standard’ for each of the 60 cases.
In order to generate the ‘Gold-Standard’ responses, an expert panel was convened
to review the cases and agree the most appropriate decontamination outcome.
This group consisted of 2 senior SAS staff (not participating in the evaluation); an
A&E Consultant experienced in the triage of contaminated casualties; a GF&RS
representative; and a representative from the North West Ambulance Trust in England.
Members of the expert panel were presented with the same casualty case information
as the study participants and asked to decide on the most appropriate outcome for
each case. These outcomes were then taken as the ‘Gold-Standard’ for each case.
The Expert Panel assigned an ideal outcome (i.e. the Gold-standard outcome) to each
of the 60 cases in terms of the 5 possible outcomes described in the algorithm. The
frequencies of these Gold-Standard outcomes are displayed in Table 1.
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Table 1: Frequencies of Gold-Standard outcomes
Frequency
Full decontamination

Percent

22

36.7

8

13.3

No decontamination but triage and treat

14

23.3

No decontamination

12

20.0

4

6.7

60

100.0

Improvised decontamination

Exceptional circumstances
Total

For use in later analysis, the 5 algorithm outcomes were then condensed into
2 outcomes of ‘decontamination’ or ‘no decontamination’ i.e. the first and
second outcomes became ‘decontamination’ and third and fourth became ‘no
decontamination’. These two outcomes correspond to the only possible outcomes
available to the control group. The 5th outcome of ‘Exceptional circumstances’
which was available only to the algorithm group cannot be classified as either
‘decontamination’ or ‘no decontamination’ therefore these cases were not included
in the main comparative analysis. Elimination of these 4 out of 60 cases was not
considered to affect the validity of the comparative analyses. The frequencies of the
outcomes at the decontamination/no decontamination level are shown in Table 2.
Table 2: Frequencies of Gold-Standard outcomes at collapsed level
Frequency

Percent

Decontamination required

30

53.6

No decontamination required

26

46.4

Total

56

100.0
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3.1.8 Assessment components
The decontamination assessment exercise comprised two separate components: a
classroom based event and a separate live play practical decontamination exercise.

3.1.8.1

Classroom based desktop assessment events

Pictures of simulated casualties, with accompanying graphics and text describing
their injuries and their hazard exposure status, were presented to participants using
a PowerPoint presentation. The participants were then asked to decide what the
appropriate decontamination management outcome should be in each case.
The classroom-based assessment involved:
• SAS personnel including SORT members and the SAS College attendees
• a small group of participants from Grampian Fire & Rescue Service (GF&RS)
• a small group from North West Ambulance Trust (NWAT)
The classroom desktop assessments were conducted in several separate locations
for SAS staff and college students, GF&RS and NWAT participants.
The classroom training and assessment sessions took a maximum of approximately 5
hours (including the algorithm training component for the relevant groups).

3.1.8.2

Live-play Decontamination Exercise

The single live-play exercise component of the evaluation was conducted at Bridge
of Don Army Barracks on Wednesday 1 November 2006 and took an entire day.
The same set of cases, with the same set of descriptive details as used in the
classroom based assessments, was used in the live-play exercise. The cases were
modelled by 60 students, recruited from a local university, who were ‘made up’ to
represent the casualties and then presented individually as live simulated casualties
to 2 selected study participants – one of which used the algorithm and one who did
not.
The live-play exercise involved the use of a Mass Decontamination facility provided
by GF&RS and manned by SAS SORT personnel. Personnel from 2 SAS SOR Teams
and 1 GF&RS Mass Decontamination Unit (MDU) took part. Casualties were directed
through each of two channels in turn (a control channel and algorithm channel) in
the same sequence as used in the classroom events, to the 2 study participants. The
study participants then decided on the decontamination need for each case and
these decisions were recorded on permanent record cards. The cases were then
physically processed according to the decision made by the study participants.

10

Report on an Evaluation of the SCHDA - Methodology

3.2 Data handling
All participants were shown the same 60 simulated cases and in the same sequence. The
actual sequence of cases was created using random number tables (Neave, H.R., 2002).
For the classroom based desktop evaluation the data collection tool was a standardised
proforma used by the participants to record their decontamination decision for each
casualty.
For the live-play exercise, the data collection tool was a standardised decontamination
outcome grid on the casualty card carried by each ‘casualty’. This was used to record the
decontamination decision made by the study participants. The proforma and outcomegrid data were checked by supervisors for completeness and errors at the time of
collection.
Data on participant characteristics, evaluation outcomes and other study data were
entered into Microsoft Access databases and were checked using appropriate quality
control methods.
Evaluation outcomes from each participant were then compared to the Gold-Standard
decision made by the expert panel and then classed as ‘correct’, if they made the same
decision as the Gold-Standard outcome or ‘incorrect’, if the participant chose an option
other than the Gold-Standard outcome. Data on correct and incorrect responses were
recorded in the database for each participant.

3.3 Outcome measurement
The main outcome measure of interest was the decontamination option chosen for each
casualty, following triage by the participant either using the algorithm (intervention group)
or not using the algorithm (control group).
In the Control group the final outcome was limited to a choice decontamination or no
decontamination.
In the Algorithm (intervention) group, there was a choice of 5 options as detailed in the
algorithm:
• full decontamination
• improvised decontamination
• no decontamination but triage and treat
• no decontamination required
• exceptional circumstances.
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3.4 Analysis of outcomes
The analyses were conducted using a combination of SPSS and S-plus statistical software
applications.
The analysis for this report was restricted to the 56 of the total of 60 cases, which had an
outcome that could be classed as ‘decontamination’ or ‘no decontamination’. The
algorithm group were given training in the use of the decontamination algorithm which
provides five possible outcomes: two variations of ‘decontamination’ and two variations
of ‘no decontamination’. The fifth option available to the algorithm group only was to
designate a case as an ‘exceptional circumstance’. The control group were given the same
basic training on triage and decontamination but no training on the algorithm. Hence, when
deciding the outcomes for the cases they had only a choice of ‘decontamination’ or ‘no
decontamination’. For the analysis in this report, outcomes were analysed and compared at
the level of ‘decontamination’ versus ‘no decontamination’ only. As four of the cases had
a Gold-Standard outcome of ‘exceptional circumstance’ they could not be included in this
analysis. Cross-tabulations were therefore made of the expected outcomes (Gold-Standard)
and the outcomes recorded by participants for both the Control and the Algorithm groups
on these 56 cases.
Further analysis on responses from each individual participant, involving an assessment of
‘performance’ against the Gold Standard outcomes, was conducted using two separate
methods. The first method used the percentage of ‘correct’ decontamination answers (as
specified by the Gold Standard) given by participants (i.e. whether or not the individual
correctly identified that the casualty did or did not require decontamination).
However, the analysis using the percentage correct answers as a performance measure
was known to be influenced by the effect of ‘chance’. If the participants had simply
guessed the answers to the cases, they would be expected to choose the correct answer
in a proportion of them by pure chance (e.g. if there are two options, there is a fifty
percent probability of guessing the correct answer). Therefore to assess the responses but
eliminate the effect of chance, a second method was used to analyse the participant’s
performance against the Gold Standard. This method computed a Kappa score for
each individual. This score was a measure of the ‘strength’ of agreement between
the participant’s response and the pre-defined Gold Standard, beyond agreement by
chance. To obtain a positive Kappa score, the participant therefore had to correctly
identify the outcomes in more than 50% of cases. This provided a more statistically robust
measure of performance.
Several different descriptive classifications of the Kappa statistic exist, all of which are
similar and all of which are subjective impressions by the authors. Examples of such
existing classifications are Landis, J.R., 1977; Byrt, T., 1996 and Altman, Douglas. G., 1991.
Table 3 provides the adaptation of these existing classifications developed using our own
subjective interpretation of the Kappa statistic.
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Table 3: Descriptive classification of kappa scores to indicate relative level
of performance
Kappa value
< 0.00
0.00

Agreement beyond chance
Less than chance agreement
No agreement beyond chance

0.01 – 0.20

Slight agreement beyond chance

0.21 – 0.40

Moderate agreement beyond chance

0.41 – 0.60

Good agreement beyond chance

0.61 – 0.80

Very good agreement beyond chance

0.81 – 0.99

Excellent agreement beyond chance

1.00

Perfect agreement with Gold-Standard

Statistical analyses, using 2-sample t-tests, were carried out to identify any statistically
significant differences in the performance of participants in the control and algorithm
groups.
Linear Regression Analysis was also carried out on the participants Baseline Characteristics
and other data (including the employing organisation) to assess whether these
characteristics influenced the participants responses. This analysis was designed to identify
if these factors were acting as ‘confounding variables’ (i.e. whether these variables were
independently associated with a difference in performance such that they could bias the
overall study findings). This also provided a check to assess whether any differences in the
composition of the two groups, due to the random allocation process, actually had any
significant impact on the findings.
The formal statistical tests employed in the analysis have certain assumptions underlying
their use. Where such tests have been used and reported in this study, these assumptions
have been checked and none found to be violated unless otherwise stated.

3.5 Interpretation of statistical significance
Statistical testing was carried out using the 95% significance level as the threshold for
determining the statistical significance of any result.
For the 2-sample t-tests which compare the means of two groups, the output includes
‘p-values’. These ‘p-values’ are a measure of the probability of obtaining the finding
by chance. At the 95% significance level, ‘p-values’ of less than 0.05 denote statistical
significance i.e. there is evidence that the two groups are significantly different in their
means. A statistically significant result at the 95% confidence level indicates that there is a
5% chance that the finding occurred by chance.
The 2-sample t-test also produces the estimate of the difference in the means of the two
groups (lower mean subtracted from larger mean). This estimate has an associated 95%
confidence interval which is a range (lower limit to higher limit) describing where we are
95% certain the ‘true’ difference will lie.
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4. Analysis & Results
4.1 Characteristics of the study participants
A total number of 148 participants from three organisations were involved in the evaluation;
70 of these participated in the Control group and 78 as part of the Algorithm group.
Most participants (104) were Scottish Ambulance Service personnel from locations across
Scotland. The remainder of the participants included 24 paramedics from North West
Ambulance Trust in England and 20 firefighters from Grampian Fire & Rescue Service. The
distribution of the baseline characteristics within the study population is given in Appendix 3.
The data was gathered over 15 evaluation sessions; 14 of these were desktop based
events which took place between February and April 2007 in various locations and one
was a live-play exercise which took place in November 2006. The geographical locations
where the evaluations were held are illustrated in Figure 1. In a number of these locations,
more than one evaluation took place.
Figure 1: Locations around Scotland and Northern England where
evaluations took place for the project

Inverness

SCOTLAND

Aberdeen

Dundee
Clydebank

NORTHERN
IRELAND

Falkirk
Pebbles
Dumfries

ENGLAND

IRELAND
Northwich
The study population had an overall mean age of 38.82 years. The breakdown of the
participants within age categories compared between those in the control and those
in the algorithm group is given in WALES
Figure 2. The mean ages of the control and algorithm
groups are very similar. In each of the age categories, the numbers of participants are
similar for both groups.
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Figure 2: Numbers of participants within each age category compared by group
Control mean age: 38.29 yrs
Algorithm mean age: 39.42 yrs

50.0%
43.6%

Group
Control
Algorithm

40.0%
35.7%

Percent

32.9%
29.5%

30.0%

20.0%

18.6%

10.3%

10.0%
2.6%

12.8%

11.4%

1.4%

1.3%

0.0%
Under 20
years

20 - 29
years

30 - 39
years

40 - 49
years

50 - 59
years

0.0%

Over 60
years

Age category

Males outnumbered females in the study population with 75.7% males to 24.3% females.
The percentage of males was similar in both the control and the algorithm groups at 73.1%
and 78.6% respectively.
In terms of education, the breakdown of highest educational achievement is given in
Figure 3. There does not appear to be any major difference in percentages within the
categories between the groups. The control and algorithm groups appear comparable in
their level of education.
Figure 3: Frequencies of participants in each education category by group
70.0%

Group
63.6%

60.0%

Control

58.1%

Algorithm

Percent

50.0%
40.0%
30.0%

27.0%
22.7%

20.0%
12.2%

12.1%

10.0%
2.7%

0.0%
High School

College

University

1.5%

Other

Highest level of educational attainment
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Figure 4 illustrates the distribution of participants’ length of service in the Scottish
Ambulance Service, Grampian Fire & Rescue Service or North West Ambulance Trust. Over
half (56.5%) of participants in the algorithm group had over 9 years length of service in the
relevant organisation compared to 36.4% of participants in the control group. Similarly,
there were a greater number of participants with 6-9 years service in the algorithm group
than in the control group. Conversely, the control group had more participants in the
lower categories i.e. under 1 year and 1-5 years service.
Although the participants were randomly allocated to the group they participated in, the
composition of these groups looks to be less balanced than would be expected given
the randomisation that took place. This is confirmed by a χ2 (chi-squared) test (test of
association) which indicates that there is a significant difference between the composition
of the control and algorithm groups across the categories of the length of service variable.
This variable (length of service) will be investigated later in the analysis to see if it has any
bearing on the findings of the evaluation given that we have seen this imbalance in the
numbers.
Figure 4: Frequencies of participants in each length of service category by group
60.0%

56.5%

Group
Control
Algorithm

50.0%

Percent

40.0%

36.4%
29.9%

30.0%
23.4%

20.3%

20.0%

10.0%

17.4%
10.4%
5.8%

0.0%
Under 1
year

1 -5 yrs

6 - 9 yrs

Over 9
years

Length of service in Scottish Ambulance/ Grampian
Fire & Rescue/ North West Ambulance

Of all of the participants, 63.4% had never heard of the Scottish CBRN & Hazmat
Decontamination Algorithm and a further 24.8% had heard of it but had not used it. The
remaining 11.7% had previous use of the SCHD algorithm ranging from limited to extensive
(i.e. between one and more than ten occasions).
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Figure 5 displays how the awareness of the algorithm compared between the control and
algorithm groups. The control group had a higher percentage (72.4%) of participants that
had ‘never heard of’ the Scottish CBRN & Hazmat Decontamination Algorithm than the
algorithm group (53.6%). There does seem to be some difference between the groups
particularly in the bottom categories (‘never heard of’ and ‘heard of but not used’) and
in fact a χ2 (chi-squared) test proves that there is a significant difference between the
control and algorithm group in terms of their previous knowledge of the algorithm. Given
that this difference has potential to affect the findings of the study, it will be taken into
consideration at a later stage in the analyses.
Figure 5: Comparison of previous knowledge of the decontamination algorithm
by group
Group

72.4%

70.0%

Control
Algorithm

60.0%
53.6%

Percent

50.0%
40.0%

34.8%

30.0%
20.0%

15.8%

10.0%

6.6%

8.7%
5.3%
1.4%

0.0%

Never heard
of

Heard of but
not used

Heard of and
Heard of
had limited
and had
use
considerable
use

0.0%

1.4%

Used
extensively

Previous knowledge of SCHD Algorithm

A similar factor which also indicates the experience of a participant is their ‘level of
previous involvement in decontamination incidents’. Of all of the participants, 57.4%
reported that they had never been involved in an incident involving decontamination
and 26.5% considered their past level of involvement to be limited (i.e. once or twice).
The breakdown of ‘level of previous involvement in decontamination incidents’ within the
algorithm and control groups is given in Figure 6. The algorithm group have only slightly
more participants that had never been involved in a decontamination incident (60.0%)
than the control group (55.8%). For each of the categories, there is a similar number in
control and algorithm groups therefore the two groups are similar in terms of their previous
level of involvement in decontamination incidents.

Report on an Evaluation of the SCHDA - Analysis & Results

17

Figure 6: Comparison of previous level of involvement in decontamination
incidents between organisations
60.0%

60.0%

Group

55.8%

Control
Algorithm

50.0%

Percent

40.0%

30.0%

27.3%

25.7%

20.0%

16.9%
12.9%

10.0%
0.0%

0.0%
Never been
involved

Limited
involvement

Considerable
involvement

1.4%

Extensive
involvement

Level of previous involvement in decontamination incidents

The Baseline Characteristics questionnaire also asked questions on the length of service
in SORT/MDU, whether the SORT/MDU decontamination training had been completed
and when the most recent occasion was that this training had been completed. During
the evaluation it became apparent that staff participating did not always fit discretely
into either having served in a SOR team or not, hence the answers to this question were
disregarded. The responses to the questions regarding training were fairly poor, perhaps
because of difficulty in answering the question or perhaps due to misreading of the
question. Given the poor quality of responses and incompleteness of answers to these
questions it was decided not to use the data from these three questions in the analyses.
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4.2 Analysis - measuring the performance of the
participants (comparing the groups)
4.2.1 Overview of participant responses
The responses given for each of the groups is detailed below. This gives an overview of
how the two groups of participants compare.
Each of the 78 participants in the control group responded to all 56 cases. The
collective totals (56x78) of all their responses and how they correspond to the GoldStandard is shown in Table 4.
Table 4: Collective totals of responses in control group cross-tabulated with GoldStandard responses
Expected decontamination outcome
(Gold-Standard)

Recorded
decontamination
outcome by
participants

Decontamination

Total

Decontamination

No decontamination

No decon

Total

Count

1694

323

2017

% of Total

38.8

7.4

46.2

Count

646

1705

2351

% of Total

14.8

39.0

53.8

Count

2340

2028

4368

% of Total

53.6

46.4

100.00

According to the Gold-Standard agreed by the Expert Panel, out of the 4368 individual
case assessments (56x78) to be made by the control group, 2340 (53.6%) required
decontamination and 2028 (46.4%) did not require decontamination.

	 The total number of cases was 60. However, the Expert Panel assessed 4 of these as being ‘Exceptional
Circumstance’ cases. These 4 could therefore not be assessed by the control group, given that they only had
2 options to choose from; decontaminate or do not decontaminate. The main comparative analysis between
the algorithm and control groups is therefore based on 60 – 4 = 56 cases.
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The control group correctly assessed 1694 (38.8%) cases as requiring decontamination
and 1705 (39.0%) cases as not requiring decontamination.
The control group wrongly assessed 323 (7.4%) of cases as requiring decontamination
when they did not and 646 (14.8%) as not requiring decontamination when it was in
fact required. These figures for ‘incorrect’ answers are relatively low.
The responses for the 70 participants in the algorithm group were also compared to the
Gold-Standard assessments and are given in Table 5. Again there are 56 cases in total,
the same as the control group giving a collective total of 3852 responses.
Table 5: Collective totals of responses in algorithm group cross-tabulated with GoldStandard responses
Expected decontamination outcome
(Gold-Standard)

Recorded
decontamination
outcome by
participants

Decontamination

Total

Decontamination

No decontamination

No decon

Total

Count

1657

179

1836

% of Total

43.0

4.6

47.7

Count

384

1632

2016

% of Total

10.0

42.4

52.3

Count

2041

1811

3852

% of Total

53.0

47.0

100.00

Figure 7 illustrates how these collective response totals arrange into correct and
incorrect decontamination responses (whether or not case required decontamination)
for each of the groups. For the control group, out of the 4368 total case responses,
77.8% were ‘correct’ and 22.2% were ‘incorrect’. For the algorithm group, out of the
3852 total case responses, 85.4% of cases were ‘correct’ and 14.6% of cases were
‘incorrect’.

	 Note that this figure is not exactly divisible by 56 (i.e. the number of cases). This is because some responses
from participants were decisions of ‘Exceptional Circumstances’ where this was not the Gold-Standard
outcome. These ‘Exceptional Circumstances’ cases could not be recorded in Table 5 and could not be
categorised in terms of decontamination or no decontamination.
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Figure 7: Proportions of correct/incorrect decontamination responses by group
Group

100.0%

Control
85.4%

Percent

80.0%

Algorithm

77.8%

60.0%

40.0%
22.2%

20.0%

14.6%

0.0%
Correct

Incorrect

Decontamination outcome correct

The proportion of correct decontamination decisions was therefore higher for the
algorithm group than for the control group with 7.6% more correct decisions made.

4.2.2 Indicators of individual participant
performance
The participants each had their individual ‘performance’ measured using two
indicators. The first is a simpler, more intuitive measure using the percentages of
correct answers. The second measure uses the Kappa statistic or ‘score’ and is a more
statistically robust technique designed to account for ‘chance’ (i.e. the probability of
getting a correct answer by guessing).
For each of these measures of ‘performance’, an informal analysis was carried out
first, to give an indication of whether there looked to be a difference between the two
groups. This comprised of an examination of summary statistics and graphs of the data.
Next, to establish whether there was in fact any evidence of a statistically significant
difference, a formal analysis was undertaken. This involved 2-sample t-tests for each of
the performance measures described previously. The t-test establishes whether there
is any significant difference between the means of the two groups for a particular
variable e.g. age or education. The question we wished to answer was: did the two
groups differ significantly in their performance?
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4.2.2.1

Performance measured by percentage of correct
‘decontamination’ responses

The first measure of a participant’s performance was the percentage of their
answers where they correctly identified whether or not the casualty required
decontamination. The control group had only 2 choices: decontaminating or not
decontaminating.
The algorithm group had a choice of 5 possible outcomes: 2 forms of
decontamination and 2 forms of no decontamination as well as a fifth category
of ‘Exceptional circumstances’. However, to enable comparison with the
control group, for this stage of the analysis these were aggregated into only
decontamination and no decontamination and the ‘Exceptional circumstances’
cases/responses are excluded.
For example, if the Gold-Standard was ‘Improvised decontamination’ for a
case then a participant in the control group had to indicate that they would
decontaminate to have a correct response. Those in the algorithm group had
to indicate either ‘full decontamination’ or ‘improvised decontamination’ as a
response to this case to constitute a correct decontamination answer. Any of the
other 3 possible outcomes constituted an incorrect answer.

4.2.2.1.1

Informal analysis

The summary statistics for the percentages correct variable in Table 6 compares
the values between the control and algorithm group. The algorithm group has
a higher mean (average) percentage of correct decontamination answers
at 84.0% than the control group, which has a mean of only 77.8% amongst the
participants in the group.
Table 6: Summary statistics for the percentages of correct decontamination
responses compared by group
Statistic

`Control

Algorithm

78

70

Range

73.2%

32.1%

IQR

10.8%

9.0%

Mean

77.8%

84.0%

Maximum

94.6%

98.2%

3rd Quartile

83.9%

89.3%

Median

78.6%

83.9%

1st Quartile

73.2%

80.3%

Minimum

21.4%

66.1%

N
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The range (difference between the maximum and the minimum value) is much
greater for the control group at 73.2% than the algorithm group at only 32.1%. The
control group range is considerably increased as a result of an extreme outlier
(see Figure 8). Comparing the statistics in Table 6, from the mean value down to
the minimum value between the control and algorithm groups, finds the algorithm
group to have a higher value for each statistic. For example, the control group
median (middle observation where all observations are ordered from lowest to
highest) is 78.6% compared to the algorithm median of 83.9%.
Figure 8: Boxplot comparing percentage of correct decontamination answers by
group
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(decon or no decon)

100.0

Group
Control
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Algorithm

80.0

Interpreting a boxplot

70.0
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Outlier - value more that 1.5 IQR’s from third quartile

60.0

largest observed value that isn’t an outlier

50.0
3rd quartile

40.0

IQR

MEDIAN
1st quartile

30.0
20.0

smallest observed value that isn’t an outlier

Control

Algorithm

Group

Outlier - value more that 1.5 IQR’s from first quartile
Extreme - value more than 3 IQR’s from first quartile

Figure 8 provides a graphical representation of the distribution of the percentage
correct responses for the individuals in each of the two groups. The algorithm
group has higher values at all five points (minimum value, maximum value,
median, first and third quartiles) suggesting that participants using the algorithm
had a higher percentage of correct answers on average than participants
who did not the use the algorithm. The inter-quartile range (IQR) represents the
‘middle’ 50% of all the ordered observations. The IQR ‘box’ for the algorithm
group sits visibly higher than the IQR for the control group and this indicates that
a large proportion of the observations in the algorithm group were higher than
those in the control group.
There is noticeably one ‘extreme’ outlier in the data. There can be no explanation
given for this singular extreme observation. It has not however, been excluded
from the data analysis as it is only one observation from a fairly large sample size
(approximately 1.2% of the observations in the control group, 0.7% of the overall
group) and thus will not have a large influence on the data analyses.
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4.2.2.1.2

Formal analysis

From the informal analysis the algorithm group appears to have better results on
average than the control group based on the indicator ‘percentage of correct
decontamination answers’. In order to determine whether there is a statistically
significant difference, a formal test must be carried out.
The two-sample t-test carried out on the variable ‘percentages of correct
decontamination answers’ found that there was a statistically significant
difference (p=0.000) between the mean percentage correct of the individuals
in the control and algorithm groups. The difference in the means was estimated
to be 6.17% (with a 95% confidence interval of 3.33% to 9.01%). This indicates that
individuals using the algorithm will have, on average, a greater mean percentage
of correct responses of between 3.33% and 9.01% than the control group (with
95% confidence).

4.2.2.2

Performance measured by the Kappa statistic
– accounting for chance

Using percentages of correct answers, as has been done above, gives a good
indication of an individual’s performance however it does not account for the
possibility that answers could be given based on guessing i.e. it does not account for
chance. Thus it is necessary to measure performance by a second, more statistically
robust method which can account for chance.
This performance measure is a statistical method of gauging the strength of
agreement between two assessments. The method of Kappa has been used
in this evaluation to measure the strength of agreement beyond chance of an
individual participant’s assessment with the Gold-Standard assessment (as judged
by the Expert Panel). For each participant a ‘Kappa score’ is generated based on
the expected and recorded outcomes for the cases that they responded to. This
Kappa score is indicative of a participant’s performance. A score of 1 indicates
perfect agreement with the Gold-Standard outcomes i.e. 100% correct; a score
of 0 indicates agreement which is the same as you would expect by chance
and a score of less than zero indicates less agreement than would be expected
by chance. Scores in between 0 and 1 can be interpreted subjectively using a
descriptive classification is given in Table 7.
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Table 7: Descriptive classification of Kappa scores to indicate relative level
of performance
Kappa value
< 0.00

Agreement beyond chance
Less than chance agreement

0.00

No agreement beyond chance

0.01 – 0.20

Slight agreement beyond chance

0.21 – 0.40

Moderate agreement beyond chance

0.41 – 0.60

Good agreement beyond chance

0.61 – 0.80

Very good agreement beyond chance

0.81 – 0.99

Excellent agreement beyond chance

1.00

Perfect agreement with Gold-Standard

4.2.2.2.1 Informal analysis
The proportions of participants in each of the categories described in Table 7, is
displayed in Figure 9.
Figure 9: Graph comparing frequencies of participants in each of the Kappa
categories by group
Group

60.0%
54.3%

Control
Algorithm

50.0%
41.0%

Percent

40.0%

35.9%

30.0%
24.3%
20.0%

20.0%
12.8%

10.0%

7.7%
1.3%

0.0%

0.0%

None

1.3%

0.0%

Slight

1.4%

Moderate

Good

Very good

Excellent

Kappa category - strength of agreement beyond chance
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In the control group there are more participants with scores in the lower Kappa
categories than in the top Kappa categories. Conversely, the algorithm group
has more participants with scores in the top categories and fewer with scores in
the bottom categories. In particular, there are no participants from the algorithm
group with scores in the ‘no agreement beyond chance’ or ‘slight agreement
beyond chance’ categories. This suggests that better Kappa scores (i.e. better
performance beyond chance) are associated with participants in the algorithm
group.
The summary statistics for the Kappa score measure is shown in Table 8 and
compares the values between the control and algorithm groups. The algorithm
group has a higher mean Kappa score than the control group: 0.71 compared to
0.56.
Table 8: Summary statistics for Kappa score compared by group
Statistic

GROUP
Control

Algorithm

78

70

Range

1.505

0.623

IQR

0.194

0.166

Mean

0.559

0.709

Maximum

0.892

0.964

3rd Quartile

0.672

0.794

Median

0.582

0.726

1st Quartile

0.478

0.628

Minimum

-0.613

0.341

N

The range (difference between the maximum and the minimum value) is much
greater for the control group (1.50) than the algorithm group (0.62). Again, the
control group range is affected by the extreme outlier in the data (seen again
in Figure 10). Comparing the other statistics; IQR, maximum value, 3rd quartile,
median, 1st quartile and minimum value in Table 8 between the control and
algorithm groups finds the algorithm group to have a higher value for every
statistic. For example, the control group median (middle observation where
all observations are ordered from lowest to highest) is 0.58 compared to the
algorithm median of 0.73.
Figure 10 provides a graphical representation of the distribution of Kappa
scores for the individuals in each of the two groups and the descriptive Kappa
categories are annotated for reference. This illustrates that the algorithm group
has higher values at all five points (maximum value, 3rd quartile, median, 1st
quartile and minimum value) suggesting that participants who used the algorithm
have a higher Kappa score on average than participants who did not use the
algorithm.
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Kappa score (based on decon vs. no decon)

Figure 10: Plot comparing distribution of Kappa scores by group with descriptive
Kappa categories annotated
Perfect agreement
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Slight agreement beyond chance

0.000
-0.200
Less than chance agreement

-0.400
-0.600
Control

Group

Algorithm

For the algorithm group the inter-quartile range (IQR- data between the first and the
third quartile and consisting of the middle 50% of all of the observations) represented
by the blue box-part of the plot is wholly in the ‘very good agreement beyond
chance’ descriptive Kappa category for the algorithm group. Therefore 50% of the
algorithm group had ‘very good agreement’ with the Gold-Standard beyond the
realms of chance. In addition, the maximum score observed was 0.96, which is close
to perfect agreement.
In comparison, the IQR ‘box’ for the control group is located lower that that for
the algorithm group, with the majority of the box sitting in the lower category,
‘good agreement beyond chance’. For the control group there are also values
up to and including the minimum value (excluding outliers) in the ‘moderate
agreement beyond chance’ descriptive category whereas the minimum value of
the algorithm group is located in the category above, ‘good agreement beyond
chance’.
As the data plotted for the algorithm group sits higher than the data plotted for
the control group in Figure 10, this suggests that on average those who used the
algorithm had a better performance as indicated by their mean Kappa score.
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4.2.2.2.2

Formal analysis

Informal analysis on the distribution of participants’ Kappa scores indicated that
higher Kappa scores were associated with the algorithm group. A formal test was
carried out to determine whether there was a statistically significant difference
between the groups.
A two-sample t-test on the Kappa score variable resulted in a statistically
significant difference (p=0.000) between the mean Kappa scores of individuals in
the control and algorithm groups. The difference in the means was estimated to
be 0.15 with a 95% confidence interval of (0.09, 0.21). Once again, the algorithm
group had the higher of the two means and this is estimated to be between 0.09
and 0.21 greater than the mean Kappa score for the control group.

4.2.3 Results of comparison of participants
performance
Using the data from the participants in the study, for both performance measures (i.e.
[1] the percentage of responses correctly identifying whether or not decontamination
is required and [2] the Kappa score) there was a statistically significant difference in the
assessments made by the control and algorithm groups. Furthermore, on average the
algorithm group was associated with better mean performance, whether measured by
percentage of correct responses or by Kappa score.
Thus, in the population of emergency responders we would expect that use of
the algorithm to assist in making decontamination decisions would mean that the
percentage of correct decontamination responses would be, on average, between
3.33% and 9.01% greater than those emergency responders who did not use the
algorithm. We would also expect that this difference, eliminating chance would mean
that emergency responders using the algorithm would have, on average a Kappa
score that was between 0.09 and 0.21 greater than those not using the algorithm.
The size of this difference, referring to Table 7 is equivalent to half to a whole Kappa
category e.g. the difference between having ‘moderate agreement beyond chance’
and having ‘good agreement beyond chance’.

28

Report on an Evaluation of the SCHDA - Analysis & Results

4.3 Additional analysis - potential confounding
factors in the analysis
Evidence has been found of a statistical difference between the performance of the
algorithm and control group participants who took part in the evaluation. In order to be
certain that this observed difference can be wholly attributed to the effect of the use of
the algorithm, other variables have to be considered as potential confounders (variables
that significantly influence the performance of the participants). This is done using the
statistical method of linear regression. As the Kappa statistic performance measure (as
described in section 4.2.2.2) is the more statistically robust variable, linear regression shall
be carried out on it.
Each of the participants completed a ‘Baseline Characteristics Proforma’ before
participating in the evaluation. This provided a record of a variety of characteristics about
the individual including age, sex, educational attainment, length of service in the relevant
organisation and various other factors related to their level of experience and training.
In particular there was data on whether or not an individual participant was previously
aware of the SCHD Algorithm.
From the initial overview of the participant characteristics we observed that the control
group and the algorithm group differed in the distribution of their length of service and
of their level of previous knowledge of the algorithm. Although these differences were
significant, this did not necessarily mean that these factors were acting as confounding
variables.
Each of the participant characteristics might in fact be a contributing factor (variable)
in the performance of the participants. For our conclusions from our analysis to be robust
each of the variables has to be assessed in terms of it being significant in influencing
performance as measured by the Kappa statistic.
We have already determined from the 2-sample t-test in the Formal Analysis section
(4.2.2.2.2) that ‘group’ (whether a participant was in the control or algorithm group) has a
significant effect on the Kappa score of an individual participant. It is therefore inevitable
that the ‘group’ variable will generate a significant result in the linear regression analysis
thus we are looking to identify variables that may be significant in addition to ‘group’.
Each variable and potential confounder was taken in turn, and entered into the linear
regression model to determine whether it was a significant factor in addition to ‘group’,
which we already know to be a significant factor.
The finding from this linear regression analysis was that none of the potential confounding
variables (i.e. each of the baseline characteristics recorded for each individual);
‘age’, ‘sex’, ‘education’ etc. was significant in addition to ‘group’. Also checked was
‘organisation’ (Scottish Ambulance Service, Grampian Fire & Rescue Service or North West
Ambulance Trust) and again ‘organisation’ as a variable was not found to be significant in
contributing to the detected difference in performance.
Thus, there were no other factors apart from whether or not the participant used the
algorithm that influenced the Kappa score achieved by an individual in this study. There
is robust statistical evidence that the use of the algorithm was the only significantly
influencing factor in determining the Kappa score and therefore the level of performance
of an individual participant.
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4.3.1 Exploring the effect of the algorithm within
organisational groups
The complete group of study participants was made up, in various proportions, of
individuals from three different organisations. The largest of these was the Scottish
Ambulance Service with 104 (70.3%) of the 148 participants, 56 of these were assigned
to the control group and 48 to the algorithm group. The remaining two organisations
had much smaller numbers of participants; Grampian Fire & Rescue Service with 20
(13.5%) and North West Ambulance Trust with 24 (16.2%) of the 148. Both of these
smaller groups had an equal number of participants in the control and algorithm
groups.
The organisational groups differed in some of their baseline characteristics, in particular
in their experience in terms of ‘previous knowledge of the algorithm’ and ‘level of
previous involvement in decontamination incidents’. As can be seen in Table 9, the
percentage of those never having heard of the SCHD Algorithm differs between the
three organisations involved, with Scottish Ambulance Service being more aware
than either the Fire Service or their English counterparts. This is not surprising given the
algorithm was developed in Scotland and has been in the Scottish Decontamination
Guidance.
Table 9: Comparison of previous knowledge of the decontamination algorithm
between organisations
Organisation
Scottish
Ambulance
Service
Percent %

Grampian Fire and
Rescue Service

North West
Ambulance Trust

Percent %

Percent %

Never heard of

55.9

73.7

85.5

Heard of but not used

28.4

21.1

12.5

Heard of and had limited use

9.8

Heard of and had considerable use

4.9

Used extensivly

1.0
100.0

100.0

Total

100.0

The Participants’ level of previous involvement in decontamination incidents differs
between the three organisations as illustrated in Table 10. The Scottish Ambulance
Service has 66.0% of participants who had never been involved in a decontamination
incident compared to 50.0% in Grampian Fire & Rescue Service and a lower figure of
29.2% in North West Ambulance Trust. This may suggest that there is a higher occurrence
of decontamination incidents in England compared to Scotland.
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Table 10: Comparison of previous level of involvement in decontamination incidents
between organisations
Organisation
Scottish
Ambulance
Service
Percent %

Grampian Fire and
Rescue Service

North West
Ambulance Trust

Percent %

Percent %

Never been involved

66.0

50.0

29.2

Limited involvement

19.4

45.0

41.7

Considerable involvement

13.6

5.0

29.2

Extensive involvement

1.0
100.0

100.0

Total

100.0

A significant difference has been observed in the performance between the control
and algorithm groups for the 148 participants altogether and organisation has been
found not to be a significant factor in predicting (influencing) the performance
of participants despite differences in the levels of experience etc. between the
organisations. However, it may be that the observed effect on performance of the
SCHD Algorithm is only seen in the group as a whole and not within the data for each of
the organisations individually.
To test for a significant difference between participants from each of the organisations
separately, the same techniques as used previously to assess the group as a whole
were employed. The formal 2-sample t-test was used to compare the means of the
control and algorithm groups to determine whether there is a significant difference in
the means. However, care is needed in the interpretation of such a test when numbers
are low as they are in the case of both the Grampian Fire & Rescue Service and North
West Ambulance Trust.
From the graphical display of the data in Figure 11, based on the Kappa measure of
performance, there is a marked difference between control and algorithm groups
for all three of the organisations. (A similar pattern can be seen in the equivalent plot
based upon the percentage of correct decontamination answers.)
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Kappa score (based on decon vs. no decon)

Figure 11: Boxplot comparing distribution of Kappa scores by group within
organisation
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For each of three organisations, the ‘boxes’ representing the algorithm group (in green)
are higher than the ‘boxes’ for the control group (in blue). The greatest difference is
seen between control and algorithm groups for Grampian Fire & Rescue Service, where
the difference is considerable with the IQR ‘boxes’ not overlapping at all. This suggests
that the effect observed in the entire participant group (148) applies differently to each
of the three organisations’ data independently.
Carrying out a 2-sample t-test on each of the organisations in turn identified whether
the there was a statistically significant difference between the control and algorithm
group from the data for that organisation.
The organisation with the largest proportion of participants: Scottish Ambulance Service
had a statistically significant result (p=0.000) with the algorithm group being associated
with the higher mean Kappa score. Thus, the effect of the SCHD Algorithm was
confirmed for the Scottish Ambulance Service participants independently.
Grampian Fire & Rescue Service data also indicated a statistically significant difference
(p=0.004) between mean performance of control and algorithm groups as indicated
by Kappa scores. This suggests that Grampian as a pilot Fire & Rescue Service have
demonstrated that the algorithm can be effectively applied to Fire & Rescue Services
across Scotland albeit based upon a small group of participants.
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The data from North West Ambulance Trust in England, although close to being
significant, did not result in a statistically significant difference from the 2-sample t-test
carried out (p=0.053 and a significant result is p<0.05). This does not necessarily imply
that the organisation would not benefit from use of the algorithm, merely that given
the small sample size (24), a significant difference was not observed. The illustration
in Figure 11 indicates that there is some evidence of algorithm group Kappa scores
being improved with use of the algorithm as the algorithm group does sit higher than
the control group in Figure 11. This suggests that with a larger sample size, a significant
difference may in fact be found.
The interpretation of these findings is that the overall group result of the Scottish CBRN
& Hazmat Decontamination Algorithm having a significant effect on performance
is echoed among the participants from each of the different organisations. There is
no obvious deviance from the finding that performance tends to be better for those
participants who used the SCHD Algorithm than those who did not, regardless of
organisation.
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5. Discussion
The Scottish CBRN & Hazmat Decontamination Algorithm was developed as an aid to
assist emergency services personnel in making an appropriate decision on the need for
decontamination of individuals exposed (or potentially exposed) to hazardous (or nonhazardous) materials. The algorithm was designed to streamline decision making and
enable a more systematic approach to assessing the needs of individual casualties.
The ultimate aim of developing and using the algorithm was to improve the quality of
decontamination decision making by emergency responder staff. The present study was
designed to test whether use of the algorithm was successful in achieving this aim.
The study involved assessing the quality of decisions on decontamination, under controlled
and standardised conditions, by a sample of emergency responder staff recruited from
ambulance services in Scotland and North West England, as well as a number of fire
officers.
Ambulance staff participants for the study were recruited from the SAS, and the NWAT.
A small group of Fire Services personnel were included in the study recruited from the
Grampian service. The total number of participants in the study was sufficient to satisfy the
minimum requirements of the study design and to provide meaningful results capable of
valid statistical analysis and interpretation. The majority of the participants were from SAS;
hence the findings are most robust in relation to SAS. The smaller size of the groups from
GF&RS and NWAT means that the findings in relation to these organisations have to be
interpreted with a little more caution. Larger sample sizes would have increased the power
of the study had it been possible to recruit them. However, the study was constrained by
the practicalities and costs of delivering the decontamination training and evaluation
events to a range of venues across Scotland and northern England.
The findings have to be interpreted in light of the study limitations in that the assessments
took place under controlled conditions, rather than actual field conditions. Ideally, use
of the algorithm would be evaluated in real life decontamination scenarios, to assess its
actual utility in the field. However, this would be very difficult to organise in practice for
logistic and practical reasons. In real time events, there is no Gold-Standard to compare
decisions to and the ideal decision could only be made in retrospect by another individual
or expert panel. The results of any field use of the algorithm could be influenced by
numerous other factors, which might bias the findings. Hence the study was designed to
assess use of the algorithm in an ‘ideal’ setting, where the environment and conditions
could be strictly controlled and sources of avoidable bias identified. The choice of a
controlled trial format was to allow assessment of the impact of using the algorithm in
one group compared to counterparts who were as similar as possible apart from having
access to the algorithm.
The majority of participants (146) took part in the desktop format evaluation events. Two
participants took part in the live-play decontamination exercise. The cases presented
to and assessed by all participants were the same however. Ideally, it would have been
useful to have had more participants take part in the live play exercise to model the use
of the algorithm in the real situation but this was simply not practical in the context of an
exercise involving a limited number of volunteer simulated casualties.
The decisions made by each group, taken as a whole, were compared to the GoldStandard decisions of the expert group. This demonstrated that for the control group, the
‘correct’ decontamination decision was made on 77.8% of occasions, with 22.2 %
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of decisions being defined as ‘incorrect’. The quality of decision making was therefore
relatively high, even for those participants who received only the basic decontamination
training package. The algorithm group received the same training package but with
additional training in the use of the algorithm. The proportion of ‘correct’ decontamination
decisions made by the algorithm group, taken as a whole, was 85.5%, with 14.6%
‘incorrect’. This suggested an association between use of the algorithm and achieving a
better performance in the evaluation. This effect was investigated further.
The results for individual participants from the algorithm group had a range from a
maximum of 98.2% correct decontamination answers to a minimum of 66.1%. There was
more variation in the proportion of correct answers given by individual participants in
the control group, ranging from a maximum of 94.6% to a minimum of 21.4%. The control
group range was influenced by the one individual with 21.4% correct. The impact of such
an extreme outlier on the interpretation of the data distribution can be overcome by
comparing the median score for each group (i.e. where half the group achieved at least
this percentage of correct decisions). The median score for the control group, at 78.6%
correct decontamination decisions, was lower than that for the algorithm group at 83.9%
correct, indicating poorer performance on average by the control group participants.
Formal analysis confirmed that there was a statistical difference between the two groups
and that the algorithm group performed better based on the ‘percentage of correct
decontamination decisions’.
The ‘percentage correct’ score is a valid method of data analysis but is potentially
flawed, in that it does not correct the data for the effect of random chance influencing
the participants’ decision choices. Hence, use of the Kappa statistic was designed to
overcome this weakness by eliminating the effect of random chance in the choice of
decontamination outcome. Analysis of the Kappa statistic data confirmed that there
was a statistically significant difference between the performance of the control and
the algorithm groups, with the algorithm group achieving the higher mean Kappa score,
indicating a better overall level of agreement with the Gold-Standard outcomes. This
provided objective statistical evidence that the algorithm group participants achieved
better results.
However, the significant difference detected between the control and algorithm groups,
using the Kappa statistic data, could have been influenced by bias due to confounding
factors e.g. participants’ background characteristics (age, sex, education, length of
service, previous knowledge of the algorithm or past experience of decontamination
incidents). Linear regression analysis was therefore undertaken to investigate if any of these
factors had an independent association with the participants’ performance and might
therefore be confounding the study results.
Efforts were made to ensure that the allocation of participants to the control and
algorithm groups was as random as possible. However, there were constraints associated
with delivering the pre-assessment decontamination training, as part of the evaluation, to
different sized groups at multiple venues across Scotland and northern England. As a result,
the allocation process was not completely random. The groups were therefore compared
to assess if there were any significant differences in their composition. There were no
significant differences in the age or gender composition of the two groups, nor any
significant differences in the background educational attainment levels reported, nor in
the level of previous experience with decontamination incidents. There was a difference in
the length of service reported by participants; those in the control group reported shorter
service lengths on average than those in the algorithm group. This difference could have
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been a source of bias in the study, in that longer service experience might be a factor in
determining the quality of decontamination decision making. The formal statistical analysis
was designed to investigate this possible bias. There was also a difference in the groups’
level of previous awareness of the algorithm, with more of the algorithm group reporting
that they had heard of the algorithm prior to the evaluation event. Again this might have
been a source of bias and was therefore subject to further formal analysis.
The initial screening of the distribution of the participants’ background characteristics had
identified that those in the algorithm group had reported on average having a longer
service period than their counterparts in the control group. This might have resulted in bias,
if (as might reasonably be expected) the length of service was independently associated
with improved performance in decontamination decision making. Linear regression
analysis did not identify any independent association between the length of service and
performance in the evaluation. Similarly, although previous knowledge of the algorithm
was more common among the algorithm participants, regression analysis did not confirm
any independent association between this factor and performance. Hence, although
the groups were not identical in all respects this did not affect the findings of the study.
None of the other background factors examined (age, sex, educational attainment
level) had any independent association with the participants’ performance. This analysis
confirmed that the only factor associated with an improved performance during the
evaluation, as measured by the Kappa statistic, was use of the Scottish CBRN & Hazmat
Decontamination Algorithm.
In addition to analysing for any association between background factors and
performance, analysis was also carried out to investigate if there was any association
between the employing organisation (SAS, GF&RS or NWAT) and performance. There was
no evidence overall of any significant association between the participants’ performance
and their employing organisation. Hence, although the graphical distribution of Kappa
scores appears to show slight differences between the organisations in the distributions of
results, there was no actual relationship between an individual’s performance and their
organisation.
Additional analysis was carried out to compare the participants from the three
organisations. Of the SAS staff, 55.9% had never heard of the algorithm, compared
to 73.7% of GF&RS staff and 87.5% of NWAT staff. Hence, relatively more of the SAS
staff had heard of the algorithm, as would be expected given that it is in the Scottish
Decontamination Guidance. The majority (66%) of the SAS staff had no previous
experience of decontamination incidents; 34% reported limited, considerable or extensive
experience. Of the NWAT participants, far fewer (29.9%) reported no previous experience
but 70.9% reported some or considerable past experience. However, the analysis of the
data showed that these differences in the groups did not affect the outcome of the study
as none of these factors was independently associated with performance.
The key analysis of performance was carried out on all the participants taken together.
In addition, analysing performance by individual organisation showed that, for SAS and
GF&RS staff, results were significantly better when the algorithm was used. Results were
also better for NWAT staff but although this bordered on significance, it was not actually
statistically significant. The NWAT group (24: 12 controls and 12 in the algorithm group) was
much smaller than the SAS group (104). Had a larger group of participants from NWAT
taken part, the difference in performance might have been statistically significant.
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An integral component of the evaluation study was the use of a standardised
decontamination training package. Both groups received the same basic package.
Only the algorithm groups received additional training in the use of the algorithm. The
relatively good performance in the evaluation of both groups, including the control
group, might have been associated with use of the standardised training. To assess the
impact of the training package itself on performance, it would have been necessary to
have carried out a pre-training assessment and compared the results achieved to posttraining performance. However, this present study was designed specifically to investigate
the effect of using the algorithm rather than to assess the impact of the basic training
package. Hence, the evaluation was designed to take account of the impact of the
training itself by having the ‘control’ group for comparison.
There is scope to analyse the study data further, to identify factors that might explain
the range of variation in performance by individual participants. Some of the variation
between individuals might have been due to the type of case studies presented to
the staff during the evaluation. Detailed analysis to identify those cases which the
participants had most difficulty in assessing correctly might assist in refining the content of
education and training on decontamination. Further analysis might also help to refine the
original evaluation tool and enable its adaptation for future use as a means of assessing
emergency responder knowledge and understanding of decontamination procedures.
Although the live decontamination exercise component of the study involved only two
participants, based on the overall findings, it would be reasonable to expect that if the
algorithm was used in real-life decontamination scenarios, the quality of decontamination
decision making would be likely to be better.
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6. Conclusions
The study showed conclusively that use of the Scottish CBRN & Hazmat Decontamination
Algorithm to assist in making decontamination decisions in a controlled situation, involving
a wide range of realistic scenarios and case studies, resulted in correct decontamination
decisions being made more often by the a wide range of emergency responders from
ambulance and fire service organisations.
This suggests that in a field situation, use of the algorithm by staff that have received
the decontamination training package, is likely to result on average, in better
decontamination decisions than if the algorithm had not been used.
Other emergency responders, including hospital Accident and Emergency Department
staff, are also likely to benefit from training in the use of the algorithm. The maximum
beneficial effect of using the algorithm is likely to occur when training is repeated at
periodic intervals to reinforce learning and understanding.
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7. Recommendations
7.1

The Scottish CBRN & Hazmat Decontamination Algorithm should be adopted for
routine use within Scotland by emergency responders, particularly the Scottish
Ambulance Service (SAS) and Scottish Fire and Rescue Services, to assist in making
appropriate decontamination decisions and to help prevent the unnecessary use of
decontamination.

7.2

References to the algorithm should be incorporated in all relevant training and
operational guidance used by the emergency services. Training on use of the
algorithm should be incorporated routinely into the emergency responder’s training
on decontamination of people, by relevant national training organisations and
should be repeated regularly, to maintain competency in its use.

7.3

The algorithm should be adopted by other NHSScotland staff who may be faced
with self-presenting casualties from CBRN or Hazmat incidents, particularly those in
Accident and Emergency Departments. Appropriate training would be required.
Consideration should also be given to extending training and use of the algorithm to
Primary Healthcare staff

7.4

The training used as part of the evaluation study should be developed further,
including use of the evaluation tool, which could be adapted for future use in the
routine assessment of staff undergoing decontamination training. Further analysis
of the study data could be carried out to provide additional information to support
such developments.

7.5

Further development of the algorithm should be overseen by a multi-agency project
group, linked to further development of the decontamination guidance document
itself, under the supervision of the Scottish Government CBRN Programme Board.

7.6

The Scottish CBRN & Hazmat Decontamination Algorithm and the findings of this
evaluation should be made available to emergency services and others involved in
providing personal decontamination of persons exposed to hazardous substances
elsewhere in the UK.

Report on an Evaluation of the SCHDA - Recommendations

39

8. References
Altman, Douglas.G., 1991, Practical Statistics for Medical Research, Chapman and Hall,
London, pp.404.
Al-Damouk, M., Bleetman, A. 2005, ‘Impact of the Department of Health initiative to equip
and train acute trusts to manage chemically contaminated casualties’, Emerg. Med. J, vol
22, pp. 347-350.
Byrt, T., 1996, ‘How good is that agreement?’ [letter]. Epidemiology, vol. 7, pp. 561
Cook, R., 1 September 2005, ‘Clinical Algorithms and Flow Charts as Representations of
Guideline Knowledge’. Health Care and Informatics Review Online [Internet] Accessed 26
July 2007. Available at: http://hcro.enigma.co.nz/website/index.cfm?fuseaction=articledis
play&FeatureID=010905.
Edwards, D., Williams, L.H., Beatty, J., Hayes, M.J., Conner, B.B., Hodgson, M.J. & Scott, M.A.
2007, ‘First-Receiver Hospital Decontamination’. J. Nursing Admin., vol. 37, pp.122-130.
Hall, A.H. & Maibach, H.I. 2006, ‘Water Decontamination if Chemical Skin/Eye Splashes: A
Critical Review’. Cutaneous and Ocular Toxicology, vol. 25, pp.67-83.
Hamel, K. 2006, ‘The Five W’s of Hazmat Decontamination’. Occupational Health & Safety,
vol. 75, pp.76-80.
Henry, T.V. 1999, Decontamination for hazardous materials emergencies, Delmar
Publishers, New York.
Houston, M. & Hendrickson, R.G., 2005, ‘Decontamination’. Crit. Care Clin., vol. 21, pp. 653-672.
Joint Royal College Ambulance Liason Committee (JRCALC), 2006, Guidelines [Internet].
Accessed 26 July 2007. Available at: http://jrcalc.org.uk/guidelines.html
Landis, J.R., Koch, G.G., 1977, The measurement of observer agreement for categorical
data. Biometrics, vol. 33, pp.159-74.
National Institute for Health and Clinical Excellence (NICE), 2007, Clinical Guideline
Development Methods [Internet]. Accessed 26 July 2007. Available at: http://www.nice.
org.uk/page.aspx?o=guidelinesmanual. .
Neave, N.R., 2002, Statistics Tables for mathematicians, engineers, economists and the
behavioural and management sciences. Routledge, London.
Okamura, T., Hisaoka, T., Yamada, A., Naito, T., Isonuma, H., Okumura, S., Miura, K.,
Sakurada, M., Maekawa, H., Ishimatsu, S., Takasu, N. & Suzuki, K. 2005, ‘The Tokyo subway
sarin attach – lesson learned’. Tox. Appl. Pharm., vol. 207, 2nd supplement, pp. S471-6.
Scottish Executive, February 2006, ‘Guidance For The Emergency Services on
Decontamination of People Exposed to Hazardous Chemical, Biological or Radioactive
Substances’, Version 2 [Internet]. Accessed 26 July 2007. Available at: http://www.
scotland.gov.uk/Resource/Doc/47032/0014781.pdf.
Scottish Intercollegiate Guideline Network (SIGN), 2004, ‘SIGN 50 – A Guideline Developers’
Handbook’ [Internet]. Accessed 26 July 2007. Available at: http://www.sign.ac.uk/
guidelines/fulltext/50/index.html.
Subbarao, I.S., Johnson, C., Bond, W.F., Schwid, H.A., Wasser, T.E., Deye, G.A. & Burkhart, K.K.
2005, ‘Symptom-Based, Algorithmic Approach for Handling the Initial Encounter with Victims
of a Potential Terrorist Attack’, Prehospital and Disaster Medicine., vol. 20, pp. 301-8.

40

Report on an Evaluation of the SCHDA - References

9. Appendices
Appendix 1: Scottish CBRN & Hazmat Decontamination
Algorithm (SCHDA)
INJURY & EXPOSURE ASSESSMENT

Remove from any immediate source of exposure (hot zone)
Assess casualty status

Injured (in need of
treatment)

Uninjured

Has the casualty actually or potentially
been exposed to a hazardous material?

Has the casualty actually
or potentially been
exposed to a hazardous
material?

Exceptional
circumstances
(in need of specialist
treatment at hospital)
Conduct essential
improvised
decontamination &
immediately transfer

NO
Advise hospital of patient
status as a matter of
urgency

YES
YES

Decontamination
not required
TRIAGE, TREAT &
TRANSPORTas
appropriate

NO

Does the casualty require
life-saving treatment prior to
decontamination?

Carry out
life-saving
treatment

DECONTAMINATION
NOT REQUIRED
RECORD & REFER
as appropriate

NO

YES

Are there VISIBLE SIGNS of contamination by a
chemical, biological or radiological material?

YES

NO

Does the contamination present
any SUSPECTED RISK TO HEALTH?

Is the casualty symptomatic?

DECONTAMINATION ASSESSMENT

YES
YES

NO

NO

Don’t know
Does the casualty
remain symptomatic
after removal from
source of exposure?

Seek expert advice on
substance identification
and possible health
effects

NO
Observe for up to 30

Does advice suggest
contamination presents a
suspected risk to health?

YES
Does the casualty become/remain

YES
NO

YES

Carry out
IMPROVISED
DECONTAMINATIO
N as required

YES

TRIAGE &
TREATas

NO

Are symptoms consistent with possible
non-visible contamination on
skin/clothing ?
DECONTAMINATIO
N NOT REQUIRED

NO

RECORD & REFER
as appropriate

Are symptoms consistent with
EXPOSURE TO A GAS that
presents no ongoing risk of
contamination?

YES
TRIAGE
&
DECONTAMINATE

TRIAGE
&
DECONTAMINATE

Don’t know

Decontamination
not required
TRIAGE, TREAT &
TRANSPORTas
appropriate

NO

TRIAGE & TREAT
as appropriate

Seek expert
advice

DECONTAMINATION
TECHNIQUES

Does the nature of the contamination and/or the number of
casualties require Mass Decontamination?

NO

YES

Are sufficient Mobile Decontamination Units available?

YES
Planned Individual Decontamination (PID)
is appropriate
using Scottish Ambulance Service
Mobile Decontamination Unit

NO
Improvised Individual Decontamination (IID)
is appropriate
using available resources
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In addition to using PID/IID routes, pursue the option
of
Mass Decontamination (MD)
using Fire ServiceMass Decontamination Facilities
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n/a

0-4-0-0
4-0

0-4-0-0
4-0

n/a

4-0-0-0

4-0

4-0-0-0

4-0

4-0

4-0-0-0

4-0

4-0-0-0

n/a

Remains
symptomatic
after removal
from exposure

0-4

0-0-4-0

0-4

0-0-4-0

n/a

Becomes
asymptomatic
after removal from
exposure

Symptomatic

2-2

2-0-2-0

4-0

4-0-0-0

n/a

Becomes
symptomatic after
observation

0-4

0-0-0-4

0-4

0-0-4-0

n/a

Remains
asymptomatic after
observation

Asymptomatic

Non-visible contamination

0-4

0-0-0-4

0-4

0-0-4-0

n/a

Not exposed

28

28

4*

TOTAL

D No decontamination

Their triage as ‘exceptional circumstance’ casualties by-passes the algorithm’s assessment of exposure and contamination.

* The four simulated ‘exceptional circumstances’ casualties (e.g. VVIP or those in immediate need of specialist treatment at hospital) require whatever essential improvised decontamination is necessary.

Uninjured

Injured

Exceptional
circumstances

Hazardous

Nonhazardous

C No decontamination, triage & treat as appropriate

Exposed, or person’s proximity suggests exposure

B Improvised Decontamination

Intervention Groups: A-B-C-D
Control Groups:
A-D

Visible contamination

A Decontamination

Key to cell coding:
			

Number of casualties in each injury and exposure category for the intervention and control groups

Appendix 2: Case types and allocated decontamination outcomes

Appendix 3: Baseline characteristics of the study population
Number (%) of participants in each column
Variable

Variable categories

Control
(n=78)

Algorithm
(n=70)

ALL
(n=148)

SAS
(n=104)

GF&RS
(n=20)

NWAT
(n=24)

Under 20 years

2
(2.6)

1
(1.4)

3
(2.0)

2
(1.9)

1
(5.0)

0
(0.0)

20 – 29 years

8
(10.3)

8
(11.4)

16
(10.8)

9
(8.7)

6
(30.0)

1
(4.2)

30 – 39 years

34
(43.6)

23
(32.9)

57
(38.5)

37
(35.6)

10
(50.0)

10
(41.7)

40 – 49 years

23
(29.5)

25
(35.7)

48
(32.4)

36
(34.6)

2
(10.0)

10
(41.7)

50 – 59 years

10
(12.8)

13
(18.6)

23
(15.5)

19
(18.3)

1
(5.0)

3
(12.5)

60 years and over

1
(1.3)

0
(0.0)

1
(0.7)

1
(1.0)

0
(0.0)

0
(0.0)

Male

57
(73.1)

55
(78.6)

112
(75.7)

76
(73.1)

17
(85.0)

19
(79.2)

Female

21
(26.9)

15
(21.4)

36
(24.3)

28
(26.9)

3
(15.0)

5
(20.8)

High School

43
(58.1)

42
(63.6)

85
(60.7)

58
(60.4)

13
(65.0)

14
(58.3)

College

20
(27.0)

15
(22.7)

35
(25.0)

24
(25.0)

5
(25.0)

6
(25.0)

University

9
(12.2)

8
(12.1)

17
(12.1)

12
(2.1)

2
(10.0)

1
(4.2)

Other

2
(2.7)

1
(1.5)

3
(2.1)

2
(2.1)

0
(0.0)

1
(4.2)

Under 1 year

18
(23.4)

4
(5.8)

22
(15.1)

19
(18.4)

3
(15.0)

0
(0.0)

1 – 5 years

23
(29.9)

12
(17.4)

35
(24.0)

27
(26.2)

4
(20.0)

4
(17.4)

6 – 9 years

8
(10.4)

14
(20.3)

22
(15.1)

13
(12.6)

4
(20.0)

5
(21.7)

Over 9 years

28
(36.4)

39
(56.5)

67
(45.9)

44
(42.7)

9
(45.0)

14
(60.9)

Never heard of

55
(72.4)

37
(53.6)

92
(63.4)

57
(55.9)

14
(73.7)

21
(87.5)

Heard of but not used

12
(15.8)

24
(34.8)

36
(24.8)

29
(28.4)

4
(21.1)

3
(12.5)

Heard of and had
limited use

5
(6.6)

6
(8.7)

11
(7.6)

10
(9.8)

1
(5.3)

0
(0.0)

Heard of and had
considerable use

4
(5.3)

1
(1.4)

5
(3.4)

5
(4.9)

0
(0.0)

0
(0.0)

Used extensively

0
(0.0)

1
(1.4)

1
(0.7)

1
(1.0)

0
(0.0)

0
(0.0)

Never been involved

43
(55.8)

42
(60.0)

85
(57.8)

68
(66.0)

10
(50.0)

7
(29.2)

Limited involvement

21
(27.3)

18
(25.7)

39
(26.5)

20
(19.4)

9
(45.0)

10
(41.7)

Considerable
involvement

13
(16.9)

9
(12.9)

22
(15.0)

14
(13.6)

1
(5.0)

7
(29.2)

Used extensively

1
(1.0)

0
(0.0)

0
(0.0)

1
(1.0)

0
(0.0)

0
(0.0)

Age

Sex

Highest level
of educational
attainment

Length of service
in relevant
organisation

Previous
knowledge of
Decon Algorithm
(see definitions)*

Level of previous
involvement in
decon incidents
(see definitions)a

*

Limited i.e. once or twice; Considerable i.e. more than once but less than 10 occasions; Extensive i.e. more than 10 occasions
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