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Abstract

Objectives: 
Reports from small-scale incidents involving decontamination have suggested that a successful communication strategy is vital in order to increase public compliance with, and reduce public anxiety about, decontamination. However, it has not been possible to examine public behaviour during large scale incidents involving decontamination. In an attempt to address this, the aim of this research was to examine the relationship between positive perceptions of responding agencies’ communication strategies and relevant outcome variables, such as level of compliance and level of reassurance in several large field exercises involving mass decontamination.
Methods: 
Data was collected using feedback questionnaires completed by simulated casualties, which contained items relating to aspects such as casualty perceptions of the success of responding agencies’ communication strategies, their confidence in emergency responders, and their compliance with the decontamination process. Path analysis was used to examine the relationships between variables. 
Results: 
Results show a significant relationship between responding agencies’ communication strategies, level of public reassurance, and level of public compliance. The relationship between responder communication strategies and the outcome variables was partially mediated by public confidence in responders. Conclusions: 
Emergency responders should focus on communication with members of the public as a key element of the decontamination process, as failure to do so could result in high levels of anxiety and low levels of compliance.
Key words: decontamination; CBRN; exercises; communication
Introduction

The willingness of terrorists to use unconventional weapons, as well as rapid technological advances, has increased the threat from incidents involving chemical, biological, radiological, and nuclear (CBRN) agents1. These agents may be particularly frightening to those potentially exposed, as they are often invisible, undetectable, ambiguous, and can pose long-term health risks2,3. In addition, interventions designed to reduce the impact of CBRN agents, such as decontamination and quarantine, can be more stressful than the incident itself, if they are not managed appropriately4,5.
Evidence from small-scale incidents has shown that the decontamination process can generate high levels of anxiety, especially if people’s concerns about their privacy and modesty are not met, and if the people who are being decontaminated do not feel that responders are treating them with respect6. Public anxiety about decontamination can have a detrimental impact on how well incidents involving mass decontamination are managed. For example, increased anxiety during real-life incidents involving decontamination may result in a high risk of non-compliance with recommended decontamination procedures, especially if those involved are not provided with enough information about the process7, or if the actions taken by responders are perceived as unfair, or illegitimate, causing the public to lose trust in responders6,8. Accounts from incidents involving decontamination show that those affected want reassurance that they are clean following decontamination, and that decontamination has been successful9. Further, it is possible that failure to provide affected persons with information about the efficacy of decontamination could lead people to seek treatment at medical facilities instead of, or even after, decontamination, with high numbers of ‘worried well’ (those who are not contaminated but believe themselves to be) converging on local hospitals10. 

Taylor, Balfanz-Vertiz, Humrickhouse, & Jurik (2009) found that even during a simulated incident involving decontamination participants became stressed, and reported that they would have liked more information about the decontamination process11. This desire for information about decontamination corresponds with a broader desire among the public for information about both conventional and CBRN incidents, with successful responder communication strategies and the provision of practical information having been shown to increase compliance with recommended emergency measures12,13,14,15,16, and to reduce anxiety12,15,17,18,19,20. 
Vogt & Sorensen (2002) identified several ways in which the management of incidents involving decontamination could be improved, including: improved communication with members of the public during the decontamination process, (e.g., increased explanation about why the process is taking place); provision of follow-up information after decontamination; and protection of victims’ dignity and modesty9. Despite this, communication strategies are often overlooked in planning for incidents involving mass decontamination, with the focus of planning being almost exclusively on the technical issues involved in the decontamination process21.
The potential for these types of incidents is ever-increasing, with as many as 30-40 small-scale incidents involving decontamination occurring in the UK each year22. One of the reasons why there has not been more research into the factors affecting public behaviour during incidents involving mass casualty decontamination is that no large-scale incidents requiring mass-casualty decontamination have so far occurred in the UK. To date, the largest chemical incident involving the need for mass decontamination is the sarin attack on the Tokyo subway23. However, delays in identification of the substance used meant that it was not possible for responders to carry out any prehospital, mass decontamination, and any decontamination which was carried out was done so by individual hospitals24. 

The relative scarcity of incidents involving mass decontamination has meant that there has been little opportunity to examine mass casualty decontamination incidents in detail, despite considerable effort on the part of the emergency response community to prepare for such an eventuality. 
One possible way in which the impact of mass decontamination processes on members of the public could be examined with a view to recommending psychosocial evidence-based improvements is through studying emergency preparedness field exercises involving decontamination. Field exercises involve the testing of emergency response plans and procedures, under simulated emergency conditions, to ensure that successful plans are put in place in the event that a real incident were to occur. To increase the realism of field exercises, members of the public are recruited to take part in the exercise as simulated casualties. 
The present study involved the analysis of feedback questionnaires completed by simulated casualty volunteers following five different field exercises involving decontamination, in order to examine the effect of responder communication strategies on simulated casualties’ experiences of the decontamination process. Variables measured included: casualties’ perceptions of responder communication; confidence in responders; levels of reassurance; confidence in their cleanliness following decontamination; and compliance. The aim was to examine the relationship between casualties’ perceptions of responder communication strategies, and the relevant outcome variables. Based on the evidence described above, several hypotheses were generated about the ways in which responder communication strategies could affect public responses to decontamination incidents, as illustrated in our path model in Figure 1
.
Insert Figure 1 about here.

Method

Participants

Participants were volunteers who each took part in one of the five emergency preparedness field exercises analysed. The exercises were multi-agency ‘live’ exercises led by the Health Protection Agency’s Exercises and Events Team. In these exercises, the Fire Service led the mass decontamination of a large number of notionally ‘contaminated’ simulated casualties. Volunteers who took part in each exercise were typically either university students, members of the general public, or were recruited from Casualties Union (www.casualtiesunion.org.uk) or Amputees in Action (www.amputeesinaction.co.uk). The number of simulated casualties decontaminated during each exercise ranged from 28 (Exercise A) to 131 (Exercise C). Full information about the number of participants who were decontaminated, and the exercise scenarios, is published elsewhere25. Roughly equal numbers of male and female participants took part in each exercise, and ages ranged from 18 to 85 years. Volunteers received no payment for taking part in any of the exercises, but volunteers from some organisations received payment of their travel and subsistence expenses from the exercise co-ordinators, as well as a small donation towards the running costs of their charitable organisations.
Measures

Data was collected using casualty feedback questionnaires, which were developed to inform the evaluation of the exercise. Following each exercise, simulated casualties completed the feedback questionnaires, which contained open-ended questions about participants’ experiences (the results of which are reported elsewhere25), as well as closed questions, responses to which were measured using a 5-point Likert scale. The present analysis focuses on analysis of the quantitative questionnaire items. Items of interest to the current research were those relating to: perceptions of  responder communication (e.g. ‘I found it easy to communicate with the emergency services staff at the decontamination tents’); confidence in responders (e.g. ‘how confident do you feel that the authorities are prepared to deal with a real incident like the one you participated in during Exercise B?’); levels of reassurance (‘I felt reassured by the staff who were attending to me during the exercise’); willingness to comply with decontamination (‘I would be willing to be naked inside the decontamination showers in a real incident’); and confidence in their cleanliness following decontamination (e.g. ‘How confident do you feel that you were completely clean after going through the decontamination showers?’).

The items used to measure each of the variables were broadly similar across each of the exercises. See Table 1 for a full break down of the items which were used to measure variables during each of the exercises, as well as the Cronbach’s alpha scores (where appropriate). The only item which differed between exercises was that used to measure compliance. Exercises A, B, D, and E used ‘willingness to be naked’ (see Table 1 for the full item) as a measure of compliance, while Exercise C used ‘willingness to remain at the scene’. Both of these measures were taken as proxies for compliance, because they both address whether or not casualty volunteers would be willing to do something necessary and out of the ordinary in order to undergo decontamination.
Insert Table 1 about here.

Procedure

Volunteers were recruited through the various organisations described above, and were provided with information about the nature of the exercise. Upon arriving to take part in the exercise, casualty volunteers received a group briefing, to provide them with more information about what would happen during the exercise. At the end of each exercise, the simulated casualties were asked to complete one of the casualty feedback questionnaires.
Analysis

Feedback data from the simulated casualties was analysed within SPSS 19.0. The three smaller exercises (A, B, and D; n < 70) were analysed using correlational statistics, in order to provide preliminary ideas about whether or not the hypotheses were supported. Data from the two larger exercises (C and E; n > 100) was then used to create two path models, using AMOS Graphics, which were then compared with the hypothesised model presented in Figure 1.
Results

Table 2 shows the mean values for each of the variables across all exercises.

Insert table 2 about here
Correlational analysis
Results for the three exercises included in the correlational analyses are shown in Table 3.
Insert Table 3 about here.
The results from the correlational analysis provide some preliminary support for the hypotheses. There was consistent support across the three exercises for the hypotheses that there would be a significant relationship between good communication and confidence in responders, a significant relationship between good communication and increased reassurance, and a significant relationship between confidence in responders and increased reassurance. However, support for the other hypotheses was mixed.
Path analysis

Exercise C

The model represented in Figure 2 illustrates the results from Exercise C. Model chi-square was used to evaluate overall model-data fit. A non-significant chi-square result indicates that the null hypothesis can be accepted, and that the model has good overall fit with the data. Chi-square is the most widely used measure of model fit, but it is sensitive to sample size26 and should therefore be used in conjunction with other measures of model fit, such as the comparative fit index (CFI) and the root mean square of approximation (RMSEA). To be said to have good fit, a model should have a CFI value of above 0.95, and an RMSEA value of below 0.0827. Participant responses contained some missing data, which was dealt with using the Maximum Likelihood Robust estimation method.
Model 2 has a chi-square value of 8.9 with 4 degrees of freedom (p = 0.063). This indicates that the model has a reasonable fit with the data. Other fit indices supported this, with CFI giving a value of 0.96, above the recommended cut-off value of 0.95, and RMSEA giving a value of 0.098, which is slightly above the recommended cut-off value of 0.08.
 All reported path coefficients are significant at the 0.05 level. The model explains 19% of participant compliance to remain at the scene of an incident, 33% of the reassurance that simulated casualties feel during an incident, and 36% of their confidence in cleanliness following decontamination. 
Insert Figure 2 about here.

The model supports the findings from the correlational analysis, in showing a significant relationship between good responder communication and reassurance (r = 0.19, p < 0.05), good responder communication and confidence in responders (r = 0.37, p < 0.05), and confidence in responders and reassurance (r = 0.47, p < 0.01). There is also a significant relationship between confidence in responders and compliance (r = 0.44, p<0.05), confidence in responders and confidence in cleanliness (r = 0.20, p < 0.05), and good responder communication and confidence in cleanliness (r = 0.50, p < 0.001). The Sobel test indicates that confidence in responders is a significant partial mediator between good communication and levels of compliance (p = 0.05), and between good communication and levels of reassurance (p = 0.05). 
As with the results of the correlational analysis the path model shows no significant relationship between decreased reassurance and increased compliance. 
Exercise E

The model represented in Figure 3 illustrates the results from Exercise E. The model has very good overall fit with the data ((2 = 1.84 (3df), p = 0.607). CFI and RMSEA values also indicate a very good overall fit with the data (CFI = 1.00, RMSEA = 0.0). The model explains 20% of casualties’ compliance rates, 34% of their reassurance levels, and 35% of their confidence in cleanliness following decontamination.

Insert Figure 3 about here.

In line with the findings from the correlational analyses and the findings from Model 2, Model 3 shows that there is a significant relationship between good responder communication and reassurance (r = 0.28, p < 0.01), good responder communication and confidence in responders (r = 0.56, p < 0.001), and confidence in responders and reassurance (r = 0.38, p < 0.001). The Sobel test indicates that confidence in responders is a significant mediator between good responder communication and reassurance (p < 0.01). 

In line with the findings from Model 2, Model 3 also shows a significant relationship between good responder communication and compliance
 (r = 0.31, p < 0.01), and good responder communication and confidence in cleanliness following decontamination (r = 0.52, p < 0.001). However, unlike Model 2, Model 3 indicates that there is a non-significant relationship between confidence in responders and compliance (r = 0.19, p = 0.10), and confidence in responders and confidence in cleanliness (r = 0.12, p > 0.05).


Model 3 again shows no significant relationship between decreased reassurance and increased compliance. 

Discussion

Field exercises that involve mass decontamination provide a useful setting in which to test the effect of responder communication strategies on levels of compliance and anxiety
. Findings from the correlational analysis and path diagrams largely supported the first three hypotheses, by showing that there was generally a relationship between casualties’ perceptions of good responder communication and increased compliance, increased reassurance, and increased confidence in cleanliness following decontamination. However, the relationship between perceived successful communication and the three outcome variables was almost always at least partially mediated by confidence in responders. This suggests that increasing casualties’ confidence in responders is one of the ways in which responding agencies can use their communication strategies to improve compliance, reduce anxiety
, and increase confidence in cleanliness following decontamination. 

Results therefore also largely supported the next four hypotheses, by showing that there is a significant association between good communication and confidence in responders, confidence in responders and increased compliance, confidence in responders and increased reassurance, and confidence in responders and increased confidence in cleanliness. The only hypothesis which is not supported is that increased reassurance would result in higher levels of compliance. There is a possible explanation for this, however, which is that the reassurance measure used during this research (‘I felt reassured by the responders who attended to me during this exercise’) was a broad measure of reassurance, and did not relate specifically to reassurance about the decontamination process. This might therefore explain why increased levels of reassurance show the expected relationship with other variables, but are not associated with increased compliance with decontamination. Future research should therefore measure anxiety relating specifically to the decontamination process, in order to establish the relationship between anxiety about the decontamination process and compliance. 
The findings support previous research which indicates the importance of successful communication strategies during both conventional and CBRN incidents12,13,14,15. Analysis showed that confidence in responders was a mediating variable between good communication and increased compliance, but that it was not the only mediating variable. Future research should therefore examine other variables which could potentially mediate the relationship between good perceived responder communication and increased compliance, reduced anxiety, and increased confidence in cleanliness following decontamination. For example, based on evidence described in the Introduction, which shows that perceived forceful and disrespectful behaviour by responders during decontamination incidents can lead to reduced trust in responders and non-compliance with the decontamination process6, it may be that perceived legitimacy of response is an important mediating variable. This hypothesis could be tested directly in future research.
Based on ideas from the social identity approach28,29, the elaborated social identity model (ESIM)30
 suggests that where crowd members perceive the actions of another group (such as responders) to be either legitimate, this can facilitate a sense of shared social identity between crowd members and responders, which may in turn increase the likelihood that crowd members will see actions that are recommended by responders as ingroup normative. However, where crowd members perceive responder actions as illegitimate this could cause crowd members to unite against, and challenge the authority of, responders. Based on the ideas of the ESIM, it can be suggested that successful responder communication strategies during incidents that involve decontamination should appeal to mutually shared values - for example by explaining why the decontamination process is necessary in public (i.e. collective) health terms (e.g. it could prevent secondary contamination of family and community members). Neglect in explaining the purpose and benefits of decontamination could be perceived as an illegitimate denial of public rights to dignity and respect by members of an outgroup (responders), in the same way that any attempts to control (e.g. through barriers) or even force6 people to undergo decontamination would cause both anxiety and offence. The perception of an illegitimate response could result in non-compliance with decontamination, or even attempts to challenge the authority of the emergency services31. 

This argument also provides an explanation for previous findings which show that responders must take public concerns privacy into account to ensure that members of the public comply with the decontamination process8. Future research into communication strategies during incidents involving decontamination should therefore examine perceived legitimacy of response as a predictor of increased compliance. In line with the social identity hypotheses outlines here, this should be combined with measures of social identification.
This point takes us to the limitations of the present analysis. First, although exercises attempt to replicate a real incident as closely as possible, it should be noted that certain variables (especially fear, anxiety, and uncertainty) are likely to be significantly different during a real incident. While there is no reason to believe that the relationship between certain variables should be any different during a real incident (indeed successful communication is likely to be even more important for reducing anxiety during a real incident), the fact that an exercise cannot closely represent a real life situation should be noted. Second, the measures used in this research were not originally designed to test the current hypotheses, or indeed any theoretically derived hypotheses. Rather, they were primarily designed to inform the evaluation and reporting of the exercise outcomes by the respective exercise planning teams. However, for many if not most of the items there is a good prima facie case for interpreting each of the measures in the way we have in the analysis. (give example here) Hence the fact that the measures were not designed with any specific hypotheses in mind does not necessarily preclude them from being used as successful measures of the relevant variables. The items were designed to measure relevant aspects of public feeling and behaviour during the decontamination process, and as such they arguably capture important aspects of these experiences.
Due to the fact that the items were not originally designed to test these kinds of hypotheses, there is also a question regarding their reliability. While all/most of the scales had good to excellent reliability, some variables were measured by only one item, which may reduce the reliability of these items. However, the consistency in the outcomes across different exercises suggests that the items are reliably measuring the same concepts each time. 
Finally, the data presented within this paper are wholly cross-sectional, so we cannot be sure about causal relationships between variables. It is possible that there are other explanations for the relationships between variables. The paths we have suggested therefore require validation using experimental methods, to clarify the causal paths between variables.
Conclusions

Overall, the findings presented within this paper show that exercises can provide valuable opportunities to test the impact of responder communication strategies on public behaviour. The fact that the analysis showed very similar relationships between key variables across all five exercises indicates that there is a relationship between perceptions of good responder communication strategies and the key outcome variables. Future research must strive to develop validated scales with which to measure the relevant variables. It may also be beneficial to include specific items measuring social identity variables (e.g. perceived legitimacy of response, shared social identity etc.), in order to ascertain the mediating role which these variables may play between successful responder communication strategies and relevant outcome variables. In the meantime, the present analysis at least provides strong prima facie evidence for our conclusion that those tasked with communicating with the public during a real decontamination incident should be aware that not communicating adequately with members of the public or providing insufficient practical information about the decontamination process may impact on levels of public compliance and anxiety during mass decontamination.
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Table 1 – Items used to measure variables during each of the exercises
	Exercise
	Communication
	Confidence in responders
	Anxiety
	Compliance
	Confidence in cleanliness

	A
	1. The instructions I was given about changing out of my clothes were easy to hear (i.e. it wasn’t too noisy).
2. I understood the instructions provided concerning undressing before entering the decontamination tents.

3. I found it easy to communicate with the emergency services staff at the decontamination tents.
(( = 0.63)
	1. How confident do you feel that the authorities are prepared to deal with a real incident like the one you participated in during Exercise A?
	1. I felt reassured by the staff who were attending to me during the exercise.
	1. I would feel comfortable being naked inside the decontamination showers.
	N/A

	B
	1. I understood the instructions provided concerning undressing before entering the decontamination facilities.
2. I found it easy to communicate with the emergency services staff at the decontamination facilities.

3. I understood the instructions provided concerning dressing after showering in the decontamination facilities.

4. I found it easy to communicate with the hospital staff at the dressing stage of the decontamination facilities.
(( = 0.69)
	1. How confident do you feel that the hospital is prepared to deal with a real incident like the one you participated in during Exercise B?
	1. I felt reassured by the hospital staff who were attending to me during the exercise.
	1. I would be willing to be naked inside the decontamination showers in a real incident.
	1. How confident do you feel that you were completely clean after going through the decontamination showers?

	C
	1. I found it easy to communicate with the emergency services staff at the decontamination facilities.

2. The instructions I was given about the decontamination showers were clear.

3. I understood the instructions provided about what to do in the decontamination showers.
(( = 0.90)
	1. How confident do you feel that the authorities are prepared to deal with a real incident like the one you participated in during Exercise C?
	1. I felt reassured by the emergency responders who were attending to me during the exercise.
	1. In a real incident, how likely is it that you would stay and wait at the incident site for this length of time?
	1. How confident do you feel that you were completely clean after going through the decontamination showers?

	D
	1. I understood the instructions provided concerning undressing before entering the decontamination facilities.
2. I found it easy to communicate with the emergency services staff at the decontamination facilities.
3. I understood the instructions provided concerning dressing after showering in the decontamination facilities.

4. I found it easy to communicate with the emergency services staff at the dressing stage of the decontamination facilities.
(( = 0.85)
	1. How confident do you feel that the authorities are prepared to deal with a real incident like the one you participated in during Exercise D?
	1. I felt reassured by the emergency responders who were attending to me during the exercise.
	1. I would be willing to be naked inside the decontamination showers in a real incident.
	1. How confident do you feel that you were completely clean after going through the decontamination showers?

	E
	1. I understood the instructions provided concerning undressing before entering the decontamination facilities.
2. I found it easy to communicate with the emergency services staff at the decontamination facilities.

3. I understood the instructions provided concerning dressing after showering in the decontamination facilities.

4. I found it easy to communicate with the emergency services staff at the dressing stage of the decontamination facilities.
(( = 0.82)
	1. How confident do you feel that the authorities are prepared to deal with a real incident like the one you participated in during Exercise E?
	1. I felt reassured by the emergency responders who were attending to me during the exercise.
	1. I would be willing to be naked inside the decontamination showers in a real incident.
	1. How confident do you feel that you were completely clean after going through the decontamination showers?


Table 2 – Mean scores for all measures across exercises
	
	Overall mean (across exercises)
	Lowest mean
	Highest mean

	Perceived communication
	3.41
	2.85
(Exercise D)
	3.85
(Exercise E)

	Compliance
	3.26
	1.79
(Exercise C)
	3.76
(Exercise E)

	Reassurance
	3.09
	2.06
(Exercise C)
	3.94
(Exercise E)

	Confidence in responders
	2.96
	1.98
(Exercise C)
	3.89
(Exercise E)

	Confidence in cleanliness
	3.03
	2.30
(Exercise D)
	3.67
(Exercise B)


ADD A LEGENT TO REMIND US THAT THE SCALE IS 1-5, WHERE A HIGHER SCORE INDICATES GREATER AGREEMENT
Table 3
 - Correlations between variables following each of the exercises
	Exercise A

	
	Good comms
	Confidence in responders
	Reassurance
	Compliance
	Confidence in cleanliness

	Good comms
	--
	r = 0.54

p < 0.01
	r = 0.48 

p < 0.05 
	N.S.
	No item

	Confidence in responders
	r = 0.54

p< 0.01
	--
	r = 0.52

p < 0.01
	N.S.
	No item

	Reassurance
	r = 0.48

p < 0.05
	r = 0.52

p < 0.01
	--
	N.S.
	N/A

	Compliance
	N.S. 
	N.S.
	N.S.
	--
	N/A

	Confidence in cleanliness
	No item
	No item
	N/A
	N/A
	--

	Exercise B

	
	Good comms
	Confidence in responders
	Reassuarence
	Compliance
	Confidence in cleanliness

	Good comms
	--
	r = 0.40

p < 0.01
	r = 0.28

p < 0.05
	N.S.
	r = 0.30

p < 0.05

	Confidence in responders
	r = 0.40

p < 0.01
	--
	r = 0.33

p < 0.01
	N.S.
	r = 0.39

p < 0.01

	Reassurance
	r = 0.28

p < 0.05
	r = 0.33

p < 0.01
	--
	N.S.
	N/A

	Compliance
	N.S.
	N.S.
	N.S.
	--
	N/A

	Confidence in cleanliness
	r = 0.30

p < 0.05
	r = 0.39

p < 0.01
	N/A
	N/A
	--

	Exercise D

	
	Good comms
	Confidence in responders
	Reassurance
	Compliance
	Confidence in cleanliness

	Good comms
	--
	r = 0.60

p < 0.01
	r = 0.43

p = 0.01
	r = 0.32

p = 0.06
	r = 0.50

p < 0.01

	Confidence in responders
	r = 0.60

p < 0.01
	--
	r = 0.23

p = 0.2
	r = 0.35

p < 0.05
	r = 0.39

p < 0.05

	Reassurance
	r = 0.43

p = 0.01
	r = 0.23

p = 0.2
	--
	N.S.
	N/A

	Compliance
	r = 0.32

p = 0.06
	r = 0.35

p < 0.05
	N.S.
	--
	N/A

	Confidence in cleanliness
	r = 0.50

p < 0.01
	r = 0.39

p < 0.05
	N/A
	N/A
	--


Figure legends
Figure 1: A path model representing the expected relationships between variables. Paths are numbered to reflect the eight different hypotheses. 
Figure 2: A path model representing the results from Exercise C. The model has reasonable overall fit with the data ((2 = 8.9 (4df), p = 0.063). The dotted lines represent relationships which were noted in the hypothesised model (Figure 1), but which were not supported by the data. 

Figure 3: A path model representing the results from Exercise E. The model has very good overall fit with the data ((2 = 1.84 (3df), p = 0.607). The dotted lines represent relationships which were noted in the hypothesised model (Figure 1), but which were not supported by the data. 
� Where correlations were examined but were not significant this is represented as N.S. Where correlations were not examined, because there was no hypothesised relationship, this is represented as N/A. Any variables which could not be tested because the necessary items were not included in the questionnaire, were represented as ‘No item’.
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