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Abstract 

During emergencies, firefighters may face challenges such as inappropriate victim 
responses, poor communication, and lack of needed information. Here we describe the multistep 
development of a questionnaire for firefighters to identify emergency-related human factors that may 
impair their professional performance and interfere with procedures during threatening events and 
evacuations. The resulting self-report questionnaire, titled the Behavior Security Culture–First 
Responder, comprises a battery of scales plus single questions designed for international use. We 
report the psychometric properties of the battery of scales and their application across 8 countries: 
Germany, UK, Spain, Sweden, Poland, Czech Republic, Turkey, and Italy. Exploratory factor 
analysis and multigroup confirmatory factor analysis were conducted with a total sample of 3,011 
firefighters (97% male). Exploratory factor analysis revealed 6 unidimensional scales assessing 
various aspects of victim behavior, communication with others, and information availability and 
reliability. Multigroup confirmatory factor analyses, with the 8 countries inserted as groups, 
confirmed configural and metric invariance, but not scalar invariance. Internal consistency estimates 
of the 6 scales ranged from α = .77 to .80. Divergent validity was established for all scales in all 
national samples. The collected data and the questionnaire may be used for developing training 
programs and to aid in directing resources efficiently. 

Keywords: emergency evacuation, behavior, firefighter, international, instrument development. 

 

Events that threaten lives and property (e.g., emergencies such as domestic fires, disasters 
such as floods, and terrorist attacks) present a constant challenge to fire and rescue services. As 
well as having to navigate their way around the affected property and deal with hazardous 
conditions such as smoke, flames, water, or debris, firefighters also have to deal with victims’ 
responses to the event. Sometimes victims inside the property and those standing nearby will 
respond in ways that mitigate the potential harm to themselves and challenges for the emergency 
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services (e.g., remaining calm and, to the extent possible, removing themselves from the danger in 
a quick and safe manner). On other occasions, victims may behave in ways that are less 
constructive. 

Effective emergency communication can improve human responses during emergencies and 
disasters (Kuligowski, 2011), and can prevent or lessen negative outcomes. First, emergency 
personnel need to be provided with information that allows them to cope efficiently and effectively 
(Meissner, Luckenbach, Risse, Kirste, & Kirchner, 2002). For victims to respond appropriately to an 
event, first, their attention needs to be captured and, second, they need to be informed about the 
type and location of the threat and an appropriate response (Gwynne, 2007; Proulx, 2000). An 
auditory alarm is often used to capture victims’ attention; however, sounds are not recognized 
universally (Proulx, Laroche, Jaspers-Fayer, & Lavallée, 2001). Different communication channels 
(i.e., voice communication systems, a person present at the scene, alarm tones or bells, strobe 
lights, etc.) can be used. However, the application and frequency of communication 
techniques/channels used during an event could vary among countries (Kuligowski, 2011). 
Consequently, victims’ compliance to warnings and responses to the messages, and thus their 
evacuation behavior, could differ across nationalities (Kuligowski, 2011). Furthermore, the 
information must be disseminated by sources the victims trust (Kreps et al., 2005). In addition, 
firefighters’ trust in co-workers, other emergency personnel, and victims to provide them with full 
and accurate information (Mayer, Davis, & Schoorman, 1995) is especially crucial because 
firefighters work in risky contexts marked by unpredictability and danger (Colquitt, Lepine, Zapata, & 
Wild, 2011). A lack of trust in information sources could constitute a stressor and could negatively 
impact firefighters’ work performance (Colquitt et al., 2011). 

Thus, encountering responses from victims that are not very constructive, lacking information 
regarding the situation, and having to deal with communication and trust issues could— either 
separately or cumulatively— impact firefighters’ abilities to carry out their duties. Indeed, a search of 
the existing literature on firefighters’ professional performance and emergency/disaster and 
evacuation procedures revealed numerous human factors that could affect their performance. The 
factors included human responses and evacuation behaviors, information and emergency 
communication at the start of the event and at the scene, firefighters’ decisionmaking, victims’ 
willingness to evacuate, victims’ compliance and threat assessment, fire education and training, 
educational modules for professionals in emergency situations, firefighters’ self-perceived risk, and 
emergency personnel’s trust in different sources of information. Firefighters could be impacted by 
such factors in performing their duties and affecting their own health, and the consequences could 
be both short- and long-term. There could also be secondary effects for the general public’s well-
being, for example, if fire brigades are short-staffed due to firefighters being on sick leave because 
of stress.  

Although there is a large and growing body of research that has examined human responses 
to threatening events and evacuations, fewer studies have focused on the firefighters’ perspective, 
or examined the aforementioned issues together. Moreover, few studies have included firefighters 
from different nations in their samples. Taking all the above into account, a self-administered 
questionnaire for firefighters, titled the Behavior Security Culture–First Responder (Be-SeCu-FR), 
was developed as part of the European Union-funded BeSeCu (Behavior–Security–Culture) Project. 
The questionnaire was designed to investigate human factors that can impede firefighters from 
carrying out their duties during emergency situations. By examining the frequency of encounters 
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with such factors, the perceived extent of the problem, and the types of people or agencies 
involved, it was believed that particularly challenging issues and populations could be identified and 
prioritized. In turn, the findings could be used to help tailor training programs for emergency service 
personnel (e.g., within one’s own service or multiagency training) and direct resources (e.g., to set 
up community safety schemes allowing more interaction with targeted sectors of the public). It was 
important not to simply assume that firefighters’ experiences in one country would generalize to 
experiences in other countries, thus a single instrument was created for international use. Data 
collected in different countries could help tailor the training and use of resources to local needs. The 
questionnaire covered a range of topics. Human factors were assessed with a battery of scales and 
single questions. This article describes the development process of the questionnaire and examines 
the psychometric properties of the battery of scales that were tested with a sample of more than 
3,000 firefighters from eight predominantly European countries. 

 

Method/Measurement 

Questionnaire Development 

The BeSeCu-FR was developed via a multistep process, including the aforementioned 
literature review on firefighter performance and emergency/disaster and evacuation procedures, 
expert input, focus groups, and pilot testing activities; the latter three steps are described in the 
following text. Thus, items were generated via a deductive and inductive approach. The study was 
carried out in Germany, UK, Spain, Sweden, Poland, Czech Republic, Turkey, and Italy between 
May 2008 and April 2011. Ethical approval was obtained independently in the eight countries from 
the ethics committees of the data collection centers in the project consortium. 

Expert consultation. The project consortium consisted of researchers and emergency 
personnel (e.g., firefighters, emergency medical service providers). Emergency personnel provided 
information about the knowledge their professions need. The collaboration between researchers 
and emergency personnel enabled a better distribution of the newly gained knowledge (Fisher, 
2010). The project consortium invited other national and international security experts not directly 
involved in conducting the research to contribute. Those experts supported the study as members 
of an international advisory group. The advisory group included people from national accident 
investigation boards and different end-users in the field of evacuation. Consultation with experts 
was in the form of a structured brainstorming technique. 

Focus groups and interviews. Focus groups and interviews were conducted across the 
eight countries with 54 emergency personnel (firefighters, paramedics, physicians, etc.) and key 
representatives in the context of emergencies/ disasters (i.e., professionals with a good knowledge 
of civilians’ predicaments in these types of event, e.g., counselors, journalists, nongovernmental 
organizations, politicians, etc.). The interview was divided into three parts. The first part comprised 
open questions regarding professional background, including experience with large-scale 
threatening events. The second part comprised a free narrative prompted by the following question 
“Could you please tell me about your experiences of a typical domestic fire [or situation X] that you 
were involved in?”. The third part was a semi-structured interview with the following domains: 
setting/characteristics of the situation, recognition that something was happening, decision-making 
and risk perception, interventions and interactions, and emotional and behavioral reactions. 
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Demographic and core incident-related information was gathered via questionnaire. Each center 
taped and then transcribed their interviews/ focus groups. Subsequently, the transcripts were 
translated into English. From the transcripts, a set of categories was generated as well as domains 
and items with corresponding answer options derived (Baskaya Sofuoglu, Sofuoglu, Yildirim, & 
Kehl, 2013). 

Pretest. A pilot form of the BeSeCu-FR was developed based on the comprehensive 
literature review and expert consultations and focus groups/interviews with emergency personnel 
and key representatives. The pilot form represented 10 domains and comprised 150 items. The pilot 
form was developed in English and translated into the languages of the participating countries (i.e., 
Czech, German, Italian, Polish, Spanish, Swedish, and Turkish) using the forward translation 
method. The questionnaire was pilot-tested simultaneously in eight countries via paper-and-pencil 
(P&P) questionnaires and constructed for emergency personnel in general (i.e., firefighters, 
paramedics, emergency physicians, and police officers). A pretest manual was distributed to and 
followed by all centers. A convenience sample of 260 participants took part in the pretest. On the 
basis of pretest data, an analysis for missing data and descriptive statistics was conducted. 
Additionally, qualitative criteria such as acceptance, feasibility, practicability, redundancy, and 
relevance were considered. The answers to openended items were reviewed to identify commonly 
occurring topics and to compose new, closed-ended questions. Experts confirmed the applicability 
of the items to ensure an understanding of the questions in the way they were intended. The 
percentage of missing items was treated as an appraisal for the acceptance and for the feasibility of 
items. If the percentage of nonapplicable answers was high, this information was considered as a 
first hint for the modifying of an item. The decision to keep, revise, or delete a certain item was 
made via expert consensus, that is, decided unanimously after a discussion during a workshop with 
representatives from all participating centers. Research results regarding item construction, 
wording, and questionnaire structure were considered during the process also (Faulmann, Prüfer, & 
Rexroth, 2009; Handa et al., 2008; Martin et al., 2007). As a result of the pretest, a second draft of 
the questionnaire was developed. 

 

Questionnaire and Battery of Scales 

The second draft was developed in English and afterward translated into the languages of 
the participating countries using a forwardbackward-forward-translation procedure (Beaton, 
Bombardier, Guillemin, & Ferraz, 2000). The questionnaire was available in two modes of 
administration: P&P and online. The modes had identical questions and the layout and response 
styles were as similar as possible. Questions and layout were identical across all languages. The 
BeSeCu-FR now comprised 159 items. Those items were split across the following topics or 
sections: the participant’s demographic (e.g., age, gender; 13 items) and work (e.g., working 
arrangement, rank/role, years of service as a firefighter; 14 items) characteristics; their perceived 
knowledge and practical experience regarding different events, professional training regarding 
victim responses and communication with victims, and fire prevention/fire safety education schemes 
with specific groups (18 items); their risk perception (“on duty” vs. “off duty”) concerning different 
events (12 items); observations of victim behaviour during events (19 items); communication issues 
(e.g., communication with different emergency services and different sections of the public, plus 
ways of communicating; 27 items); information issues (e.g., types and sources of information for 
fires, how information is processed and used; 31 items); their ways of coping with stress and 
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emotions (9 items); on-duty experiences of being threatened (2 items); and, finally, the 
psychological impact of the most stressful emergency situation they had professionally attended in 
the past 10 years (14 items). 

Not all of the 159 items were presented using a scale format. For instance, some were 
presented as single questions with answer formats that produced nominal data (the exact wording 
of the single questions and their answer options are available from the authors on request). This 
article focuses primarily on the items that were presented using a scale format and which comprised 
the following battery of six scales. The first two scales related to the behavior of people at the scene 
of an emergency, the next two related to communication with people at the scene, and the final two 
related to the type of information firefighters receive when attending a scene and their trust in 
different sources of information. Those scales originally consisted of 39 items. Following inspection 
of the correlations between items and conducting exploratory factor analysis (EFA) and confirmatory 
factor analysis (CFA) (see Data Analyses), the total number of items was reduced to the 20 
described in following text. 

Victim Behavior Scale. The Victim Behavior Scale (VBS) derived from the questionnaire 
section on observations of victim behaviour and assessed the frequency of observing different 
nonconstructive victim responses. It was introduced by the following question: “A number of 
statements that emergency personnel have used to describe victims’ reactions in emergency 
situations are given below. Please read each reaction and assess how frequently you have seen 
victims display the following reactions.” A 5-point Likert scale (1 = never, 2 = seldom, 3 = 
sometimes, 4 = often, and 5 = always) was used with respect to the following four reactions: starting 
the evacuation too late, not evacuating even though it is required, moving too slowly during the 
evacuation, and incorrect priorities (e.g., fire fighting instead of evacuation). 

Specific Group Behavior Scale. The Specific Group Behavior Scale (SGBS) also derived 
from the section on observations of victim behavior. It assessed whether such victim behaviour was 
more apparent in certain sectors of the public (identified in the earlier focus groups/interviews as 
displaying different behaviors or needs) by asking: “How frequently have you encountered incorrect 
behavior where victims were members of the following groups?” Participants used the same 5-point 
Likert scale to rate the frequency with respect to three groups: children, elderly, and disabled. 

Efficiency of Communication Scale. The Efficiency of Communication Scale (ECS) 
derived from the questionnaire section on communication issues and assessed whether any 
problems were apparent regarding communication between different emergency services. It was 
introduced by asking: “During emergency situations, how would you rate the efficiency of the 
communication of firefighters with other emergency services personnel?” A 5-point Likert scale (1 = 
never efficient and 5 = always efficient) was used with respect to the four different types of service 
personnel: firefighter colleagues, police, emergency medical service, and civil protection. 
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Specific Group Communication Scale. Also deriving from the section on communication 
issues, the Specific Group Communication Scale (SGCS) assessed if problems were apparent 
regarding communication with different sectors of the public. The scale was introduced by the 
following question: “How often would you say there are communication difficulties during an 
operation with the following groups?” A 5-point Likert scale (1 = never and 5 = always) was used 
with respect to three groups: children, elderly, and disabled. 

Advanced Information Scale. The Advanced Information Scale (AIS) derived from the 
questionnaire section concerning information issues. It assessed how much or how little information 
firefighters would typically be provided with regarding the situation in advance of tackling an 
emergency with the focus on a particular type of event, that is, a fire in a multistory residential 
building. It was introduced by the following question: “In general, how often is the following 
information relayed to you in advance of taking action at such an incident?” The 5-point Likert scale 
was again used with respect to information about three issues: number of people who need to 
evacuate, what type of action already taken to rescue victims, and what type of action required to be 
taken to rescue victims. 

Trust Professional Sources Scale. The Trust Professional Sources Scale (TPSS) was the 
second scale to derive from the section on information issues and also related to the scenario of 
tackling a fire in a multistory residential building. It assessed firefighters’ trust in different sources of 
information. The TPSS was introduced by asking: “In general, how much do you trust the following 
sources to provide you with full and accurate information in such an event?” Participants rated (on a 
5-point Likert scale: 1 = not at all and 5 = extremely) their trust with respect to three sources: police, 
emergency medical services, other fire service colleagues. 

Although, as mentioned earlier, this article focuses on the battery of scales, a couple of 
points should be noted about some of the single questions on demographic characteristics, as they 
are relevant to the following analysis. Regarding the question on income, participants could select 
from three answer options: their income was less than 70% of the average individual annual net 
income in their country, their income was from 70% to 150% of the average, or their income was 
greater than 150% of the average (Grabka & Frick, 2008). The actual values representing the 
percentages of the published figures for each country’s average individual annual net income (GfK 
GeoMarketing, 2008) were presented in the questionnaire, for example, participants in the UK saw 
less than £11,849, £11,849 –£25,391, and more than £25,391. Migrant background was assessed 
using separate questions about the following characteristics: participant’s country of birth, country of 
birth of the participant’s mother and father, and participant’s citizenship(s). Participant were 
categorized as having a migrant background in the following analysis if they answered that they 
were born in another country to the one in which they currently worked, or their mother or father was 
born in another country, or they were a citizen of more than one country (Schenk et al., 2006). 

 

Field Study Recruitment and Sample 

A field study manual was given to each center, including instructions regarding recruitment of 
firefighters. This included a requirement of nationwide recruitment. Various possible strategies were 
recommended. Each center used recruitment strategies that were most effective locally (Knuth, 
Kehl, Stegemann, & Schmidt, 2013). These included: top-down recruitment via fire brigades (i.e., 
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brigades’ staff intranets, weekly circulars, e-bulletins, displayed adverts for the project with a link to 
the online questionnaire, distribution of paper copies of the questionnaire), promotional national and 
regional radio interviews, adverts in professional journals, posts and links on social network Web 
sites (e.g., Facebook, first-responder forums), presentations at relevant conferences, and word-of-
mouth campaigns via personal contacts in the fire and rescue profession, in academia, and in social 
circles. The BeSeCu Web site also contained information about the BeSeCu study in all the 
participating countries’ respective languages plus a link to the online questionnaire. 

Firefighters could be included if they gave their informed consent, their last operation was no 
longer than 10 years ago, and were at least 18 years of age. This resulted in a convenience sample 
of 3,011 participants from eight countries. Demographic and work characteristics are provided in 
Table 1. 

There were differences among national samples with respect to participants’ demographic 
and work characteristics: 

 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑣𝑣𝑣𝑣. 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) 𝑋𝑋2(7) = 22.45, 𝑝𝑝 <  .01, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 =  .09;  𝑎𝑎𝑎𝑎𝑎𝑎, 𝐹𝐹(7, 2989) = 80.41,
𝑝𝑝 <  .001, ŋ2 =  .16;  𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 (𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑣𝑣𝑣𝑣. 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑣𝑣𝑣𝑣. ℎ𝑖𝑖𝑖𝑖ℎ𝑒𝑒𝑒𝑒 𝑠𝑠𝑠𝑠𝑠𝑠𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛),
𝑋𝑋2(14) = 651.64,   𝑝𝑝 < .001, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 =  .33;  𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 (< 70% 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑣𝑣𝑣𝑣. 70% ≤ 𝑥𝑥 ≤
150% 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑣𝑣𝑣𝑣. > 150% 𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎), 𝑋𝑋2(14) = 756,26, 𝑝𝑝 <  .001, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 =
 .36;  𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑖𝑖𝑖𝑖 𝑠𝑠𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (𝑦𝑦𝑦𝑦𝑦𝑦 𝑣𝑣𝑣𝑣. 𝑛𝑛𝑛𝑛), 𝑋𝑋2(7) = 80.47, 𝑝𝑝 < .001, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 =
 .16;𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 (𝑦𝑦𝑦𝑦𝑦𝑦 𝑣𝑣𝑣𝑣. 𝑛𝑛𝑛𝑛), 𝑋𝑋2(7) = 47,69, 𝑝𝑝 < .001, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 =
.13;𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑣𝑣𝑣𝑣. ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚), 𝑋𝑋2(7) = 1277.61, 𝑝𝑝 <  .001,
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 = .65; 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 (𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑣𝑣𝑣𝑣. 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜), 𝑋𝑋2(7) = 204.98, 𝑝𝑝 <  .001,
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 = .26;  𝑎𝑎𝑎𝑎𝑎𝑎 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, 𝐹𝐹(7,2,994) = 30.24, 𝑝𝑝 < .001, ŋ2 = .07.  

Of the 3,001 participants, 52,2% filled out the P&P version and 47.8% the online version: 
Czech Republic: P&P n = 238 (78’8%) versus online n = 64 (21.2%); Germany: P&P n = 124 
(17,7%) versus online n = 577 (82,3%); Italy: P&P n = 482 (77,4%) versus online n = 141 (22,6%); 
Poland: P&P n = 130 (34,7%) versus online n = 245 (65.3%); Spain: P&P n = 119 (73.0%) versus 
online n = 44 (27.0%); Sweden: P&P n = 9 (5.0%) versus online n = 172 (95.0%); Turkey: P&P n = 
467 (99.8%) versus online n = 1 (0.2%); and UK: P&P n = 2 (1.0%) versus online n = 196 (99.0%). 
An effect of country on administration mode was observed, 𝑋𝑋2(7) = 1447.33, 𝑝𝑝 <  .001,
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 = .69 
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Table 1. Sample Demopraphics and Work Characteristics (N = 3,011) 

 

Data Analyses 

There were two aims with the analyses: (1) to establish the dimensions within the 20 items 
involved and (2) to test their suitability for international use. Thus, participants were randomly 
assigned to two samples: the first (n = 1,511) to investigate the factor structure of the instrument 
using EFA and the second (n = 1,500) to test for measurement invariance across countries (and, 
prior to that, administration modes) via CFA. Comparisons of the two samples revealed no 
significant differences with respect to the examined demographic and work characteristics (Table 1):          
𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔, 𝑋𝑋2(1) = 1.00, 𝑝𝑝 = .33, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 = .02;   𝑎𝑎𝑎𝑎𝑎𝑎, 𝑡𝑡(2,995) = 1.08, 𝑝𝑝 = .28, 𝑟𝑟 =
0.2;   𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒, 𝑋𝑋2(2) = 0.58, 𝑝𝑝 = .75, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 = .01; 𝑖𝑖𝑖𝑖𝑖𝑖𝑜𝑜𝑚𝑚𝑚𝑚, 𝑋𝑋2(2) = 0.11, 𝑝𝑝 =
.95, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 = .01; 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, 𝑋𝑋2(1) = 1.52, 𝑝𝑝 = .23, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 =
 .02; 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛, 𝑋𝑋2(8) = 8.63, 𝑝𝑝 = .37, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 = .05;𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎, 𝑋𝑋2(1) = 2.02, 𝑝𝑝 =
.16, 𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟′𝑠𝑠 𝑉𝑉 = .03; 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟, 𝑋𝑋2(1) = 0.69, 𝑝𝑝 = .41, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 =
0.2; 𝑎𝑎𝑎𝑎𝑎𝑎 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, 𝑡𝑡(3,000) = 0.33, 𝑝𝑝 = .74, 𝑟𝑟 = .01 . Nor were there any significant 
differentes with respect to administration mode, 𝑋𝑋2(1) = 2.21, 𝑝𝑝 <  .137, 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟′𝑠𝑠 𝑉𝑉 = .03. 
Expectation maximization was used in the following data analysis to manage missing data (for 
discussion, see Schaferm 1997; Schafer & Olsen, 1998). 
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The 20-item pool was investigated in the first subsample (n = 1,511) using EFA with principal 
axis factoring (PAF). PAF is recommended if data are not multivariate or normally distributed 
(Fabrigar, Wegener, MacCallum, & Strahan, 1999). Before conducting EFA, items that did not 
correlate with any other items or correlated only with a few were excluded. Additionally, any items 
that correlated very highly with other items (𝑟𝑟 >  .8) were eliminated to avoid extreme 
multicollinearity and singularity (Field, 2010). Because correlations among the scales were expected 
and present (see Results section), oblique rotation was used (oblimin with Kaiser normalization). 
The structure matrix that takes into account the relationships between factors (Field, 2010) is 
displayed in Table 2. Moreover, EFA using oblique rotation was conducted in each country sample. 
The number of factors was determined and guided by several criteria: (a) theory (e.g., how many 
factors were expected? Do the extracted factors make theoretical sense? Do the extracted factors 
make theoretical sense?), (b) Kaiser-Guttman “eigenvalue greater than 1” rule (Kaiser, 1960), and 
(c) several solutions/models were explored with different numbers of factors as recommended 
(Costello & Osborne, 2005). All corrected item-total correlation had to be ≥ .3 and reliability of each 
scale (Cronbach’s alpha) had to be at least .7 (Field, 2010). The solution that was interpretable and 
theoretically sensible (Fabriga et al., 1999) was adopted. 

For each scale item, descriptive statistics including means, standard deviations, percentage 
of missing items, skewness, kurtosis, corrected item-total correlation, and Cronbach’s alpha (if item 
deleted) were calculated. Additionally, descriptive statistics of the scales, Cronbach’s alpha, and 
scale intercorrelations (Pearson) were examined. Divergent validity of all scales was tested using a 
quality of life measure, the WHOQOL 8-item index (Power, 2003; Schmidt, Mühlan, & Power, 2006). 
This instrument was used as a comparison because, like the BeSeCu-FR scales, it taps into an 
“individual’s perceptions …,” that is, their satisfaction or dissatisfaction concerning well-being and 
interactions with other people and the environment “… in the context of the culture and value 
systems in which they live and in relation to their goals, expectations, standards and concerns” 
(WHOQOL Group, 1994), although it does this purely with regard to the participant’s own position in 
life, whereas the BeSeCu-FR scales ask participants to contemplate other people and their 
positions. Therefore, it was believed that these different measures may have some commonalities 
but not enough to be strongly correlated. If the correlation coefficient was smaller than .3 (medium 
effect), divergent validity was considered to be confirmed. 

Multigroup confirmatory factor analyses (MGCFAs) were conducted to test for configural, 
metric (partial factorial invariance), and scalar (strong factorial invariance) invariance across groups. 
MGCFA using maximum likelihood estimation with AMOS was performed for each scale separately 
inserting, first of all, the administration modes as groups. It was desirable to test for measurement 
invariance across P&P and online survey use because, if scalar invariance was supported, it would 
be justifiable to pool the data collected with these two methods (Davidov & Depner, 2011). Because 
an effect of country on administration mode was observed (see Field Study Recruitment and 
Sample), MGCFA was performed for each scale only with one national data sample to take into 
account this confound. The chosen sample was the Polish firefighter sample (𝑛𝑛 = 375) because the 
use of the two different modes of administration was less disproportionate in this sample than in the 
other national firefighter samples (P&P: 34.7% vs. online: 65.3%; see Field Study Recruitment and 
Sample). 

MGCFAs were performed a second time for each scale separately, this time inserting the 
countries as groups. This was to test for measurement invariance across the national samples; in 
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other words, to see whether the scales were measuring the same thing in the same way in 
participants from the different countries (Milfont & Fischer, 2010). Because there is an argument for 
a superior (albeit general) construct—that is, all of the BeSeCu-FR scales measure human factors 
that impede firefighters from carrying out their duties in emergency situations—MGCFA with 
countries inserted as groups was also conducted with the 20 items from all six scales combined. 

The assessment of measurement invariance included the following three levels of 
invariance: (a) configural invariance (Model 1), that is, different groups construe the scales in a 
conceptually similar fashion—this was tested by constraining the factorial structure to be equal 
across groups; (b) metric invariance (Model 2), that is, scale items are calibrated to their scale’s 
construct in the same way by different groups—this was tested by constraining all factor loadings to 
be equal across groups; and (c) scalar invariance (Model 3), that is, across different groups, the 
magnitude of a person’s response to a scale (i.e., their obtained score) similarly reflects the 
magnitude of their response to the underlying construct—this was tested by constraining the items’ 
intercepts to be equal across groups (Milfont & Fischer, 2010). 

The following absolute fit indices were used to evaluate overall model fit: (a) the normed 
𝑋𝑋2(i.e., likehood ratio test also called 𝑋𝑋2 test), and the 𝑋𝑋2 to degrees of freedom ratio (𝑋𝑋2ldf) 
(Wheaton, Muthén, Alwin, & Summers, 1977) with a 𝑋𝑋2ldf ratio of 3:1 or less indicating a good fit 
(Carmines & McIver, 1981); (b) the comparative fit index (CFI) with values close to .90 indicating an 
acceptable fit (Bentler & Bonett, 1980) and close to .95 indicating a good fit (Bentler, 1990); and (c) 
the root mean square error of approximation (RMSEA) with values ≤ .06 (Hu & Bentler, 1999; 
Schreiber, Nora, Stage, Barlow, & King, 2006) or at least ≤ .10 (Meyers, Gamst, & Guarino, 2006) 
indicating a good fit. 

To assess improvement in fit by comparing a target model with a more constrained nested 
model (i.e., Model 1 vs. Model 2 and Model 2 vs. Model 3), the following incremental fit indices were 
used: (a) the difference in 𝑋𝑋2 between two nested models (Bentler, 1990)— significant results for 
the 𝑋𝑋2 difference test indicate that the model with the smaller 𝑋𝑋2 has a statistically better fit 
(however, the 𝑋𝑋2 difference test was used only as indicative of significant improvements because 
with large samples very minor differences might yield a significant test result); (b) the expected 
cross-validation index (ECVI, Browne & Cudeck, 1989), with lower ECVI values reflecting the model 
with the better fit (Brown, 2006); and (c) differences in CFI—minimal differences in these global fit 
measures between two nested models may support a more restricted model (Cheung & Rensvold, 
2002). 

Data analyses were carried out using SPSS 18 and AMOS. 
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Table 2. Descriptive Item Characteristics of the BeSeCu-FR Scales and Results of EFA (N = 1,511) 

 

 

Results 

EFA Outcomes 

EFA with PAF using oblique rotation in the total EFA sample indicated a six-factor solution 
(Table 2). The six factors were named as follows: Victim Behavior Scale (VBS), Specific Group 
Behavior Scale (SGBS), Efficiency of Communication Scale (ECS), Specific Group Communication 
Scale (SGCS), Advanced Information Scale (AIS), and Trust Professional Sources Scale (TPSS). 
EFA with oblique rotation in all national samples replicated the scales VBS, ECS, AIS, and TPSS. 
Differences were revealed with respect to the items on observations of incorrect behavior and 
communication involving different sectors of the public. In most national samples, these items 
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loaded on two factors, as they did in the entire EFA sample, named as SGBS and SGCS. In the 
Polish sample, however, these items loaded on one factor. 

From this, we concluded that six scales were present across all countries, namely, VBS, 
SGBS, ECS, SGCS, AIS, and TPSS, although with the SGBS and SGCS suffering from minor 
irregularities. For each of the 20 items making up the six scales, the factor loadings, Cronbach’s 
alpha (if item deleted), and corrected item-total correlations are presented in Table 2. 

To demonstrate the unidimensionality of each scale, EFA with PAF using oblique rotation 
was conducted for each scale separately. For all six scales, a one-factor solution was revealed: 
48.72% of the total variance was explained in the VBS (eigenvalue = 2.43), 56.39% in the SGBS 
(eigenvalue = 2.12), 49.83% in the ECS (eigenvalue = 2.47), 54.26% in the SGCS (eigenvalue = 
2.08), 57.67% in the AIS (eigenvalue = 2.14), and 51.55% in the TPSS (eigenvalue = 1.88). 
Descriptive statistics and internal consistency values for each scale are provided in Table 3. 
Cronbach’s alpha ranged from .77 to .80 in the EFA sample and from .75 to .81 in the CFA sample. 
In each national sample, Cronbach’s alpha for the scales was at least .7. One exception was the 
SGBS in the UK sample. 

 

MGCFA Outcomes 

When measurement invariance was tested with the two administration modes as groups, the 
global fit measures were good and suggested that the configural, metric, and scalar invariance 
models were supported by the data (Table 4). Consequently, it is justifiable to pool the data 
collected with these two methods and compare group means. 

When measurement invariance was tested for each scale with the eight countries inserted as 
groups, fit indices revealed that configural invariance and metric invariance were supported, but 
scalar invariance was not (Table 5). Consequently, this allows comparisons of correlates 
(covariances and regression coefficients) across national groups within each scale but not 
comparisons of means across these national groups. 

When measurement invariance was tested with the 20 items of the six scales combined and 
having the countries as groups, the global fit measures were acceptable and suggested that the 
configural invariance model (𝑋𝑋2(1,249) = 2,184.47, 𝑝𝑝 < .001, 𝑋𝑋2𝑙𝑙𝑙𝑙𝑙𝑙 = 1.75, 𝐶𝐶𝐶𝐶𝐶𝐶 = .91, 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =
.022 [90% 𝐶𝐶𝐶𝐶: .021 − .024], 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 2.26) and the metric invariance model (𝑋𝑋2(1,347) = 2,441.60, 𝑝𝑝 <
.001, 𝑋𝑋2𝑙𝑙𝑙𝑙𝑙𝑙 = 1.81, 𝐶𝐶𝐶𝐶𝐶𝐶 = .90, 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = .023 [90% 𝐶𝐶𝐶𝐶: .022 − 025], ∆𝐶𝐶𝐶𝐶𝐶𝐶 = .015, 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 2.29) were 
supported by the data and should not be rejected. However, the global fit measures suggested that 
the scalar invariance model should be rejected (𝑋𝑋2(1,487) = 4,448.23, 𝑝𝑝 < .001, 𝑋𝑋2𝑙𝑙𝑙𝑙𝑙𝑙 = 2.99, 𝐶𝐶𝐶𝐶𝐶𝐶 =
.72, 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = .037 [90% 𝐶𝐶𝐶𝐶: .035 − .038], ∆𝐶𝐶𝐶𝐶𝐶𝐶 = .180, 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 3.45). 
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Table 3. Descriptive Scale Characteristics in EFA Subsample (N = 1,511) 

 

 

 

 

 

 

Table 4. Fit Indices for Tests of Measurement Invariance Across the Two Administration Modes in the Polish 
Firefighter Sample (N = 375) 

 

 

 

 

 

 

 

Divergent Validity 

The intercorrelations (Pearson) of the scales with the WHOQOL 8-item index are displayed 
in Table 6. All scales either did not correlate or only had a small correlation (regardless of 
significance) with the WHOQOL 8-item index; this was also the case in all national samples. 

 

Discussion 

The BeSeCu-FR, an international questionnaire for firefighters, was developed to evaluate 
factors that may impact firefighters’ professional performance during emergencies and evacuations. 
A strength of the questionnaire is that it was developed simultaneously across several nations, a 
process that is all too rare in instrument development. 

The aim of this article was to describe the development of the BeSeCu-FR and to examine 
the psychometric properties of the battery of scales, tested in eight countries. The results supported 
six scales assessing: observations of victims displaying incorrect behavior, the incidence of such 
behavior in different sectors of the public, the efficiency of communication with other emergency 
services personnel, communication difficulties with different sectors of the public, information 
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relayed to firefighters in advance of starting to tackle an incident, and trust in professional sources 
of information. Considering a Cronbach’s alpha of at least .7 as acceptable (Gliem & Gliem, 2003), 
internal consistency values of all scales were satisfactory. 

MGCFA suggested that the P&P and online versions of the questionnaire were measuring 
the same thing in the same way, meaning that pooling the data collected with these two different 
methods and conducting comparisons of scale means across these modes are justified (Davidov & 
Depner, 2011). It might be valuable if future studies try to replicate those findings and include 
additional techniques of inquiry such as telephone or personal interviews (Davidov & Depner, 2011). 
If such additional techniques were also found to be equivalent measurement methods, then this 
would mean that more diverse recruitment strategies can be applied. 

MGCFA also suggested a certain level of measurement invariance when each scale was 
examined with the eight countries included as the groups. Fit indices confirmed that configural 
invariance was supported for each scale, indicating that the factorial structures of the constructs 
were equal across the national groups. As configural invariance was supported, the factor loadings 
were then constrained to be equal to test for metric invariance. The metric invariance model of each 
scale had good fit indices (e.g.,𝑋𝑋2𝑙𝑙𝑙𝑙𝑙𝑙 ≤ 3; 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 < .06; 𝐶𝐶𝐶𝐶𝐶𝐶 > .95), but the 𝑋𝑋2 tests were 
significant, indicating that the imposition of constraints (equal factor loadings across national 
groups) resulted in statistically significant decreases in the fit of Model 2 compared with Model 1. 
However, as stated earlier,the 𝑋𝑋2 difference test has limitations (see Data Analyses). Taking the 
other comparative fit indices (e.g., ∆𝐶𝐶𝐶𝐶𝐶𝐶) into account, the results indicated overall that the factor 
loadings were the same across national groups within each scale. Consequently, this allows 
comparisons of correlates (covariances and regression coefficients) across national groups within 
each scale. The next step taken was to test for scalar invariance for each scale. The overall 
goodness-of-fit indices and the tests of differences in fit between Models 2 and 3 did not support 
scalar invariance across the different national groups. Scalar invariance was similarly rejected when 
all 20 items of the six scales were included together in the analysis. These results suggest that 
latent means cannot be meaningfully compared across the eight countries. However, it may still be 
possible to compare the scale means across a smaller set of countries. Whether scalar invariance 
may hold for some or all scales in a smaller set of countries will be investigated in future studies. 
Nevertheless, it is worth considering here that achieving strong (scalar) measurement invariance 
might not be realistic in the circumstances examined with the BeSeCu-FR. In some cultures, it might 
be acceptable for professionals to be critical of colleagues and/or the people they serve. In other 
cultures, it might not be acceptable to express dissatisfaction even if it is felt privately. Thus, certain 
biases, for example, those related to social desirability, might have an impact on responses at the 
item level for one or more national groups (Bollen, 1989; Gregorich, 2006). In future research, it 
might be advisable to test social desirability and, if biases were detected, control for their influence 
when assessing measurement invariance. 
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Table 5. Fit Indices for Tests of Measurement Invariance Across Eight National Groups (N = 1,500) 

 

 

 

Table 6. Zero-Order Correlations (Pearson) of Scale Means (N = 1,511) 

 

 

 

 

 

 

Divergent validity was confirmed in all national samples, because all scales either did not 
correlate or only had a small correlation with the WHOQOL 8-item index. Because the questionnaire 
length was kept as short as possible by limiting the use of additional measures to have only content 
directly related to the study’s purpose (Worthington & Whittaker, 2006), information on convergent 
validity is not available. 

Of interest, the present data revealed a positive relationship between the SGCS and the 
SGBS. Thus, communication difficulties between firefighters and certain types of victims during an 
operation were associated with reactions displayed by certain types of victims that did not seem 
correct given the circumstances (e.g., starting evacuation too late). Although the present data do not 
allow inferences about causality, this does suggest that firefighters could improve their security-
related communications and instructions with victims on site and that the communications and 
instructions should be tailored to different sectors of the public. Also, if firefighters have problems 
communicating with colleagues and professionals in other agencies (ECS), this could indicate a 
need for better training in communication. Communication issues could, for example, be due to 
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personal shortcomings in social skills, which could be eliminated through training. Also the use of 
unclear or ambiguous terminology could be eliminated through training. Furthermore, the present 
data revealed a positive relationship between the ECS and the TPSS. Thus, the efficiency of 
communication toward other emergency service personnel may be related to the trust toward them. 
The present study focused on the questionnaire’s content and psychometric properties, and 
content-based questions, as well as differences between the nationalities, will be analyzed and 
published in subsequent papers. 

Also, in future studies, we will model through structural equation modeling the ways in which 
the scales might be related to each other. 

Finally, we note some limitations of the present study. First, the sample is a convenience 
sample and differences between national samples with respect to participants’ demographic and 
work characteristics were present. Such differences, particularly differences in age, could have 
influenced our questionnaire development. Second, gender-related issues could not be considered, 
because only 3% of the firefighter sample was female. However, this represents the usual 
percentage of women among firefighters. For example, in the UK, nearly 3.9% of firefighters are 
women (Department for Communities and Local Government, 2011), and 3.7% in the United States 
(Hulett, Bendick, Thomas, & Moccio, 2008). Third, pretesting was conducted with emergency 
personnel in general, whereas the field study questionnaire was developed for firefighters only. This 
was a consequence of the development process, because not all generated items were applicable 
for all groups of investigated first responders. As the main focus was on firefighters, the field study 
questionnaire was made specifically for them. Fourth, dividing the original sample randomly to 
investigate the scales with EFA in one and confirm them with CFA in the other subsample may have 
increased the probability that the scales functioned in the same way; thus, acquiring a completely 
new sample would be a more stringent test of the psychometric properties. Moreover, further 
procedures than those conducted here (e.g., crossvalidation) may arguably be required. Fifth, 
participants who filled out the P&P version had more missing values (𝑀𝑀 = 3.04, 𝑆𝑆𝑆𝑆 = 6.25) than 
participants who filled out the online version (𝑀𝑀 = .80, 𝑆𝑆𝑆𝑆 = 1.91). However, these results are in 
accordance with the existing literature on questionnaires and response rates (Denscombe, 2006; 
Kongsved, Basnov, Holm- Christensen, & Hjollund, 2007). 

 

Perspectives 

The collected data and the battery of scales may be used for developing training programs 
and to aid in directing resources efficiently. The firefighters’ performance on the battery of scales as 
a whole may enable an assessment of how much firefighters are impeded in their duties. 
Furthermore, to assess how problematic the different types of challenges are, so that training and 
educational programs can be tailored accordingly, the scales can be used one by one. So, for 
example, if emergency services believe that certain areas are especially problematic and want to 
assess whether their training/educational programs have any success, it might be practicable to use 
just one or two scales from the whole BeSeCu-FR. As well as being of benefit to the fire and rescue 
services, we believe that the findings could better inform other professionals involved in managing 
emergency evacuation situations. As a consequence, multiple agencies would be in a position to 
devise strategies to help staff cope with issues that impact their performance and, in turn, people’s 
safety and well-being could be enhanced. 
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