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proposals for remedying the identified weak points, an empirical
study was conducted. In preparation for this study, interviews were
first conducted with members of fire brigades. Based on the
interviews, the relevant standards and regulations for fire fighters”
clothing were classified and areas of tension between the
standards and regulations as well as their design in everyday fire
brigade life were identified. Based on this, a standardized
quantitative survey was conducted and the answers of the
respondents were empirically evaluated. The evaluation examined
both the respondents' answering behavior and the dependency
between the answering behavior for different questions due to
demographic differences. A key finding is that women firefighters
are less satisfied with their firefighting clothing compared to men
firefighters. The firefighters' clothing fits them worse. They do not
feel as safe and comfortable. Moreover, woman have less
confidence in the protective clothing. There is a correlation
between the fit of the clothing and the satisfaction, confidence and
feeling of protection
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1 Introduction

The workload in the German fire brigades is increasing. In the period from 1997 to 2018, the number of
fire brigade operations has increased by about 50%, while the number of volunteers active in the
volunteer fire brigades has decreased by about 22% [1,2]. Daily availability has also decreased [3 p. 3, 4
p. 10; 40-41]. As a result, the members of the volunteer fire brigade are under great strain. To
compensate, some municipalities have set up compulsory or voluntary professional fire brigades.

In order to ensure fire protection in the municipalities in the long term, a sufficient number of firefighters
must be available. One way to increase the number of firefighters is to increase the proportion of women
firefighters [5 p. 2].

The diversity of members is also beneficial for the performance of the individual units [6 p. 32-37, 7, 8].

All fire brigades have the duty not to treat applicants differently for extraneous reasons [9 § 8 1] In the
case of professional fire brigades and volunteer fire brigades as part of the state authority, it is also a
constitutional duty to provide equal access for women and men [10 Art. 33 Il].

The proportion of female members in volunteer fire brigades has increased from 5.7% in 2000 to 9.9% in
2020 [2,11,12]. Despite intensive efforts, the volunteer fire brigades are thus lagging behind the
comparable German Federal Agency for Technical Relief (Bundesanstalt Technisches Hilfswerk) (share
of women in 2020: 15.7% [13 p. 3]).

The volunteer fire brigades have potential in this regard. In the period from 2010 to 2018, 26.0 % of girls
were active in the youth fire brigades; however, only 21.2 % of those who transferred to the operational
departments are girls [14 p. 12-13, 15 p. 12-14, 16 p. 12-14, 17 p. 13-15, 18 p. 13-15, 19 p. 13-15, 20
p. 13-15, 21 p. 13-15, 22 p. 13-15]. If girls were to join the fire brigade as often as boys, there would be
about 1,500 more young fire fighters available in Germany each year [23 p. 5].

In 2012, the German Sport University Cologne developed a recruitment sports test on behalf of the
German Association of Cities, which was used to reduce sporting hurdles for women in the best possible
way without endangering their ability to work [24-27].

The requirements for firefighters' protective clothing are specified in DIN EN 469 [28] and in the
manufacturing and testing description for universal firefighters’ protective clothing (Herstellungs- und
Prifungsbeschreibung fiir eine universelle Feuerwehrschutzbekleidung, HuPF) [29-32] for firefighters’
jackets and trousers. In the HuPF, size specifications and cut sizes are also given, whereby men’s
measurements are assumed as far as possible; comparison tables are available for women’s
measurements. Fig. 1 shows some examples of ill-fitting firefighters' protective clothing: a jacket that
cannot be fully closed, a trouser leg that is too long and trousers that are too tight at the hips.

Fig. 1 Example of misfitting firefighting clothing among women [33].
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It is permitted to deviate from the specifications stated in the HUPF as long as this does not impair the
protective clothing for firefighters. Exceeding the specifications or producing a variety of cut shapes is
certainly desirable. Some manufacturers make use of this possibility and have explicitly women's models
in their portfolio. Nevertheless, fire brigades only very rarely introduce protective firefighting clothing for
women. The reasons given are [34]:

¢ Many manufacturers had too little choice for firefighters’ protective clothing in various cuts.

e Many intermediaries do not stock unusual sizes and do not have a complete portfolio for wearer
trials.

¢ When introducing new models, many fire brigades take too little time for selection and hardly
have the time to carry out extensive wearer trials with models from different manufacturers in all
available cuts and sizes.

e Many municipalities shy away from the higher procurement costs of a balanced range of
protective firefighting clothing.

Therefore, firefighters’ protective clothing is looked at more closely with a view to the needs of women
firefighters.

2 Method

First, interviews were conducted with members of volunteer fire brigades, a professional fire brigade and
a plant fire brigade. The aim of the interviews was to determine the focus of the subsequent nationwide,
questionnaire-based survey.

A survey of German fire brigade members was then conducted between 7 August 2021 and 14 October
2021 using the SoSci Survey tool from SoSci Survey GmbH, Munich. In the process, 101 questions from
61 question clusters were asked. 1,734 persons participated in the survey, 1,223 data sets are complete
[35].

e Questions were asked in the areas of [36 p. 28]:

e Demography and constitution of the subjects

e Selection and introduction of new firefighting clothing

e Maintenance, wear, upkeep and retirement of firefighters’ clothing

e Satisfaction with current fire brigade clothing

e Evaluation of selected suggestions for the improvement of firefighters’ clothing

The high response rates (approx. 1.3 %o of the total line group) and the low dropout rate of 29.5% from
surveys already started were achieved with several measures [36 p. 28-29]:

e The survey was optimized for both desktop and mobile devices so that participants could take
part immediately after receiving the survey.

e Participants could choose between a shortened basic survey of about 15 minutes and the full
survey of about 30 minutes, indicating the expected duration. They were asked to complete the
survey once they had made a decision for the short or long version of the survey.

e The survey was advertised in a variety of ways. A total of 234 institutions were asked to support
the implementation of the survey as multipliers, including:

o The (as of 2021) 111 German professional fire brigades

o The Federal Ministry of the Interior, the 16 Land Ministries of the Interior and the
Conference of Federal Ministers of the Interior

o The district governments of the federal states, insofar as they have set them up

The fire brigade schools of the federal states, if they have established any

o The German Fire Brigades Association (Deutscher Feuerwehrverband e. V.), Berlin,
and its 16 state associations

o The German Fire Brigades Union (Deutsche Feuerwehrgewerkschaft e. V.), Solingen,
and its 13 regional associations

o
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o Other public service unions, including the German Civil Servants’ Association
(Deutscher Beamtenbund), Berlin, and the Association of German Armed Forces Fire
Brigades (Verband der Bundeswehrfeuerwehren e. V)., Haltern am See

o The four fire brigade accident insurance funds and the German Social Accident Insurance
(Deutsche Gesetzliche Unfallversicherung) as well as professional associations from the
processing industry

o Professional organizations, including the Association for the Promotion of German Fire
Protection (Vereinigung zur Férderung des Deutschen Brandschutzes e. V.), Minster, the
Working Group of the Heads of Professional Fire Departments (Arbeitsgemeinschaft der
Leiter der Berufsfeuerwehren) in the German Association of Cities (Deutscher Stadtetag)
and the Community of Interest of Fire Officers and Promotion Officers of the Higher Fire
Service (Interessengemeinschaft der Brandreferendare und Aufstiegsbeamten des
héheren feuerwehrtechnischen Dienstes)

In addition to demographic data on gender, age, height, body weight, body proportions, level of training,
fire brigade type and settlement structure, respondents were asked about their experiences with their
own protective clothing. Likert scales with five choices were used in the majority. To prevent over-
selection of the middle field, there was no neutral response option. For questions about satisfaction as
well as about fit, the response options were “very satisfied”, “satisfied”, “somewhat satisfied”, “fairly
dissatisfied” and “very dissatisfied”. Some questions were detached from the Likert scheme. For
example, the respondents were asked to rank the clothing issued to them according to satisfaction or to

rank the relevance of various protective mechanisms of the firefighters' protective clothing [35].

The results of the survey were then reviewed and checked for validity. Where participants obviously tried
to falsify the data, the data set concerned was eliminated. There was no automated elimination of
outliers [36 p. 29].

The data was then examined with regard to the demographics of the participants. However, the focus
was particularly on looking at dependencies between satisfaction with firefighters’ protective clothing and
fitting behavior on the one hand, and participants’ gender and body shapes on the other.

3 Limitation of the method

The study design and the collected data as well data have methodological limitations [36 p. 113].

The sample composition cannot be controlled. It remains open whether respondents have participated
more than once in the digital survey, which is to be completed autonomously, or whether several
respondents have completed a joint interview.

The sample does not necessarily have to be representative. It is not possible to check whether the
answers given by the individual respondents are representative for the respective fire brigade or the type
of fire brigade. Furthermore, it is not possible to check whether the respondents' fire brigades are
representative of the fire brigade as a whole. With regard to the sample, it can be determined, for
example, that the proportion of members of the professional fire brigade among the test persons is
higher than the expected value.

For most of the questions, no objective data was asked, but the respondents were asked for a subjective
assessment on a Likert scale [37 p. 47—49] with five answer options. Consequently, the answers of the
test persons can only be compared with each other to a limited extent. Due to the size of the sample with
a total of 1,734 respondents, it can be assumed that the law of large numbers [38] is valid, so that the
total scale of the respective items is sufficiently relevant for the analysis carried out here, since
deviations are relativized in the total.

The proportion of female test persons is about 13 times lower than the proportion of male test persons.
Statements and evaluations that are explicitly based on statements by female respondents are subject to
a significantly greater statistical uncertainty. Comparisons of the overall response behavior with the
response behavior of the female respondents are therefore also subject to corresponding uncertainties.
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Some test persons gave, presumably intentionally, incorrect data (e.g. a height of 300 cm with a body
weight of 200 kg). Where this was obvious, the subjects were removed from the study. However, it
cannot be ruled out that deliberately falsified data were not detected and therefore could not be excluded
from the study.

The remaining data sets were analyzed.

4 Results

The discussions preceding the surveys revealed that, in relation to firefighters’ protective clothing,
relevant fields of action do not lie, as expected, in the technology of firefighters’ protective clothing itself
and approaches to the circular economy, but rather in the consideration of fits, gender equality and wear
and tear.

The proportion of male firefighters is 92%, that of female firefighters 7%, three participants stated that
they were diverse. Approximately 80% of the participants are active in a volunteer fire brigade. The
majority of participants are active in small and medium-sized communities [36 pp. 30—36].

The maijority of female firefighters are younger, smaller and slimmer than their male comrades [36 pp.
37-44].

As seen in Fig. 2, approximately 67% of all firefighters are satisfied or very satisfied with the protective
firefighting clothing they currently use. However, the overall satisfaction with the firefighters' protective
clothing differs between women and men. Men are about twice as often very satisfied with their
protective clothing [36].

Female
n= 93

M oos I I —

n = 1306

0% 20% 40% 60% 80% 100%

Overy unhappy Ounhappy Bunsatisfied M@satisfied Bvery satisfied

Fig. 2 Satisfaction of the firefighters in the firefighting protective clothing.

However, if the individual components of the personal protective equipment are considered, then there
are sometimes considerable differences in satisfaction and the fitting behavior between women and men
firefighters. For example, the response behavior for the statement “very satisfied” differs between female
and male firefighters for the firefighter jackets (exemplary in Fig. 3), the firefighter trousers (exemplary in
Fig. 4) and the gloves for technical assistance by about 10 percentage points each; for the other clothing
elements (jacket for technical assistance, fire protection gloves, boots, helmet and flame protection
bonnet) the difference is about 5 percentage points [36 p. 63].

175



Female

neso 1 .
T I
n =642

0% 20% 40% 60% 80% 100%

Overy unhappy DOunhappy Eunsatisfied @satisfied Bvery satisfied

Fig. 3 Satisfaction of firefighters with the firefighter jacket.
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Fig. 4 Satisfaction of firefighters with the firefighter trousers.

The greater dissatisfaction of women firefighters compared to men firefighters becomes clear when
participants are asked to sort the items of clothing issued to them according to satisfaction. If for male
firefighters the fire jacket is ranked 2™ and the fire trousers 6", for female firefighters the fire jacket is
ranked 7" and the fire trousers 9" [36 p. 65]. Since not all items of clothing are issued in the individual
fire brigades, it is first standardised accordingly with the number of times a particular item of clothing was
selected in the first place. In comparison, the importance of a single piece of equipment as indicated by
the test persons: At the same time, the fire brigade jacket and the fire brigade trousers are evaluated as
the most important clothing items [36 p. 66]. This comparison is shown in Table 1.

Table 1.  Satisfaction and relevance of the individual clothing elements.
Rank Satisfaction (men) Satisfaction (women) Relevance
1 Rainwear Rainwear Firefighter jacket
2 Firefighter jacket Sportswear Firefighter trousers
3 Sportswear Underwear Boots
4 Underwear Boots Helmet
Jacket for technical Jacket for technical :
5 . . Rainwear
assistance assistance
6 Firefighter trousers Flame protection bonnet  Sportswear
7 Boots Firefighter jacket Jacket for technical
assistance
8 Flame protection bonnet GIOYeS for technical Underwear
assistance
9 Helmet Firefighter trousers Flame protection bonnet
10 Fire protection gloves Helmet Fire protection gloves
Gloves for technical : : Gloves for technical
11 Fire protection gloves

assistance

assistance
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The fit behavior at the different body parts is used for comparison. Depending on the part of the body,
the “fits well” between female and male firefighters differed by between 10 and 30 percentage points.
Only at the neck and feet is there hardly any difference. It is interesting that the difference in the
response “fits well” is greatest at the head, while satisfaction with the helmet is inconspicuous [36 p. 79].

The differences in satisfaction with jackets and trousers based on fit, as shown in Table 1, are compared
for women and men as examples in Fig. 5. Relevant areas are marked. Instead of the firefighter’s
protective jacket, the garment for technical rescues is worn for better illustration.

As seen in Fig. 6, both women and men feel safe or very safe in firefighters’ protective clothing, with 81%
and 83% respectively. The feeling of safety in protective firefighter clothing is generally high. However, it
is noticeable that only 20% of female firefighters feel absolutely safe in protective firefighting clothing,
compared to 31% of male firefighters.

Trust in firefighters’ protective clothing is basically high. There are almost no men who do not trust their
protective clothing. However, 3% of women do not trust their firefighters’ protective clothing absolutely.
Furthermore, 2% of women hardly trust their firefighter protective clothing. Among men, only 2% do not
trust their firefighters' protective clothing at all or not at all. Absolute trust is also weaker among women
firefighters (13.5%) than among men firefighters (28%).

' - g E——

Female

Male

Fig. 5 Contrasting protective firefighting clothing for women and men.
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Fig. 6 Trust and a sense of security.

In terms of a sense of security and confidence, firefighters find good conditions. For women firefighters,
however, the conditions are only acceptable. Fig. 5 shows, that the fit of fire fighters garment is selected
according to men’s waist, hip and legs, even in the cut of woman’s clothing.

A connection can be established between satisfaction with the firefighter's trousers or jacket on the one
hand and the feeling of safety and confidence on the other. The more satisfied firefighters are with the
firefighter jacket (see Fig. 7) and the firefighter trousers (see Fig. 8), the greater the feeling of safety and
confidence in the firefighter clothing. Each cluster comprises 1/9, i. e. approx. 11% of the data points.
The more two-dimensional the image, the greater the scatter within the respective data set.
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Fig. 7 Correlation between satisfaction with the firefighter jacket and feeling of safety and confidence.
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Fig. 8 Correlation between satisfaction with firefighter trousers and feeling of safety and confidence.

However, with the exception of the feeling of safety in the firefighters’ trousers, this correlation is weaker
for female firefighters than for male firefighters (see Table 2).

Table 2.  Correlation between satisfaction with firefighter jacket and firefighter trousers and confidence and
feeling of safety.

Trust Safety

Female Male Female Male
Firefighter jacket 0.553 0.614 0.544 0.649
Firefighter trousers  0.580 0.606 0.622 0.595

The fire brigade authorities are obliged to provide adequate protective clothing for firefighters [39 § 3].
Users should be closely involved in the selection of protective equipment [40 § 14 1].

A close involvement of the users has a positive influence on the satisfaction with the firefighters’
protective clothing, while the influence on the feeling of safety and trust is hardly perceptible (see Fig. 9).
The calculation of the correlation coefficient is omitted, as a normalization of the different types of
wearing tests is not possible.
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Fig. 9 Impact of wearer trials on satisfaction, sense of safety and confidence.

The protective effect of firefighters’ protective clothing depends not only on the fit, but also on wear. A
fundamentally good protection can be lost if the clothing wears out more and more over time. Fig. 10
shows the wear behavior of the individual parts of the clothing depending on the gender of the wearer. A
low rank means that clothing wears out quickly, a high rank means longevity. The individual positions are
sorted according to the difference in the wear behavior of female and male firefighters. Starting on the
left with the largest difference, the difference decreases towards the right.

As expected, highly stressed areas, i.e. the knees, reflector strips, boot tops, hook and loop fasteners
and the tightness of the boots, wear out fastest. The midfield is led by the openings on the sleeves and
on the legs, whereby the openings on the sleeves wear out noticeably faster for women, and the wear on
the openings on the legs is moderately higher for firefighters.
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Fig. 10 Wear points and intensity of wear.

Representation is important to the members of fire brigades; The fact that the fire brigade protective
clothing of different neighboring fire brigades increasingly differs from each other is not least due to the
desire for one's own fire brigade to become a brand of its own [41]. But here, too, there are differences
between men and women firefighters (see Fig. 11).

Women do rate their firefighter clothing as somewhat less attractive than firefighters do. But it is also less
important to them. For male firefighters, the correlation between the assessment of fashion as relevant
and the attractiveness of the current outfit is weak with » = 0.363, but significantly stronger than for
female firefighters, where this correlation cannot be established with r = 0.048.
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Fig. 11 Relationship between the relevance of attractive firefighter clothing and its perceived attractiveness.

5 Conclusions

The comparatively high dissatisfaction of women firefighters with the firefighter jacket and firefighter
trousers, as well as the poor fit, is a cause for concern. Together, the firefighter jacket and firefighter

trousers protect most of the body. Only the head, neck, hands and feet remain uncovered by the
firefighter jacket and firefighter trousers.

Even if fire operations account for an increasingly smaller proportion of fire brigade operations [11], fire
operations are nevertheless particularly dangerous.

Firefighter jacket and firefighter trousers together protect about 80% to 90% of the total body surface;
from a burnt body surface of about 25%, life-threatening injuries are assumed to have occurred [42].

If firefighters’ clothing is not carefully selected, there is a high potential for injury.

Also of concern is the high wear and tear on the openings of the firefighters' protective clothing on the
sleeves and legs. Through the openings, fire smoke can penetrate the firefighters' protective clothing
and contaminate the wearers' skin. Such contamination is dangerous as it increases the risk of cancer;
accordingly, contamination with fire smoke must be prevented [43-46].

Consequently, the protective clothing for firefighters must fit as well as possible. Only safe, but also
comfortable and well-fitting protective clothing for firefighters enables them to carry out their work safely.
[41]. To ensure the best possible selection, wear trials should be conducted more frequently than today
and the team should be closely involved in the wear trials. For this purpose, the already existing
handouts on carrying trials can be made more widely known. [47 pp. 48-50] This is, because air space

between the clothing and wearer lead to a higher insulation of heat transmission and therefore less
burning injuries.

The HuPF needs to be further developed in view of the increased diversity among fire brigades -
especially women firefighters. Since the introduction of the HUPF in 1999, the demographic composition
of fire brigades has changed; the proportion of women has increased significantly. The generic firefighter
should no longer be the starting point for production regulations [29-32], but the diversity of the fire
brigades must also be reflected in the production regulations. Women’s measurements are to be added
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to the size tables. This will also encourage those municipalities to procure suitable protective firefighting
clothing for their women firefighters who currently only procure protective firefighting clothing in
accordance with the minimum standards.

6 Outlook

Research is to be conducted to find out whether women firefighters are less able than men to carry out
certain activities in everyday firefighting, and in particular whether they have an increased risk of
accidents. For this purpose, accident reports from the fire brigades are to be evaluated.

If the impression that women are less well protected than men in the fire service is confirmed, proposals
will be developed on how the protection of women firefighters can be improved or the risk reduced.

If this impression is not confirmed and the lower confidence in firefighters’ protective clothing and the
feeling of poorer protection among women firefighters is subjective, then possible reasons for this should
be identified and remedial measures proposed. In this case, competences from the fields of didactics
and occupational psychology and physiology should be closely involved.

The previous considerations in the area of firefighter cancer [48-52] should be expanded to include the
two aspects of gender equity and the influence of wear and tear.

The firefighters’ protective clothing itself should also be further developed. To this end, the
manufacturing and testing description for universal firefighters’ protective clothing should be adapted to
female forms and a corresponding guarantee of the availability of protective firefighters' clothing tailored
to women should be included.

The intensively stressed areas of the firefighters’ clothing should be reinforced. First approaches to
reinforcement with e.g. ceramic particles are already being implemented in industry [53,54].

The overall objective should be to contribute to improving the working conditions of women firefighters,
especially in the volunteer fire brigade (the bottleneck for female applicants to the professional fire
brigade and the plant fire brigade is the sports test [24-27]), in order to support society in increasing the
proportion of women firefighters in the fire brigade and in increasing the number of citizens active in the
volunteer fire brigades. There are already many research programs and campaigns in this field [24-27,
55-60]. At present, the aspect of personal protective equipment is treated with restraint.

Beyond the requirements for firefighting clothing, it is possible to evaluate whether female and male
firefighters are qualified to perform different tactical tasks to different degrees. The relative weaker
quickness of women [61 p. 185; 62 p. 198] (women have about 80% of the absolute strength of men [63
p. 375)]), but also their better endurance [64 pp. 189—208] should be pointed out.
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