Advances in Intelligent Systems and Computing 1203

Francisco Rebelo
Marcelo Soares Editors

Advances in
Ergonomics
in Design

Proceedings of the AHFE 2020 Virtual

Conference on Ergonomics in Design,
July 16-20, 2020, USA

@ Springer




Advances in Intelligent Systems and Computing

Volume 1203

Series Editor

Janusz Kacprzyk, Systems Research Institute, Polish Academy of Sciences,
Warsaw, Poland

Advisory Editors
Nikhil R. Pal, Indian Statistical Institute, Kolkata, India

Rafael Bello Perez, Faculty of Mathematics, Physics and Computing,
Universidad Central de Las Villas, Santa Clara, Cuba

Emilio S. Corchado, University of Salamanca, Salamanca, Spain

Hani Hagras, School of Computer Science and Electronic Engineering,
University of Essex, Colchester, UK

Laszlo T. Koczy, Department of Automation, Széchenyi Istvan University,
Gyor, Hungary

Vladik Kreinovich, Department of Computer Science, University of Texas
at El Paso, El Paso, TX, USA

Chin-Teng Lin, Department of Electrical Engineering, National Chiao
Tung University, Hsinchu, Taiwan

Jie Lu, Faculty of Engineering and Information Technology,
University of Technology Sydney, Sydney, NSW, Australia

Patricia Melin, Graduate Program of Computer Science, Tijuana Institute
of Technology, Tijuana, Mexico

Nadia Nedjah, Department of Electronics Engineering, University of Rio de Janeiro,
Rio de Janeiro, Brazil

Ngoc Thanh Nguyen(®), Faculty of Computer Science and Management,
Wroctaw University of Technology, Wroctaw, Poland

Jun Wang, Department of Mechanical and Automation Engineering,
The Chinese University of Hong Kong, Shatin, Hong Kong


https://orcid.org/0000-0002-3247-2948

The series “Advances in Intelligent Systems and Computing” contains publications
on theory, applications, and design methods of Intelligent Systems and Intelligent
Computing. Virtually all disciplines such as engineering, natural sciences, computer
and information science, ICT, economics, business, e-commerce, environment,
healthcare, life science are covered. The list of topics spans all the areas of modern
intelligent systems and computing such as: computational intelligence, soft comput-
ing including neural networks, fuzzy systems, evolutionary computing and the fusion
of these paradigms, social intelligence, ambient intelligence, computational neuro-
science, artificial life, virtual worlds and society, cognitive science and systems,
Perception and Vision, DNA and immune based systems, self-organizing and
adaptive systems, e-Learning and teaching, human-centered and human-centric
computing, recommender systems, intelligent control, robotics and mechatronics
including human-machine teaming, knowledge-based paradigms, learning para-
digms, machine ethics, intelligent data analysis, knowledge management, intelligent
agents, intelligent decision making and support, intelligent network security, trust
management, interactive entertainment, Web intelligence and multimedia.

The publications within “Advances in Intelligent Systems and Computing” are
primarily proceedings of important conferences, symposia and congresses. They
cover significant recent developments in the field, both of a foundational and
applicable character. An important characteristic feature of the series is the short
publication time and world-wide distribution. This permits a rapid and broad
dissemination of research results.

** Indexing: The books of this series are submitted to ISI Proceedings,
EI-Compendex, DBLP, SCOPUS, Google Scholar and Springerlink **

More information about this series at http://www.springer.com/series/11156


http://www.springer.com/series/11156

Francisco Rebelo - Marcelo Soares
Editors

Advances 1n Ergonomics
in Design

Proceedings of the AHFE 2020 Virtual
Conference on Ergonomics in Design,
July 16-20, 2020, USA

@ Springer



Editors

Francisco Rebelo Marcelo Soares
Faculdade de Arquitetura School of Design
Universidade de Lisboa Hunan University
Lisbon, Portugal Changsha, China

ISSN 2194-5357 ISSN 2194-5365 (electronic)
Advances in Intelligent Systems and Computing

ISBN 978-3-030-51037-4 ISBN 978-3-030-51038-1 (eBook)

https://doi.org/10.1007/978-3-030-51038-1

© The Editor(s) (if applicable) and The Author(s), under exclusive license

to Springer Nature Switzerland AG 2020

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, expressed or implied, with respect to the material contained
herein or for any errors or omissions that may have been made. The publisher remains neutral with regard
to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://doi.org/10.1007/978-3-030-51038-1

)

Check for
updates

A Gender Comparison of Portuguese
Firefighters’ Perceptions Concerning Personal
Protective Equipment: Results from a Pilot
Study

Anna S. P. Moraesl(g), Miguel A. F. Carvalhol, Rachel S. Boldtl,
Fernando B. N. Ferreiral, Susan P. Ashdownz, and Linsey Griffin®

! Department of Textile Engineering, University of Minho,
Campus Azurém, Guimaraes, Portugal
sophiapiacenza@gmail. com
2 Department of Textiles and Apparel, Cornell University, Ithaca, USA
3 Department of Design, Housing, and Apparel, University of Minnesota,
Minneapolis, USA

Abstract. Over the years, the nature of firefighting and the role of firefighters
has evolved including a demographic change, with an increasing number of
women in this profession. Recent studies have specifically addressed the par-
ticular needs of female firefighters. Ill-fitting turnout gear, protective gloves, and
other personal protective equipment make female firefighters’ tasks not only
uncomfortable but also more difficult and dangerous. A pilot study comprising
both male and female firefighters from a fire brigade located in the North of
Portugal was conducted. The goal was to investigate the fit of the Portuguese
firefighters’ personal protective equipment, its level of adjustment to their
anthropometrics and to identify areas that need improvement. This paper focuses
on gender differences and presents the preliminary results regarding size
selection and purchasing of protective clothing as well as the level of protection
experienced among participants.

Keywords: Female firefighters + Fit and Size + Human Factors and
Ergonomics - Protection level

1 Introduction

Over the years, the nature of firefighting and the role of firefighters has evolved [1, 2].
Though challenging, firefighting continues to be necessary and critical [3] and is
considered one of the most dangerous, arduous, and physically demanding occupations
[4-6]. Firefighters’ personal protective equipment' has been designed to provide pro-
tection against multiple hazards [7] and has changed greatly from the equipment worn
in the past [1]. Despite the advances in materials technology, many studies have shown
several issues regarding the effective use of firefighters’ personal protective equipment

"'n general, includes a turnout gear (coat and pants), helmet, hood, gloves, boots, and a self-
contained breathing apparatus.
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(PPE), including issues with comfort, fit, sizing, mobility restriction, bulkiness as well
as maintenance and cleaning aspects [4, 7].

Furthermore, we can highlight a demographic change in firefighting, with an
increasing number of women in this profession. According to the National Fire Pro-
tection Association, the number of women serving as firefighters in the United States
has increased over the years. Recent data report a total of 13,400 female career fire-
fighters and 64,500 female volunteer firefighters in the country [8]. In Portugal, it is
possible to identify a similar trend. In 2018, 18.64% of Portuguese firefighters® were
women, with a total of 5,155 female firefighters [9].

This demographic change has been encouraging studies that specifically address the
particular difficulties and needs of female firefighters. The fit of PPE appears in most of
these studies as a common dissatisfaction among female participants. In a report on
women in firefighting [11], “encountering problems with ill- fitting equipment” was
evaluated with the highest rate of discrimination or harassment issues experienced. As
stated by Boorady et al. [10], female firefighters commonly wear equipment designed
and sized for men, in general, incorrectly sized and ill-fitted, affecting both job satis-
faction and job performance. According to another study, ill-fitting PPE is a physical
stressor for female firefighters [12]. Results of the Park & Langseth-Schmidt study [13]
showed significantly lower survey ratings on overall satisfaction, perceived comfort,
and performance of the turnout pants among women. Moreover, these issues are
considered big threats to safety, increasing the risk of injury among female firefighters
[14].

1.1 Portuguese Firefighters’ PPE Study

In order to understand if the Portuguese firefighters’ PPE is adjusted to their anthro-
pometrics and determine areas needing improvement, an on-going study designated as
SizeFF Portugal — Anthropometric Study of Firefighters is being developed by the
2C2T - Centre for Textile Science and Technology, in the Department of Textile
Engineering at the University of Minho, in partnership with a U.S. study. In order to
validate the study methods and tools as well as obtain the first insights from fire-
fighters’ experiences concerning their PPE, a pilot study was conducted in a fire
brigade located in the North of Portugal. Preliminary results regarding fire gloves®,
turnout coat and pants®, and fire boots® were presented elsewhere. This paper presents

2 Corresponding to 3.6% of total career firefighters and 9.4% of total volunteer firefighters.

3 Including both career and volunteer.

4 Moraes, A., Boldt, R. Carvalho, M., Ferreira, F. Portuguese firefighters' perceptions concerning
protective gloves. In: Proceedings of AUTEX 2019 — 19" World Textile Conference. 11-19 June
2019, Ghent, Belgium (2019).

3 Moraes, A.S.P., Boldts, R.S., Ferreira, F.N., Carvalho, M.A.F, Ashdown, S.P. Assessment of
Portuguese firefighters' needs: preliminary results of a pilot study. In: F. Rebelo and M.M. Soares
(Eds). Advances in Ergonomics in Design. 721-732 (2020).

6 Moraes, A.S.P., Boldt, R.S., Carvalho, M.A., Ferreira, F.N., Ashdown, S.P., Griffin, L. Portuguese
firefighters' boots: obtaining user input for an ergonomic redesign. Journal of Textile Engineering &
Fashion Technology. 6(1), 1-7 (2020).
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the preliminary results of gender differences concerning the purchasing, size selection,
and protection level provided by turnout coats and pants as reported by the pilot study
participants.

2 Material and Methods

For data collection, an online survey and an in-person semi-structured interview were
administered. Participants were requested to answer the questions based on their per-
ceptions and personal experience when selecting and wearing specific equipment for
structural fires.

2.1 Online Survey

The survey was applied using an online platform’ and comprised 87 questions, divided
into five parts. The first part included 11 socio-demographic questions including
gender, age, race and ethnicity, firefighting status (type of commitment, experience,
types of firefighting missions), and municipality identification questions (city and state,
number of inhabitants, type of environment protected by the fire brigade). The fol-
lowing 4 parts included questions about specific personal protective items® and focused
on 4 topics: (i) brand, style, gender, and size identification; (ii) purchasing and selection
process; (iii) equipment length of service, level of protection, injuries; and (iv) fit issues
related to specific areas of personal protective items.

2.2 Semi-structured Interview

The semi-structured interview questions were initially formulated based on results from
similar studies [2, 4, 10]. Throughout the pilot study, additional questions were
included in the interview, as the participants shared their perceptions and mentioned
other items or issues not previously considered.

2.3 Data Collection Protocol

After obtaining permission from the fire brigade’s chief in command, all firefighters of
the brigade were invited to participate. Once the consent of participants was obtained, a
unique identifying number was assigned to each participant to protect privacy and
maintain confidentiality.

A researcher was available throughout data collection to assist in filling out the
survey, administer the interview questions, answer any questions participants may have
had, as well as address additional questions when responses required further infor-
mation and clarification.

7 Qualtrics Survey Platform.
8 Including turnout coat, turnout pants, fire boots, and fire gloves.
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The survey/interviews were audio-recorded and further verbatim transcribed for the
sake of data analysis accuracy. Data were collected from December 2018 to September
2019, and each interview/survey took approximately 40 min to be completed. Data
were organized by classifying the most common issues and areas needing improvement
identified by the participants.

3 Results and Discussion

Preliminary results of the pilot study are presented as follows. Gender differences
regarding the purchasing process, difficulties in selecting the turnout coat and pants
size, as well as the protection level experienced are discussed.

3.1 Demographic Information

The fire brigade comprises about 140 firefighters, including about 45 firefighters that
are both career-volunteer’ personnel and about 95 only volunteer personnel. The bri-
gade serves a medium-size municipality'®, covering urban and suburban populations,
as well as the wildland environment surrounding the city.

Forty-nine firefighters participated in the pilot study. Most participants were men,
corresponding to 73.47% (n = 36), and 26.53% (n = 13) of the participants were
women. Regarding their type of commitment, 26 male and 5 female participants were
career-volunteer (63.27% in total), 9 male and 6 female participants were only vol-
unteer firefighters (30.61% in total) and 2 female participants were trainees (4.08% in
total). The assistant chief responsible for the brigade also participated in the study. The
average age of the respondents was 40 among male participants and 30 among female
participants. Firefighting experience was significantly different between gender, vary-
ing from 6.10 years for female participants to 18.69 years for male participants. Socio-
demographic information is summarized in Table 1.

° In Portugal, career firefighters commonly offer their services on a volunteer basis to their fire
brigade in the hours that they are not regularly paid. Usually, they volunteer during night shits and
weekend shifts.

19" About 160,000 inhabitants.
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Table 1. Participants socio-demographic information

Total Male Female
# Participants 49 (100.00%) | 36 (73.47%) | 13 (26.53%)
Age (yrs)
Mean (SD) 37.49 (10.23) | 40.00 (10.13) | 30.54 (6.94)
Min — Max 21-62 25-62 21-44
Experience (yrs)
Mean (SD) 15.35 (11.28) | 18.69 (10.86) | 6.10 (6.28)
Min — Max 0.17 — 38 0.17 — 38 0.17 - 16

Type of commitment (#)
Career-volunteer | 31 (63.27%) |26 (72.22%) |5 (38.46%)

Volunteer 15 (30.61%) |9 (25.00%) |6 (46.15%)
Trainee 2 (4.08%) 0 (0.00%) 2 (15.39%)
Other 1 (2.04%) 1 (2.78%)* |0 (0.00%)

*Assistant chief responsible for the brigade.

3.2 Purchasing

When asked if the turnout gear was specifically purchased for an individual, the
responses of female participants were significantly different from their male counter-
parts. Twenty-six male participants (72.22%) answered that their turnout coat was
specifically purchased for them and only 2 female participants (15.38%) answered the
same. Responses of turnout pants were similar as 27 (75.00%) of the male participants
answered that their turnout pants were specifically purchased for them and only 1
(7.69%) female participant answered affirmatively.

Although the fire brigade has been progressively investing in specifically tailored
turnout gear'', career firefighters have priority over volunteers, as they use their
equipment more frequently. Usually, volunteer personnel is provided with turnout gear
already used by former firefighters.

3.3 Size Selection

Correct sizing is particularly important in protective clothing, as the performance of the
clothing depends on the correct fit [15]. When participants were asked if they expe-
rienced any difficulties in selecting their turnout coat size, 46.15% (n = 6) of female
respondents answered «yes» while only 16.67% (n = 6) of male participants answered
the question affirmatively. Difficulties experienced in selecting their turnout pants size
were similar. Female participants’ responses were significantly different than male
responses, as 61.54% (n = 8) of female participants expressed difficulties in selecting
their turnout pants, while only 16.67% (n = 6) of male answered «yes».

"' For this, the manufacturer provides a sample set of sizes and adjust to their individual
measurements. According to the study participants, modifications were usually made on the coat
sleeve length and on the pants leg length.
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Difficulties mentioned by female participants in selecting their turnout gear were
similar for both the coats and pants, including the fit, sizing system, and the availability
of sizes in the brigade. Examples of difficulties mentioned are illustrated in Table 2.

Table 2. Female participants difficulties in selecting the turnout gear size (type of commitment)

SIZING COAT
PANTS

FIT COAT
PANTS

AVAILABILITY |COAT

PANTS

“the smaller size was too small, and the size above was too
big [for me]” (volunteer)

“the size above was too big and the smaller size didn’t fit on
the hips” (volunteer)

“I was in doubt between L and XL (volunteer)

“the S fits great on the armhole, but it is too tight on the
hips” (career-volunteer)

“I believe that, as they are Unisex, sometimes they fit on the
arms but don’t fit on the torso... other times, they fit on the
torso, but not on the arms” (career-volunteer)

“[turnout pants] are a bit bulky” (volunteer)

“it’s the same as the coat... if they fit in one region, they
don’t fit in another” (career-volunteer)

“there is a lack of available sizes [in the brigade]”
(volunteer)

“I’ve got the available size [in the station]... you know... but
it should be a M” (volunteer)

“I haven’t picked it [the size]... I’ve got the smallest size
available at that time” (career-volunteer)

“there were not many sizes [available]” (trainee)

“I haven’t chosen the size... they were just assigned [to me]”
(career-volunteer)
“they just provided me those [pants]” (career-volunteer)

As recommended by Shuster [12], the availability of PPE in sizes that fit women
can remediate the problems faced by female firefighters. However, a more adequate
sizing system remains a challenge. As male and female anthropometrics are sufficiently
different, turnout gear needs to be designed differently [11].

3.4 Protection Level

Concerning the protection level, responses from female participants were slightly
different from male participants. According to 69.23% (n = 9) of the female respon-
dents, they feel «very protected» by their turnout coat and according to 30.77% (n = 4)
of female participants they feel «somewhat protected». Male participants answered as
follows for their turnout coat: 77.78% (n = 28) feel «very protected», 19.44% (n = 7)
feel «somewhat protected» and 2.78% (n = 1) feel «very little protection».
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A higher perception of protection level with turnout pants was also expressed
among male participants (very protected: 80.56%, n = 29; somewhat protected:
16.67%, n = 6; very little protection: 2.78%, n = 1). Female participants expressed a
lower evaluation concerning perceived protection of turnout pants: 61.54% (n = 8)
answered that they feel «very protected» and 38.46% (n = 5) answered that they feel
«somewhat protected».

These results are in accordance with the Hollerbach et al. study [14] that identified
issues with ill-fitting gear as one of the biggest threats to safety for female firefighters.

4 Final Considerations

The level of protection is an important feature to consider when selecting personal
protective equipment. In the case of firefighting, comfort is also of paramount rele-
vance. According to recent studies, female firefighters are more subjected to ill-fitting
PPE, usually designed for male anthropometrics. The preliminary results presented in
this paper corroborate such findings, as female participants expressed more difficulties
in selecting their protective clothing than male participants. The availability of sizes
and the sizing system was also discussed. In addition, the level of protection experi-
enced was also evaluated as being lower by the female participants. Although the
number of participants was modest, the findings of this pilot study provided valuable
insights to better understand the main issues experienced by the Portuguese female
firefighters regarding their PPE.

Acknowledgments. We would like to acknowledge the 2C2T-Centre for Textile Science and
Technology of the University of Minho. This work is financed by FEDER funds through the
Competitive Factors Operational Program (COMPETE) POCI-01-0145-FEDER-007136, by
national funds through the FCT-Portuguese Foundation for Science and Technology under the
project UID/CTM/000264, by Fundo de Apoio as Vitimas dos Incéndios de Pedrogdo, and by
ICC/Lavoro. We would also like to acknowledge the United States North Central Multistate
Research Project titled NC-170 for assistance developing the questionnaire.

References

1. Hasenmeier, P.: The History of Firefighter Personal Protective Equipment. Fire Engineering
(2008). https://www.fireengineering.com/2008/06/16/256552/the-history-of-firefighter-
personal-protective-equipment/#gref

2. Park, H., Hahn, K.H.: Perception of firefighters’ turnout ensemble and level of satisfaction by
body movement. Int. J. Fashion Des. Technol. Educ. 7(2), 85-95 (2014)

3. Langseth-Schmidt, K.: Anthropometric fit evaluation of structural firefighters’ protective
pants: a gender comparison study. Master thesis, Colorado State University, Fort Collins,
Colorado (2014)

4. Boorady, L.M., Barker, J., Lee, Y., Lin, S., Choo, E., Ashdown, S.P.: Exploration of fire-
fighter turnout gear part 1: identifying male firefighter user needs. J. Text. Apparel Technol.
Manag. 8(1), 1-13 (2013)


https://www.fireengineering.com/2008/06/16/256552/the-history-of-firefighter-personal-protective-equipment/#gref
https://www.fireengineering.com/2008/06/16/256552/the-history-of-firefighter-personal-protective-equipment/#gref

10.

11.

12.

13.

14.

15.

A Gender Comparison of Portuguese Firefighters’ Perceptions Concerning 159

. Coca, A., Roberge, R., Shepherd, A., Powell, J.B., Stull, J.O., Williams, W.J.: Ergonomic

comparison of a chem/bio prototype firefighter ensemble and a standard ensemble. Eur.
J. Appl. Physiol. 104, 351-359 (2008)

. Coca, A., Williams, W.J., Roberge, R.J., Powell, J.B.: Effects of fire fighter protective

ensembles on mobility and performance. Appl. Ergon. 41, 636-641 (2010)

. Park, H., Park, J., Lin, S., Boorady, L.M.: Assessment of firefighters’ needs for personal

protective equipment. Fashion Text. 1(8), 1-13 (2014)

. NFPA — National Fire Protection Association: U.S. Fire Department Profile 2017 (2019).

https://www.nfpa.org/

. INE - Instituto Nacional de Estatistica/Portugal.: Firemen by Geographic Localization, Sex

and Level of Education (2018). https://www.ine.pt/

Boorady, L.M., Barker, J., Lee, Y., Lin, S., Choo, E., Ashdown, S.P.: Exploration of fire-
fighter turnout gear part 2: assessing the need of female firefighter. J. Text. Apparel Technol.
Manag. 8(2), 1-12 (2013)

Hulett, D.M., Bendick, M.Jr., Thomas, S.Y., Moccio, F.: A National Report Card on Women
in Firefighting. International Association of Women in Fire & Emergency Services (2008).
https://www.womeninfire.org/wp-content/uploads/2014/07/35827WSP.pdf

Shuster, M.P.: The physical and psychological stresses of women in firefighting. Work 15
(1), 77-82 (2000)

Park, J., Langseth-Schmidt, K.: Anthropometric fit evaluation of firefighters” uniform pants:
a sex comparison. Ind. Ergon. 56, 1-8 (2016)

Hollerbach, B.S., Heinrich, K.M., Poston, W.S.C., Haddock, C.K., Kehler, A.K., Jahnke, S.
A.: Current female firefighters’ perceptions, attitudes, and experiences with injury. Int. Fire
Serv. J. Leadersh. Manag. 11, 41-47 (2017)

Torvi, D.A., Hadjisophocleus, G.V.: Research in protective clothing for firefighters: state of
the art and future directions. Fire Technol. 35, 111-130 (1999)


https://www.nfpa.org/
https://www.ine.pt/
https://www.womeninfire.org/wp-content/uploads/2014/07/35827WSP.pdf

