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Preface

The discipline of human factors and ergonomics (HF/E) is concerned with the
design of products, process, services, and work systems to assure their productive,
safe, and satisfying use by people. Physical ergonomics involves the design of
working environments to fit human physical abilities. By understanding the con-
straints and capabilities of the human body and mind, we can design products,
services, and environments that are effective, reliable, safe, and comfortable for
everyday use. A thorough understanding of the physical characteristics of a wide
range of people is essential in the development of consumer products and systems.
Human performance data serve as valuable information to designers and help
ensure that the final products will fit the targeted population of end users. Mastering
physical ergonomics and safety engineering concepts is fundamental to the creation
of products and systems that people can use, avoidance of stresses, and mini-
mization of the risk for accidents. This book focuses on the advances in the physical
HF/E, which are a critical aspect in the design of any human-centered technological
system.

An exploration of how ergonomics can contribute to the solution of important
societal and engineering challenges; advances in social and organizational factors
discuss the optimization of sociotechnical systems, including their organizational
structures, policies, and processes. It includes coverage of communication, crew
resource management, work design, design of working times, teamwork, partici-
patory design, community ergonomics, cooperative work, new work paradigms,
organizational culture, virtual organizations, telework, and quality management.

The book also highlights issues with special populations, detailing how to design
and adapt products and work situations for these groups. In addition to exploring
the challenges faced in optimizing sociotechnical systems, the book underlines
themes that play a role in all the challenges and how they are linked to each other. It
concludes with an exploration of emotional ergonomics and the important positive
effects of making people happy and healthy. With chapter authors from around the
globe, the book supplies a broad look at current challenges and possible solutions.
This book contains a total of ten sections that covers the following topics.
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The ideas and practical solutions described in the book are the outcomes of
dedicated research by academics and practitioners aiming to advance theory and
practice in this dynamic and all-encompassing discipline. A total of ten sections are
presented in this book:

Social and Occupational Ergonomics

1. Management and Efficiency
2. Physical Ergonomics and Work-Related Musculoskeletal Disorders
3. Social and Occupational Ergonomics

Physical Ergonomics

4. Holistic Approach in Safety Management During the Pandemic
5. Wearable Sensing in Physical Ergonomics and Safety
6. Workload Assessment Methods and Techniques
7. Job Analysis and Ergonomic Design
8. Human Characteristics and Influencing Factors

Cross-Cultural Decision Making

9. Cross-Cultural Decision Making
10. Cross-Cultural Decision Making

Each section contains research papers that have been reviewed by members
of the International Editorial Board. Our sincere thanks and appreciation to the
Board members as listed below:

Physical Ergonomics

S. Alemany, Spain
M. Boocock, New Zealand
E. Cadavid, Colombia
J. Callaghan, Canada
P. Dempsey, USA
R. Feyen, USA
J. Grobelny, Poland
T. Hofmann, Germany
J. James, South Africa
Z. Jiang, China
H. Kalkis, Latvia
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K. Kotani, Japan
Y. Kwon, Korea
M. Lehto, USA
C. Lung, Taiwan
A. Luximon, Hong Kong
L. Ma, China
S. Maly, Czech Republic
S. Muraki, Japan
M. Nasarwanji, USA
J. Niu, China
E. Occhipinti, Italy
Y. Okada, Japan
H. Pacaiova, Slovak Republic
W. Park, South Korea
G. Paul, Australia
P. Ray, India
Z. Roja, Latvia
L. Saenz, Colombia
L. Shijan, China
J. Sinay, Slovak Republic
S. Xiong, Korea
J. Yang, USA

Social and Occupational Ergonomics

J. Charytonowicz, Poland
D. Horn, USA
S. Hwang, Taiwan
J. Kantola, Finland
B. Kleiner, USA
L. Pacholski, Poland
M. Robertson, USA
S. Saito, Japan
M. Smith, USA
H. Vanharanta, Finland
Z. Wisniewski, Poland
R. Yu, China

Cross-Cultural Decision Making

M. Alama, USA
U. Asgher, Pakistan
E. Cakit, Turkey
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V. Cavojova, Slovakia
A. Cybal-Michalska, Poland
A. Divakaran, USA
T. Doi, Japan
C. Fidopiastis, USA
J. Frank, USA
M. Hail, USA
C. He, China
A. Heaton, USA
M. Hoffman, USA
A. Itoh, Japan
D. King, USA
G. Klein, USA
M. Kruger, USA
S. Numrich, USA
N. Okabe, Japan
J. Pfautz, USA
P. Picucci, USA
E. Raybourn, USA
E. Reitz, USA
A. Ruvinsky, USA
L. Saner, USA
D. Scapin, France
S. Schatz, USA
J. Stodd, UK
C. Tajima, Japan
J. Urakami, Japan

We hope that this book, which is the international state of the art in physical
domain of human factors, will be a valuable source of theoretical and applied
knowledge enabling the human-centered design of a variety of products, services,
and systems for global markets.

Ravindra S. GoonetillekeJuly 2021
Shuping Xiong
Henrijs Kalkis

Zenija Roja
Waldemar Karwowski

Atsuo Murata

x Preface



Contents

Management and Efficiency

Integrating Individual and Intra-organizational Learning
for Calibration of Organization’s Performance . . . . . . . . . . . . . . . . . . . 3
Harsh Chauhan and Henrijs Kalkis

Social Distancing, Stress and Unethical Behavior:
A Study on Italian University Students in the First Period of Isolation
Due to COVID-19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
Oronzo Parlangeli, Paola Palmitesta, Stefano Guidi, Ileana Di Pomponio,
Margherita Bracci, and Enrica Marchigiani

Personal Gains from Materials in Social Networks . . . . . . . . . . . . . . . . 19
Tom Sander, Biruta Sloka, and Henrijs Kalkis

Factors and Barriers of Implementing Early Warning, Support
and Second Chance Support Systems for SMEs in the Baltic States . . . 25
Liga Braslina, Anda Batraga, Aija Legzdina, Jelena Salkovska,
Henrijs Kalkis, Daina Skiltere, Girts Braslins, and Daina Saktiņa

Retail Skills as the Craftsmanship of Liquor Retail SMEs . . . . . . . . . . . 33
Myungrae Cho and Koichiro Watanabe

Analysis of the Employment Rate of People with Disabilities
in Ecuador . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Hugo Arias-Flores, Jorge Guadalupe-Lanas, and Janio Jadán-Guerrero

Physical Ergonomics and Work-Related Musculoskeletal Disorders

Ergonomic Indicators and Physical Workload Risks in Food
Production and Possibilities for Risk Prevention . . . . . . . . . . . . . . . . . . 47
Henrijs Kalkis, Ingus Graveris, and Zenija Roja

xi



Assessment of Muscle Fatigue and Potential Health Risk of Low Back
Pain Among Call Center Workers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Sunisa Chaiklieng and Worawan Poochada

The Effects of the Physical Environment on Employee Wellbeing and
Performance: A Case Study on Healthy Architecture in Call
Center Interiors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
Salih Ceylan

Sustainable Work Opportunities for Drivers’ Well-Being:
A Case of Careem as Transportation Network Company . . . . . . . . . . . 70
Amna Javed and Youji Kohda

Prevalence of Post-work Musculoskeletal Disorders in Social Workers
and Secretaries of Second-Level Hospital . . . . . . . . . . . . . . . . . . . . . . . . 78
Gilberto Perea, Corina Flores Hernández, Víctor Rodríguez,
Daniel Páramo, and Guadalupe de los Auxilios Díaz Cisneros

Estimation of Spine Loads During Daily Activities and Its
Relationship with Musculoskeletal Disorders in Elderly
Indigenous Women . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
Alejandra Lascano, Thalia San Antonio, David Guevara, and Anita Larrea

Social & Occupational Ergonomics

Lateral Reaching Distances for Novice and Experienced
Ladder Users . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
Angela Levitan

Objective and Subjective Evaluation of Motorcycle Helmet Visors
Based on ECE 22.05 Regulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
Nhât Nam Nguyên, Ellen Vanderlooven, Kevin van der Velden,
Jochen Vleugels, and Regan Watts

Attitudes of Young Generation Towards Traditional Irrigation
System “Foggara” in the Southwestern Algeria: A Green
Ergonomics Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
Mohammed Mokdad and Bouhafs Mebarki

Check-App Voice®: A Tool to Self-evaluate Dysphonia in Speaking
Voice Among Teachers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
Maria Patrizia Orlando, Fabio Lo Castro, Maurizio Diano,
Raffaele Palomba, Raffaele Mariconte, Martina Amodeo,
and Claudia Giliberti

Analysis of Head Size Related to the Design of Eye and Face
Protection Products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
Linghua Ran, Xin Zhang, Taijie Liu, Chaoyi Zhao, and He Zhao

xii Contents



Differences in the Perception of the Quality of Work Life According
to Gender in Health Care Workers . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134
Raquel González-Baltazar, Silvia G. León-Cortés,
Mónica I. Contreras-Estrada, Liliana Hidalgo-González,
and Brenda J. Hidalgo-González

Open Learning: The New Normal of Design Education . . . . . . . . . . . . . 149
Rosa Retuerto Luna

Ergonomic Risk Assessment of Sea Fisherman Part IV:
Tunisian Chapter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
Alessio Silvetti, Elio Munafò, Ari Fiorelli, Lorenzo Fiori,
Antonella Tatarelli, Alberto Ranavolo, and Francesco Draicchio

Vocal Disability Index in Teachers from Ecuador . . . . . . . . . . . . . . . . . 168
Rommel Silva, Oswaldo Jara, Esteban Carrera, Pablo Davila,
and José Luis Saá

Occupational Health Management in Informal Work: A Theoretical
Analysis of the Field . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
Luis Betancourt-Sánchez

Didactic Adaptation with ICT’s Preliminary Educational Proposal . . . . 179
Luis Serpa-Andrade, Erika Pinos-Velez, and Freddy Rivera-Calle

Challenges for an Observatory of the 2030 Goals, SDG and Social
Economy, in Northern Mexico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186
Rodolfo Martinez-Gutierrez, Maria Marcela Solis-Quinteros,
Carlos Sanchez-Hurtado, and Carmen Esther Carey-Raygoza

Computer Science Engineers their Profile and Competencies
for Generations X, Y and Z . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192
Carlos Hurtado-Sanchez, Rodolfo Martinez-Gutierrez, Carmen Carey,
and Artemio Lara-Chavez

Postgraduate Administration Education: Profiles and Skills
Contribution to the Knowledge Society . . . . . . . . . . . . . . . . . . . . . . . . . 197
Rodolfo Martinez-Gutierrez, Eduardo Ahumada-Tello,
Ramon Galvan-Sanchez, Carlos Hurtado-Sanchez,
and Beatriz Chavez-Ceja

Holistic Approach in Safety Management During the Pandemic

Holistic Approach in Risk Reduction Processes
of the Machinery Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205
Hana Pačaiová, Michaela Balážiková, Marianna Tomašková,
Katarína Firmentová, Katarína Chomová, Lukáš Ďuriš, Peter Darvaši,
Lukáš Salaj, and Ján Kán

Contents xiii



Digital Technologies for Monitoring the Vital Functions of Employees
with Diseases Accompanied by Seizures with Loss of Balance . . . . . . . . 213
Juraj Glatz, Milan Oravec, Zuzana Kotianova, Michal Gorzas, Jan Hijj,
and Ivan Habala

Production Process Optimization by Reducing Downtime
and Minimization of Costs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 220
Stefan Markulik, Renata Turisova, Anna Nagyova, Tomas Vilinsky,
Robert Kozel, and Katarina Vaskovicova

Consideration for Experimental Verification of the Effectiveness
and Safety of Exoskeletons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228
Daniela Onofrejová, Michaela Balážiková, and Michal Hovanec

Magnetometry for Security Applications . . . . . . . . . . . . . . . . . . . . . . . . 236
Milan Oravec, Frantisek Hesko, Zoltan Szőke, Miroslav Smelko,
and Tomas Gazda

Safety and Productivity Enhancement Through Ergonomics
Development (SPEED) at the Embassy in the Philippines . . . . . . . . . . . 244
Alma Maria Jennifer Gutierrez and Rosemary Seva

Wearable Sensing in Physical Ergonomics and Safety

Functional Data Representation of Inertial Sensor-Based
Torso-Thigh, Knee, and Ankle Movements During Lifting . . . . . . . . . . 255
Sol Lim and Clive D’Souza

BIONIC: Custom Sensors for Risk Assessment and Training
of Older Workers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Alberto Ferreras Remesal, Juan Fernando Giménez Pla,
Purificación Castelló Mercé, Salvador Pitarch Corresa,
Raquel Marzo Roselló, and Mercedes Sanchís Almenara

Using Deep Learning Methods to Predict Walking Intensity from
Plantar Pressure Images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 270
Hsing-Chung Chen, Sunardi, Yih-Kuen Jan, Ben-Yi Liau, Chih-Yang Lin,
Jen-Yung Tsai, Cheng-Tsung Li, and Chi-Wen Lung

Machine Learning-Based Pre-impact Fall Detection and Injury
Prevention for the Elderly with Wearable Inertial Sensors . . . . . . . . . . 278
Xiaoqun Yu, Jaehyuk Jang, and Shuping Xiong

Workload Assessment Methods and Techniques

A Pilot Study on the Use of Changes in Facial Features to Assess
Physical Workload in Real-Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289
Qian Zhang and Lora Cavuoto

xiv Contents



sEMG and Postural Analysis for Biomechanical Risk Assessment
in a Banknotes Printing Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 297
Lorenzo Fiori, Alessio Silvetti, Antonella Tatarelli, Alberto Ranavolo,
and Francesco Draicchio

Diagnostics of the Stress State by the Method of Pupillography . . . . . . . 305
Isaeva Oksana and Boronenko Marina

Effectiveness of Reduced Work Pace to Decrease the Risk
of Work-Related Musculoskeletal Disorders in a Chicken
Slaughterhouse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313
Diogo Cunha dos Reis, Adriana Seara Tirloni,
and Antônio Renato Pereira Moro

Job Analysis and Ergonomic Design

Collaborative Workspace – Concept Design of an Interactive System
for Total Airport Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323
Mandra Bensmann, Alicia Lampe, Thomas Hofmann, and Steffen Loth

Worker Satisfaction of Job Rotations in Brazilian Poultry
Slaughterhouses: A Cross-Sectional Study . . . . . . . . . . . . . . . . . . . . . . . 331
Adriana Seara Tirloni, Diogo Cunha dos Reis,
and Antônio Renato Pereira Moro

Physical Ergonomics Design and Evaluation of Civil Aircraft Cockpit
Control Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 338
Xinyang Zhu, Hongyu Zhu, Zhefeng Jin, and Yinbo Zhang

Investigation of Anatomical Shape of Thumb of de Quervain’s
Tenosynovitis Patients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 346
Eunice Wai-si Tam, Joanne Yip, Kit Lun Yick, Sun Pui Ng,
and Christian Fang

Human Characteristics and Influencing Factors

Using Ultrasound to Assess Microchambers and Macrochambers
Tissue Properties After Walking at Different Speeds and Durations . . . 355
Wei-Cheng Shen, Yih-Kuen Jan, Chi-Wen Lung, Hsin-Chieh Chen,
Cheng-Tsung Li, Jian-Guo Bau, and Ben-Yi Liau

Analysis and Application of Influencing Factors of Mirror
Drawing Ability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 364
Minxia Liu, Yu Gu, Jiping Lu, Lin Gong, and Qing Xue

Implementing Participatory Ergonomics Among Indigenous Women
of Ecuador to Preserve Ancestral Customs and Knowledge . . . . . . . . . . 372
Alejandra Lascano, Thalia San Antonio, Fernando Urrutia,
and Maria Augusta Latta

Contents xv



Prediction Model of One-Handed Pull Strength
in the Sagittal Plane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 380
Hailiang Wang, Mian Yan, and Da Tao

Cross-Cultural Decision Making

Examining the Cultural Differences of Users’ Characteristics Between
the United States and Japan Related to User Interface Design . . . . . . . . 391
Toshihisa Doi and Atsuo Murata

Mechanism of Improving Performance by Expressing Human Service
Employees’ Positive Emotion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397
Noriko Okabe

Weakness of Real Estate Collateral Valuation Policy in Changed
Financial World . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 405
Jukka Rantala, Atte Rantanen, Maria Yllikäinen, and Timo Holopainen

Micro Loans to Over-Indebtedness, Causes and Consequences,
Perspective on Youth Spending . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 413
Jukka Rantala, Henri Untinen, Maria Yllikäinen, and Timo Holopainen

A Comparison on the Development Mode of Traditional
and Emerging Cultural Innovation - A Case Analysis of Electronic
Sports-League of Legends . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 421
Xinyao Huang and Wei Ding

Understanding the Value Rankings of Chinese Middle Class . . . . . . . . . 427
Wenhua Li and Jiaying Huang

The Concept, Development, Evolution and Practice of Poverty
Alleviation Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 435
Jie Zhou, Wei Ding, Yuyao He, Yiran Zhang, Yisha Wang, and Xinyi Yu

Towards Better Working Conditions for Visually Impaired: A Pilot
Study on Occupational Risk Assessment for Visually Impaired
Massage Workers in China . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 442
Linghong Li

Cognitive Biases in Game Momentum, Winning Strategy,
and Jinx in Baseball . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 449
Atsuo Murata

Cultural Preparation for Digital Transformation of Industrial
Organizations: A Multi-case Exploration of Socio-technical Systems . . . 457
Aurangzeab Butt, Faisal Imran, Jussi Kantola, and Petri Helo

Study Abroad in the Philippines and Canada by Japanese
Undergraduate Students: A Comparative Mixed Methods Study . . . . . . 464
Chihiro Tajima and Michael D. Fetters

xvi Contents



Cultural Mediations Between Branding and Lifestyles: A Case Study
Based Model for the Articulation of Cultural Strategies and Urban
Tribes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 470
Nelson Pinheiro Gomes and William Afonso Cantú

Correlations Between Inspections, Maintenance Errors,
and Accidents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 477
Toshiyuki Wakimizu, Atsuo Murata, Toshihisa Doi, Yutaka Yoshida,
and Keisuke Fukuda

Globalization, Cultural Pluralism and the Space of the Human
“Borderless Career” World . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 483
Agnieszka Cybal-Michalska

Trade Gravity Models for the Factors Affecting Foreign Trade
in the Political-Administrative Regions of Chile . . . . . . . . . . . . . . . . . . . 495
Manuel Ayala, Hanns de la Fuente-Mella, Víctor Leiva,
and Ana María Vallina-Hernández

Natural Color System Quantization Design of Economy Class Seat
Driven by Perceptual Imagery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 504
Jianghua Xu and Shuangle Ding

Innovation in Value Chain in the Medical Tourism Industry
in Tijuana, Baja California . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 512
Alma Laura Bonilla-Hernández and Rodolfo Martínez-Gutiérrez

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 519

Contents xvii



Management and Efficiency



Integrating Individual and Intra-organizational
Learning for Calibration of Organization’s
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Abstract. The pragmatic literature review explores the significance of individ-
ual and intra-organizational learning for organization’s performance. Literature
review depicts topic actuality, conceptual contribution, research methods and sci-
entific discussions. The relativity of learning for individuals and organization have
been evaluated on behalf of selected scientific papers. The articles reviewed for
developing literature review have shown similarities of subject knowledge. The
comparative analysis of conceptual framework is based on examination of exper-
iments and modelling documented in previous research. Learning is considered
as a process of transferring skills and knowledge from recognized intellectual
source. The perspective of individual learning is more concentrated towards self-
development and efficacy. Organizational learning is complimented by individ-
ual learning. The concentration is on empowering employees and departments
for cumulative growth. Continuous Individual and organizational learning and
transforming contribute to sustainable long-term organization’s performance.

Keywords: Learning · Individual learning · Intra-organization learning ·
Organization’s learning · Organization’s performance

1 Introduction

Organization’s performance in the context of learning organization and individual learn-
ing has been thoroughly researched [1, 2]. It is a combination of one ormore sub-systems
carried out within the organizational boundaries [3]. The antecedents of organizational
performance are referred to the application of both forms of learning. It comprises of indi-
vidual and intra-organizational learning has shown significant influence on the outcome
of organization’s performance [4, 5].

Learning is directly related to the constant improvement that enables positive influ-
ence on creating organizational performance. It is responsible for transforming and
refining knowledge sources [6]. Although individual learning and intra-organizational
learning are distinct in comparison, when put together in organization’s context having
similar interests to grow both have common motives to achieve [7]. Constant learn-
ing process helps employees to develop new skills and acquire required knowledge for
improving the quality of work [8]. Manifestation of learning in organization’s culture is
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critical for sustaining competitive advantage and it successfully sustaining competitive
advantage and it successfully contributes to organization’s performance [9].

Organization’s performance comprises of individual and organizational learning. It
is comprehensive shared responsibility between individuals and business management.
It is one of the most common feature in hi-tech organizations primarily based on pro-
cessing knowledge into product and service delivery. Knowledge intensive organizations
reliance heavily on intellectual human capital for gaining competitive advantage. Their
business development structure constantly focus on harnessing knowledgeable human
resource capabilities. Human resources management facilitating fast track learning pro-
grams through training and peer to peer knowledge transfer. It is evident that individual
learning promote organizational learning. The focus is on optimizing the potential of
employees for making substantial contribution to overall organizational learning. The
aimof integrating organizational and individual learning successfully calibrate long-term
positive impact on organization’s performance [10].

2 Research Method

The literature review envisage on learning organization primarily focus on improving
individual learning skills that can be transferred into intra-organizational learning. The
synchronization between both individual and organizational learning produce positive
outcomes on organization’s performance.

The construct of the paper relies on previous independent researches. For the pur-
pose of developing literature review various scientific articles have been chosen from
recognised academic journal indexed in data base by using title and key words: “In-
tegrating individual and intra-organizational learning for calibration of organization’s
performance”, “Individual learning”, “Intra-organizational learning”, “Organisational
learning”, “Learning organization”, “Knowledge management”, “Knowledge transfer”,
“Knowledge stock”, “Intellectual capital”, “Training and development”.

The relevant articles which has been selected in consideration to the research by cov-
ering additional studies in the subject area has the total number of 46 overall research
papers including individual and organizational learning along with organization’s
performance.

3 Significance of Learning

Learning provides a set platform for organization’s growth and performance. Learning
is beneficial for both individuals and organizations. It is considered as a part of receiving
knowledge based instruction [11]. Learning helps to utilize knowledge and provides
an understanding to operate it for organizational purposes [12]. Workplace learning
comprises of social experience with competence elements, knowledge building and col-
laborative efforts to transfer learning. The theory of effective learning at work place
demands participation in knowledge-building process, developing creative environment
for desired solutions [13].

The social participation, human actions, cognition, enabling learning progression
from individual to organizational learning has gone through with many transformation
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[14, 15]. The participation and social interaction of how things can be done establishes
routine, skills and insights of crafting their own way of learning [16]. Learning has
profound influence on career experience and formation. This includes development of
key skills, expertise and social contacts from employment. Such experiential learning is
relational, functional and problem solving in nature [17, 18].

The development of “experiential and social theories of learning in combination
of actions, conceptualization and social practices in past decades have gone through
with the process of comprehensive social and behavioral theory including dimensions
of meaning, identity and community” [19, 20]. There are two most popular types of
learning in context of experiential learning. Both of these types has its own significance
depending on the nature and usage. Reproductive learning is associated with dealing
routine problems and becoming competent for work practices [21]. Expansive learning
is related to solving problems in creative ways, it requires major levels of knowledge
implementation and executing competencies [22]. Mentoring, apprenticeships, one-on-
one training and team building exercise are another effective and efficient aspects of
learning [23].

The transfer of learning is vital for organization’s performance and it is most com-
monly termed as transferable skills. The knowledge and experienced gained during busi-
ness practices needs to flow and pass on to other individuals. Sharing the accumulated
knowledge is a form of learning transfer ensures the distribution of technological skills
and business know-how. The most common methods of teaching from predecessors to
unexperienced is on job learning [24]. The experienced individuals pass on the expertise
and knowledge to freshers. The peer to peer relationship helps closing the knowledge
gap and both the parties are the beneficiary of the exercise [25]. The process of exchange
aids individual from different backgrounds, age, values, beliefs and motivates them to
learn together [26].

The outcome of transfer and/or exchange remains positive. It enhances knowledge
and skills retention and creation of meaningful trustworthy relationship [27]. Combined
learning develops the sense of belongingness and being felt valued in respect to the con-
tributionmade and it motivates individuals to perform and put forwardmore constructive
efforts. On occasions it has been observed that freshers are exchanging latest techno-
logical skills with experienced employees [28, 29]. The senior and junior professionals
learning and teaching goes hand by hand. From this point of view both organizations
and individuals relish knowledge, learning and teaching exchange. This is an ongoing
process transferred from one generation to another helps in maintaining knowledgeable
resources.

4 Individual Learning

The cognitive paradigm of an individual learning is limited to the individual’s ability of
processing the information. Individual learning demonstrates the earnest desire for self-
development, efficacy and career progression [30]. Well-informed, educated and willing
to improve employees are proved to be an asset. Individual learning on its own cannot
gain self-sufficiency. Individual learning is a group activity of interdependent people
within organization that cannot be learn in isolation. Training, workshops, conferences,
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and seminars helps employees further in enhancing their portfolio [31]. Training and
workshop provide holistic scenario of industrial trends, requirements & specifications.
Group exercise helps employees to overcome shortfalls and prepare them by changing or
adapting to organizational needs. Equal participation in learning exercise, training and
other developmental activities is a part of important strategy for improving individual
and organization’s performance [32].

Employee’s desire for self-development and recognitionwithin organizational frame-
work encourage knowledge exchange and facilitate social learning [33]. They become
self-confident and ready to share their ideaswith top levelmanagement. The environment
created fosters open discussion through formal & informal exchange of knowledge and
information helps employees to solve task related problems and assist other employees
to perform individually [34]. Individual learning environment is created by transferring
required skills and knowledge from one recognized source to another. The medium of
transfer is from intellectual source to knowledgeable users either among individuals,
in teams or in combinations. Their earnest desire to grow motivates other individuals
willing to improve their skills. The combined effect of individual and group learning
positively affects organization’s performance in continuous progression.

5 Intra-organizational Learning

The most common objectives in intra-organizational learning are associated with man-
aging intellectual capital, improving knowledge stock and ability to transfer knowledge
and share vital information for enhancing key skills. Organizations strategically promote
learning environment and acquiring new skills for sustaining competitive advantage [35,
36].

Organizational learning capability targeted more towards staying ahead of competi-
tors, acquiring cutting edge technological know-how and dominating industrial trends.
Organizations thrive on intellectual capital that are “willing to express their opinions,
experiment new ideas, make trivial errors without the fear of consequences & rejections”
in order to strengthen the core competencies [37].

Learning organizations have focused on the dissemination of learning as a means
of remaining competitive in dynamic environment [38]. Learning of organizations are
more directed towards individuals, teams, divisions, departments and organization as a
whole to be involved in continuous learning and sharing learning. Over a period of time
learning transforms into the creation of knowledge and it gets absorbed by organization’s
work culture [39]. The integration of training, mentorship and skills transfer exercise is
valuable for the development of learning organization [40]. The emphasis is on effective
and interactive learning techniques. They devolve on technical, managerial, operational
and functional skills development. Learning organizations are well prepared and better
equipped with knowledge resources. In other words learning organizations constantly
evolve themselves and reciprocates organization’s performance.

6 Discussion and Conclusions

The performance of an organization is an accumulation of overall organizational learn-
ing. Organization’s performance in many literatures is defined as the result of constant
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learning, application of skills and acquiring knowledge resources. Maintaining intellec-
tual capital is pertinent for organizations performance. It is depending on the execution
and the resultant of intra-organizational learning and individual learning effectiveness.
To maximize the impact of both organizational learning and individual learning on orga-
nizational performance learning programs are required to be multi-dimensional. The
specifications are needed to be best suited for case to case instead of utilitarian app-
roach. The collective focused on organizational motive of training and learning tools
should not be based on the theory of one set fits for all.

The research and practice of an ongoing trend by moving away from egalitarian
learning approach and training program of employee’s development to be more con-
centrated and classified in nature will yield prospective results [41]. The effectiveness
of learning program should consist of human aesthetics, personal development, not just
vocational skills development [42]. Constructive paradigm shift allows flexible approach
and creativity to work in organizing better workplace learning [43]. Learning should be
a part of understanding learning process and procedure embedding in organizational
work structure [44]. Equal participation, extensive social interaction is most relevant to
learning in organizational and individual framework [45].

Based on theoretical dimensions a conceptual framework has been proposed. In Fig. 1
learning is shown as an integral part of individual and intra-organizational learning.

Fig. 1. Impact of Individual and intra-organizational learning on organization’s performance.

Learning effects individual’s personal and technical skills development. Learning
in organization creates environment for become learning organization and enhances
knowledge resources in the form of man and material. By integrating individual and
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organizational learning the joint effect on organization’s performance for business sus-
tainability and competitive advantage can be validated. The individual learning and intra-
organizational learning environment cultivate new process and procedure for facilitating
the organization’s performance requires both the entities to work together.

The biggest barrier keeping organizations to move forward from individual learn-
ing to intra-organizational learning and transformation into learning organizations is
the gap existed between individual learning transfer and absorption of knowledge in
organizational management structure [46]. Intra-organizational learning occurs if indi-
vidual learning take place within organizational boundaries and individuals are willing
to share it with teammates, subordinates, supervisors and top-level management. Intra-
organizational and individual learning helps in improving internal learning process such
as fluency in communication procedure, exchanging information, and developing group
and individual capabilities.

In order to facilitate organization’s learning individuals must learn and transfer learn-
ing efficiently. Organizations ensure developing intellectual capital either by raising
skills level of employees or by adopting additional measures for building knowledge
resources. Integrating individual learning and intra-organizational learning to occur at
both levels resulting in organizational performance.
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Abstract. Some studies report high levels of perceived stress by university stu-
dents in relation to academic misconduct [1]. Therefore, it seemed interesting to
evaluate how and to what extent the social containment measures that have been
put in place to mitigate the Covid-19 pandemic can influence the relationship
between stress and ethical/unethical behaviors in the population of university stu-
dents. 282 students from 3 Universities in Italy, filled in an online questionnaire
aimed at detecting socio-demographic information, the level of perceived stress,
the degree of interference between home life and study activities, the perception
of unethical behavior. Results show a high level of stress and more serious issues
with relationships with other students. In addition, problems in obtaining adequate
online informational support appear to increase perceptions of misconduct during
exams and in relationships with professors.

Keywords: Social distancing · Stress · Unethical behavior · COVID-19 isolation

1 Introduction

The pandemic due to coronavirus disease (Covid-19) has forced countries all over the
world to take severe social isolation measures to respond to the virus and control its
spread. In Europe Italy has been seriously affected, earlier than other European states.
Starting from the spring 2020, Italian Schools and Universities had to transform face-to-
face lessons in distance learning. Some researchers have begun to explore the psycho-
logical pressure that the pandemic and social isolation have had on general population
[2], elderly [3] children and adolescents [4, 5], university students [6–12].

Cao and colleagues [6] found that 24.9% of the sample of 7143 college students in
China had symptoms of anxiety. Other studies conducted in Spain [8] and Switzerland
[12] have linked stress, and symptoms such as anxiety and depression, to the condition of
students confined in conditions of isolation. Son and colleagues [13] reported difficulties
in focusing on study activities and worries on academic performance in a sample of U.S.
university students during the Covid-19 pandemic.
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R. S. Goonetilleke et al. (Eds.): AHFE 2021, LNNS 273, pp. 11–18, 2021.
https://doi.org/10.1007/978-3-030-80713-9_2

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-80713-9_2&domain=pdf
https://doi.org/10.1007/978-3-030-80713-9_2


12 O. Parlangeli et al.

In isolation for students it is more challenging to maintain adequate levels of motiva-
tion and engagement as well as adhere to certain moral behavioral norms that are more
easily detectable in face-to-face interactions [5, 12].

A few studies focused their attention on a correlation between stress level and mis-
conduct as far as academic student behavior is concerned [1, 14, 15]. In particular, one of
these researches [1] on mental distress and unethical behavior, conducted with a sample
of Italian students, found that a higher perception of misconduct is related to a higher
perception of mental distress, where unethical behavior refers mostly to cheating, pla-
giarizing, copy the work of another student or allow another student to copy during
an exam, using unauthorized materials, copy materials from other publications without
citing the source [1, 16, 17].

The study presented here is aimed at investigating the relationship between psycho-
logical stress and the perception of unethical behaviors in a sample of university students
which have been living measures aimed at social containment put in place to curb the
spread of the pandemic due to COVID-19.

2 Participants and Procedure

The research involved 282 students from 3 Italian Universities, in the region of Tuscany.
Participants were mostly females (74.8%), aged between 18 and 27 years (mean age:
22.9, SD: 5.8), and allwere resident in Italy during the first pandemic period,March–May
2020.

The students, who took part in the study on a voluntary basis, were invited via their
university e-mail address to fill in an anonymous, self-reported online questionnaire, that
takes about 15–20 min to complete.

The delivery of the questionnaire began online in October 2020.
The protocol of the study was approved by the Ethics Committee of Human and

Social Sciences of the University of Siena.
Approximately half the respondents had spent the March–May 2020 lockdown in

the city where their university is located or nearby (49.7%). The majority of the students
reported to had lived with their family (85.8%), during the lockdown period and 6.4%
with other students or roommates.

2.1 Measures

All the items in the questionnaire were referring to the first lockdown in Italy, March–
May 2020. The questionnaire was divided in 4 sections. The first section was aimed at
detecting socio-demographic information.

The second section (6 questions) was aimed at gathering information on aspects that
were perceived as most problematic such as: attending the lessons at a distance, online
exams, the relations with other students, keeping in touch with professors and obtaining
adequate information support from online institutional channels. Problemswere rated on
a 5-point Likert scale (from 0= ‘not a problem at all’ to 4= ‘very much of a problem’).

The third section had three scales (34 questions) related to the psychological impact
of confinement due to COVID-19 pandemic. The level of perceived stress was detected
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with the four item version of the Perceived Stress Scale [18, 19], aiming at rating the
frequency of perceived stressful situation during lockdown. The answers were collected
on a frequency scale from 0 = “Never” to 4 = “Very often”.

The degree of psychological well-being, was measured through the Italian version
of the Warwick-Edinburgh Mental Well-Being Scale (WEMWBS) [20, 21], a 14-item
scale, which contains all positively worded items on different aspects of positive mental
health, that estimate the individual’s ability to manage and get through problematic or
difficult situations in life. Answers were collected on a frequency Likert scale, from 1
(= “Never”) to 5 (“Always”).

Functional and dysfunctional relationships between student life and private life, were
explored through the 16 item questionnaire structured by Fisher ad colleagues [22] that
is composed by four scales: Work Interference on Private Life; Work Enhancement on
Private Life; Private Life Interference onWork; Private Life Enhancement onWork. The
answers were collected on a 5-point Likert scale where 1= “Never” and 5= “Always”,
adapting the items to study activities.

Finally, the fourth section of the questionnaire (4 questions) was dedicated to the
perception of misconducts [1, 14, 23] related to studying and taking exams, relationships
with other students and both toward and from professors. An example of these questions
is: “How often did your colleagues engage in incorrect behavior (i.e. cheating on exam
or prompting each other to pass an exam more brilliantly or using pieces written by
others for their own degree theses)?”. Answers were collected on a 5-point frequency
scale from 0 = “Never” to 4 = “Always”.

2.2 Statistical Analysis

Descriptive statistics were computed (mean and standard deviations for numeric vari-
ables, and frequencies tables for nominal variables) for all the measures of interest.
Paired sample t-tests were used to compare the average ratings about the problems in
the different dimensions of study life considered. Independent sample t-test were used
to compares the average scores by gender. Correlations were also computed among the
different measures of stress, well-being and study-life balances, and among these mea-
sures and other variables related to living and studying during lockdown. Finally, ordinal
multiple regression logistic models were used to assess stress, well-being and study-life
balance measures as predictors of the perceived frequencies of misconducts.

3 Results and Discussion

3.1 Issues in Studying and Learning

In Table 1, the descriptive statistics on the ratings of the problems experienced by respon-
dents during lockdown concerning different dimensions of student life (expressed on a
scale from 0 = ‘not a problem at all’ to 4 = ‘very much of a problem’) are reported.

The highest scores were found for the dimension about the relationships with other
students, for which the ratings were significantly higher than for all the other dimen-
sions (p < .001). The lowest ratings were found for problems concerning online exams
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Table 1. Average scores for the ratings of the difficulties experienced during lockdownconcerning
different dimensions of student life.

Issue Mean SD S.E. Range Lower C.I. Upper C.I.

… with online exams 1.9 1.3 0.1 4 (0–4) 1.8 2.1

… in relationships with students 2.8 1.3 0.1 4 (0–4) 2.6 2.9

… in online lectures 2.2 1.3 0.1 4 (0–4) 2.0 2.3

… in relationships with professors 2.4 1.3 0.1 4 (0–4) 2.2 2.5

… in administrative practices 2.1 1.4 0.1 4 (0–4) 2.0 2.3

… in receiving technical support 2.4 1.1 0.1 4 (0–4) 2.2 2.5

(significant differences: vs administrative duties: p < .05; vs online lectures: p < .01;
vs other dimensions: p < .001). Independent samples t-tests revealed that the average
ratings for the problems with online exams were significantly higher for females than
for males (mean difference = 0.4, p < .05).

3.2 Stress, Mental Well-Being and Work-Life Balance During Lockdown

Table 2 presents descriptive statistics about the measures of stress, well-being and inter-
ference/enhancement between study and personal life. The average level of perceived
stress in the sample was considerable (mean= 9.2, SD= 3.4), significantly higher than
the published normative value (6.7) for a sample of English people in the 19–29 age
range [20]. The average score for the WEMWBS scale was instead significantly lower
than the published value (41.5) for Italian students [21]. The average scores for the levels
of dysfunctional interference between study and private life were significantly higher
than the average scores for the levels of functional interference.

We analyzed the correlations among the different measures of stress, well-being and
study-life balances, and among these measures and other variables related to living and
studying during lockdown. As it can be seen in Fig. 1, where the significant correlations
are displayed as colored ovals, perceived stress was strongly and negatively correlated
with mental well-being (r=−0.59, p< .001), negatively correlated with study enhance-
ment of private life (r = −0.27, p < .01) and private life enhancement of study (r = −
0.19, p< .05). Perceived stress was instead positively correlated with study interference
on personal life (r = 0.24, p < .01), personal life interference on study (r = 0.35, p <

.001) and receiving informative support online (r = 0.21, p < .05). Mental well-being,
on the other hand, was negatively correlated with study interference on personal life
(r = −0.2, p < .05), personal life interference on study (r = −0.2, p < .05). It was
instead positively correlated with study enhancement of personal life (r = 0.31, p <

.001), personal life enhancement of study (r = 0.29, p < .001).
Perceived stress was positively correlated with issues in receiving informative

support (r = 0.21, p < .05).
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Table 2. Average scores for the measures of perceived stress, well-being and study-personal life
interference.

Variable Mean SD S.E. Range Lower C.I. Upper C.I.

Perceived stress (PSS) 9.2 3.4 0.2 16 (0–16) 8.8 9.6

Mental Well-being
(WEMWBS)

35.0 8.5 0.5 48 (12–60) 34.0 36.0

Study interference with
Private Life

2.7 1.1 0.1 4 (1–5) 2.6 2.9

Study enhancement of
Private Life

2.4 0.9 0.1 3.67 (1–4.67) 2.3 2.5

Private Life interference
with Study

2.7 1.0 0.1 4 (1–5) 2.6 2.8

Private Life enhancement
of Study

2.3 0.8 0.1 4 (1–5) 2.2 2.4

N. of daily study hours 4.7 2.2 0.1 16 (0–16) 4.4 5.0

Fig. 1. Plot of the correlation among Perceived Stress (PSS), Mental Well Being (WEMWBS),
Study-Life balance and a variable related to problems in getting informative support. The coeffi-
cients reported are Pearson’s product momentum indices, and statistically significant correlations
are represented by colored ovals.

3.3 Predictors of Misconducts During Lockdown

We investigated the predictive effects of different variables (the first column in Table 3)
on respondents’ perception of the frequency of some misconduct (the first row in Table
3), using ordinal logistic multiple regression models.
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Results show that females (oddsmale = 0.56) and student having issue with technical
informative support (odds = 1.27) were more likely to perceive misconduct related to
studying/taking exam (R2 = .084, p < .05).

High levels of study interference with private life are significant are predictors of the
perceptions of misconduct related to other students (R2 = .092, p < .05). On the other
side, perceptions of misconduct related to behavior towards professor are significantly
predicted by younger age (odds = .94), low mental well-being (odds = 0.95) higher
ratings related to receiving informative support online (odds = 1.41) (R2 = .145, p <

.05).. Finally, perceptions of misconducts acted by professor are predicted by high work
interference with private life (odds = 1.40) (R2 = .115, p < .05).

Table 3. Ordinal logistic multiple regression models: predictors of misconducts

Misconducts related to
studying/taking exams

Misconducts related to
other students

Misconducts towards
professor

Misconducts by
professor

Predictors Odds Ratios p Odds Ratios p Odds Ratios p Odds Ratios p

Gender [M] 0.56 0.042 0.62 0.127 0.73 0.351 0.79 0.449

Age 0.97 0.139 0.97 0.236 0.94 0.014 0.96 0.067

WEMWBS 1.01 0.455 1.00 0.953 0.95 0.032 1.02 0.361

PSS 1.03 0.587 1.00 0.930 0.92 0.169 0.99 0.913

WIPL 1.02 0.860 1.37 0.016 1.08 0.562 1.40 0.010

WEPL 0.96 0.794 0.91 0.554 1.06 0.753 0.73 0.056

PLIW 0.99 0.921 1.11 0.481 1.02 0.907 0.92 0.557

PLEW 0.97 0.837 1.17 0.355 1.07 0.694 0.97 0.876

Issue with
information
support

1.27 0.029 1.14 0.277 1.41 0.008 1.11 0.381

N 276 243 205 220

R2 Nagelkerke 0.084 0.092 0.145 0.115

Note. WEMWBS=MentalWell-Being, PSS= Perceived stress,WIPL= Study interference with
Private Life, WEPL= Study enhancement of Private Life, PLIW= Private Life interference with
Study, PLEW = Private Life enhancement of Study.

4 Conclusions

The results of this study indicate that under conditions of isolation students’ stress levels
are increased, and this is related to the occurrence of problems essentially in relationships
with other students. Evidently, aspects related to the deprivation of opportunities for peer
relationships are experienced as particularly problematic.

Staying at home, then, seems to have negative effects on studying, and may have as a
consequence that teachers’ behaviors are judged as less correct, something that younger
students also do. Probably the opacity of a distant and unfamiliarworld produces negative
effects on perceptions of a reality that thus does not seem characterized by an adequate
level of integrity.
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In this regard, even the usability of interfaces for obtaining information, as shown in
many other domains, can contribute negatively [24, 25]. And this fact affirms once again
the need to have work and interaction tools that are effective from the point of view of
their usability and the quality of the information they convey.
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Abstract. Importance of gains from social networks is analyzed in great extent
in many countries by many researchers as social networks are reaching more and
more importance. Research methods applied: analysis of scientific publications,
survey of social network users on gains from materials in social networks. For
evaluations by respondents in survey it was used evaluation scale 1–6 as it is used
in grading system in Germany. Survey data results are analyzed by indicators of
descriptive statistics – indicators of central tendency or location: arithmetic mean,
median, mode and indicator of variability – standard deviation. In the research
there were found differences by countries in use of social networks.

Keywords: Social networks · Personal gains · Survey · Evaluation scale

1 Introduction

Social networks are becoming more and more important in everyday life in many coun-
tries. Use of social networks are analyzed by many researchers world-wide by several
aspects including habits of use social network sites in different countries investigating
differences by countries, by network use: either for private purposes or for professional
needs. Aim of the paper is to analyze how many contacts in social networks have people
in Germany and United Kingdom and to find out how much time they spend daily in
social network sites and for how long time they are members in social network sites.
During the research such tasks were stated: for what purpose do the investigation group
use social network sites; how important it is for social network users to enter dialogue
with other social network users; what is the importance of social network sites for finding
unique information; to what extent is possible to save money to get information in social
network sites in comparison with purchasing newspapers and possibility to find unique
information. Most of the aspects asked were evaluated in scale 1–6, where 1 is strongly
agree and 6 is strongly disagree. The evaluation scale used in this research corresponds
to evaluation scale in German speaking countries.
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2 Theoretical Findings

The recent research on social network site applications use new and innovative ideas
[1–3] indicating importance of structure of social network sites as important part of the
social capital [4] underlining the importance of use the social network sites as open street
available for all [5].

Social network sites are good friends for higher education institution students [6]
as they benefit from them and the social network sites contribute for the rise of their
social capital. Online surveys are good contribution for researchers in the collection of
information [7] and significantly faster data analysis and data processing. Entrepreneurs
use social network sites for advertising but attitude fromsocial network users are different
towards advertising in social network sites [8] having also very negative attitude to the
advertisements in social network sites. The attitude contributes to economic outcomes
[9] and the new solutions is applied to find the best and optimal solutions taking into
account each social network sites specifics [10], requirements and limitations.

Local media act innovatively and creatively to be part of the system [11] and benefit
from the social network sites as much as possible. Some social network sites like Face-
book have special experience and achievements in generating social relationships and
growing persons social capital [12]. Researchers are stating the question on investment
size for social network sites asking either it is toomuch of investment [13]. Digital media
had historically big importance but in recent years other new technological solutions are
becoming more and more important [14].

Trust for information by well-known people, friends and relatives have been impor-
tant source for information and in recent years more and more important is becoming
online word-of-mouth [15] expressions in social network sites. Social technologies are
transforming the world and knowledge obtained on social network sites [16]. New theo-
ries are ondiscussion anddevelopment process recently and the approaches are becoming
very innovative as well as very efficient [17]. Social network sites are becoming also as
object in purchasing of decisions [18] taking into account cultural differences of different
nations in different continents [19].

Deep analysis of social network sites selections are carried out [20] as the busi-
ness development in this field is increasing speed and gaining benefits from innovative
solutions [21]. Exchange of contents on social network sites are different in different
countries as the cultural and historical background plays also important role [22] taking
into consideration social capital aspects [23] as well as formal group settings [23]. The
findings in social network applications is effectively used in e-learning becoming more
and more popular and efficient [24, 25].

Researchers are discussing also problematic aspects of use of social network sites
including cyberattacks and crime [26] and those aspects also are taken into serious
account in development of the theory [27] of social network sites and social capital aswell
as application of possibilities in different science fields [28] and different countries [29].
New technological solutions and applications of social network sites will be discussed
in future even more as social network sites are becoming more and more important in
professional life as well as in personal life.
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3 Empirical Research Results on Use of Social Network Sites
in Several Countries

The research of social network users in different continents has indicated importance of
cultural differences as it was mentioned above in the theoretical findings by researchers
in several countries. Our research was focusing to evaluate social network use in very
developed countries: United Kingdom and Germany to find how many contacts on the
social network sites have social network users in both analyzed countries, how much
time social network users do spend daily and how long time (in years) they are social
network users. Main information characterized by indicators of central tendency or
location: arithmetic mean, median and mode as well as indicators of variability: range
and standard deviation is included in Table 1.

Table 1. Main information on participant in social statistical indicators of responses on question
“What do you personally gain by reading materials on social network sites (SNS), Survey
conducted by Tom Sander.

Questions Country Mode Median Max Min Mean Standard Deviation

How many contacts
do you have on the
SNS on which you
have the highest
number of contacts?

UK 200 500 3500 2 660.22 635.42

GER 0 250 10000 0 594.38 1171.34

How many minutes
on average do you
spend on it in a day?

UK 30; 60 30 300 2 59.73 66.78

GER 60 30 360 0 45.88 59.29

How many years
have you been a
member of this
social network?

UK 10 8 15 2 8.71 2.89

GER 10 7 15 0 6.55 4.02

Data of the Table 1 indicate that respondents in United Kingdom have in average
more than 660 contacts, respondents in Germany have less than 600 contacts but by
social network users in Germany there is bigger variety indicated by bigger standard
deviation. In a day for social networks spent by people in United Kingdom biggest time
was 30 min and 60 min (characterised by mode) with average time a little less than 60
min but having bigger variety as in Germany (characterised by standard deviation).

Main statistical indicators on evaluations on what social network users gain from the
social networks are included in Table 2.

Results of survey indicate that themost important aspect for respondentswaswilling-
ness to enter the dialogue with other social network members as the average evaluation
indicates on that with most often given evaluation 2 (characterized by mode) and half of
respondents gave evaluation 2 or less and half of respondents gave evaluation 2 or more
(characterized by median).
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Table 2. Main statistical indicators of responses on question “What do you personally gain by
reading materials on social network sites, Survey conducted by Tom Sander, evaluation scale 1–6,
where 1- strongly agree, 6- strongly disagree.

Statistical
Indicators

By
sharing/reading
personal updates
I maintain my
relationships
e.g. with friends
or family

I want to
enter a
dialogue
with other
members

I can easily
access
information
and news that
would be hard
to find
elsewhere

The expense to
get the
information is
cheaper than
other sources
e.g. people have
to pay for a
newspaper…

I can find or
share
information
that is
specifically
important to
my own
interests

N 157 156 157 156 156

Mean 3.52 2.66 3.49 3.16 3.04

Mode 2 2 2 2 2

Std. Dev. 1.65 1.44 1.59 1.62 1.55

Median 3 2 3 3 3

4 Conclusions

Social network sites as they are becoming more and more important have different
applications in different countries: United Kingdom and Germany but having rather
similar use of network sites in both countries by number of contacts having around six
hundred contacts and time spent in social network sites which for most of the social
network users varies from half an hour till one hour per day. The most importance
of social network users have indicated that social network sites are used for social
dialogue with other people than followed by possibility to share the information having
importance for respective social network user and indicating importance of price paid
for this information. Less importance in use of social network sites was indicated the
sharing/reading personal updates andmaintenance of relationshipswith friends or family
– it means that in with more important people social network users prefer personal
contacts and not communication via social network sites.
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Abstract. COVID-19 creates insolvencies time bomb, even if economies are
supported by the state. Following the liquidation or bankruptcy of a business,
entrepreneurs in the EU mostly opt for a paid professional job rather than re-
establishing their business [1]. Those entrepreneurs who re-establish their busi-
ness after bankruptcy are experiencing faster growth than start-ups. The study
points to significant current barriers and factors influencing the implementation of
support, early warning and second chances in the Baltic States. There is a need to
increase the competencies of both the businessmen and support providers on crisis
management and the support already available in the broadest sense. By increas-
ing support for the businesses in crisis in the Baltics, the wave of COVID-19
bankruptcies would be both reduced and used productively to create new, already
stronger companies, thus providing a productive support to the Baltic business
environment.

Keywords: Early warning · SMEs support · Region development · Second
chance · Financial difficulties

1 Introduction

COVID-19 creates insolvencies time bomb, even if economies are supported by the state.
In European business culture, closing a business is seen as a failure that leaves a negative
impression on further business. Following the liquidation or bankruptcy of a business,
entrepreneurs in the EUmostly opt for a paid professional job rather than re-establishing
their business [1]. Insolvency analysts Allianz Research [2] and Euler Hermes [3] believe
that insolvency processes are still ahead for countries in 2021, reaching an insolvency
increase of up to 35% in 2021. However, the experience of liquidation is inspiring -
those entrepreneurs who re-establish their business after bankruptcy are experiencing
faster growth than start-ups. Research shows that entrepreneurs who have failed are
more successful than start-ups [4]. This points out that an early warning and second
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chance policy that supports companies in difficulty or bankrupt entrepreneurs to start
a new business as soon as possible is one of the most promising ways to strengthen
existing and create new successful companies and thus jobs after COVID-19 crisis.
Several early warning and second chance support organizations for SMEs are already
operating successfully in Europe, while there are no such support systems in the Baltic
States.

The need for such support arises as a result of several specific aspects: (1) a business-
man in financial difficulty is in a high-stress situation, when a rapid action is required,
which creates additional stress; (2) the businessman is acting outside its area of com-
petence, which is already related to legal aspects; (3) in a financial crisis situation, the
businessman does not have financial resources for business and legal advisers avail-
able; (4) the businessman is often already in a tax debt zone, which further closes the
door to available potential support and/or potential growth. These specific situation cir-
cumstances have an extremely strong impact on the businessmen and their ability to
productive action in times of crisis, when a rapid and constructive action is crucial to
resolving the crisis.

The aim of the study is to increase the understanding of the factors influencing
the ability of the Baltic States to implement early warning and second chance support
systems, as well as to identify the barriers to insolvency prevention in the context of
early warning and second chance policy making, to improve the capacity of the region’s
economy to improve SME support systems.

The assessment of 68 experts from industrial, academic, civic, and governmental
environments in Latvia, Lithuania, and Estonia from April 2020 to November 2020,
selected within the Quadruple helix model approach, has been used in the study. In scope
of the study 46 in-depth expert interviews, 68 expert surveys and 6 thematic discussions
have been conducted. Secondary data have been derived from official national, policy,
academic and industry statistical databases. Qualitative and quantitative methods of
secondary and primary data processing have been used.

2 Support, Early Warning and Second Chance System Concept

The support, earlywarning and secondchance system is not homogeneous. It is a complex
system consisting of a complex legal framework and a dynamic business environment,
which is affected by both internal company factors and life cycle crises, as well as
changing external conditions. This is especially true in relation to the Baltic States as
small economies, directly open to external influences. In economics, an early warning
system is generally interpreted as a system used to forecast the future performance of
a company or country and possible deviations from the plan and to reduce the risks
in the event of a crisis. The early warning system relates to the operations, systems,
phenomena, people and other elements that make up an economic system. The early
warning system can identify the current situation and potential risks both qualitatively
and quantitatively [5, 6].

By the middle of 2020, a unified definition and early warning and second chance
systemof support for companies in financial difficulties, binding on all EUmember states
and parties concerned, has not been identified at the level of the European Commission.
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The European Commission points out that insolvency regulations cover a wide range
of measures - early intervention before a company faces major difficulties, and timely
restructuring [7]. As other related definitions from the academic, partly administrative
and civic sectors point out, legal insolvency proceedings are only a part of amuch broader
and a more comprehensive support, early warning and second chance system [8–14].

In academic environment, early warning systems and their efficiency have been
extensively studied since the middle of the last century and cover a wide range of
research, at regional, national, sectoral and enterprise level [6, 15–20], including SMEs.
There are various conclusions, which are often contradictory. The studies also draw very
specific conclusions on the key factors that provide early warning of potential financial
difficulties and insolvency of SMEs [21–26]. In addition, the growing technological
capabilities of processing large amounts of data and the latest generation of business
information approaches to data mining have increased the accuracy of early warning
[27]. The unifying conclusion of various academic studies is that the logic of the oper-
ation of early warning systems is based on deviations from the usual indicators, finding
non-conventional and unusual behaviour in the subject. Academic studies also indicate
that it is insufficient to identify increasingly efficient tools, models and subsystems in
order to be able to reveal the companies that need preventive action to avoid insolvency
[28, 29]. It is equally important to create support system(s) that launch these support
tools on a regular basis.

There are several support, early warning and second chance organizations in the
European Union. One of the largest is Early Warning Europe, which operates in several
countries. EWE uses the conceptual framework for support, early warning and second
chance defined by the European Commission and the OECD [30]. In general, all EU
support, early warning and second chance organizations mainly offer mentoring consul-
tancy support to the businessman. Support organizations are like a missing link between
the experts and the specialists who, in a crisis, pre-crisis or post-crisis situation, profes-
sionally assist to the businessman to develop the most optimal roadmap for recovery and
growth.

3 Challenges of Early Warning, Support and Second Chance
System in the Baltic States

The support, early warning and second chance systems in the Baltic States are different.
There is no unified support system in the Baltic States, but there are various separate, not
interrelated support instruments for companies in financial difficulties, such as education
measures pertaining to insolvency, national taxpayer rating system, information available
from the credit register, guidelines for out-of-court settlements, ability to anonymously
apply for a support from support organizations, legal and out-of-court protection pro-
cess, consultations in business support organizations, consulting opportunities in county
development centres, rural development support funds, as well as consultations avail-
able in business consulting companies. Businessmen in the Baltics have a fragmentary
assessment of the current support available to a company in financial difficulties. In the
Baltics, support instruments are analytical rather than mentor-oriented, like in other EU
countries. In Baltic countries, the business environment has an intensive and positively
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stimulating support for start-ups and companies without financial difficulties. For a com-
pany that is in financial difficulties even with aminor tax debt (starting from 50 EUR), all
state aid is unavailable, including the opportunity to participate in public procurement,
which deprives the company of support when it is most needed, and the businessman
faces a holistic problem stigma. It has been identified within the study that the stigma
of problems causes a significant drop in a company’s productivity - up to 90%, which
further pushes it into difficulties.

3.1 The Most Significant Obstacles Faced by Businessmen in Financial
Difficulties in the Baltic States

The aligned data on the main obstacles faced by the businessmen in financial difficulties
in the Baltic States are related to the knowledge on the support already available and the
current low efficiency of the known support instruments. It should be noted that there
is a significant difference between the assessment of barriers by the businessmen and
public administration representatives.

In Latvia, the low trust of the state in businessmen and the dishonest attitude of the
businessmen towards the insolvency process are also mentioned as significant obstacles.
In Estonia, the lack of knowledge and skills of business managers pertaining to crisis
management, the late reaction of businessmen in seeking support, and economic reces-
sion are also mentioned as significant obstacles. In Lithuania, economic stagnation or
recession, negative public attitudes towards business failures and the long time required
for legal insolvency proceedings are also mentioned as significant obstacles. In addition,
in Lithuania, the negative attitude of the society and the businessmen towards business
failures has also been highlighted as a significant obstacle.

3.2 Most Influencing Factors of Implementing Early Warning, Support
and Second Chance Support Systems for SMEs in the Baltic States

Thealigneddata on themost significant factors influencing the support, earlywarning and
second chance environment in the Baltic States are related to the businessmen’s distrust
in the efficiency of the support system and the relatively low knowledge of small and
medium-sized businessmen in pre-crisis and crisis management. An important existing
influencing factor in the Baltic States is the currently closed support door for a company
with even a minor tax debt, that, according to the study, all companies in difficulties
have.

Significant influencing factors include the environment of economic recession, the
fear of the businessmen to recognize the crisis in the company themselves and their
inability to cope on their own, as well as the changing political and tax environment.
Another important factor is the negative public perception of business failures, which
contribute to the company’s resistance to recognizing the crisis in a timely manner and
to address it constructively through a crisis management approach. Low experience
of public administration institutions and, consequently, their competence to promote
successful crisis resolution for the businessmen at the early stages of a crisis, without
going into insolvency proceedings, should also be mentioned.
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Table 1. The most significant obstacles for the businessmen who are in financial difficulties in
the Baltic States. Source: Expert survey, conducted by the authors of the research in the target
group.

No The most significant obstacles for
the businessmen who are in
financial difficulties in the Baltic
States

Assessment in pointsa Coefficient of variation

X CV

1 Lack of information on
restructuring opportunities

2.88 37%

2 Insufficient efficiency of support
services provided by the state and
local government – the level of
effectiveness of instruments,
services, mechanisms, and
incentives available

2.82 47%

3 Insufficient number of support
services provided by the state and
local government - lack of the
available support instruments,
services, mechanisms, incentives,
etc

2.80 43%

4 Economic stagnation or recession 2.80 48%

5 Unscrupulous conduct of a
cooperation partner, learning that
there are difficulties

2.63 46%

6 Difficult access to venture capital
for a company in difficulties

2.54 62%

aGrade scale for Table 1 and Table 2: The rating is given in points. 4 - means that the factor
is significant and strongly influencing, 3 - the factor is significant and influencing rather than
insignificant and non-influential, 2 - the factor is insignificant and little influencing rather than
influencing and significant, 1 - the factor is not significant.

In Latvia, the lack of coherence of the political will - legal and economic - is also
mentioned as a significant influencing factor. In Estonia, incomplete insolvency regula-
tion (narrow view of the support, early warning and second chance process only from
a legal viewpoint, not including the provision of prevention as an integrated support
system in both legal and economic support schemes) and the absence of regional sup-
port to the companies in difficulties. In Lithuania, insufficient funding for the support of
businessmen in difficulties from the part of non-governmental organizations, which are
well aware of the need for such a support and would be ready to become more involved,
has also been mentioned as a significant influencing factor.

A significant influencing factor is the negative self-attitude of the businessmen in
the Baltic States towards business failures, which marks the necessary reorientation of
business attitudes towards failures in all countries from a blocking experience to the
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Table 2. The most significant influencing factors for the introduction of support, early warning
and second chance system in the Baltic States. Source: Expert survey, conducted by the authors
of the research in the target group.

No The most significant influencing
factors for the introduction of
support, early warning and second
chance system in the Baltic States

Assessment in pointsa Coefficient of variation

X CV

1 Businessmen’s distrust in the
efficiency of the support system

3.20 34%

2 Low competences of the
businessmen pertaining to business
crisis prevention activities

3.05 33%

3 Venture capital which is difficult
for the businessmen to access

2.91 52%

4 Economic stagnation and recession 2.88 38%

5 Lack of coherence of political will -
legal and economic

2.82 36%

6 High fear of businessmen to
recognize the inability to cope with
the crisis in the company

2.79 32%

7 Stability of political regulation 2.74 37%

8 Distrust of the society that business
failure is the result of an honest
action

2.72 27%

9 Little experience and lack of
competence to implement support
on the part of the administration
and civil support society -
difficulties in ensuring the
efficiency of the system

2.63 41%

10 Limited competence of state and
local government institutions in
cooperation with the businessmen

2.59 55%

aGrade scale for Table 1 and Table 2: The rating is given in points. 4 - means that the factor
is significant and strongly influencing, 3 - the factor is significant and influencing rather than
insignificant and non-influential, 2 - the factor is insignificant and little influencing rather than
influencing and significant, 1 - the factor is not significant.

one that ensures further successful business in the future, giving the businessman with
a self-confidence of its experience. It is positive that overall, in the Baltics the attitude
of state and local government policy makers towards business failures is positive.
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4 Conclusion and Discussion

The study points to significant current barriers to the introduction of support, early
warning and second chance system in the Baltic States and the factors that influence it.
At present, support in the field of early warning in the Baltic States is incomplete and
provides little incentive to keep the business. The study points to the need to increase
information among both the businessmen and support providers on the support already
available, to increase the number of support mechanisms by recommending the introduc-
tion of new, already tested and efficient support mechanisms, based on the experience
of other EU countries, and to promote small and medium-sized enterprise managers’
knowledge in crisis management. At present, a significant limiting factor is also the neg-
ative self-attitude of the businessmen themselves towards business failures, perceiving it
as a blocking experience. By facilitating access to information on crisis management for
small and medium-sized enterprise managers and support providers in the Baltics, the
transfer of new, efficient support mechanisms for the businessmen in crisis, approbated
in other countries, the wave of COVID-19 bankruptcies would both be reduced and used
to create new ones, already stronger companies, thus providing a strong and productive
support to the Baltic and common EU business environment.
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Abstract. Commercial theories have examined the existence of small and
medium-sized retail enterprises in Japan from the viewpoint of economic effi-
ciency and social effectiveness. However, these businesses, expected to play a role
in revitalizing city communities, are declining. This study analyzes the retail skills
and abilities of a small liquor business that remains successful despite the chang-
ing times. The analysis identified the following retail skills as key to the owner’s
success: product proposal skill, customer nurture skill, and market recognition
skill.

Keywords: Retail skills · Retail technology · Liquor retail SMEs · SMEs
commercial theory

1 Introduction

The overwhelming majority of Japanese retailers have traditionally been small and
medium-sized enterprises (SMEs). However, since the mid-1980s, the number of small
and medium-sized retailers has been steadily decreasing. The Japanese government has
implemented various policies to protect retail SMEs, but with little effect. There are var-
ious attributing factors, but it is clear that the emergence and development of large-scale
retailers with the advantage of innovative retail technology have had a significant impact.
On the other hand, there are still retail SMEs that have carved out a niche and remain
firmly rooted in their environments. In other words, retail SMEs, generally considered to
be inferior in terms of economies of scale and brand power, may be able to coexist with
large-scale retailers if they possess unique advantages. What are the unique advantages
of retail SMEs? This study intends to answer this question.

2 Literature Review

2.1 SMEs Commercial Theory in Japan

It has long been acknowledged that Japan’s retail structure is inefficient due to the
abundance of retail SMEs and their low productivity [1]. The numbers of retail SMEs
increased during a period of high economic growth until the mid-1980s. This raises the
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question of why retail SMEs, which have a lower competitive advantage than large-scale
retailers, continue to survive even with the economic decline. Japanese researchers point
out that market slack creates a gap that large-scale retailers cannot fill [1], the family
employment system within the merchant family creates employment [2], and the high
shopping frequency of Japanese consumers is suited to smaller convenience stores [3].

These existing studies analyze the survival factors of retail SMEs in terms of eco-
nomic efficiency, which is now irrelevant given recent market changes such as the
decrease in SMEs and the emergence of large, innovative retail companies. Economic
efficiency does not explain the survival and co-existence of SMEs alongside larger retail-
ers. In fact, Japanese retail SMEs are not positively evaluated in terms of economic
efficiency.

The decline of Japanese retail SMEs, which formed commercial agglomerations in
city centers, has led to the demise of cities. In these circumstances, research was con-
ducted from the perspective of social effectiveness to evaluate the role of retail SMEs as
communicators. As a representative study, Ishihara [4] points out the existence of “town
merchants” [5] – SME owners who actively engage in community development pursuant
to a “townmerchant spirit”; their community development activities helpmaintain amore
comfortable living environment for local residents. However, evaluation based on this
aspect of social effectiveness is limited. In Japan, the total amount of retail consumption
is stagnant due to factors such as long-term economic stagnation, declining birthrate,
and aging population. Retail SMEs are reluctant to engage in time-consuming commu-
nity development activities given the uncertain rewards. In addition, the trend toward
individualism is increasing and fewer residents participate in community engagements.
The function of the community of retail SMEs is disappearing. Against this background,
social effectiveness cannot be considered as an effective axis for evaluation.

As mentioned, in Japan the existence of retail SMEs has been examined from the
viewpoints of social effectiveness and economic efficiency. However, retail SME possi-
bilities have not been fully examined in current times and with changes to the environ-
ment. It can also be said that these existing studies have focused on the external factors
of retail SMEs and have not fully focused on the internal factors, that is, the inherent
abilities endemic to SME retailers.

2.2 Analytical Perspective

In recent years, emerging research has begun to focus on the individual abilities of SME
retailers. For example, Komiya [6] examines the relationship between the management
consciousness of retail SMEs and the formation of assortments. Komiya [6] reflected
merchants’ personal interests and tastes in various behaviors related to store manage-
ment and highlighted the self-purpose-oriented merchants who seek enjoyment from the
behaviors themselves. Such merchants add diversity to the assortment of commercial
clusters to which they belong. This highlights a unique image of a merchant that is
different from a merchant with general management ability.

Matsuda [7] conducted participant observation of retail greengrocer SMEs and iden-
tified merchants’ craftsmanship as a competitive advantage. In this study, the green-
grocer’s assortment, product handling, and craftsmanship skills are unique factors that
produce good performance despite the small scale of the business.
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Cho and Watanabe [8] conducted a comparative case analysis of merchants at major
Japanese SPA-type spectacle chain stores and small and medium-sized spectacle stores
and attempted to conceptualize the merchants’ unique abilities. They derived the con-
cept of “retail skill,” which refers to the craftsmanship of merchants, a concept distinct
from “retail technology” represented by mechanization and systematization in retail
companies. “Retail technology” is the theorized and explicit knowledge and know-how
of retail, which can be embodied by systematization and mechanization. On the other
hand, “retail skill” is the retail knowledge and ability inherent in a merchant that cannot
be converted into data or a manual.

This study uses the concept of retail skills to clarify the particular retail skills of
liquor merchants.

3 Understanding the Current State of Liquor Retailers in Japan

Prior to the discussion of the case study, the current situation of Japanese liquor retailers
will be described. According to the Statistics Bureau of Japan [9], there are approxi-
mately 32,000 liquor stores in Japan with about 95,000 employees. However, 25 years
ago, the number of stores exceeded 100,000, and the number of employees was about
310,000. Within a quarter of a century, the number of stores and employee numbers has
shrunk to one-third. In addition, although the number of small stores (1–4 employees)
accounts for nearly 90% of the total number of stores, their combined annual product
sales amount to just 35%of total revenue, which indicates that liquor retail SMEs operate
in a harsh environment. The appearance of large-scale liquor stores is a major contrib-
utor to the shrinking number of small liquor stores. In addition, consumers are moving
away from sake due to diversified needs, consumer spending being curtailed due to the
prolonged economic downturn, and the competitive environment intensifying due to the
deregulation of retail liquor licenses.

However, Tamura [10] points out that while the liquor industry is considered one of
the industries with the highest rate of store decline, their productivity is relatively high.
Relative productivity is the share of the number of stores with one or two employees in
that industry in one year divided by a similar number in another year. This number is
produced on the assumption that efficient stores will be screened out due to competition
between stores of various sizes. If this value is one or more, productivity is high. As a
result, most industries have a value of one or less, while liquor stores have a high value of
one or more. This shows that even small businesses in the liquor store industry possess
an element of competitiveness, and have the potential to survive.

Tamura [10] describes the characteristics of industries with high relative productivity
as follows: (1) human services are the decisive factor in attracting customers, (2) con-
sumers have a strong preference for the freshness of products, (3) customer needs are
diversified and individualized. (4) labor-intensive distribution processing or small-scale
manufacturing processes, and (5) strong distribution support by manufacturers.

In the liquor sales industry, fine-tuned human services, diversification, and individ-
ualization of customer needs may apply. However, not many studies have investigated
and analyzed the actual phenomenon in detail. Furthermore, it is unclear what kind of
ability the merchants themselves have in responding to these phenomena. Therefore, in
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this study, we decided to investigate a store with a history of more than 100 years, which
enjoys the strong support of local residents.

4 A Case Study of a Liquor Retail SME

This study involved a free-form interview conducted with the owner ofWatanabe Liquor
Store located in Takamatsu City, Kagawa Prefecture, Japan on November 12, 2020.

Watanabe Liquor store is a specialty liquor store founded in 1893. The shop is located
close to a railway station in the south and a pier in the north, making it a popular place in
the community of Takamatsu. The store itself was rebuilt in themid-1970s and continues
to operate to this day. Since its establishment, it has been run mainly by the founder’s
family; the current owner is the 4th generation, and four family members manage the
store. The store area is about 100 m2, there are no branches, and it is classified as a small
retail business. The product lineup consists mainly of local Japanese alcohol, such as
sake and shochu, wine, and snacks.

Originally the liquor was mainly sold by weight from barrels, but over time, bottles
became popular, and the demand for beer increased indicating that the selling method
and products were adapted to changing requirements. In recent times, many traditional
liquor sales businesses have closed down due to the decline in the consumption of sake
and shochu, the revision of the liquor laws, and the emergence of large discount and
convenience stores.

In response to these changes, the owner considered switching to a convenience store
business model but decided to continue as a specialized liquor store and consulted with
a local brewery to partner in the manufacturing of sake.

From there, he transformed the store into a local customer-oriented store and carefully
guided the manufacture of liquor at the local store-approved sake brewery. Currently,
about 80% of all products are purchased directly from the brewery, and the product
lineup is closely aligned to the local community. Most of the customers are regulars.

In terms of sales and detailed product explanations, the owner actively supports
customers’ product selection by having them enter the large brewery connected to the
store directly to look for products and actively incorporates tasting into the process.
In recent years, online sales have also been generated, driven by the owner’s son, who
is the 5th generation. The son does not just sell products online but also promotes the
characteristics of the sake, how to drink it, and the appropriate dishes to match the sake.

The owner’s son has extensive work experience in a local liquor store in Tokyo, and
has a wealth of liquor knowledge. He is trying to establish a different management style
from that of the 4th generation owner, and is developing a new brewery and proposing
liquor that suits his cuisine.

The store also sells original, private brand products. The owner has an arrangement
with a local sake brewery and sells original products manufactured using his method.

This is possible because the local sake brewery trusts the owner’s knowledge of
sake. Many of the customers are local, regular customers who have maintained a long
relationship with the owner. Many new customers who are looking for specialized liquor
find information on the store online or by word-of-mouth. The customers are not just
looking for a good deal, but become so-called fans of the store.
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The owner has a wealth of knowledge about sake, and he carefully explains the
characteristics of the products to individual customers, including the characteristics of
the brewery, the type of rice used as the raw material, the method of preparation, the
way of drinking, and the compatibility with accompanying food dishes. The shop owner
proposes sake thatmatches the product characteristics and consumption behavior desired
by the customer. There is never any pressure to make a purchase, the shop owner enjoys
imparting his knowledge so that customers can appreciate the product’s true value.

Regarding his future outlook for the store, the owner conveyed that he was not very
keen on expanding the business. He describes his store as a “niche industry” and is aware
that selling products to consumers in the same way as large liquor stores will not work
for his business. In addition, the owner understands that his business style is to have
customers with a certain degree of commitment to alcohol who sympathize with the
product and appreciate the “story” behind the products that the owner himself endorses.
In order to maintain this business style, he believes that the current business scale is
appropriate and can be passed on to the 5th generation.

5 Discussion

This study summarizes three skills from the case study which can be considered retail
skills for SME liquor merchants.

The first is “product proposal skill” that refers to abundant product expertise. This
includes expertise that emerges from individual experience, efforts, the individuality of
the store owner as well as expertise that emerges from tacit knowledge and relationships
passed down from generation to generation. It is assumed that all merchants have a
certain level of ability to propose products. However, in order to obtain more specialized
and sophisticated product proposal capabilities, many years of experience and effort, as
well as trusting human relationships, is required, which cannot be acquired in the short
term. In other words, it is difficult to create a manual because the background of this
ability includes the experience and efforts of merchants accumulated over many years,
their relationships, and the potential of individual merchants. Of course, this also applies
to the ability to accurately read the customers’ requirements.

The second is “customer nurture skill” through communication with customers in
order to improve understanding of the proposed product. It is related to the ability to
propose products; the more specialized the product, the more difficult it is for the cus-
tomer to find and understand the product. Therefore, a merchant with a high level of
product proposal ability also needs the ability to communicate accurately to convey
the product and information desired by the customer. Through this communication, the
customer obtains new information about the product which deepens their product knowl-
edge. As a result, the customer will engage in new consumer behaviors, such as buying
new products. Simultaneously, the higher the credibility of the merchants who provide
such accurate information, the higher the possibility of the customer becoming a regular.
Especially in small stores, the existence of regular customers is important. In order to get
repeat customers, it is necessary to build good relationships and constantly increase the
satisfaction of repeat customers. For this purpose, it is essential to continually detect and
propose the product lineup and what the customer wants through communication, and
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at the same time, to nurture customer relationships to encourage further consumption.
The higher this ability, the more stable the management becomes.

The third is “market awareness skill,” which recognizes and acts on the store’s
appropriate business scale. In general, companies tend to aim for large-scale growth
when their business performance is good.With various innovations, the aim is to increase
the size of the store itself, develop multiple stores, diversify, and gain the support of
more consumers, resulting in the product lineup and services becoming more popular.
However, the retail SME introduced in this study has not taken these actions even though
their business performance is good. That is, the more specialized the assortment and
customers are, the more the sector will inevitably target niche markets. At that time,
the smaller retailers are consciously and unconsciously aware that if they expand their
business scale, they will lose the competitive advantage of their expertise and not be
able to manage their own product lineups, services, and customers. Therefore, the scale
of their business is intentionally limited.

This approach has evolved into a solid and stable management system and has pro-
duced the result of being a long-established liquor store for over 100 years. Of course,
it has not been without management innovation during this time, including flexible
responses to changes in the social environment, consumer behavior, and culture. This
market awareness also applies to the ability to adapt according to the market needs and
circumstances at that time, rather than remaining attached to a particular management
style just because it is a long-established store.

6 Conclusion

This study examined retail skills as the craftsmanship of SME merchants using a case
study of a liquor store. Three retail skills were clarified as the source of the unique
superiority of this liquor store: product proposal skill, customer nurture skill, and mar-
ket awareness skill. The study concludes that a combination of these three retail skills
facilitates stable management over the long term.

Additionally, the theoretical and practical implications of this research and future
research topics are discussed.

First, a new theoretical research approach for analysis is suggested given that existing
commercial theories on the existence of SMEs in Japan are not practical. The proposed
approach is based on the specific abilities of individual merchants, a concept called retail
skills.

Second, as a practical implication, retail SMEs do not have to compete directly with
large retailers. Large retailers and retail SMEs play different roles. If SMEs expand in
scale and aim for mass sales, they will compete directly with large-scale retailers for
homogenization, which may cause price competition.

Lastly, this study considers only one liquor store, an individual in a particular industry.
It is merely an intermediate attempt toward theorizing the concept of retail skills. As a
future research topic, it will be necessary to analyze the kind of retail skills that exist
for merchants who handle less specialized products. In other words, in order to build a
theory of retail skills, its validity must be thoroughly examined with sufficient samples
to achieve “theoretical saturation” [11] in which no new relationships emerge during
analysis.
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Abstract. In Latin America and the Caribbean, approximately 12% of the popu-
lation has some type of disability, 80% of them are unemployed and the 20% who
have a job do not have the same conditions as the rest of the employees. To address
this, public policies have been proposed and implementedwith a focus on the labor
insertion of people with disabilities. In this context, people living with a disability
find it more difficult to find a job. They are less likely to be employed compared to
people without disabilities. This article analyzes the employment of people with
disabilities in Ecuador. Since Ecuador is considered a developing country, employ-
ment plays a fundamental role in the economic development of the population,
particularly of people with disabilities. We want to identify the occupation rate in
the formal market in Ecuador, establishing the percentage of participation by type
of disability. In addition, an analysis will be carried out according to the affiliated
institution in which it is active. The research is descriptive, and the data recorded
in official sources were analyzed.We conclude that the employment rate of people
with disabilities is only 15.3%, and that people with intellectual disabilities have
the lowest employability rate, at 7.5%.

Keywords: Person with disability · Type of disability · Employment rates ·
Employer sector · Affiliation

1 Introduction

Maintaining a paid job generates psychological, social, economic, and health benefits
for individuals [1–4]. The working-age population maintains adequate employment, has
access to medical care, maintains social recognition, and contributes to the production
of a state [1].

Throughout history, people with disabilities have been excluded from society and
have suffered violations of their human rights in many aspects, particularly the right to
paid work. Article 27 of the Convention on the Rights of Persons with Disabilities treaty,
adopted in 2006, with its new comprehensive care model, has created an opportunity for

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
R. S. Goonetilleke et al. (Eds.): AHFE 2021, LNNS 273, pp. 40–44, 2021.
https://doi.org/10.1007/978-3-030-80713-9_6

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-80713-9_6&domain=pdf
https://doi.org/10.1007/978-3-030-80713-9_6


Analysis of the Employment Rate of People with Disabilities in Ecuador 41

the right to work under equal conditions to be respected through relevant policies and
measures, incentives, and adjustments in the workplace [5].

Despite advances in diversity and inclusion practices in the workplace, the entry of
people with disabilities into the workforce remains problematic [6]. Only one in three
people with disabilities in the United States is employed (34.9%) compared to 76% of
their non-disabled counterparts [7]. In Canada, the employment rate for people with
disabilities is 49%, whereas it is 79% for people without disabilities [8]. And in the
European Union, these figures are 47.3% for those without disabilities. people with
disabilities and 66.9% for people without disabilities [9].

The existing gap in employment rates shows that people with disabilities are less
likely to be employed compared to people without disabilities [10]. In fact, about two-
thirds of people with disabilities who are of working age are not in the workforce.
Disparities are greater for women with disabilities, as the employment rate is lower than
that of men with disabilities and lower than that of women and men without disabilities,
confirming the persistence of gender disparities in labor markets [11].

Finding and keeping a job is a challenge for people living with some type of dis-
ability. The objective of this article is to examine the employment rate of people with
disabilities in Ecuador; as it is considered a developing country, employment plays a
fundamental role in the economic development of the population, particularly of peo-
ple with disabilities. We want to identify and l kind of disability that has more people
formally employed in the labor market, setting the percentage share by type of disability.

This article is structured as follows: Sect. 2 presents the methodology used as a fun-
damental basis in the proposal. Section 3 presents the proposal results and a comparison
to some related works. Section 4 presents the conclusions obtained from the results and
suggests future lines of research.

2 Methodology

The data on persons with disabilities who are formally employed were obtained from
the Consejo Nacional para la Igualdad de Discapacidad de Ecuador and can be viewed
on its website [12].

The sample had a total of 63,047 valid data, of which 21,703 (34.4%) were identified
as female, 1 (0.0%) as LGBTI, and 41,343 as male (65.6%). Regarding age groups, 61
(0.1%) were from 13 to 18 years old, 2,227 (3.5%) were from 19 to 29 years old, 14,561
(23.1%) were from 25 to 35 years old, 42,781 (67.9%) were from 36 to 65 years old, and
3,417 (5.4%) were 65 years old or older. The data were recruited from all the provinces
of the country.

3 Results

To establish the employment rate of people with disabilities, an analysis of the data from
Ecuador’s 24 provinces was conducted. For the calculation, only people with disabilities
were considered; the data of people employed as substitutes were excluded.

One of the results shown by this analysis is that the employment rate of women
with disabilities (11.9%) is lower than that of men with disabilities (17.9%) and women
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without disabilities (26.4%), which is an evident reality in many countries worldwide
[11]. In Ecuador, the occupancy rate of people with disabilities is 15.3%, which is much
lower than the occupancy rate of people without disabilities (32.1%), as presented in
Table 1.

Table 1. Employment rate by gender.

Gender Occupied 18 years and
over*

Occupancy rate

Female 21,703 182,414 11.9

LGBTI 1 22 4.5

Male 41,343 230,653 17.9

Total 63,047 413,089 15.3

*Economically active population

When disaggregating the employment rate by type of disability, the least employed
people are people with intellectual disabilities (7.5%), followed by people with
psychosocial disabilities (10.4%), as can be seen in Table 2.

Table 2. Occupancy rate by type of disability.

Disability Occupied 18 years and
over*

Occupancy rate

Hearing 10,811 61,605 17.5

Physical 35,241 202,033 17.4

Intellectual 5,684 75,627 7.5

Psychosocial 2,205 21,142 10.4

VISUAL 9,106 52,682 17.3

Total 63,047 413,089 15.3

*Economically active population

InEcuador, there are three institutions in the formalmarket that are part of social secu-
rity: Instituto Ecuatoriano de Seguridad Social (IESS), Instituto de Seguridad Social de
las Fuerzas Armadas (ISSFA), and Instituto de Seguridad Social de la Policía (ISSPOL).
The IESS is the institution with the most affiliates with disabilities in Ecuador (97.6%),
as presented in Table 3.

Finally, 7 out of every 10 people with disabilities employed in Ecuador work in
the private sector (71.4%). Of disabled people, people with physical disabilities occupy
the most jobs in the formal sector (55.9%), and the least represented are people with
psychosocial disabilities (3.5%), as can be seen in Table 4.
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Table 3. Participation of people with disabilities affiliated by institution.

Institution Female LGBTI Male Total

IESS 34.2% 0.0% 63.4% 97.6%

ISSFA 0.1% 0.0% 1.0% 1.1%

ISSPOL 0.2% 0.0% 1.2% 1.3%

Total 34.4% 0.0% 65.6% 100.0%

Table 4. Representation of the employer sector by type of disability.

Sector Hearing Physical Intellectual Psychosocial VISUAL Total

Private 13.1% 38.0% 8.1% 2.4% 9.9% 71.4%

Public 4.1% 17.9% 1.0% 1.1% 4.5% 28.6%

Total 17.1% 55.9% 9.0% 3.5% 14.4% 100.0%

4 Conclusion

The reality of people with disabilities in Ecuador does not differ from the employability
data in different countries of the world, as they are twice less likely to be employed
than people without disabilities [11]. In terms of occupation by gender, women are the
most affected, since it is appreciated that their participation is lower, which confirms the
gender disparity in the labor market in Ecuador, in line with what happens in the world
labor market. In this sense, the occupancy rate of people with disabilities in Ecuador
is 15.3%, much lower than the occupancy rate of people without disabilities, which is
32.1%.

In the future, it is considered to continue with more in-depth studies of the labor
market and its barriers to the participation of people with disabilities and their families.
In addition, it is considered to study the unemployed population of working age, who
continue looking for a job without finding it, which was not considered in this study.
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Abstract. The food industry is the most important and largest manufacturing
industry in Latvia, producing almost a third of all manufacturing output. Employ-
ees in a food production enterprises are exposed to a variety of ergonomic risks:
monotonous work movements that can be repeated up to 1000 times a day, over-
loads that exceeds 30 kg in lifting andmoving operations, forcedworking postures,
fast work pace. The aim of the studywas to identify ergonomic indicators related to
physical load for packers in one medium-sized company producing potato starch
in Latvia. When summarizing the results of the survey on burden-lifting rates, it
should be noted that, in a shift, 30% of packers lift the burden from 200 to 500
times, 26% from 40 to 200 times, while 24% note that smaller products are lifted
between 500 and 1000 times.Nearly all those surveyed indicated that, duringwork,
body posture was deeply bent and the body twisted. Analysis of physical load of
male packers, applying the KIM-LHCmethod, shows that, when a mass weighing
16 kg and 25 kg is lifted, packers are exposed to risk levels 3 and 4 respectively.
According to KIM-MHO assessment, in works where frequent hand movements
andmonotonousworking operations are observed, the results presented a risk level
3. This could be explained by a high intensity of work. The results obtained by the
QEC method show that the shoulder girdle, arms, hands, and the neck of packers
who lift and mix a product with a mass of 25 kg, are at very high risk at work.
The essential ergonomic indicators during physical load and repeatedmonotonous
work operations are obtained analyzing the physical load of employees with the
KIM methods and the QEC method in order to determine the load of individual
body parts during work.

Keywords: Ergonomics · Indicator · Food production · Physical load

1 Introduction

The food industry is the most important and largest manufacturing industry in Latvia,
producing almost a third of all manufacturing output. Despite the rapid industrialization
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in various business operations, workers in developing countries are facing new condi-
tions with a lack of relevant knowledge and skills [1]. Workers in this sector have high
rates of morbidity with musculoskeletal diseases (WRMSD), which have a significant
impact not only on the health of workers, but also on the economic performance of
the organisation. Generally, WRMSDs are caused by ergonomic risks in the working
environment, as employees in food industry are exposed to awkward postures, standing,
frequent hand movements, monotonous work operations, and physically hard work. Per-
manently working in such conditions, employees rapidly experience fatigue and even
occupational accidents, such as slipping or tripping [2–5]. WRMSD are often associated
with long-term absence of employees due to diseases [6]. Scientists point out that for
the development of WRMSD the length of service is more important than the age of
the employees, and therefore, the higher the number of years worked in the profession,
the higher is the incidence of WRMSD [7]. Scientists have also demonstrated that the
WRMSD in older workers are more prolonged than in the younger ones [8]. In some
cases, lower back pain can be accompanied by changes in anatomical structures, such
as leg length asymmetry [9].

The prevalence of pain anddiscomfort in food industry is relatively high. Forworkers,
whose length of service is 5 years and more, pain or discomfort is more common in the
following parts of the body: knees, back, shoulders and arms [10]. Studies have shown
that pain and discomfort are declining for employees when they retire [11] and that due
to musculoskeletal pain, employees have limited daily activities [12, 13].

WRMSD can be caused not only by physical factors but also by organizational and
psychosocial risks at work. Stress at work and outside it has an impact not only on health
but also on the performance of work [14] and therefore changes person’s attitude towards
themselves: a person starts taking excessive alcohol, smoking, becoming aggressive,
sleep disorders appear, as well as anxiety and depression can occur [15].

Taking into account the development of modern technologies in the food industry,
there is a need to identify ergonomic indicators, which are suitable for enabling the com-
prehensive and sustainable management of food processes. The ergonomic indicators
could be used as organisational tools for the evaluation and improvement of ergonomics
management operations of organisations.

The aim of the study was to identify ergonomic indicators related to physical load
for packers in one medium-sized company producing potato starch in Latvia.

2 Materials and Methods

The company has two lines for potato starch packaging. It is packed manually in packs
of different sizes, standing, in bent body position. Packaging includes the following
manual handling: laying out the product on a pallet, lifting the product from scales,
mixing, packaging, arranging packs in boxes.

Participants. The survey involved 64 packers - 25 males and 39 females (see Table
1). The inclusion criteria were as follows: age, length of service, health status after
mandatory examination, and full consent to participate in the study. The exclusion criteria
were acute pain in different body parts, undergone any musculoskeletal surgery, having
not been to mandatory medical examination.
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Table 1. Background factors for the packers of potato starch packing lines

Profession/Length of service
(years)

N Mean age ± SD Range Mean length of service ± SD

Packers/0–5 19 38.05 ± 7.13 26–51 3.21 ± 0.98

Packers/6–10 19 42.25 ± 7.45 34–59 6.80 ± 1.24

Packers/11–20 17 44.33 ± 5.09 34–55 14.83 ± 3.03

Packers/21–35 6 55.83 ± 3.19 51–60 29.00 ± 4.60

Packers/35+ 3 58.33 ± 2.52 56–61 35.49 ± 1.15

Packers (total) 64 43.58 ± 8.46 26–61 11.29 ± 9.48

The physical load at work was analyzed for 15 potato starch packers basing on the
following manual work:

(1) Placing of a 16 kg heavy product unit on the pallet. One pallet contains 45 units. In
the shift, 7 pallets must be loaded.

(2) Transfer of a 25 kg heavy product unit from scales to a sliding tape and placing on
a pallet.

(3) Mixing the product in a mixer: every 30 min the packer pours the rawmaterials into
the mixer from sacks weighing 25 kg, together approximately 5400 kg in a shift.

(4) Placing of small packages on a pallet. Products with a mass of between 0.5 and
1.5 kg are placed on the pallet. During a shift, 8 pallets with 1296 product units are
packed up.

The following research methods were used:

Survey. The survey provided information on: gender, age, length of service of employ-
ees in the current position, questions about the compliance/non-compliance of the work-
place to comfortable working conditions, discomfort or pain in certain parts of the
body after work, freedom to take a decision in the performance of work duties, support
from colleagues and employers, harmful habits (alcohol use, smoking). Respondents
were employees of food-producing company employed in food packaging. A total of 90
questionnaires were distributed, of which 64 questionnaires were returned.

The Key Indicator Method [16] was used for assessing and designing physical
workloads with respect to manual Lifting, Holding and Carrying of loads (KIM-LHC).
This Key Indicator Method considers the manual lifting, holding and carrying of loads
≥3 kg and serves to record relocating, holding and the mere transport of loads. This is
determined by allocating a rating point to the individual key indicators according to their
intensity.

TheKIM-MHO is an importantmodular supplement to the practicalmethods assess-
ing the risk from the manual handling of loads in the form of a risks core [17]. Their
purpose is the recognition and removal of job design deficits. The risk assessment is car-
ried out in two stages. The first stage is the ordinal scaled description of workload items.
The second stage is the evaluation of the degree of probability of physical overload.
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The quick exposure check (QEC) method was applied in the research in order to
carry out quick identification and assessment of the influence of the workload on the
body parts of packers [18]. The method evaluates the back position, back movement,
shoulder/handposition, handbase position/movement, neckmotion.Characteristics such
as driving, vibration, pace of work, and stress are also taken into account. The exposure
level was determined according to the results obtained. The QEC Calculator was used
for the calculation.

3 Results and Discussion

The survey showed that there are more females in packaging than males, representing
61% (n = 39) and 25% (n = 25) respectively. The age groups were divided as follows:
between 26 and 35 years, 39% (n = 25), between 36 and 50 years 39% (n = 25), and
between 51 and 61 year 20% (n = 13). More employees have the length of service of
0 to 5 years and between 6 and 10 years, representing 60% of those surveyed, and the
length of service of 17 employees is between 11 and 20 years. Packers noted that during
the work the highest workload is experienced in the lower back (54%), 43% points to
the leg, 25% to the shoulder, 15% all over the arm, and 35% to the hands and fingers.
Packers – males (61%) admit that the mass to be lifted more frequently is between 20
and 30 kg, 28% points out that it is between 10 and 20 kg and 5% - lift 40 kg and more,
but a mass of less than 10 kg is lifted by only 6% of employees. Female packers (32%)
indicate that daily they lift from 15 to 25 kg, 29% - from 10 to 15 kg, between 5 and
10 kg - 14%, and up to 5 kg - 25%.

When summarizing the results of the survey on burden-lifting rates, it should be noted
that, in a shift, 30% of packers lift the burden from 200 to 500 times, 26% from 40 to
200 times, while 24% note that smaller products are lifted between 500 and 1000 times.
Nearly all those surveyed indicated that, during work, body posture was deeply bent and
the body twisted. Only 13% noted that lifting a burden, body posture is straight and not
bent. Survey data show that packers whose length of service is more than 5 years are
subjected to physical load, awkward postures, and frequent hand movements at work.
The prevalence of pain and discomfort in individual parts of the body after work is
relatively high. This is also in line with the results of other scientists’ studies on the
prevalence of WRMSD in food industry. A study of pain or discomfort in workers in
an Indian nut processing company shows that employees have a high incidence of pain
(28.5%). Complaints from employees are mainly about pain in the lower back, knees
and shoulder girdle, and the length of work in the profession is more than 5 years [7, 10].
Other studies have indicated that employees in food industry are exposed to long-term
awkward postures and physical loads [19]. The results of the physical load analysis for
packers are shown in Table 2.

Analysis of physical load of male packers, applying the KIM-LHC method, shows
that, when a mass weighing 16 kg and 25 kg is lifted, packers are exposed to risk levels
3 and 4 respectively. During work, packers work in a bent-body posture, which is very
burdensome. However, in the case of females lifting small packs, the load corresponds
to risk level 2 since the product is easy to grip and not heavy. Lifting of a product if the
mass indicator and position indicators are the same but the intensity indicator is variable,
gives a higher score and therefore a higher level of risk.
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Table 2. KIM-LHC method risk scores (RS), standard deviation (SD), risk range (R) for packers
(n = 15)

Work process N RS ± SD R
I – V

1. Placing of a product unit of 16 kg mass on a pallet. One pallet
contains 45 units. During a shift, 7 pallets must be loaded. Body
posture – deep bending. The work is done by males

3 36.9 ± 3.6 III

2. Moving of a 25 kg heavy product unit from scales to a sliding tape
and placing on a pallet. During a shift, 8 pallets, each containing 40
units must be loaded. Body posture – deep bending. The work is
done by males

4 51.4 ± 2.1 IV

3. Mixing the product in a mixer: the packer pours the bag of raw
materials weighing 25 kg in the mixer every 30 min, together
approximately 5400 kg in a shift. Body posture – bent. The work is
done by males

4 60.7 ± 3.4 IV

4. Placing of small packs (0.5 to 1.5 kg) on the pallet. During a shift, 8
pallets are loaded, 1296 product units on each pallet. Body position
– slightly bent. The work is done by females

4 24.8 ± 2.4 II

According to KIM-MHO assessment, in works where frequent hand movements
and monotonous working operations are observed, the results presented a risk level 3
(Table 3). This could be explained by a high intensity ofwork. Theworkload of individual
body parts during the work process is shown in Table 4.

Table 3. KIM-MHOmethod risk scores (RS), standard deviation (SD), risk range (R) for female
packers who load small packs (n = 4)

Work process RS ± SD R
I – V

Placing of small packs (0.5 to 1.5 kg) on the pallet. During a shift, 8 pallets
are loaded, 1296 product units on each pallet

45 ± 1.0 III

The results obtained by the QEC method show that the shoulder girdle, arms, hands,
and the neck of packers who lift and mix a product with a mass of 25 kg, are at very high
risk at work. On the other hand, the body parts mentioned above are less loaded when
lifting lighter packs.

This indicates that physical load and awkward body postures during work, as well
as work intensity, have a negative impact on the individual body parts of employees.
Long-term working with such a load and high working intensity in the course of time
can develop WRMSD. The results are consistent with studies by other scientists on
WRMSD in relation to monotonous work operations, awkward body postures, heavy
manual work, etc. [20].
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Table 4. QEC method exposure scores for packers (n = 15)

Placing of 16 kg
mass on the
pallet

Moving of 25 kg
mass from scales
to tape

Product mixing
in a mixer

Placing of small
packs on the
pallet

N 3 4 4 4

Back (moving) 23 30 29 28

Shoulder/ arm 32 40 43 29

Wrist/ hand 44 45 44 36

Neck 12 14 16 14

Work pace 1 1 1 1

Stress 1 1 1 1

Total score 113 131 134 109

Exposure level High Very High Very High High

Risk range (R), I
– V

II III III II

4 Conclusions

The essential ergonomic indicators during physical load and repeated monotonous work
operations are obtained analyzing the physical load of employees with the KIMmethods
and the QEC method in order to determine the load of individual body parts during the
work. The results of these methods are measurable and easily understandable. The study
will continue to focus on psychosocial indicators related to ergonomic risks at work.
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Abstract. The aims of this study were to investigate muscle fatigue and the risk
of low back pain (LBP) development among call center workers. Cornell Muscu-
loskeletal Discomfort Questionnaires (CMDQ), and used with Rapid Office Strain
Assessment (ROSA) for prediction of LBP development in a risk matrix. Muscle
fatigue was measured by electromyography. Workers had a moderate to high level
of ergonomic risk according toROSA. 43.3%ofworkers hadmuscular discomfort.
The potential risk level of LBP development was found to be moderate for 23.4%
and high for 20.0%. The risk scores of LBP development significantly correlated
with discomfort levels (r= 0.914). Electromyogram measurements indicated that
over 80% of workers had muscle fatigue on the lower back. Workers at high
ergonomic risk were more likely to have muscle fatigue than those at lower risk.
These methods of risk assessment could be applied to identify muscle fatigue and
LBP development among similar groups.

Keywords: Electromyography · Fatigue · Health risk assessment · Low back
pain

1 Introduction

A call center is an organization that handles customer enquiries both telephonically
and by email, by searching databases and recording customer information through a
computer. Workers spend most of their time working in a workspace that includes a
computer desk and chair. Therefore, management of shift work and interactive voice
response (IVR) are used. They may also have eye-, ear-, and throat-related health prob-
lems [1] along with musculoskeletal disorders (MSDs). MSDs are caused by awkward
posture (e.g. repeatedly or frequently using fingers, wrists and arms in a twisted pos-
ture and always looking at a screen for working with a computer) [2] or inappropriate
workstation (e.g. insufficient working space and lack of forearm support) [3].

Workers who have a mainly static posture, such as prolonged sitting or standing, are
at risk of MSDs [4]. Several studies have reported high prevalence of MSDs among call
center workers. Poochada and Chaiklieng [5] showed that prevalence of neck, shoulder
and back pain in the last three months among call center workers was 83.8% (95%CI:
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78.8–88.7), of which back pain was the highest at 35.2%. Likewise, the study of Sub-
barayalu [1] showed the highest prevalence of back pain in last 12 months among call
center workers at 40.0%. This study showed that back pain was a health impact found
among call center workers.

MSDs can be controlled by using an ergonomic risk assessment that considers pos-
ture, force, frequency and duration [6]. Ergonomic risk assessment has two approaches
[7, 8]; 1) subjective assessment by self-reported questionnaire, such as Cornell Muscu-
loskeletal Discomfort Questionnaires (CMDQ) for identification of severity of discom-
fort or pain, and 2) objective assessment by 2.1) Observation assessment as objective
assessment, such as Rapid Office Strain Assessment (ROSA) of ergonomic risk factors,
and 2.2) Direct measurement techniques, such as electromyography (EMG) to measure
muscle fatigue [9].

Health risk assessment (HRA) considers the probability and severity of heath impact
from exposure to health hazards. MSDs are known to mostly be caused by ergonomic
problems and a health riskmatrix could be developed from observation and self-reported
questionnaire [10]. Previous studies regarding risk assessment had guidelines for only
one approach to using ergonomics for estimating risk of LBP development; in fact, there
were no methods on the two approaches of subjective and objective assessment for LBP
prediction. Thus, the aims of this study were to investigate the risk of low back pain
development and muscle fatigue among call center workers.

2 Methods

This was a cross-sectional descriptive study conducted among 30 call center workers
from a number of companies in Khon Kaen province, Thailand. The survey was based
on call center workers who had worked in their jobs for more than six months, with a
working time of at least 32 h per week and at least four hours spent at a computer per
day. Exclusion criteria were workers who had a musculoskeletal disorder at the present
time and skin irritation.

2.1 Research Tools and Data Collection

1) ROSAwas applied from Sonne et al. [11] to be used in Thai version validated by the
previous study [12], which analyzed the sitting posture, work station (chair height,
pan depth, armrest and back support), computer (monitor, mouse and keyboard),
telephone and duration of time spent in each posture or activity. ROSA was used
to identify the chance of ergonomic factor exposure. There were four risk levels,
which were low, moderate, high and very high. The scores of each risk level were
as follows; low risk level = score of 1–2 points, moderate risk level = score of 3–4
points, high risk level= score of 5–7 points and very high risk level= score of 8–10
points.

2) CMDQwas applied fromHedge et al. [13]which identified the severity of discomfort
or pain from ergonomic factors. The discomfort level was classified by how often
the discomfort occurred (never, 1–2 times last week, 3–4 times last week, once
every day, several times every day), how uncomfortable it was (slightly, moderately,
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or very uncomfortable) and how it interfered with the ability to work (not at all,
slightly interfered, substantially interfered) among workers. There were five levels
of discomfort, which were no pain (score of 0 points), low (score of 1–5 points),
moderate (score of 6–13.5 points), high (score of 14–39.5 points) and very high
(score 40–90 points).

3) The health risks of low back pain were assessed by using the matrix of back pain
prediction from the previous findings [14] which considered the ROSA levels and
discomfort levels, which were classified into five levels; acceptable risk (score of
0–2 points), low risk (score of 3–4 points), medium risk (score of 6–8 points), high
risk (score of 9–12 points) and very high risk (score of 15–20 points)

4) The electromyography (EMG) model was an ME6000 8-channel model which
included three parts: recorder, amplifier and surface electrode. MegaWin program
version 2.0 was used for EMG signal recording for the median frequency (MF) at the
erector spinae muscle (left and right) of the call center worker during the working
period. The continuous measurement was performed for 10 min in every two hours
of the working period (8.00 a.m.–05.00 p.m.). The MF/time slope was calculated
by linear regression of median frequency between four and eight working hours. A
negativeMF/time slope represented muscle fatigue in this study, following the study
of Hui et al. [15].

2.2 Data Analysis

Data were analyzed by STATA program version 10.1. MegaWin program version 2.0
was used to analyze muscle fatigue. Pearson Product Moment Correlation Coefficient
was used for correlations between the health risk score and CMDQ level, health risk
score and ROSA level, and muscle fatigue (MF/time slope) and ROSA level. This study
obtained ethical approval from Khon Kaen University Ethics Committee, Thailand, no.
HE572131.

3 Results

3.1 ROSA and CMDQ

Call center workers had only two ergonomic risk levels measured by ROSA, which were
the moderate level (56.7%) and high level (43.3%). The score of ROSA ranged from 3
points to 7 points, as shown in Table 1.

Workers had complaints of discomfort at medium (26.7%) and low levels (16.7%)
of both the left and right lower back according to CMDQ, as shown in Table 2.

3.2 Health Risk of Low Back Pain

From the matrix of health risk on low back pain development, one group of workers had
an acceptable health risk (30.0%) or a low risk level (26.6%). Another group of workers
had a medium risk level (23.4%) or a high risk level (20.0%) (as shown in Table 3).

The correlations of the health risk score of LBP development with the ROSA level
and with the CMDQ of low back level were presented as coefficient (r) = 0.516 and
0.914, respectively. A high correlationwas found from the riskmatrix between the health
risk score and the CMDQ of low back level, as shown in Fig. 1.



Assessment of Muscle Fatigue and Potential Health Risk of LBP 57

Table 1. The opportunity of ergonomic factor exposure was assessed by ROSA (n = 30).

Risk level Number (%) Mean score (95% CI)

Low (1–2 points) 0 (0.0) 0

Moderate 17 (56.7) 3.5 (3.3–3.8)

3 points 8 (26.7)

4 points 9 (30.0)

High 13 (43.3) 5.3 (4.9–5.7)

5 points 10 (33.3)

6 points 2 (6.7)

7 points 1 (3.3)

Very high (8–9 points) 0 (0.0) 0

Table 2. The severity of low back muscular discomfort was assessed by CMDQ (n = 30).

Low back discomfort level Left low back (%) Right low back (%)

No pain 19 (63.3) 17 (56.7)

Low 2 (6.7) 5 (16.7)

Moderate 7 (23.3) 8 (26.7)

High 2 (6.7) 0 (0.0)

Very high 0 (0.0) 0 (0.0)

Table 3. Call center workers had a health risk of low back pain at different levels (n = 30).

Remark: Red colour is very high risk level, dark orange is high risk, orange is medium risk, 
yellow is low risk, green is acceptable risk [14]. 

Health risk level of LBP ROSA level
Low Moderate High Very high

Low back 
discomfort

level

Very high 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
High 0 (0.0) 2 (6.7) 0 (0.0) 0 (0.0)
Moderate 0 (0.0) 2 (6.7) 6 (20.0) 0 (0.0)
Low 0 (0.0) 4 (13.3) 3 (10.0) 0 (0.0)
No pain 0 (0.0) 9 (30.0) 4 (13.3) 0 (0.0)

3.3 Electromyography on the Elector Spinae Muscle

Median frequencies (MF) of electromyography on the elector spinaemuscle, whichwere
measured from 8.00 a.m. to 05.00 p.m., were found to be highest at the beginning on the
left lower back (39.4 Hz.) and decreased to 32.8 Hz. (lowest) at the end. The average
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Fig. 1. Correlation between health risk score and CMDQ level of low back pain (n = 30)

MF values of the right lower back were 35.2 Hz. and 34.4 Hz. at 8.00 a.m. and at 05.00
p.m., respectively.

Thus,muscle fatigue values (MF/time slope) throughout the eight hours ofwork (8.00
a.m.–05.00 p.m.) of the left and right lower back were−0.648 and−0.027, respectively.
For muscle fatigue of left and right lower back in the four hours of morning work (8.00
a.m. to 12.00 a.m.) MF/time slope = −2.917 and −1.725, respectively (see Table 4).

Table 4. Median frequency (MF) of electromyogram on the lower back in each duration of
measurement (n = 30)

MF (Hz.) Time MF/time slope

8.00 a.m 10.00 a.m 12.00 a.m 03.00 p.m 05.00 p.m 8.00 a.m. to
12.00 a.m

8.00 a.m. to
05.00 p.m

Left 39.4 34.8 32.7 34.9 32.8 −2.917 −0.648

Right 35.2 35.4 34.1 36.5 34.4 −1.725 −0.027

There were 80% and 60% of workers who had muscle fatigue of the left and right
lower back from 8.00 a.m. to 05.00 p.m. and 86.7% and 80.0% of workers who had
muscle fatigue of the l MF/time eft and right lower back from 8.00 a.m. to 12.00 a.m.
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4 Discussion

4.1 Health Risk of Back Pain

Objective assessment for ergonomic risk identification by ROSA indicated that all call
center workers in this study were exposed to ergonomic risk from a moderate to high
level. Due to the nature of office work, call centers have similar activities, which involve
prolonged posture and repetitive work with a computer, and a duration of working with
a computer of up to four hours, and insufficient resting time during the workday [16].
These workers are exposed to an inappropriate work environment, such as high chairs,
non-armrest or nonadjustable chairs, and lack of back support or having to lean the
body forward [17]. A previous study found that a non-changing posture during work
and in the workplace setting was correlated with low back pain [2]. CMDQ showed
that the muscle discomfort seen in this study could also confirm musculoskeletal health
problems among call center workers. By using the matrix of back pain prediction from
the previous finding [14], it could be shown that 43% of workers were at a medium to
high risk level of LBP development with a good correlation with the perceived level of
low back discomfort.

4.2 Electromyography on Elector Spinae Muscle

This study showed that workers had muscle fatigue from eight working hours. Particu-
larly, the peak of fatigue was found at the end of the morning period before lunch. More
workers had muscle fatigue of the left lower back (80.0%) than the right lower back
(60.0%). According to the CMDQ, more workers complained about muscle discomfort
of the right lower back (21.3%) than the left lower back (19.5%). This study did not find
a statistically significant correlation between muscle fatigue by EMG and discomfort
level by CMDQ. The reasons might be explained by a perception of pain or discomfort
that correlated with pain tolerance, which differed amongworkers and depended on their
fitness background [18].

The MF/time slope values of the left and right lower back in the first four working
hours (8.00 a.m. to 12.00 a.m.), which were −2.917 and −1.725, were more negative
than the average MF/time slope values of the left and right lower back for eight working
hours (8.00 a.m. to 05.00 p.m.), which were −0.648 Hz. And −0.027 Hz., respectively.
There was a one-hour lunch break from 12.00 p.m.–01.00 p.m. The maximum fatigue
was found in this study after four hours of working before the lunch break. It is possible
that if there were no lunch break or longer hours without a break, more fatigue would
appear. That is the reasonwhy fatigue per eightworking hourswas lower than the average
MF per four working hours in the morning. This result could also be explained by the
reduction in muscle discomfort from the program of muscle stretching during break time
[19].

4.3 Correlations Between Potential Health Risk of Low Back Pain and EMG

Regarding the health risk score in the developed matrix of low back pain development, a
high correlation (r = 0.914) between the CMDQ discomfort level and health risk score
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was found.Moreover, the trend of correlation betweenmuscle fatigue from four working
hours measured by EMG and the ROSA level confirms the usefulness of the health
risk matrix when considering an ergonomic assessment with ROSA among call center
workers. The previous health risk matrix had been proved by a new case development
after following-up on the incidence of pain development [10]. Therefore, this basic risk
assessment on low back pain is useful for the surveillance program and could confirm
the guidance for the implementation stage of back pain prevention as per the previous
report [19].

5 Conclusion

The potential risk of low back pain development (from the risk matrix) was found to
be moderate for 23.4% of call center workers and high for 20.0% of them. This health
risk score had the highest correlation with discomfort (CMDQ) levels (r= 0.914). Most
call center workers (80.0%) had muscle fatigue of the left lower back, which showed
that workers at high ergonomic risk were more likely to have muscle fatigue than those
of lower risk. These methods of risk assessment could be applied in the prediction of
low back pain development, which would be useful for health screening to prevent low
back pain among call center workers. An implementation stage incorporating muscle
stretching during break time is suggested for workers with similar work characteristics
with regard to the health risk reduction of muscle fatigue and LBP development.

Disclosure Statement. The author declares that they have no competing interests.
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Abstract. Healthy built environment is an emerging field of interest in archi-
tecture. It possesses various approaches regarding the scale and function of the
architectural products. Even though health and safety issues such as emergency
situations, fire codes, accessibility, and job security have been a part of spatial orga-
nization in architectural design for a long time, current understanding of design
reveals that healthy architecture is not only about the absence of disease or infir-
mity, but also about a state of complete physical, mental and social well-being.
It consists of various characteristics like possibility-driven, balanced, user fit, and
long-term effective environments. This paper tackles with the characteristics of
healthy architecture on an interior scale through a survey on call center interi-
ors. Hypothesis of the paper is that human wellbeing centered design of the built
environment in call center interiors contribute to employee performance and com-
mitment. To measure the accuracy of the hypothesis, a survey has been conducted
among the employees of a call center in Istanbul, Turkey. The outcomes of the
survey are discussed in the discussion and conclusion section of the paper.

Keywords: Healthy architecture · Healthy built environment · Call center
interior spaces ·Wellbeing

1 Introduction

Architecture as the practice responsible for the design of all built environment, is also
responsible for the health and wellbeing of its occupants. Although health and safety
issues such as emergencies, fire codes, accessibility, and job security have been among
the elements of architectural design for a long time, creating healthy built environments
is an emerging field of interest in architecture. It possesses many different approaches
in terms of scale and function of design. From urban to interior scale and from residen-
tial to public buildings, the perspective of health and wellbeing has become one of the
predominant determinants in design. Regional decisions for healthy urban areas, a build-
ing’s location within the urban environment, building orientation, shell design, indoor
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environmental quality, and ergonomics of the furniture and equipment are among the
design actions for the creation of healthy environments. Current understanding of design
reveals that healthy architecture is not only about the absence of disease or infirmity, but
also about a state of complete physical, mental and social well-being [1]. It consists of
various characteristics like possibility-driven, balanced, user fit, and long-term effective
environments [2].

This paper aims to investigate the characteristics of healthy architecture on an inte-
rior scale through a case study on call center workspaces. Call centers are special kinds
of workspaces with special characteristics such as being active 24 h a day, having an
intensive and flexible use of furniture and equipment, and acoustic challenges. Hypoth-
esis of the paper is that human wellbeing centered design of the built environment in call
center interiors contribute to employee performance and commitment. Existing literature
shows that healthy environment in the workspaces also contribute to employee perfor-
mance [3–5]. The reflection of this statement on call center interiors is inspected in the
scope of this paper examining following criteria: Connection with the exterior domain,
natural daylight use, artificial light use, acoustic quality, indoor air quality, layout of the
workspace, finishing materials, and ergonomics of the furniture and equipment. To mea-
sure the accuracy of the hypothesis, a survey has been conducted among the employees
of a call center in Istanbul, Turkey. The outcomes of the survey are discussed in the
conclusion section of the paper.

2 Healthy Architecture

The relationship between the built environment and user health and wellbeing is not a
new idea. It has been one of the concerns for architects during the design process. How-
ever, as an architectural concept, it has become a popular theme in the last decades, under
the influence of the common interest on wellbeing and lifestyle diseases like asthma or
Alzheimer’s disease. According to Global Wellness Institute, the term wellness archi-
tecture defines the concept better, as architecture that relies on the art and science of
designing built environments with socially conscious systems and materials to promote
the harmonious balance between physical, emotional, cognitive, and spiritual wellbe-
ing while regenerating the natural environment [6]. The effects of healthy architecture
concept can be seen in different scales and different stages of design. It starts at urban
scale through the design of healthy cities for a healthy society. WHO states that the
way neighborhoods and streets are built and designed, the way cities are planned and
expanded, how effectively transport provides opportunities for easy and active mobility,
are all aspects of healthy urban planning and design that can make a significant differ-
ence to the health of individuals and communities [7]. At building scale, the concerns
about healthy architecture starts from the decisions about the building location. Build-
ings in less densely populated and greener areas of the cities are advantageous regarding
the health of the built environment, as they have to deal with less problems than the
buildings in densely populated urban areas. Either way, there are strategies for build-
ing design that promote healthy architecture. Among those strategies are open space
organization and interior-exterior relations, form and orientation of the building mass,
design of the building envelope, and building maintenance regarding energy, water and
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waste management. These strategies match with the criteria of sustainable architecture
so that it is possible to state that the principles of healthy architecture also serve for
sustainable design. Sustainable planning and design require a holistic perspective based
on a comprehensive and integrated approach, and an understanding of the different parts
including healthy design principles are important for the whole [8]. Another important
criterion for sustainable design is the indoor environmental quality, which is at the same
time the most significant factor for healthy architecture. The health and wellbeing of the
interior spaces is discussed in the next chapter of the paper.

3 Healthy Interiors - Workspaces

The most visible indicators of healthy architecture are seen in the interior spaces. The
healthy interior spaces have been studied from its various aspects by different researchers
[9–11]. Studies prove that the most important principles are daylight use, artificial
light use, acclimatization, acoustics, materials, and ergonomics. These principles are
also among the criteria of green building accreditation systems like LEED, BREEAM,
or DGNB. Therefore, one might assume that healthy interior spaces are significant
indicators of a healthy built environment.

The indicators of a healthy interior environment mostly reflect on workspaces. They
need to have high environmental qualities because employees mostly spend one third of
their day in workspaces. Health and safety issues in workspaces have long been studied
and they are already a part of the design workflow [12]. However, emerging studies
show that long-term health effects are as important as short-term effects, so that they
must be handled with serious considerations. Emerging literature also shows that healthy
environment in the workspaces also contributes to employee performance and affects
wellbeing and productivity [10, 13]. This study focuses on call center interior spaces
for the investigation of health and well-being issues in workspaces regarding employee
satisfaction and productivity.

3.1 Healthy Workspaces at Call Center Interiors

Call center interior spaces have certain characteristics and requirements that make them
a special type of workspaces. Firstly, call centers as workspaces are active 24 h a day.
Consequently, health of the workspace is more important than any other workspace as
it potentially has more effect on the employee performance. Additionally, call center
employees work with shifts which means there is no workstations specified for each
employee. That makes the principle of flexibility very important. Workstation design
and ergonomics must be flexible for the use of different people. Ergonomics of the
furniture and equipment in the call centers are highly important also because employees
are occupying them for long times. Furthermore, success of a call center companymostly
depends on the employee performance. Therefore, it is important to make the employees
feel well at work to be productive. Moreover, as the work of call center agents is based
on phone conversations, the acoustic quality in the call center environments is also very
important. Accordingly, the use of technology might be helpful to protect the privacy of
the customers and the acoustic quality of the workspace in the same time. As a result of
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these specific features of call centers, some strategies must be developed to design better
and more productive workspaces for the call center agents. These strategies differentiate
in scale and design fields, from the façade of the building to technological equipment.
The strategies are proposed as follows:

Use of Daylight and Artificial Light. Proper use of daylight has a positive effect on
the occupants, especially in workspaces. Workspaces with high occupants’ satisfaction
for spatial comfort prioritize access to daylight [3]. Even though the job of a call center
agent is not related to daylight, its effect on the employee motivation is important.
Additionally, providingvisual connection for the employee to exterior space byproviding
wall openings in proper locations may improve their performance. Van Esch et al. state
that offices with view possibilities to the outside contribute to the employee wellbeing
[14]. Therefore, a call center interior must have enough connection with daylighting
opportunities.

Use of Natural and Artificial Acclimatization. A good quality of air is one of the
most important requirements of healthy indoor environments. At call center workspace
it is even more important because employees spend long hours in there. Fresh air and
natural ventilation are preferred, but for the regulation of temperature, proper artificial
acclimatization is also a good way to achieve indoor air quality.

Layout and Spatial Organization. Call centers are workspaces where the customers
have no visual access. For that reason, the layout and spatial organization are considered
as secondary issues. However, for employee performance and satisfaction a good layout
design and spatial organization is required. Well-planned personal spaces, sufficient cir-
culation areas, and proper socialization spaces for the employees are important features
a call center workspace needs to include.

Materials, Colors, and Furniture. Finishing materials and fixtures are the visible
interface of workspaces. Their quality might reflect the overall quality of the workspace.
Additionally, the suitable use of colors and textures in an interior space might contribute
to the performance of the employees. Especially if they are included in the decision-
making process of the materials and colors used in the workspace, as it would create a
sense of belonging among the employees. Generating higher levels of employee com-
mitment in call centers is a critical factor to their successful operation [15]. In call
centers, the turnover rates of the employees are relatively high, and the design phase of
the workspace can be useful as an opportunity in this regard.

Acoustic Quality. Acoustics is a prominent feature of workspaces, as mentioned by
Jablonska and Trocka-Leszczynska [16]. It is extremely important for call centers
because the work goes on through verbal conversations mostly on the phone. For acous-
tic quality, sound absorbing materials become significant and they must be used prop-
erly within the well- designed interior space. Additionally, technological devices might
become useful for maintaining acoustic quality and keep the noise level on the desired
level. That would also help to isolate the background noise.



66 S. Ceylan

4 The Questionnaire

The effects of the health of the physical environment on employee well-being and pro-
ductivity were investigated through a short questionnaire among call center employees.
The total number of participants in the questionnaire was 358, 216 (60.7%) of them
being male, and 137 (38.5%) female employees. 309 (86.3%) of all participants had
been working in a call center for less than 3 years, as 49 (13.6%) were working there
for a longer time. The average age on the participants was 27.3 years, the youngest
being 22, and the oldest 36 years old. The majority of the participants, 306 out of 358
people (85.4%), were between 25 and 30 years old. Following the general demographic
information, the questionnaire examined the opinions of the participants on the physical
environment of the call center they were working in. The results of the questionnaire are
presented in the next chapter.

4.1 Results and Outcomes

The study on the employee opinions on the physical environment revealed important
results and outcomes. The questionnaire followed a 5-point Likert scale for all questions
except the last one, which was a multiple-choice question about the preference of the
participants. Figure 1 shows the summary of the results for all opinion questions with
the Likert scale. The first part investigated whether the employees think that the physical
environment in their workspace has an effect on their performance at work. Themajority,
256 people thought that it has a significant effect. 71 people stated that it has an effect, as
22 peoplewere neutral about it. Only 2 people disagreed, and 5 people strongly disagreed
with this statement. With a mean value of 4.60 out of 5.00 points, the call center agents
clearly agree on the effects of the physical environment on their work performance.

Fig. 1. Summary of the results for the questionnaire (source: author).

Second part of the questionnaire was about the use of light in the workspace. First
question investigated the natural daylight, and the second question the artificial lighting.
The participants evaluated both lighting methods to have an important effect on them,
but the emphasis was mostly given on natural daylight. The mean value was 4.58/5.00
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for natural daylight and 4.07 for artificial lighting. 253 people stated that daylight has
an extremely important effect on their performance, as only 185 people had the same
statement for artificial lighting. 9 people thought that daylight has no effect on their
performance, and 39 people had the same opinion on artificial lighting.

Third part of the questionnaire investigated the opinions of the participants about
effect of acclimatization on their performance atwork. The results indicate that the partic-
ipants give greater value to natural ventilation than artificial air conditioning. 276 people
stated that they thought natural ventilation has an important effect on their performance
at work, but only 226 people had the same opinion about artificial air conditioning. The
question about the use of natural ventilation had a mean value of 4.70/5.00, as the one
about artificial air conditioning had 4.41/5.00 as the mean value.

Fourth part of the questionnaire was interested in the acoustic quality of the physical
environment in the call centers and its effect on the employeewellbeing and performance.
There was a significant awareness among the participants that acoustic quality in the
physical environment is extremely effective on their work performances. The mean
value for this question was 4.71/5.00, with 283 people saying that it has an important
effect on their performance. 49 participants stated that it has an effect, as 22 people were
neutral about it, and 3 people had negative opinions about the effect of acoustic quality
on their performance.

Fifth part of the questionnaire was dealing with the effectiveness of plan layout and
finishingmaterials in theworkspace on employee performance. The proper layout design
of theworkspacewith sufficient personal space, socialization areas, and circulation corri-
dors was the mostly recognized feature of the call center interiors by the participants.294
people claimed that it has an important effect on their performance, and the mean value
for that question was 4.76/5.00. The effectiveness of finishing materials and colors in the
workspace was also highly anticipated by the participants, but not as high as the layout
design of the space. It had a mean value of 4.55/5.00, and 247 participants thought that
it has an important effect on their performance.

Fig. 2. Results for the last stage of the questionnaire (source: author).

The last stage of the questionnaire was a multiple-choice question about the pref-
erence of the participants for improving the physical environment of the workspace.
In response, 46.8% (166 people) responded that they would improve the layout design
for better personal space and circulation areas. 24.2% (86 people) said that they would
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improve the acoustic quality. 45 people (12.7%) voted for effective natural ventilation,
and 25 people (7%) chose improving the natural daylight (see Fig. 2).

5 Conclusion

This study shows someaspects of the effects of the physical environment on thewellbeing
and productivity of call center employees. As the first and the strongest conclusion, it
can be asserted that the employees are aware on the effects of the physical environment
on their performances, and they demand healthier and better physical environments in
their workspaces. Secondly, they give greater value to natural elements like daylight or
passive ventilation than artificial systems. Additionally, even though the study is focused
on call center workspaces, acoustic qualities appear to be an important aspect of healthy
indoor environments overall. As the last step for concluding the study, the importance of
architectural details come into prominence with their effects on the occupant perception.

A big advantage of architecture is that it can order people’s relationships with each
other and their environment by creating interactive settings for life [17]. This gives
the profession an important responsibility at the same time. Creating healthy and livable
environments for the users must be one of the biggest concerns of architecture. However,
there are also some setbacks preventing the creation of healthy environments. Rice and
Drane summarize these setbacks as: The lack of knowledge on the relationship between
health and architecture; the lack of focus on health issues in architectural education
curricula; contemporary lifestyles that interrelate the design of the built environmentwith
various phenomena; and financial limitations that present healthy architecture features
costly [18]. Additionally, indoorization attracts attention as a challenge about healthy
spaces. The stronger is the relationship of peoplewith natural elements, the healthier they
become. This is a valid statement for the built environment as well. With the societies
spendingmore time in the indoor environments, it becomesharder tomaintain their health
[19]. Architecture must take responsibility for making indoor environments healthier.
That is the reason for the necessity of academic studies on healthy indoor environments.
This paper contributes to the studies that focus on the health of indoor environments
through the example of call center interiors as workspaces. With the increased number
of studies with similar focal points, the role of architecture for healthy societies will be
recognized better, and the health of the indoor environments will improve.

References

1. Rice, L.: The nature and extent of healthy architecture: the current state of progress. Archnet-
IJAR Int. J. Architect. Res. 13(2), 244–259 (2019)

2. Desmet, P.M.A., Pohlmeyer, A.E.: Positive design: an introduction to design for subjective
well-being. Int. J. Des. 7(3), 5–19 (2013)

3. Candido, C.,Marzban, S., Haddad, S.,Mackey,M., Loder, A.: Designing healthyworkspaces:
results fromAustralian certified open-plan offices. Facilities 39(5/6), 411–433 (2020). https://
doi.org/10.1108/F-02-2020-0018

4. Kwon, M., Remøy, H., Van Den Dobbelsteen, A.: User-focused office renovation: a review
into user satisfaction and the potential for improvement. Prop. Manag. 37(4), 470–489 (2019)

https://doi.org/10.1108/F-02-2020-0018


The Effects of the Physical Environment 69

5. Benammar, A., Anouche, K., Lesgaa, H., Hamza Cherif, Y.: Open-plan office post-occupancy
evaluation: inquiring Algerian gender specificity. Facilities 36(11/12), 546–570 (2018)

6. Global Wellness Institute. https://globalwellnessinstitute.org/initiatives/wellness-architect
ure-initiative/wellness-architecture-resources/. Accessed 27 Jan 2021

7. World Health Organization: Implementation framework for phase vii (2019–2024) of the
WHO European Healthy Cities Network: Goals, requirements, and strategic approaches.
WHO Regional Office for Europe, Copenhagen (2019)

8. Bokalders, V., Block, M.: The Whole Building Handbook: How to Design Healthy, Efficient
and Sustainable Buildings, Earthscan, London (2010)

9. Fanger, P.O., Valbjorn, O.: Indoor Climate: Effects on Human Comfort, Performance, and
Health in Residential, Commercial, and Light-Industry Buildings. Danish Building Research
Institute, Copenhagen, Denmark (1979)

10. Samet, J.M., Spengler, J.D.: Indoor environments and health: moving into the 21st century.
Am. J. Public Health 93(9), 1489–1493 (2003)

11. Mendell, M.J., Fisk, W.J., Kreiss, K., et al.: Improving the health of workers in indoor envi-
ronments: priority research needs for a national occupational research agenda. Am. J. Public
Health 92, 1430–1440 (2003)

12. Holt, A.S.J., Allen, J.: Principles of Health and Safety at Work. Routledge, London (2015)
13. Delmaz, M.A., Pekovic, S.: Environmental standards and labor productivity: understanding

the mechanisms that sustain sustainability. J. Organ. Behav. 34, 230–252 (2013)
14. van Esch, E., Minjock, R., Colarelli, S.M., Hirsch, S.: Office window views: view features

trump nature in predicting employee well-being. J. Environ. Psychol. 64, 56–64 (2019)
15. McGuire, D., McLaren, L.: The impact of physical environment on employee commitment

in call centres: the mediating role of employee well-being. Team Perform. Manag. Int. J.
15(1/2), 35–48 (2009). https://doi.org/10.1108/13527590910937702

16. Jablonska, J., Trocka-Leszczynska, E.: Ergonomics of architectural-acoustic solutions in con-
temporary offices. In: Charytonowicz, J. (ed.) AHFE 2020. AISC, vol. 1214, pp. 89–96.
Springer, Cham (2020). https://doi.org/10.1007/978-3-030-51566-9_13

17. The Daylight Site. http://thedaylightsite.com/architecture-for-well-being-and-health/.
Accessed 27 Jan 2021

18. Rice, L., Drane, M.: Indicators of healthy architecture—a systematic literature review. J.
Urban Health 97(6), 899–911 (2020). https://doi.org/10.1007/s11524-020-00469-z

19. Samet, J.M., Spengler, J.D.: Indoor environments, and health: moving into the 21st century.
Am. J. Public Health 93(9), 1489–1493 (2003)

https://globalwellnessinstitute.org/initiatives/wellness-architecture-initiative/wellness-architecture-resources/
https://doi.org/10.1108/13527590910937702
https://doi.org/10.1007/978-3-030-51566-9_13
http://thedaylightsite.com/architecture-for-well-being-and-health/
https://doi.org/10.1007/s11524-020-00469-z


Sustainable Work Opportunities for Drivers’
Well-Being: A Case of Careem

as Transportation Network Company

Amna Javed(B) and Youji Kohda

School of Knowledge Science, Japan Advanced Institute of Science and Technology,
Nomi, Japan

{amna,kohda}@jaist.ac.jp

Abstract. This study examines the services provided by the transportation net-
work company in a developing country from the drivers’ perspective. This study is
set up to investigate two substantial concerns: drivers’ satisfaction and well-being.
By adopting a purposeful sampling practice, twelve semi-structured interviews
were conducted in Lahore, Pakistan. After analyzing the facts, several results are
extracted, as motivation is the main factor for the drivers to join the company. The
drivers are not the workers at all—they are the users of Careem technology ser-
vices, Careem defines workers as working-class entrepreneurs instead of service
providers only, and finally, Careem treats its drivers as customers by re-defining
the role of workers and keeping safety measures for drivers. The created values for
drivers because of working conditions beyond the algorithm are indeed the effec-
tive value propositions that help Careem to retain its drivers for the betterment of
the company and society’s well-being.

Keywords: Sharing services · Transportation Network Company (TNC) ·
Careem · Sustainable work opportunities · Drivers’ well-being

1 Introduction

Sharing economy has a worldwide effect on sharing businesses, therefore sharing ser-
vices have channeled in the new era of work through its practice of managing works,
service providers, and service recipients. However, sharing practices may vary subject to
the properties and productive business models [1]. In developed countries the arrange-
ment and the network to provide work opportunities are well established, therefore the
working environment is sustainable even under fixed working conditions. On the other
hand, in developing countries, there are no proper regulations of generating enough
earning sources [2], because of limited resources and infrastructure. Therefore, to boost
the economic situation of a developing country, sharing economy has played a vital role
by considering four main factors: economic, social, practical, and environmental [3],
only sharing services have the potential to create a sustainable environment by enabling
flexible working situations [4]. It allows people to share their resources by their own
choices rather than it is necessary [5]. It does not matter whatever the purpose is behind
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sharing, to support the expansion and success of sharing economy the only key is trust
[6, 7]. And TNC is an example of transportation sharing, in which they expand their
identifiable transportation facility in reaction to new competition that emerged in sharing
economy [8].

In the current situation of developing countries, the launching of transportation net-
work companies (TNCs) has competed for a vital role in the progress of the pooled
transportation system and economic situation [9]. TNCs are transportation organiza-
tions that are dedicatedly associated with arranging trips using online portals or app.
with the purpose to create a linkage between drivers and passengers using their vehicles
for sharing reasons [10]. In transportation, the role of drivers and customers is impor-
tant to get a sustainable ride-sharing service. According to Green [11], in a car-sharing
business like TNC, the credibility and deliverability of ride service are more important
than its execution. For example, Uber has accompanied in a new era of work through its
practice of managing its drivers with algorithms, where Uber wants its drivers to work
sincerely and forces them to follow designated rules, which results in a hard-working
environment for drivers [12]. Regional contexts, drivers’ motivation, and experiences of
work, and their level of investment in the job all affect the ways they perceive its benefits
or drawbacks [13]. Uber is managing almost 3 million drivers all over the world by
managing the kinds of workers who decide to drive with the platform. There are several
categories of workers including full-timers, part-timers, and hobbyists. Each group has
its motivation to drive with Uber [12].

However, amongmanycountries, Pakistan is a countrywhereCareem-aTNC[14] has
shown great progress by considering the service re-shaping and localization to extend the
working experience of drivers beyond the algorithmicmanagement. Careem ismanaging
almost 1 million drivers who decide to drive with the platform spread across 14 countries
and has acquired the attention from the whole world because of introducing excellent
services for the well-being of the society [15]. Careem is a car-sharing service that offers
reliable, secure, and convenient traveling means to the citizens in Pakistan.

The purpose of this study is to assess the basis of a sustainable working environment
created by Careem along with the impressions of drivers. This research investigates the
noticeable differences between the algorithm-based working environments (Uber) to the
environment beyond the algorithm (Careem). Moreover, this research will investigate
the motivational factors that influence drivers to work with Careem.

To extract the findings, this research has adopted a qualitative research approach.
Whereas the thematic analysis technique has beenused to analyze the data systematically.
By analyzing the facts and results, several findings are extracted: motivation is the main
factor for the drivers to work with Careem, drivers are not the employees only—they are
the users of the Careem platform. Additionally, Careem defines workers first as working-
class entrepreneurs with female captain prioritization. Lastly, Careem treats its drivers
as customers by re-defining the role of workers and keeping safety measures for drivers.

The organization of this paper follows mainly four sections including background
study and introduction with the explanation of Careem and its role as a TNC in sharing
economy. Detailed research methodology and analysis technique is explained in Sect. 2.
The discussion of research findings and the significance of the study is included in Sect. 3.
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The final section of the paper presents the conclusion with a description of theoretical
and practical contributions.

2 Research Methodology

This study has adopted a qualitative research approach with the utilization of semi-
structured in-depth interview techniques. The data is collected from ten drivers (D1-10)
and two management bodies (M1-2) of the most progressive transportation company
named Careem in Pakistan. The selection of the study participants was made by using
the purposeful sampling technique that ensured the voluntary participation of all the
members; no gender discrimination; having experience with Careem. The interview
guidewas devised in the local languagewith a time duration of 30min for each interview.
The mode of the interview was face-to-face and audio-recorded with the purpose to
investigate the motivation of drivers and selection reason of Careem by raising the
question as; how interviewees have considered the aspects of satisfaction and well-being
while working with Careem.

The collected data were analyzed using a thematic analysis technique which fol-
lowed several steps as it began with the assignment of codes to the data fragments;
followed up with searching for the main concepts/themes; identifying patterns and rela-
tionships to create categories and finally refining themes and perform reconfiguration of
the categories for testing propositions to satisfy research aim.

3 Research Findings

A framework is established that summarized all the research findings as shown in Fig. 1.
This framework has been developed from the interview records that resulted in

drivers’ motivation and well-being by considering flexible working conditions to satisfy
drivers with Careem services. Also examined the effect of Careem services on the lives
of drivers in terms of quality and meeting everyday needs.
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Careem as TNC

Working System 
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Fig. 1. Research framework to explain the factors and values that are involved in achieving the
drivers’ well-being in Careem.

3.1 Working System Beyond Algorithm

Career Lines. Uber is a pioneer of ride-hailing services that offers algorithm based
working environment to the drivers. All the drivers are bound to follow the instructions
and boundaries already determined. Three types of drivers are associated with Uber
(full-timers, part-timers, and hobbyists). Uber drivers have less flexibility to select the
working conditions that result in unhappiness [12]. However, Careem is a progressive
ride service that meets the local needs of any region; therefore, it has introduced several
career lines for the drivers as a full-time driver, premium driver, part-time driver, and
term-time driver (see Table 1).

“Full-time employment is a most popular career among drivers because they can gen-
erate regular fixed income based on the target assigned per month. The drivers can earn
their income based on per ride calculations along with bonus plus (special points) on
per target exceeded rides […] Part-time drivers follow either target-oriented line or per
ride system. They are flexible to select according to their availability […] term time
drivers can only drive following per ride system” (M1).

The most special type of opportunity provided by Careem to its drivers is the status
of a premium driver that is designated mainly for the full-time drivers. On each ride
platform (Careem) charges its commission, but in the case of full-time drivers, after
meeting their assigned target, they can still drive and charge per ride with the minimum
deduction of commission by Careem as shown in Table 1.

“I am working with Careem for two years and since last year I am keeping the status of
the premium driver. I am successful to earn this status after maintaining my targets every
month. Now I can earn more money than before because less commission is charged by
Careem on exceeded rides after meeting my target” (D1).
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Table 1. Working system beyond algorithm management towards career lines.

Career lines Working conditions Incentives system

Full-time employment - Target-oriented
- Per ride system

- Bonus per target
- Earning per ride
- Bonus plus

Premium driver Per ride system - Earning per ride
- Minimum commission charged

Part-time employment - Target-oriented
- Per ride system

- Bonus per target
- Earning per ride

Term-time working Per ride system Earning per ride

Working Conditions. Depending on the time availability and health conditions,
Careem proposes two conditions as target-oriented work, and per ride system. Drivers
have the freedom to choose either of them based on their choices and convenience. The
assigned target conditions and criteria are as follows:

• Daily rides (estimates 8–10)
• Weekly rides (estimates 60–75)
• Monthly rides (estimates 200–240)

“I am a graduate student at university […] as I do not have enough time in the morning,
so I work for Careem in the evening and on weekends […] sometimes I work as part-time
and occasionally as term-time” (D2).

Incentive System. Each career line has a big association with the incentive system. It
offers several incentives as bonus per target (full time and part-time), earning per ride
(full time, premium, part-time, and term time), bonus plus (full time only), and minimum
commission charged (premium only).

“Careem is working to enhance its incentive system for the betterment of its drivers as
they are the vital resources and without their role, the success of the platform is not
possible especially in a developing country” (M2).

3.2 Drivers’ Satisfaction

From the analysis of interviews, it is excluded that Careem drivers are satisfied with
service. Also, drivers’ satisfaction is associated with a wide-ranging classification of
motivational factors that are comprised of drivers’ emotional commitments, platform
satisfaction, and overall judgment of life happiness.

Occupational Flexibility. A high degree of occupational flexibility is the core concern
of Careem that determines drivers’ independent choice for working. They can work
as long as they want and whenever they want. This flexibility is not only provided to
boost the working environment of the platform, but drivers also acknowledge the flexible
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conditions. Careem has a strong motive to be your own boss, make your own money,
and control your own life that is mentioned on its website [16].

“I worked for Uber last year, but I have joined Careem recently because of the availability
of flexible career opportunities […]. I can work when I have free time and able to earn
more money than I used to earn with Uber” (D3).

Travel Pricing. A distinctive feature of Careem from other TNCs is that travel pricing
in Careem is calculated based on distance in kilometer and the associated time with that
specific ride.

“I usually drive-in peak hours […] the difference I observed from other rideshare ser-
vices is fair pricing because it is calculated based on kilometers covered and minutes
calculated” (D4).

Global In-ride Insurance. Careem has launched the concept of a global in-ride insur-
ance program to facilitate free in-ride insurance for both passengers and drivers. It will
cover the serious injury and death expenses in an accident occurs during the ride.

“Safety is our top priority. As Careem service is getting expansion across the borders,
so we have introduced new free global insurance plans […] Global insurance pro-
vides secured policies that cover around $20,000, if serious injury or death causalities
occurred during a Careem ride in any country or region” (M1).

The coverage for drivers begins when their app is online and available for passengers
to ensure the booking and continued when they wait at the pick-up location, collection
of fare and end after safely drive for the passengers to their destination. By introducing
successful plans of insurance, Careem has made a huge commitment to insured ride that
reflects the importance of safety and well-being of both drivers and passengers.

Complaint Redressal System. Careem focuses on the situational based complaint
redressal system. In case of negligence or complaint, a penalty is charged by the SSIG
(safety & security investigation group) based on careful judgment.

“We investigate the complaint thoroughly and reach to some decision […] we avoid
charging instant penalty to the drivers against a single complaint” (M2).

Female Driver Prioritization. Introducing female drivers to the platform is a big suc-
cess factor of Careem as it is commenced in a response to the local needs of the female
passengers because they prefer to take a ride with a female driver due to security and
religious reasons. In case of some problem incurred, female drivers receive an added
layer of security for being prioritized with their calls during the ride.

It’s been one year working for Careem […] its app. is user friendly and being a female
driver, I have an opportunity to accept or reject any request based on gender or customer
rating with no effect on my profile” (D5).

Training Program. Careem has succeeded to establish a driver-training program to
guarantee safe travel. Under this program, each driver learns the use of the Careem app.,
measures for safe driving operations and traffic authoritative rules and regulations, and
TNCs policies.
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“We arrange driver training programs on weekly basis to provide basic knowledge about
evolving technology platform of Careem to ensure safety and security for passengers,
drivers, and pedestrians” (M1).

3.3 Drivers’ Well-Being

Ko and Kuo [17] have stated user well-being in their research that defined well-being as
consciousness and feeling about the pleasing perception of ones’ life, positive emotions,
commitments, and higher satisfaction. Well-being can be achieved after maintaining
good health, by building trust-based social relationships and cooperation to earn better
livelihood [18]. It is generally associated with the life flourishment in ones’ life with
higher satisfaction.
“Careem has a worthy repute for controlling and ranking of its drivers [D6]. Careem
offers a platform for drivers’ opinions and feedback information [D7]. Many social
campaigns and discount opportunities are initiated by Careem to boost our interest and
livelihood [D8].

4 Conclusion

This research contributes significantly to the development of society because Careem
promises drivers freedom, flexibility, and independence by introducing several social
campaigns even in the current pandemic situation (Covid’19). There are several cate-
gories of workers including full-time drivers, premium drivers, part-time drivers, and
term-time working drivers. Each group has its motivation to drive with Careem. More-
over, to attain sustainable working conditions, premium driver status is the key by which
drivers gain the opportunity to decide their working hours by themselves and Careem
charges a minimum commission after meeting the assigned target for making a relief to
them.

The core of Careem drivers is “Be your own boss, make your own money and control
your own life”. Careem drivers are the consumers of its software followed by a highly
developed incentive system as it rewards the drivers in terms of bonuses, earnings,
and bonus plus on per target exceeded rides. The created values for drivers because of
working conditions are indeed the effective value propositions that help Careem to retain
its drivers for the betterment of the company and society’s well-being.
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Abstract. The purpose was to identify post-work musculoskeletal alterations in
social workers and secretaries of second-level hospitals. Cross-sectional study,
with a sample of 185 subjects being calculated in Epidat by proportions, 20%of the
populationwith damages at a 95%CI. ThemodifiedNORDICOquestionnaire was
applied to collect information on pain, fatigue or discomfort in different areas of
the body. The reliability test was carried out, obtaining a 65% correlation between
the items and inferential statistical analysis. The 42.8% (150) were aged≤35 years
and 58.2 between 36 and 50 years (35), in the seniority in the position 45.9% (80)
had between 6 and ten years more than ten, 21.6% (40), Musculoskeletal disorders
reported by social workers and secretaries were pain in the neck (40%), shoulders
(50%), wrist and hand (50%), lower back (70%), knees (40%), ankles and swelling
50%during the last seven days. The type of taskswas quantified andwith repetitive
movements (45.9%), varied tasks such as copies, agendas, etc. (21.6%) and mixed
32.4% (p< 0.05 X2). Regarding how long these discomforts have prevented them
fromdoing their work, 35%mentionedmore than three disabilities for 3 days, 25%
have received heat therapy and 100% have taken anti-inflammatories. In addition,
it is observed that there is no ergonomic prevention and the risk increases 2 times
more with age and work seniority (95% CI, p < 0.05). It can be observed that
while the ten minute breaks are not respected for each working hour an 8 h/day
shift will increase disorders.

Keyword: Musculosketal disorders · Prevalence · Occupational health ·
Discomfort

1 Introduction

According to the International LaborOrganization (2013), 160million peopleworldwide
suffer from non-fatal diseases annually related to occupation [1]. This is in largely due to
technological, social and economic changes that have contributed to the creation of new
risks, or exacerbating existing ones, including musculoskeletal disorders (MSD). These
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disorders represent one of the most frequent occupational diseases, both in countries
industrialized and developing [2]. It is estimated that about 30% of the Occupational
morbidity corresponds to this type of pathologies, which affect the quality of life of
the workers and represent an economic cost in terms of lost work days, disabilities,
absenteeism, early retirement, expenses for diagnostic tests and treatments [3].

Musculoskeletal disorders (MSD) are injuries associated with locomotor apparatus.
In 1997, the Centers for Disease Control and Prevention’s (CDC) National Institute for
Occupational Safety andHealth (NIOSH) released a review of evidence for work-related
MSDs. Examples of work conditions that may lead to WMSD include routine lifting
of heavy objects, daily exposure to whole body vibration, routine overhead work, work
with the neck in chronic flexion position, or performing repetitive forceful tasks. This
report identified positive evidence for relationships between work conditions and MSDs
of the neck, shoulder, elbow, hand and wrist, and back [4]. Musculoskeletal injuries
have always been related to the workday and type of work. Musculoskeletal disorders
(MSD) are alterations of seriousness and include symptoms such as discomfort, pain
and immobility, and depending on the progress they can cause temporary sick leave and
receive medical treatment. MSDs do not include disorders caused by slips, trips, falls,
or similar incidents. Examples of MSDs include: Sprains, strains, and tears, Back pain,
Carpal tunnel syndrome, hernia [5].

Musculoskeletal disorder affects the muscles, joints, tendons, ligaments, bones, and
nerves of the human body, but it can generally be back, neck, shoulders, and upper
extremities. OSHA, EU has mentioned that musculoskeletal disorders can develop as
repeated trauma, or with cumulative effect in the workplace and depends on the type of
company.Musculoskeletal disorders have amultifactorial aetiology. It is difficult inmost
cases to point out the exact cause of an individual case of disease. They are also not very
commonly accepted as occupational diseases in the national compensation or reporting
systems. There is little evidence of the use of standardised diagnostic criteria for MSDs
across Member States of the European Union, and a range of terms and health problems
have been covered in different countries to describe these disorders. This variation is
reflected in the nationally reported data and makes comparisons betweenMember States
difficult [6].

Prevalence
Musculoskeletal disorders account for nearly 70 million physician office visits in the
United States annually, and an estimated 130 million total health care encounters includ-
ing outpatient, hospital, and emergency room visits [7]. In 1999, nearly 1 million people
took time away from work to treat and recover from work-related musculoskeletal pain
or impairment of function in the low back or upper extremities [7]. The Institute in
Medicine estimates the economic burden of WMSDs as measured by compensation
costs, lost wages, and lost productivity, are between $45 and $54 billion annually [7].
According to Liberty Mutual, the largest workers’ compensation insurance provider in
the United States, overexertion injuries—lifting, pushing, pulling, holding, carrying or
throwing an object—cost employers $13.4 billion every year [7].

An increasing trend at the EU level MSDs + carpal tunnel syndrome increased by
32% from 2002 to 2005 (by 39% among women). MSDs + carpal tunnel syndrome
accounted for 59% of all recognised disease covered by EODS in 2005 (about 85% of



80 G. Perea et al.

all ODs among women). But all in all, the number of accepted cases of occupational
disease is much smaller than the number of self-assessed work-related cases described
in the previous section would suggest [8].

In the case of Mexico, 16% of economic activities correspond to the manufacturing
branch, classified into ten groups: production of food, beverages, tobacco; machinery,
equipment; derived from oil and coal; plastic and rubber chemical industries; metal
industries, products based on non-metallic minerals; textile industries, leather; paper;
wood and furniture (National Institute of Statistics and Geography [9]. Dates from the
IMSS (2015), showed that during 2015 there were 3,230 cases of diseases of the osteoar-
ticular system equivalent to 26.8% of the total risks classified as occupational disease.
On the other hand, the National Rehabilitation Institute (2014) carried out a study in
patients treated in its facilities due to musculoskeletal pathologies; as a result, 11.5% of
the 3508 cases reported carrying out activities of operator officers, artisans ofmechanical
arts, various trades, plant operators, machines and assemble [10, 11].

Methods
The purpose was to identify post-work musculoskeletal alterations in social workers and
secretaries of second-level hospitals. Cross-sectional study,with a sample of 185 subjects
being calculated in Epidat by proportions, 20% of the population with damages at a 95%
CI. The questionnaire applied was the Nordico de Kuorinka [12], this is a standardized
questionnaire for the detection and analysis of musculoskeletal symptoms, applicable in
the context of ergonomic or occupational health studies in order to detect the existence of
initial symptoms, which have not yet constituted disease or have not yet led to consult the
doctor. The questions are multiple choice and can be applied in one of two ways. One is
in self-administered form, that is, it is answered by the person surveyed himself, without
the presence of a respondent. The other way is to be applied by a pollster like part of an
interview as was the case in this investigation, this was applied to collect information
on pain, fatigue or discomfort in different areas of the body [12]. The questionnaire was
applied to the evaluate the Prevalence of post-work musculoskeletal disorders in social
workers and secretaries of second-level hospital in the Guanajuato region and these were
selected for convenience according to their geographic location. The information was
collected in a period of two weeks by researchers. With the information collected, an
Excel database was created. The reliability test was carried out, obtaining ameasure how
percentage, and correlation test, between the items and inferential statistical analysis.

2 Results

The reliability test was carried out, obtaining a 65% correlation between the items and
inferential statistical analysis. The 42.8% (150) were aged ≤35 years and 58.2 between
36 and 50 years (35), in the seniority in the position 45.9% (80) had between 6 and ten
years more than ten, 21.6% (40).

Musculoskeletal disorders reported by social workers and secretaries were pain in
the neck (40%), shoulders (50%), wrist and hand (50%), lower back (70%), knees (40%),
Thigh (50%), ankles and swelling 50% during the last seven days (Fig. 1).
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Fig. 1. Percentage of Musculosketal disorders.

According to the type of job, there were differences in discomfort during the same
time of the working day (8 h per 5 days a week during the morning shift) as can be seen
in Table 1.

Table 1. Percentage of discomfort in the last 12 months during 8 h per 5 day a week.

Neck Shoulders Lower back Ankles Wrist and hand Thigh Knees

Yes No Yes No Yes No Yes No Yes No Yes No Yes No

Do you had

any

discomfort

in the last 12

months?

Social

workers

25% 75% 20% 80% 20% 80% 20% 80% 25% 75% 25% 75% 25% 75%

Secretaries 15% 85% 30% 70% 50% 50% 30% 70% 25% 75% 25% 75% 25% 75%

The type of taskswas quantified andwith repetitivemovements (45.9%), varied tasks
such as copies, schedule, (21.6%) and mixed 32.4% (p < 0.05 X2) (Table 2).

Table 2. Type of task for have Musculosketal discomfort.

Tasks Yes

Tasks was quantified and with repetitive
movements

Social workers Copies
Schedule
Typing

45.9%
21.6%
100.0%

Secretaries Check expedient
Take date, Address
Other

80.0%
100.0%
70.0%
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Regarding how long these discomforts have prevented them from doing their work,
35% mentioned more than three disabilities for 3 days, 25% have received heat therapy
and 100% have taken anti-inflammatories.

When asked if it was necessary to change jobs due tomusculoskeletal damage, social
workers mentioned in a 20th percentage that if they changed jobs due to the damages
presented, how we see in the Table 3.

Table 3. Percentage of person who need change the job.

Yes No

Have you needed to change your job? Social workers 20% 80%

Secretaries 0% 100%

There is increased by 20% in the prevalence of signs when performing different tasks
during 8-day workdays during a week, in addition to making an effort physical mainly
moving boxes, sitting for more than 6 h having an impact on the lower spine as can be
seen in Table 4.

Table 4. Prevalence rate by activities during working hours (8 h/5 day).

Yes No Prevalence rate Value “p”

Performing repetitive movements 130 55 1.5 0.004

Lifting heavy objects >20 kg 133 73 1.4 0.03

Effort with the waist and back 118 67 1.1 0.048

Shoulder tension 118 67 1.3 0.05

Immobilization of legs for more than 3 h in a row 113 72 1.2 0.04

Wrists and hands, I work more than 6 h in a row 115 70 1.5 0.001

3 Conclusions

In addition, it is observed that there is no ergonomic prevention, and the risk increases 2
times more with age and work seniority (95% CI, p <0.05). In this study, the presence
of musculoskeletal disorders was observed in different parts of the body according to
the application of the Nordic questionnaire. It is important to establish a program for the
identification of risks and requirements present in all workplaces where ergonomically
there are no preventive or surveillance programs specific for this type of morbidity,
different articles show that forced postures and the handling of heavy loads, repetitive
movements, are processes that they require studies and programs to protect the worker.
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The authors recommend early diagnosis and appropriate management of the signs in
early step can help peoplewho havemore than 5 years in the same placewhen performing
different tasks during 8-h workdays during a week. Another strategy is to evaluate at
least twice a year the knowledge that operating personnel have of health and safety
standard. Is very important includes not only consulting with a doctor, is important put
self-management education programs to help teach people who have for a lot of hours
in the same position, and developing and implementing workplace controls and more
when now we are more sit-down in home work by the pandemic.
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Abstract. This investigation aims to establish a correlation between spine defor-
mations in indigenous elderly female of Ecuador and themagnitude andmaneuver
of the loads they manipulate. The women work, since infancy, in agricultural and
home labors and tend to do so when carrying on their backs their siblings, children
or grandchildren. Photoshoots of static body postures of daily activities were the
source for body segment angles identification using 3-Dimensional Static Strength
Prediction Program to calculate the biomechanical demands estimating the values
of compressive and shear forces at the spine complementing the use of methods
for ergonomic evaluations. The calculated lower back compression forces were
compared to the NIOSH guidelines. The maximum weight of agricultural loads
in the evaluated activities ranged from 50 to 100 lb. The findings should be used
to modify the standard of agricultural packages reducing their capacity to protect
the health of women stevedores.

Keyword: Low back compression force · Indigenous women · Daily activities ·
Work-related injuries

1 Introduction

Musculoskeletal disorders (MSDs) are the occupational diseases most studied for been
the most frequent in the industrial environment and for producing the highest rate of
absenteeism which has a direct impact on productivity [1]. Since the studied working
population are self-employed indigenous women from the Ecuadorian high lands the
decrease in the productivity has a direct impact in the life quality of these women
and in her community [2]. These disorders known to be caused mostly by postural
demands, repetitive movements, load manipulation, vibrations, poor lighting, and cold
environments [1].

Do to detected prevalence of spine deformations in elderly indigenouswomen reports
in a previous study [3, 4], the present investigation is focuses on MSDs of body mid-
section which are related to heavy load manipulation, and static and dynamic muscular
work both putting at risk the integrity of the spine and the pelvic area [5].
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The indigenouswomenofEcuadorian highlands usuallywork performing a variety of
agricultural and domestic labors using rudimentary tools making these chores physically
demanding. Among the tasks they perform, the transport of agricultural products in sacks
whose standard weight is 100 lb and agricultural tasks with their brothers, children or
grandchildren in their backs stand out due to their high physical demand [6, 7].

The MREBA is an adaptation based on the REBA method that can assess the risk
level of the daily activities of the indigenous women more accurately [8], MREBA due
to modifications that allows to better valuate the hard tasks perform by these women
especially the ones that involve heavy loads in the range of 50 to 100 lb and the impor-
tant postural loads cause by the constant adoption of extreme postures (elevated trunk,
arms, and wrists angles). Additionally, many of the tasks are performed with a child
asymmetrically tied to their backs.

To evaluate tasks that involve loads lifting it is widely used the 3D motion capture
data of the gesture involve in the task and the use of a software that allow estimating the
compression force in the column to simulate the ubication and magnitude of the loads in
the human body model [9, 10]. One of the great challenges when using these programs
is the modeling of the external loads, as for example a child carried in the back, to find
the appropriate strains in the column in each analyzed position [11].

The 3D Static Strength Prediction Program (3DSSPP) a software of the University
of Michigan allows to estimate the percentage of men and women who have the strength
to carry out a certain activity correlated with posture, force, and gender anthropometry
data. The results include the low back compression forces, and a comparison to NIOSH
guidelines [12, 13].

The goal of this work is to calculate the low back compression force using a static
strength prediction software in adult’s indigenous woman, performing six typical daily
activities.

2 Materials and Methods

2.1 Description of the Software Used

Six daily tasks were evaluated, de video of each activity was analyzed considering
duration, frequency, and deviation from the natural position of the body and in each case
de photograph of the most demanding posture was model in the 3DSSPP [14]. As one
aspect that forms the basis of the risk assessment is the denomination of the maximum
effort in the work cycle and the maximum static duration, these parameters were also
considered.

The 3DSSPP include analysis of the loads handling and the forced postures, this
software is used to evaluate the biomechanical capacities and the static resistance of
the labors perform by the indigenous women in relation to the physical demands of
their unstructured work environment. The program allows to predict the static resistance
requirements through the estimation of the compression forces in the spine when per-
forming each activity that is analyzed, this is done by means of a 3D simulation of the
posture, which includes the external loads, measurements of the body sections and the
position of the joints.
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To determine themost demanding posture, the duty cycle of each activity is analyzed.
The duty cycle is calculated as the coefficient between the time of effort and the time of
work expressed as a percentage, these times are based on the percentage of maximum
voluntary contraction, which is calculated as required force divided by the average force
of the population [15]. For the estimation of the percentage of women who have the
strength to carry out each analyzed activity the strength of the 25th percentile population
is taken, since this corresponds to the average anthropometry of indigenous women. The
reportedmaximum static duration corresponds to the time of sustained static stress above
which localized fatigue is likely to occur.

2.2 Description of the Evaluated Tasks

The six daily activities evaluated were recorder in a video, then photograph of the critical
static bodypostures, in termsof physical demand and theywere separated from the videos
to be used as the source for body segment angles measurements using the 3DSSPP
program. This software allows to estimate the biomechanical demands by calculating
the compressive and shear forces in the lumbar spine. The body posture photograph for
each activity was selected taking into consideration those positions that, a priori, suppose
a greater postural load because of their duration, frequency, or their deviation from the
neutral position. The six-task analyzed in are described below:

TASK 1. She performs the activity with her torso bent and her arms outstretched. Takes
the garment, rotates her body to wet it in the channel on her left, then places it on a stone,
that is at the level of her knees, and presses it using the weight of her body swinging
forward and backward (see Fig. 1a).

TASK 2. The woman in standing position, leans her trunk forward and carries a 55-
gallon container with a weight of 15 kilos to pour its contents into buckets placed on the
ground. The big container is used to mix liquid and dry ingredients (see Fig. 1b).

TASK 3. Woman in a kneeling position and with her trunk bent forward uses her hands
to repeatedly pull the plants, then when the tubers are on the surface, she uses her hands
to remove the excess soil from them and throws them into various containers depending
on their size (see Fig. 1c).

TASK 4. A standing woman bends her trunk until her arms reach a base 50 cm above
the ground, on which are the clothes to be washed. Next to the base she has a water tank
with which she wets and rinses the clothes using a small container. The washing process
consists of pressing, with her arms and hands, the wet clothes using the weight of her
body swinging forward and backward (see Fig. 1d).

TASK 5. A woman standing and leaning, carries a 4-year-old infant on her back, held
by a blanket tied to her chest. She holds in her hands a tool that she raises and drops on
the ground and then pulls towards her body dragging material, this movement is made
constantly during approximately 10 min then she rests a few minutes and restart (see
Fig. 1e).
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TASK 6. The work is carried out standing and with the trunk very inclined on the edge
of a water tank. It consists of rotating to take a bundle of radishes that are on the right
side, immerse and shake them in the water that is below the level of her feet and rotating
to deposit them on the left side. The women rest from the sharply bent position every 10
repetitions approximately (see Fig. 1f).

(a) (b)      (c)
(a) TASK 1.  Kneeling woman washing clothes by hand, (b) TASK 2. Mixing and 
transfer of fertilizers (c) TASK 3. Woman harvesting and selecting potatoes. 

                  (d)          (e)    (f)
(d) TASK 4. Standing woman washing clothes by hand, (e) TASK 5.  Woman 
tilling the land with child on her back (f) TASK 6. Women washing radishes. 

Fig. 1. Photographs of women performing de six daily tasks that are evaluated in this study.

The estimation of the loads to be added in the model were determined based on
the knowledge of the carried weigh and the gestures of the activity. According to the
3DSSPP anthropometry database, the weight and height of each evaluated subject is
estimated based on their characteristics. Figure 2 show an example of posture analysis
using the 3DSSPP program.

3 Results

Analysis of a photograph of the most forced posture for each of the six daily activities
perform by the indigenous women was carry on using the 3DSSPP program, an example
of the report obtained for each task is show in Fig. 2.

Table 1 shows the percentage of Exertion Duty Cycle Limit (EDCL) and the Static
Duration Limit (EDL) in seconds, for three joints (wrist, elbow, and shoulder) and the
six analyzed activities. From the obtain results, it can be deduced that indigenous women
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TASK 5.  Woman tilling the land with child on her back.
DEZILACOL FATIGUE

Exertion Duty Cycle Li-
mit (%)* 

Static Duration Limit 
(s) * 

Wrist: 4.2
Elbow: 5 
Shoulder: 18.6

Wrist: 48
Elbow: 43 
Shoulder: 65

* Maximun admisible in the analyzed position

       TOP VIEW (a) FRONT VIEW (b)   SIDE VIEW (c) 

                                                            (d)

Fig. 2. Summary of results of the 3DSSPP application to task 5 evaluating: the exertion duty
cycle Limit (%), the static duration cycle from three different perspectives (a), (b), (c) and the low
back compression results for L4/L5 of a population with 50th percentile anthropometry (d).
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with the highest EDCL in the wrist and elbow are those who perform tasks that involve
repetitive movements and application of force with their hands and arms (tasks 1, 3 and
6). In the shoulder joint, the EDCL is higher in those tasks that require greater deviation
from the neutral position and that involve repetitive movements of the upper extremities.
The tasks that produce a higher EDL are those with the greatest static effort, however
the low values of EDL were found in those tasks where is not permissible to maintain a
sustained effort independently of the measure of the time intervals, this is mainly caused
by repeatability and the excessive weight of the handled load.

Table 1. Exertion duty cycle limit and static duration limit for wrist, elbow, and shoulder in the
six analyzed activities.

Task Localized fatigue

Exertion duty cycle limit (%) Static duration limit (s)

Wrist Elbow Shoulder Wrist Elbow Shoulder

1 5.2 40.5 2.9 53 332 21

2 7.6 22.6 14.4 64 152 53

3 0 0.5 0 0 14 0

4 11 11.8 29.8 79 80 102

5 4.2 5 18.6 48 43 65

6 39.5 33 63.2 226 244 304

The compression of the lower back, specifically in L4/L5 intervertebral discs, 33.3%
of the tasks are in the yellow zone (tasks 3 and 8), implying that the possibility of low
back pain in indigenous women who perform these tasks is three times more likely than
in the general population. On the other hand, 33.3% of the evaluated tasks are in the red
zone (tasks 2 and 5), these tasks require handling and/or transportation of heavy loads,
being in this zone involve the appearance of lumbar back pain is ten times more likely in
the women who perform these tasks compared to the general population (see Fig. 2d).

The distribution of the loads supported by each leg; the results indicate that in 66.6%
of the analyzed tasks the left leg is the most demanded. It has also been determined
that the center of pressure between the body and the support surface, in the 66.6% of
the tasks implies a significant loss of balance, in 16.6% this characteristic presents as a
critical result, and the rest of the tasks (16.6%) the center of pressure remains within the
functional stability zone.

4 Conclusions

The results of the postural load evaluation, on indigenous women musculoskeletal sys-
tem, shows a high musculoskeletal injuries risk for the evaluated daily activities, with a
general increase of risk level for tasks that involve handling and transportation of heavy
loads.
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The 3DSSPP program application for biomechanical demands of evaluated daily
tasks, reveals a risk level that ranges from significant to intolerable when women are
in bipedestation with trunk and neck rotations or performing repetitive movements of
hands and arms with the consequent application of force. This software is an appropriate
tool to estimate the maximum effort in the work cycle, the maximum static duration,
and the compression of the lower back on the L4/L5 intervertebral discs.

Although the 3DSSPP is a very useful tool to estimate the biomechanical demands
of work postures, it is important to highlight that a task cannot be evaluated in its entirety
by a single program or method, so it is necessary to complement the evaluations with
other criteria and professional judgments to perform adequately the safe design of any
productive activity.
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Abstract. This study intended to explore the effects of acclimation (practice)
and motivation (task completion) on lateral reach distances performed by novice
and experienced ladder users while working on stepladders of different heights.
It was hypothesized that as the novice ladder user’s experience (i.e., acclima-
tion) working on a stepladder increased, their reach distances would increase
(reflecting decreased risk perception). In addition, ladder users would reach farther
when motivated to do so by a concrete task. Acclimation to the task significantly
increased RD for both sets of participants, indicating that acclimation to a specific
task may be as important as general experience. The introduction of a concrete
task and a time component had a significant effect on reach distance. This desire
to finish a task quickly may alter an individual’s risk assessment of the situation,
leading them to perform tasks that they deem unsafe in other circumstances.

Keywords: Falls from elevations · Ladders · Construction · Lateral reaching

1 Introduction

Falls from ladders account for a large portion of workplace injuries related to falls from
elevations since ladders are widely used at different types of workplaces and falls from
ladders occur at a high frequency. Falls from ladders remain a critical safety issue due to
the frequency of falls and the severity of the injuries. Workers who received treatment at
an emergency roomdue to an injury sustained after falling froma ladderwere interviewed
to identified factors associated with such falls. The majority of workers (51.0%) were
using a stepladder at the time of the fall and 51.3% reported standing and working on the
ladder when the incident occurred [1]. Guidelines for safe ladder use state that the body
should remain within the rails of the ladder (“belly button” or “belt buckle” rule), yet,
many falls occur while workers are moving laterally and performing extended reaches
during task performance. Falls occur because the individual loses balance and falls off
the ladder or because the ladder tips over, causing the individual to fall with it.

Physical manifestations of anxiety are present for many individuals standing on
elevated work platforms [2]. This anxiety detrimentally affects postural control, which
will likely influence lateral reach distances. Since the use of taller ladders is less common
outside theworkplace, it is hypothesized that novice userswould initially bemore careful
on the taller ladders, resulting in shorter reach distances as compared to experienced
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users. Reaching guidelines are typically included in training regarding safety practices
while using a ladder. However, workers still overreach with numerous factors potentially
interacting to influence reaching behavior. Prior research indicates that the more familiar
a user is with a product or task, the less likely they will look for, or heed, warning
information [3]. That is, greater familiarity with a product or task may cause workers
to perceive less of a hazard, which in turn, decreases the likelihood of their complying
with associated safety precautions. Therefore, novice ladder users might be expected to
take fewer risks than more experienced users and to increase their level of risk-taking
after acclimatization.

In their study of falls from ladders, Lombardi et al. [1] indicated that 50% of the
injured workers had<3 years of job experience and 62% had no on-site safety training.
Individuals may not be aware of the repercussions associated with overreaching while
working on a ladder if they do not receive proper safety training. Even with proper
training, it is possible thatworkerswill overreach due to othermotivations and influences.
Workersmaydetermine that the additional risk iswarranted tominimize the time required
to descend the ladder, reposition it, and ascend the ladder while performing a given task.
The priority given to safety as dictated by coworkers and management as compared to
productivity and rapid task completion will play an important role during this decision-
making process.

2 Methods

2.1 Participants

Participants in the study included 24 novice and 24 experienced male ladder users. The
mean (sd) age, height and weight of the novice group was 39.7 (13.2) years, 170.9
(6.4) cm and 81.0 (12.9) kg, respectively. The mean (sd) age, height and weight of the
experienced group was 47.8 (12.3) years, 173.6 (5.5) cm and 89.6 (12.1) kg, respec-
tively. Participants had normal or corrected vision in both eyes and were free of known
musculoskeletal and balance problems.

2.2 Experimental Design

This study implemented a mixed factorial design with one within subject factor (expe-
rience) and two fixed factors (ladder height and reach condition). A ladder user was
defined to be a novice if they had never used a ladder as part of their employment or
received training on the proper use and setup of ladders. Individuals were considered
experienced users if they regularly climbed ladders as part of their employment (mini-
mum tenure of 3 years). Two ladder heights were included in the study (6′ and 12′) and
three reach conditions were evaluated for each participant: initial maximum, motivated
maximum and acclimated maximum. New Type 1A fiberglass stepladders of 6′ and 12′
were used during the experiment. Extra heavy-duty industrial ladders rated for up to 300
lb (Type 1A) were chosen since they are most commonly used in commercial settings
(e.g. construction sites).
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2.3 Experimental Procedure

The participants were briefed on the study objectives, procedures and potential risks. In
preparation for the experimental tasks, the participants changed into sportswear and low-
rise trail shoes (Nike Bandolier II) provided by the research team. A full body harness
attached to a belay system was donned to maintain safety of the participants throughout
the experiment. A 12-camera passive motion capture system (Motion Analysis Corp.,
Santa Rosa CA) was used to collect motion data from a full-body marker set and the
location of the belly button and ladder. The 3D trajectory data was collected at 100Hz
and filtered using a zero-lag fourth-order 8 Hz low-pass Butterworth filter. Participants
stood on the proximal side of the ladder with the distal side of the ladder used to stabilize
the ladder. The ipsilateral side of the ladder was that closest to the target, while the
contralateral side was opposite the target.

Lateral reaches towards the right side of the ladderwere performedwhile participants
stood on the third rung from the top of the ladders. For each ladder height, the order of
which was randomly presented, participants initially performed a lateral reach with the
instructions to “reach as far as you feel comfortable.” For the second trial the participant
was asked to “reach as far as you can.” The initial maximum reach distance established
by this trial was used to determine the lateral target locations used in the subsequent
trials.

A target (key from a computer keyboard) was placed at a vertical height midway
between the height of the acromion process of the right shoulder and right elbow. Par-
ticipants were required to perform a concrete task by reaching and pressing the target,
which required a very low level of force but some level of motor control. Participants
were not allowed to lean on or brace against the target. A motivated maximum reach
distance was determined using a modified method of constant stimuli procedure. The
target was placed closer and farther to the ladder rail until a maximum motivated lateral
reach distancewas established. If the participantwas able reach the target, the subsequent
reach distance was presented without substantial delay. If the participants felt that they
could not reach the target at the current location, they were required to climb down from
the ladder and perform a short (20 s) card-sorting task. In this manner, participants were
motivated to reach for the target since the instructions implied that successful reaches
would result in decreased time to complete the experiment. Participants were paid a flat
rate for completion of the experiment so taking longer did not result in a financial benefit.
After the motivated maximum reach distance was determined, the target was removed
and another unmotivated trial was performed where the participant was asked to “reach
as far as you can.” The total time to complete all the trials comprising each experimental
condition was approximately 15 min.

Reach distance (RD) was defined as the distance from the ipsilateral ladder rail to
the right wrist in the frontal plane. The distance to the end of the hand was not used to
determine reach distance so the technique used to push the target would not influence
the distance measured. The first trial was considered as practiced and not analyzed. The
second trial at each ladder height was designated as the initial maximum reach. The
maximum reach distance that resulted after the modified method of constant stimuli
procedure was the motivated maximum distance. The final trial, which did not include
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the target, was deemed the acclimated maximum distance and used to determine the
effect of practice.

3 Results

Table 1 includes the reach distances for each of the experimental conditions. RD was
significantly shorter on the 12′ ladder as compared to the 6′ ladder (p < 0.001). The
initial maximum was always the shortest reach distance with significant increases after
acclimation and additional significant increases during the motivation reach condition
(p < 0.001). There was no significant effect of experience (p = 0.169) or any of the
interactions (p > 0.320).

Table 1. Reach distances.

Ladder height Reach condition Reach distance
(mm)

Novice 6′ Initial
Motivated
Acclimated

914 (78)
1016 (58)
949 (58)

12′ Initial
Motivated
Acclimated

853 (123)
957 (119)
889 (114)

Experienced 6′ Initial
Motivated
Acclimated

936 (69)
1040 (56)
953 (62)

12′ Initial
Motivated
Acclimated

871 (72)
999 (75)
915 (82)

4 Discussion

Ladders are used on a regular basis on many types of job sites. Even though falls from
ladders occur relatively frequently, workers continue to disregard safety guidelines and
increase fall risk by overreaching while on ladders. Workers’ behaviors may be influ-
enced by many factors, including their individual level of risk perception, peer pressure
and time constraints imposed by management. Individuals that associate working on
ladders with a high level of fall risk may abide by safety guidelines and be less inclined
to overreach, whereas those who prioritize speed of task completion may overreach in
an attempt to increase productivity.

Anxiety attributed to being at heights has been shown to detrimentally affect postural
control [4, 5] so it was not surprising that users, particularly novice users, would be
less willing to reach further on a taller ladder partially due to feelings of increased
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instability. Although RD for the experienced users was always greater than the novices,
the difference was not found to be statistically significant. Acclimation to the task, based
on a short timeframe, significantly increased RD for both sets of participants. Since
RD increased for experienced users, it would indicate that acclimation to a specific
task involving ladders may be as important as general experience. The introduction of
a concrete task and a time component had a significant effect on reaching distance.
Individuals generally want to succeed at completing tasks efficiently and in a timely
manner. This may alter an individual’s risk assessment of the situation, leading them
to perform tasks that they deem unsafe in other circumstances. This desire may be
intensified in newer employees who are trying to impress their coworkers and managers.
It is imperative that management and coworkers clearly articulate that safety is a priority
on the jobsite.

Ladder specific safety training is very important and continuous reinforcement
regarding the prioritization of safety over task completion speed is paramount, espe-
cially since current findings indicate that experienced users are at the same or greater
risk of falling. Further research is necessary to determine why experienced users are
willing to reach beyond safety guidelines. It is possible that risk perception is reduced
so management must reinforce the message that injuries caused by using ladders occur
frequently and are often serious, leading to multiple days lost from work. The relation-
ship between overreaching and ladder falls must be emphasized, possibly by recounting
the history of injuries related to ladders on the jobsite.

Acknowledgments. The author would like to thank Mary F. Lesch, Jacob J. Banks and Amanda
Rivard for their assistance with this investigation, which was conducted at the Liberty Mutual
Research Institute for Safety.
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Abstract. With the growing demand for helmet mounted displays on motorcycle
helmets, it is essential not to compromise the peripheral vision of the motorcy-
clist. The relevant European standard of motorcycle helmet visors ECE 22-05,
equivalent to the DOT standard FMVSS 218, states that the visor should permit
peripheral vision horizontally through an arc of 105° from the helmet midline
and vertically through an arc of 52°, which is located 7° upwards and 45° down-
ward from the eyes. Consequently, this study compares a 3D environment to a
human testing environment and an controlled testing environment using standard
headforms to create an objective method to verify the correct field of view of
motorcycle helmets. Firstly, the 3D environment is developed in Solidworks and
provides a simulation set up that validates the necessary field of view in reference
to the ECE 22-05. This environment is matched up to the testing environment with
test subjects that are familiar with the use of a motorcycle helmet. The fields of
view were determined by 12 indication points for 9 different motorcycle helmet
models. The downwards tilt of the helmet of each test subject was individually
determined. Each participant was additionally tested with a control helmet. The
control helmet was also 3D scanned for use in the 3D environment. This provides
a reference for the tilt of the helmet in the other two objective evaluation meth-
ods. With an average downwards angle of 21.1° down, the control helmet has a
success rate of 66.7% in the testing environment with the test subjects, although
a number of external factors influence the determination of the field of view of
the test subjects. Lastly, a field of view was generated by means of a human head-
form model into which a Ricoh Theta 360 camera was inserted. This results in an
objective field of view for the control helmet. The synthesized downwards angle
was implemented in the 3D environment to generate a 3D render of the field of
view with the 3D scan of the control helmet. The render shows a similar field of
view to the field of view generated by the Ricoh Theta 360 camera, resulting in a
confirmation of the validity of the 3D model. Combining these three methods of
testing, guarantees an objective evaluation of motorcycle helmet visors.

Keywords: Certified motorcycle helmet · Field of view · Objective verification
tool
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1 Introduction

The perception of the road conditions is critical to motorcycle riders. A helmet limits the
rider’s peripheral vision, which is crucial regarding the perception of speed [1]. The
ridermoves their head and eyes away from the road tomonitor the dashboard. This causes
a higher risk of miscalculating road events that can lead to accidents [2]. Optical see-
through augmented reality (OST-AR), by means of a helmet mounted display (HMD)
displays the vital information regarding the dashboard within the field of view of the
motorcycle rider. However, the regulations concerning the limited field of view must be
met. These regulations are conforming to the ECE 22-05 [3]. Developers want to ensure
the correct and objective use of these regulations while developing new motorcycle
helmets. However, there is not yet an objective method available that is both easy to use
and accessible to all developers.

There are a number of studies regarding HMD’s specifically for aviation-based hel-
mets. While these helmets have the same requirements regarding the field of view, they
do not have similar visors [4, 5]. These studies, therefore, cannot be used in the devel-
opment of motorcycle helmets, more specifically, the verification of the requirements
regarding the field of view of a motorcycle helmet. Although, these studies can be used
as a reference to methodology.

The aim of this study is to create an objective method of verification for motorcycle
helmets both in simulation software and in human testing. In order for this method to
be substantiated, a number of tests were performed. A Solidworks 3D environment was
created containing an accurate human head [3] and a test set up. This set upwas replicated
in a usability lab to be used during tests with subjects that are familiar to the use of a
motorcycle helmet. These tests resulted in a number of fields of view and these were
compared to the simulated field of view from the 3D environment. With the outcome
of this study, we strive to generate an objective 3D environment that can be utilized
by manufacturers of motorcycle helmets for the verification of the field of view of new
models.

2 Materials and Methods

Three methods of simulating the field of view of motorcycle helmets were applied to a
standardized helmet. The standardized helmet is a HJC RPHA Max Evo, Size L and is
certified in reference to the ECE 22.05 specifications.

Method 1. This method is applied in a physical usability lab with test subjects. The
test is performed on 6 different test subjects with 9 different helmet models, one being
the standardized helmet. The test subjects are frequent motorcycle users and familiar to
wearing a motorcycle helmet. In this test, the test subjects are positioned in front of a
two-piece grid. The grid is marked in the middle (Fig. 1A). This is the focal point of the
test subject. The position of the subjects is determined by two strings that are equidistant
to the grid. While positioning the subject, both strings are tensioned, making the test
subject stand in the correct position. This means a 1m offset perpendicular to both grids.
These strings are not directly attached to the grid, because of the changes in height per
test subject. By means of two rods attached to the grid (Fig. 1B), the string height can



102 N. N. Nguyên et al.

be adjusted according to the eye height of the test subject. The subject is focusing on
the center mark, meanwhile a green dot that is attached to a rod is slowly being moved
into the field of view. Once the dot is spotted, it is placed onto the grid resulting in a
border point of the perceived field of view. With the use of 12 key points, the field of
view is determined. Each test subject performs this test with two helmets, one being the
standardized helmet. The field of view is captured by a Ricoh Theta 360 camera for later
comparison to the other two methods.

Fig. 1.

Subtest. During the subtest, that is performed in a usability lab as well, the subjects
stand in a transversal position (Fig. 2). The subjects are photographed with the helmet
on in a neutral position. Afterwards, the downwards angle of the helmet is processed.

Fig. 2.

Method 2. In the second method a 3D modeling program, Solidworks, has been used
to simulate the users view. A 3D scan of the helmet is positioned on a verified 3D
head model [3]. The helmet and head are placed in a 3D modelled environment. In the
environment the grids are simulated. This position (Fig. 3) has been recreated based on
method 1. However, the tilt of the helmet affects the field of view. In order to verify the
correct downwards angle of the head, a subtest (see subtest) was executed.
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Fig. 3.

Method 3. Lastly, the field of view of the standardized helmet is determined by a Ricoh
Theta 360 camera. Inside a verified human head model, the 360 camera is attached in
reference to the ECE 22.05 standards (Fig. 4). The standardized helmet is placed upon
the head model. Subsequently, the verified human head model is mounted on a tripod
and placed in front of the two-piece grid. The position is measured according to the
strings and the Ricoh Theta 360 camera captures a field of view.

Fig. 4.

Afterwards, the fields of view are processed. These different methods of capturing
the field of view are compared, in order to proof the authenticity of the verification tool
in a 3D setting.

3 Results

Method 1 – Usability Lab Test: As shown in Table 1, two out of six test subjects did not
pass the test regarding the minimal vertical field of view with the standardized helmet.
In the test with their own helmets, again two subjects did not pass the test. However,
in this test, the subjects failing the test are different subjects than in the first test using
the standardized helmet. The table also shows the different angles of the helmet when
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the test subjects put it on. These angles, regarding the standardized helmet, are 21,15 ±
4,11° (Table 2).

Table 1. Results method 1 - vertical field of view

Table 2. Results method 1 - horizontal field of view

In the horizontal view only one person passes the test with the standard helmet. This
is an unexpected result, considering the standard helmets. For the test with their own
helmet, Kris (test subject 4, 7) passes twice with his own helmets (two).

The resulting field of views were combined into one heatmap (Fig. 5) where all field
of views are layered on top of each other and levelled with one eye height. The thinner
more opaque line is the most saturated edge of all the field of views combined. The
wider less opaque band shows the variation of the edges of the fields of view. The yellow
colored center cross is the safe zone, which is the minimal field of view in reference to
ECE - 22.05 standards.

Method 2 – 3D Environment: A 3D model of the standardized helmet is scanned in
and brought into Solidworks 2019 (Fig. 6). The placement of the helmet strongly influ-
ences the resulting field of view [6]. Misplacement could result in a render that is not
representative of the actual field of view of human test subjects. To determine the bottom
angle of the helmet in this 3D environment, we refer back to the subtest. During this test,
we gathered an average bottom angle of 21,15 ± 4,11°. We implemented these mea-
surements into a 3D model. The render itself is captured with a 360° camera function in
visualize (Solidworks).
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Fig. 5. Heatmap field of view – taken with Ricoh Theta 360

Fig. 6. Bottom angle 3D model

Method 3 – Ricoh Theta 360° Camera: Thismethod shows thefield of viewof an inhu-
man test subject that would have a perfect spherical vision [7]. The resulting field of
view, generated with the use of a Ricoh Theta 360 camera, shows a similar image (Fig. 7)
to the generated heatmap of method 2. The one defining difference is the width of the
image. This refers to the capabilities of the peripheral view of the test subjects, which
will be discussed later in this study.

Comparison of Method 2 and 3. The heatmap of method 1 is projected onto the field of
view generated by the 3D environment (Fig. 8) and the Ricoh Theta 360 image (Fig. 9).
The results of both images are similar. Both the safe zones are indicated and the fields
of view overlap.

4 Discussion and Conclusion

The Subjectivity of Method 1. Only one of six subjects passed the test relating to the
lateral field of view. This can be accounted for in two different aspects. Firstly, these
results are affected by the peripheral view [8] of the test subjects. During the test, five
out of six subjects did not succeed in seeing the edge of the lateral field of view. When
asked about it, they did not feel that the helmet was blocking their field of view, however
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Fig. 7. Generated field of view – Ricoh Theta 360 Camera

Fig. 8. 3D environment – field of view

it was their respective field of view [8] that was not as wide as the ECE -22.05 reference
prescribed. During the test the subjects are asked to focus on one fixed dot at eye height.
We do this to refrain the subject from moving their head during the test. But by focusing
on the dot, the eyes could notmove. The image of theRicohTheta 360°Camera visualizes
the potential field of view without any peripheral hinderance except for the helmet. This
image results in a wider field of view, that corresponds with the ECE - 22.05 reference.
Secondly, there is a problem with perception [8]. We use people as test subjects and they
each have a different manner of perceiving their surroundings [8]. Health, age, lifestyle,
attention span and reflexes can influence the perception of the moving targets during the
tests. Our resources are not complete enough to rule out certain anatomical and external
factors that might influence the results.
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Fig. 9. 3D environment – field of view

More Test Subjects During Method 1. Wetested six subjects in total. This is a relatively
low number of test subjects during research. However, adding to the pool of test subjects
could potentially raise more subjectivity. As mentioned before, the resources are not
complete enough to filter out the external factors that might influence the method in
itself. Addingmore possibilities for these external factors might influence the objectivity
of the paper.

Objectivity of the 3D Environment and the Ricoh Theta 360 Camera. Both the 3D
environment and the camera images are based on the synthesized angle that we gathered
from the first test. This angle is based off of the side images of the test subjects.We tested
six subjects. The variation in the bottom angle was limited. This synthesized angle was
used to both angle the helmet in the 3D environment as well as the helmet on the rigged
head with the Ricoh Theta 360 Camera. This angle is dependent on the objectivity of
the test subjects. We previously established that the use of more test subjects based on
the field of view could potentially have a negative effect on the objectivity of this study,
however it is certain that increasing the amount of side images will further create a more
objective base [9] for the synthesized side angle that was used to position the helmets.

Aside from that aspect, both the Ricoh image and 3D render presented the same field
of view, and created an objective method of predicting the field of view with different
helmets. We can state this because the angle in itself was the same in both cases and the
imagery is a match.

Conclusion – Objective Tool for the Verification of the Field of View. In this study,
three different testing methods have been compared and converged in one evaluation.
This way of evaluating helmets is accessible to any developer, designer or researcher
for further use. The goal was to create an objective evaluation method that generates a
singular definitive image that either passes or fails the helmet that is being tested, based
on the field of view. For this to happen, we created a neutral testing environment and
based on multiple different methods of testing, we generated an analog and a digital
evaluation. The analog evaluation, using a 360 camera and a rigged head is more time
consuming. The setup for testing the field of view of potential helmets will need the
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exact same testing situation as shown in method 3. For the digital evaluation, a simple
CAD file is sufficient. The test setup in itself is already made and accessible, in order to
provide an objective evaluation setup. The human testing in itself is not necessary for
generating a field of view, however the side angles are vital for the positioning of the
helmets, since there are no guidelines regarding the exact positioning of the helmet on
the head.
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Abstract. For centuries, the main source of water in the southwestern Algeria is
the “Foggara” traditional irrigation system, which was preserved and well consid-
ered by the local population. However, this system is in real threat these days. This
paper, aims to investigate the attitudes of the young generation of residents in the
region towards the actual status of the Foggara. A sample of 159 residents of the
Oasis “Ksar” of Saly (Algeria) participated in the study, with an educational level
ranging from primary school to university. An attitude scale was designed for the
purpose, to measure four attitude dimensions governing the relationship between
the Foggara and its users. Results showed an average level of positive attitudes of
the young generation of residents towards the “Foggara”. There was no significant
effect of educational level and age group on attitudes towards Foggara. Results
were discussed from a sustainable green ergonomics point of view.

Keywords: Foggara · Sustainability · Attitudes · Participative ergonomics

1 Introduction

Sustainability and sustainable development has become an important trend for
ergonomists, because it is interested in creating a more sustainable work environment,
which cannot be achieved unless it tackles the daily concerns of people’s livelihood. The
United Nations Brundtland Commission [1] gave the following definition: “Sustainable
development is development that meets the needs of the present without compromising
the ability of future generations to meet their own needs.”

Since Moray’s [2] and Helander’s [3] appeals for ergonomists to address “global
environmental and social problems”, ergonomists are more and more interested in sus-
tainable development issues like, sustainable development [4], and green ergonomics
[5–7].

One of the most precious natural resource on earth is water, particularly in desert
environmental conditions, without its preservation green ergonomics goals cannot
be achieved. These goals are the duty of local population, especially, the younger
generations.
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In this perspective, the present study comes to shed light on attitudes of the younger
generation towards the source of water in the southwestern Algeria (Touat, Gourara
and Tidikelt regions), and their perception of the multiple threats that endanger the
sustainability of their traditional irrigation system which preserved water for centuries,
and guaranteed a sustainable livelihood for the local inhabitants living in Sahara desert
villages called “Ksours”, created aroundOasis’s Palmaris. Theirmain substantial activity
is cultivation of the palmary,which are small plots of cultivable land, due to the scarcity of
water in Sahara desert. Their traditional irrigation system called “Foggara” is amillenary
irrigation system [8, 9], without which life cannot be in such adverse climatic conditions.
It was the main reason for the reunion and settlement of inhabitants in this extremely
hot and dry area [10].

The Foggara is an environmental friendly irrigation system, which preserved under-
ground water for centuries, as water basins are a non-renewable source of water [11].
The Foggara is a very important component of the Touat, Gourara and Tidikelt regions’
heritage. It occupies a very prominent position within society. With the aim of preserv-
ing this position, families of these regions educate young people to love and respect the
Foggara from the earliest age.

However, changes such as the neglect of Foggaras in some villages [8, 9], as well as
deep drilling for new irrigation systems that are drying up the Foggara as a whole [12,
13].

The topic of attitudes is one of themost important topics in psychology [14]. The rela-
tionship between attitudes and behavior is not direct, but rather mediated and controlled
by multiple variables [15].

This paper, aims to investigate the attitudes of the younger generation towards the
current status of the Foggara. Consequently, the following questions were formulated:

1. What are the attitudes of the young generation towards the Foggara?
2. Are there differences in attitudes of the young generation towards the Foggara

attributed to the level of education and age groups?

2 Methodology

Method. To accomplish this research, the researchers used the descriptive approach
mainly the sample survey.

Sample. A sample of 159 male residents of the Oasis “Ksar” of “Saly” (Adrar gover-
norate, Algeria) participated in the study (age range: 10 to 40 years), with an educational
level ranging from primary school to university (Table 1). Female participants were not
feasible, as the Foggara work is a male business in these communities, for the simple
reason is that, the Foggara work is physically demanding and highly risky for females.
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Table 1. Demographic characteristics of the sample.

No Sample demographic data Some characteristics of
the age groupAge group Education level Total

1 10–15 years Primary school 05 They are at the school
age. They can help in
light tasks during
Foggara maintenance
works

College & secondary
school

13

University 00

2 16–20 years Primary school 07 They can do the
physically demanding
tasks. They are well
aware of the importance
of Foggara. They don’t
have economic
responsibilities

College & secondary
school

59

University 01

3 21–40 years Primary school 19 They are generally
married and have
economic duties towards
their families. They are
well acquainted with the
Foggara challenges

College & secondary
school

33

University 22

Total 159

Tools. In this research, Researchers designed and used an attitude scale to answer the
above mentioned questions trying to benefit from the advantages of self-report methods
in measuring attitudes according to Schwarz [16].

Attitude Scale. The scale seeks to measure attitudes towards the Foggara. It consists of
(36) items centered around four dimensions (knowledge of Foggara, Foggara position in
society, restoring life toFoggara andobstacles facing theFoggara’s sustainability) as seen
in Table 2. Each dimension includes the cognitive component, the emotional component,
and the behavioral component. The scale was designed according to Likert’s format.
Each has five choices: Strongly agree, agree, neutral, disagree, and strongly disagree.
Respondents are requested to answer all of these items without leaving any unanswered.
After which, each of the dimensions is evaluated based on three levels of evaluation:
low (less than 2.33), medium (2.33–3.66) and high (greater than 3.66).

Scale Validity: To ensure the validity of the scale, it was presented to six professors of
Psychology at the University of Oran. Five of them (84%) agreed that the scale actually
measures the attitudes towards the Foggara.

Scale Reliability: To ensure the reliability of the scale, it was applied twice to a small
sample of residents of the “Saly” Ksar in governorate of Adrar, Algeria. The interval
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Table 2. Scale dimensions and items.

No Dimension Items

1 Knowledge of Foggara 1, 2, 3, 4, 5, 6, 7, 8, 9

2 Foggara position in society 10, 11, 12, 13, 14, 15, 16, 17, 18

3 Restoring life to Foggara 19, 20, 21, 22, 23, 24, 25, 26, 27

4 Obstacles facing Foggara’s sustainability 28, 29, 30, 31, 32, 33, 34, 35, 36

between themwas 15 days. The reliabilitywas found to be 0.84. The scalewas considered
valid and reliable. Hence, it is usable.

3 Results

3.1 What Are the Attitudes of the Young Generation Towards the Foggara?

The results obtained can be seen in Table 3.

Table 3. Results obtained.

No Items Mean SD Attitude

1 The Foggara is what unites the Ksar residents 4.60 1.03 High

16 I strive to place the Foggara in a prominent place in our
community

4.26 1.22 High

11 I think the time has come to abandon the Foggara and rely
on modern methods of obtaining water

4.22 1.05 High

17 I do my best to keep the Foggara safe within the
community

4.18 1.23 High

34 I do not hesitate if I am asked to belong to an association
for the care of Foggara

4.11 2.31 High

33 I am very concerned about the low water level in the
Foggara

4.02 2.22 High

8 I regularly provide funds in support of the Foggara
maintenance budget

4.01 1.45 High

2 The Foggara is the most important thing that the
grandparents left for the grandchildren

4.00 1.02 High

9 I do not hesitate to punish children who mess and spoil
the Foggara’s water

4.00 1.01 High

32 I hate individuals who put obstacles in the way of Foggara
growth

3.95 2.23 High

(continued)
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Table 3. (continued)

No Items Mean SD Attitude

10 I think that the place of Foggara in Touat, Gourara and
Tidikelt society is great

3.88 1.22 High

24 It is a pleasure for the government to pay for the costs of
restoring the Foggara

3.88 1.20 High

35 I encourage programs aimed at restoring and maintaining
the Foggara

3.88 2.42 High

25 I participate in volunteer work aimed at saving the
Foggara from collapse

3.74 1.20 High

23 I hate all the forms of marginalization that led to the
destruction of Foggara in my region

3.66 1.01 Medium

19 I think that holding a ceremony honoring the winners of
the best Foggara competition is significant

3.56 1.22 Medium

22 I abhor all the fraudulent methods that corrupt Foggara
restoration projects in my region

3.54 1.22 Medium

26 I am ready to quarrel with everyone who throws dirt
beside or in the Foggara wells

3.47 1.15 Medium

21 It would be useful to allocate a financial envelope to
restore the Foggara in my region

3.45 1.45 Medium

18 I educate my sons to love the Foggara since their age 3.33 1.23 Medium

36 I attend the national and international forums that are
organized around Foggara development

3.22 2.23 Medium

3 The Foggara is obsolete, and it is necessary to search for
alternatives to it

3.20 1.23 Medium

12 Modern irrigation systems threaten the Foggara system 3.20 1.23 Medium

31 I like to attend meetings that aim to find solutions to the
difficulties that hinder Foggara development

3.18 2.01 Medium

5 I hate everyone who attacks the Foggara 3.10 1.55 Medium

6 The Foggara is part of my cultural being 3.08 1.26 Medium

13 I love everyone who contributes to the stabilization of the
Foggara in the region or in the society

3.02 1.32 Medium

28 I imagine that the hot climate is a major obstacle to the
continuation of the Foggara in the region

2.99 1.20 Medium

20 Interest in the Foggara is at the core of caring for the
national heritage in general

2.98 1.56 Medium

14 I prefer Foggara watering to other watering methods 2.89 1.55 Medium

(continued)
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Table 3. (continued)

No Items Mean SD Attitude

29 I see that the lack of specialized labor is one of a major
obstacle to developing Foggara

2.89 1.55 Medium

4 The Foggara system embodies the principle of social
cooperation and solidarity between partners

2.80 1.00 Medium

27 I am always present in the social cooperation system,
“Twizeh”, which seeks to promote Foggara

2.59 1.16 Medium

7 I participate in volunteer work for the maintenance of the
Foggara

2.57 1.56 Medium

30 I think that the inability to use technology in Foggara
maintenance contributed to its neglect

2.35 1.30 Medium

15 The Foggara provided all the best for the community 1.89 1.26 Low

As is evident fromTable 2, themean values of the statements are arranged in descend-
ing order. They ranged between 4.60 (with a standard deviation of 1.03) for the item
(The Foggara is what unites the Ksar residents), and 2.12 (with a standard deviation of
1.26) for the item (The Foggara provided all the best for the community). In light of
what has been mentioned above, the general average of these results reached 3.44 (with
SD of 0.62).

What does this result represent? If we go back to the criterion that was referred to
previously (scale correction), we will find that this result reflects an average attitude
level because it is in the range (2.33 and 3.66). However, it must be noted that it is very
close to the great end of this field (3.66). This makes us say that the overall level of youth
attitudes is close to good.

With regard to the four scale dimensions, the obtained results can be seen in Table
4.

Table 4. Scale dimensions and items.

Dimension Mean SD

Knowledge of Foggara 3.48 0.68

Foggara position in society 3.82 0.78

Restoring life to Foggara 3.29 0.40

Obstacles facing Foggara’s sustainability 3.39 0.61

It can be seen that the position of Foggara dimension has got the highest mean (3.82,
SD: 0.78). Then the dimensionKnowledge of Foggara in the second position (Mean 3.48,
SD: 0.68). TheDimensionObstacles facing the Foggara in the third position (Mean: 3.39,
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SD: 0.61). Finally, in the fourth position the dimension restoring life to Foggara with a
mean of 3.29 and SD of 0.40.

3.2 Are There Differences in Attitudes of Inhabitants (the Young Generation)
Towards the Foggara Attributed to the Level of Education and age Groups?

To answer this question, the means and standard deviations of the attitude scale items
according to the age and educational level variables were calculated.

1. First, are there differences between educational level groups in their attitudes towards
the Foggara? Table 5 shows the results.

Table 5. Descriptive results.

Educational level Mean SD N

Primary school 3.9677 1.11007 31

College & secondary school 4.0286 1.09595 105

University 3.9565 1.14726 23

Total 4.0063 1.09946 159

Table 6. ANOVA results.

Sum of
squares

df Mean square F Sig.

Between
groups

.155 2 .078 .063 .939

Within
groups

190.839 156 1.223

Total 190.994 158

Results in Tables 5 and 6 show that there is no significant effect of educational level on
attitudes towards Foggara at the p < .05 level for the three educational levels [F(2,156)
= .063, p = .939].

2. Second, are there differences between age groups in their attitudes towards the
Foggara?

Results show that there is no significant effect of age group on attitudes towards
Foggara at the p < .05 level for the three age groups [F(2,156) = .458, p = .634].
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Table 7. Descriptive results.

Age group (Years) Mean SD N

10–16 3.77 1.21 18

17–21 4.01 1.08 67

21–40 4.05 1.09 74

Total 3.94 1.12 159

Table 8. ANOVA results.

Sum of
squares

df Mean square F Sig.

Between
groups

1.114 2 .557 .458 .634

Within
groups

189.880 156 1.217

Total 190.994 158

4 Discussion

Results of the present study have shown that, the general level of the sample’s attitudes
towards Foggara are in the middle range (2.33–3.66), but it’s actually close to the good.
Thismaymean that the attitudes of the young generation of residents towards the Foggara
system of irrigation is not up to the challenges facing not only this irrigation system,
but the whole eco-system of the region [10–12]. The obvious and urgent action in this
case is to boost the positive attitudes aspects of the young generation in order to change
their behavior. Thatcher [6], stipulates that “Perhaps the most important role for green
ergonomics would be in facilitating larger, and systemic behavior change”. This can be
done through different ways, one of which is through training interventions to facilitate
appropriate behavior change for the conservation, preservation and restoration of the
natural capital. Education can also play an important role to change behavior of young
generation. Notables and elders of the Ksar can sit with the young generation and explain
everything to them related to the change. This is an effective method for change [17,
18]. Other researchers [19] propose a global attitudes and behavior change strategies to
support a global sustainability transition, which is out of the scope of the present study.

Changing behavior of the young generation, atmicro level,will not be a hard exercise,
as showed in (Table 4) the four attitude dimensions towards the Foggara are well rated
by respondents of the present study, which indicates that the Foggara has still, a “high
position” within the young generation community, they know it very well, they are
acquainted with the obstacles facing it, and they are quiet aware of the difficulties of
restoring life to Foggara. These difficulties can be overcome through the introduction
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of some technical equipment which facilitates the maintenance work operations that are
physically demanding and risky at the same time [20].

As shown in (Tables 5, 6, 7 and 8) there is no significant effect of educational
level and age group on attitudes towards Foggara. which can be explained by the fact
that young generation in the “Ksours” community of southwest Algerian regions are
brought up with love and respect values for the Foggara, which is translated into positive
attitudes towards it, as revealed in the above mentioned results, no matter the age or the
educational level of individuals.

The present study, advocates for a clear strategic work among the younger gen-
eration of inhabitants of the southwest Algerian regions, to preserve and promote the
Foggara irrigation system. The young generation inhabitants should be directly involved
in developing and implementing such strategy.

It is time for “green ergonomics” to intervene, through a “participative ergonomics
approach”, in order to preserve Foggara irrigation system, and brings attention of the
stakeholders of Oases in the southwestern Algeria, to gather their efforts around a sus-
tainable living environment. The direct and most important stakeholders in this process
are the new generation of inhabitants, who inherited such a millenary irrigation system,
which preserved men and nature in a complete harmony for centuries, but this harmony
is in real jeopardy these times.

5 Conclusion

This research was conducted to study the attitudes of the young generation of the habi-
tants of the Ksours in the Southwestern Algeria, towards Foggara as a system that
provides water to the Ksar residents for drinking, watering farms and meeting other life
needs. The results of the research showed that the attitudes of theKsours populationwere
generally of a medium level, which means that to preserve Foggara, attitudes towards
Foggara should be boosted among young generation. It was expected that these attitudes
would be of a high level, considering that the Foggara occupies a prominent place among
the inhabitants of the Ksours, which it obtained from the importance of water in life,
especially in areas with extreme heat in summer.

Although, local efforts to preserve Foggara exist, here and there, in some Ksour
localities, but actions are not coordinated, nor well studied. A sustainable develop-
ment strategy has to be a national one, incorporating Foggara preservation aspects as
components in the ecosystem as a whole.

Acknowledgments. Thanks and gratitude go to all who participated in the research paper includ-
ing the sample population as well as researchers who helped facilitate the data collection and
distribution.
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Abstract. During the SARS-Cov-2 pandemic, a tailor-made app (Check-app
voice®) has been developed to submit Voice Handicap Index (VHI) question-
naire for self-assessment of dysphonia to a sample of 219 teachers. Check-app
voice® provides VHI calculation and collects answers for post-processing analy-
sis. Results have been statistically analysed taking age, gender, school categories
(nursery and primary, middle, high school, and university), length of service,
anamnestic data (illnesses, smoke, alcohol habits) into account. The sample of
female teachers (the most numerous) has been analysed in detail. The contribu-
tion of three domains, functional, physical, and emotional to the overall VHI, has
been discussed per type of school and age group. The results show that this tool
represents an easy, quick to use prevention method for promptly identifying the
groups most at risk of the onset of vocal disorders.

Keywords: App · Voice impairments · Dysphonia · VHI · Teachers

1 Introduction

Dysphonia is a voice disorder characterized by a qualitative and/or quantitative alter-
ation of spoken voice, which follows a structural and/or functional modification of one
or more organs involved in its production. Vocal impairments occur to varying degrees,
from hoarseness, weakness, breathiness or harshness, to pain, tension, or effort when
talking [1]. American Academy of Otolaryngology, defines dysphonia as any “devia-
tion in the vocal quality, pitch, loudness, and vocal effort that affect communication or
produces a negative impact on the voice-related quality of life” [2]. Many factors may
predispose the development of voice disorders: individual factors, as the presence of
pathologies (nasal respiratory disorders, allergic rhinopathies, gastric disorders); par-
ticular lifestyles as voice over-using for job or recreational activities, smoking, etc.;
harmful vocal habits (screaming, singing, etc.); professional factors (voice-demanding
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occupations); environmental factors (noisy background, dusty environments, thermal
changes, etc.) [3].

Only few studies have investigated voice disorder proportion in general population.
Voice problems upset 1 in 13 adults annually and affect patients of all ages and sex, but
have an increased prevalence in women and elderly [4].

Inmodern economies, for about a third of theworkforce, voice is the primaryworking
tool. Telesales, sport coaches, singers, actors, call-center employees, and teachers, can
be considered as professional voice users, particularly at risk for developing the so-called
Work Related Voice Disorders [5, 6].

During the last decade, voice disorders among teachers have increased and several
researches were conducted to evaluate the prevalence and etiology of these dysfunctions
[6]. About one-third of the teacher workforce experiences voice problems [7], occurring
32 times more than in other professions [8]. Teaching needs a moderate voice quality,
although the vocal load is heavy, involving extra factors such as continuous background
noise, long and loud speaking, poor acoustic environments, poor air quality, lack of
voice amplifiers, lack of opportunity for vocal rest [5, 6]. Another important risk factor
is the lack of professional voice education, although the results of properly designing
courses for the correct use of the voice are encouraging, showing improved vocal health
and increased vocal awareness [7]. The most common symptoms have been found to
be tired or strained voice, felt tired when speaking, temporary voice loss, and sore
or painful throat, while the most common organic conditions, acute laryngitis, vocal
nodules, polyps, and edema [6]. Therefore, it is essential to detect and manage any voice
issues at early stages to enhance treatment outcomes and avoid progression to more
serious complications that could affect the quality of life [9].

The assessment of a patient with a voice problem is multidimensional and usually
includes the use of clinician instruments (fibro-laryngoscope, endoscopy, aerodynamic
and acoustic analysis tests, etc.). The subjective voice evaluation using self-perceived
questionnaires has been proven to effectively record the patients’ experience of their
voice disorder [10, 11]. Studies have reported that the validated Voice Handicap Index
(VHI) [12] questionnaire represents an important tool for specialists and every person to
check preliminarily howvoice impairments can affect social, emotional, and professional
comfort [13].

The aim of this study is to evaluate, in a sample of teachers, the self-perceived vocal
state using a tailor-made app (Check-app voice®) which implemented the validated VHI
questionnaire for the self-assessment of dysphonia.

2 Methods

Check-app voice® was built in MIT App Inventor [14] and developed for Android®
mobile phones. It was employed for remote administration of the VHI questionnaire, in
a sample of 219 teachers of nursery and primary, middle, high school, and university.
VHI is a 30-item questionnaire, divided into three domains: functional, physical, and
emotional (Table 1). The functional subscale investigates the consequences of a voice
disturbance on daily activities; the physical subscale is related to the perception of
dysphonia in terms of physical symptoms; the emotional subscale measures the effects
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on the emotional life of a voice problem [11]. Participants choose the answer to every
item in each subscale, between five, scored: 0 never, 1 almost never, 2 sometimes, 3
almost always, 4 always. The total score ranging from 0 to 120 and is divided into four
grades of severity. Score 0 corresponds to no disturbance, between 1–40 to a slight
disturbance, between 41 and 80 to a moderate disturbance, and over 81 to 120 a severe
disturbance [12, 15]. The VHI typically takes less than 5 min to complete and is usually
done without assistance from health care providers.

Table 1. Voice Handicap Index (VHI) questions in the version validated by Jacobson.

VHI questions

# Functional Physical Emotional

1 My voice makes it
difficult for people to
hear me

I run out of air when I
talk

I am tense when talking
to others because of my
voice

2 People have difficulty
understanding me in a
noisy room

The sound of my voice
varies throughout the
day

People seem irritated
with my voice

3 My family has difficulty
hearing me when I call
them throughout the
house

People ask, “What’s
wrong with your voice?”

I find other people don’t
understand my voice
problem

4 I use the phone less
often than I would like

My voice sounds creaky
and dry

My voice problem
upsets me

5 I tend to avoid groups of
people because of my
voice

I feel as though I have to
strain to produce voice

I am less outgoing
because of my voice
problem

6 I speak with friends,
neighbors, or relatives
less often because of my
voice

The clarity of my voice
is unpredictable

My voice makes me
feels handicapped

7 People ask me to repeat
myself when speaking
face-to-face

I try to change my voice
to sound different

I feel annoyed when
people ask me to repeat

8 My voice difficulties
restrict my personal and
social life

I use a great deal of
effort to speak

I feel embarrassed when
people ask me to repeat

9 I feel left out of
conversations because of
my voice

My voice is worse in the
evening

My voice makes me feel
incompetent

10 My voice problem
causes me to lose
income

My voice “gives out” on
me in the middle of
speaking

I am ashamed of my
voice problem
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After starting Check-app voice®, a preliminary screen reminds the rights of personal
data processing. Providing consent, the button to continue is enabled. An initial screen
collects patient’s anamnestic data regarding age, gender, profession (teacher of nursery
and primary, middle, high school, university), length of service, previous illnesses (none,
respiratory, intestinal, gastric, auditory and other), smoke and alcohol consumption. This
information is mandatory and a warning appears if an incongruence is checked. Then,
three vertically scrolling screens are displayed, referring to the three VHI domains, each
reporting ten questions.

Table 2. Warning messages in the Check-app voice ® final screen.

Score range Perceived 
dysphonia 

Icon Warning messages 

0 No disturbance 
 

No related issues 

1-40 Slight  
disturbance  

It is advisable to consult your family doctor, if the recommended therapy 
does not have any effect, consult the ENT specialist or speech therapist 

41-80 Moderate  
disturbance  

It is advisable to consult in a short time the ENT specialist or speech 
therapist 

81-120 Severe  
disturbance  

It is necessary to consult immediately the ENT specialist or speech 
therapist 

The answers are selectable via pop-ups. At the end of the questionnaire, four traffic
light icon warning messages are shown, depending on the score achieved (green: slight,
yellow: moderate, red: severe perceived dysphonia) and useful additional information,
regarding vocal hygiene rules together with advice to a pharmacological or speech ther-
apy, are provided (Table 2). Tapping the button “send form” all data are updated and
collected in a GoogleSheet® for post-processing analysis.

The sample was clustered by school categories, age groups (up to 35 years old, from
36 to 45, from 46 to 55, 56 and more), and length of service (up to 10 years on the job,
between 11 and 20, between 21 and 30 and over 30). The entire sample was statistically
analysed according to the four levels of perceived dysphonia and the contribution of the
three domains to the total scorewas verified by gender, school categories, age groups, and
length of service. VHI values per gender were statistically analysed by presence/absence
of pathologies, smoking habits, and alcohol consumption (t-test p < 0.01).

3 Results and Discussion

The sample of 219 teachers, 181 females and 38 males, was distributed into the follow-
ing school categories: 14.1% nursery and primary, 19.3% middle, 52.5% high school
teachers, and 14.1% university. Among females, the median age was 51.2 years (SD =
9.3 years) with the extreme value of 28 and 67 years. Among males, the median age was
50.6 years (SD = 10.2 years) with extreme values of 26 and 71 years. The prevailing
age group was between 46 and 55 years for both females (37.6%) and males (36.8%).

The high school was prevalent among both females (49.7%) and males (66%).
Females were mostly in the range 21 - 30 years on job (34.2%), while males had fewer
years of service (between 11 and 20 years, 33.3%). Pathologieswere absent in 72%of the
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sample, without gender difference. In particular, 70.2% of females and 81.6% of males
declared no pathologies. Among females, 6.6% had gastric pathologies, 3.3% intesti-
nal, 2.8% respiratory pathologies, 17.1% other pathologies. About smoke and alcohol
consumption, the percentages were respectively 16% and 1.1%. Among males, 13.2%
reported smoking and 18.4% alcohol.

Table 3. Distributions of VHI levels among female teachers in the school categories.

VHI University
teachers (%)

Nursery and
primary school
teachers (%)

Middle school
teachers (%)

High school
teachers (%)

Total Female
(%)

0 4.2 – 2.8 3.3 2.8

1–40 95.8 90.3 75.0 85.6 85.6

41–80 – 9.7 22.2 11.1 11.6

81–120 – – – – –

The VHI data, divided into the four severity ranges of perceived dysphonia, analysed
by age group, length of service, and gender, showed that, in almost all cases, the total
VHI was included in the range 1–40 (slight dysphonia) for all age groups, regardless
years on the job. In Table 3, the distribution of VHI levels among female teachers in
the four school categories was reported. In particular, 85.6% of females and 97.4% of
males showed slight dysphonia, moderate for 11.6% of females and 4% of males, no
disturbance for only 2.8% of females (no results of VHI = 0 among males). No severe
dysphoniawas found in the sample, both amongmales and females. For slight dysphonia,
the most relevant percentages were obtained for university (95.8%) and nursery and
primary female teachers (90.3%). The latter had never scored no perceived disturbance.
Among the other categories, the percentages of no disturbance remained at very low
values (4.2% was the maximum value for university teachers). The highest value for
moderate perceived dysphonia was found among middle school teachers (22.2%). Even
in the male sample, the most representative condition was related to a slight dysphonia,
mainly in the high school (96% of the sample).

In Fig. 1 the total VHI for the female sample, pooled by age and years on the job was
shown. The greater statistical variability was referred to the age groups up to 35 years
(1st quartile= 1.0, 3rd quartile= 15.5) and between 46 and 55 years (1st quartile= 7.0,
3rd quartile = 21.5, the highest statistical VHI value, Fig. 1, left). Similarly, depending
on the length of service (Fig. 1, right), an important statistical variability could be noted
up to 10 years (1st quartile= 5, 3rd quartile= 19.8), and from 11 to 20 years (1st quartile
= 8, 3rd quartile = 20.5) while the lower one for teachers over 30 years on the job (1st

quartile = 4, 3rd quartile = 10). An adaptation to the vocal discomfort, increasing the
length of service and ageing, could explain this result.
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Fig. 1. Total VHI for female sample pooled by age (left) and years on the job (right).

In Fig. 2, the contribution of three domains (functional, physical, and emotional) to
the overall VHI for the entire sample was presented. In terms of detected and statistical
values (1st and 3rd quartile, mean and median), the most significant contribution was
provided by the physical aspect, while the least contribution to the emotional one, both
among female and male.

Fig. 2. Contributions of three domains, functional (F), physical (P), and emotional (E), to the
overall VHI for the entire sample.

In the female group of slight dysphonia, answers provided by teachers with few years
of service (up to 10 years) were compared with those by teachers over 30 years. The
difference was statistically significant (p < 0.01) for each domain (Fig. 3), mainly for
high school teachers.

Fig. 3. VHI for the functional, physical, and emotional components in the female sample of slight
dysphonia, in case of few years and many years on the job.

In both cases, the emotional impact was residual and the most relevant contribution
to total VHI was observed for the physical domain (up to 10 years: 1st quartile =
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0, 3rd quartile = 11.5; over 30 years: 1st quartile = 1, 3rd quartile = 6). Increasing
years of service, the perception of vocal discomfort among female teachers with slight
dysphonia decreases drastically. VHI data were analysed by gender, presence/absence
of pathologies, and smoking habits (Table 4). Only 4.1% declared to consume alcohol
(77.8% were males). Among alcohol-consuming males, 28.6% were also smokers.

Table 4. VHI Statistics for the entire sample per gender for smoke habits and absence/presence
of disease.

VHI Female Male

Smoke No smoke Disease No
disease

Smoke No smoke Disease No
disease

Mean 14.1 18.5 18.9 17.3 13.6 15.2 17.0 14.7

SD 15.1 15.7 16.5 15.3 5.3 10.9 7,2 10,8

1stquart 3.0 7.0 6.0 7.0 11.0 6.0 10.5 5.5

3rdquart 20.0 25.0 28.8 21.0 17.0 22.0 22.0 21.0

The results for smoke showed that the perception of vocal dysfunctions, in terms of
VHI average and maximum values, was more accentuated among no-smokers, for both
genders, without statistical significance. Then, the total VHI could be influenced by a
healthy lifestyle that represents a fundamental rule of vocal hygiene. Lower dispersion of
VHI values was found among males, presumably associated with the small sample size.
Among females, data dispersion was more significant, with standard deviation values
close to the average ones. For the sample that declared diseases, the VHI average value
was higher for both genders, without statistical significance. It would appear that total
VHI is influenced by a greater sensitivity to voice issues for teachers suffering from
pathologies.

The frequency of each answer (never, almost never, sometimes, almost always,
always) in the three domains (functional, physical, and emotional) was analysed for
the largest sample (females), for the type of school and age group. The emotional per-
ception was usually zero, for all school levels and age groups. For the functional domain,
the results showed that voice problems did not interfere in family, social, and work inter-
actions, for all school types and age groups. In this domain, a congruence of the results,
on question 2: People have difficulty understanding me in a noisy room for all age groups
and school levels was recorded, in particular among youngest middle schools teachers
and nursery and primary school ones. For the physical domain, a medium-level vocal
perceived effort had the greatest contribution, especially among middle school teachers,
up to 45 years of age (Fig. 4).

For the other educational levels, the perception was always lower, with an important
congruence of answers for questions 2 and 9 (2: The sound of my voice varies throughout
the day; 9: My voice is worse in the evening). These questions are related to each other
and highlight a greater vocal commitment at school levels (nursery and primary school
and high school) where the involvement of pupils in the didactic activity requires a
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Fig. 4. The highest frequencies of answers in each set of questions are ordered by teaching school
level and type of questions. The results are collected by age of teachers, grouped into three classes:
up to 45 years old, from 46 to 55 years old, and 56 years old and more.

prolonged effort. These teachers are more prone to perceive a variability of their voice
during the day and especially at the evening [16].

These results agree with the risk profile for voice disorder among female teachers,
which includes age between 40 and 59 years, having 16 or more years of education,
vocal fatigue more than male teachers, and prevalent towards the end of the working day
[3, 5, 9].

4 Conclusion

This study shows that Check-app voice®, administered remotely during the pandemic
period, to check the perceived voice status, represents an easy, quick to use prevention
tool for promptly identifying workers most at risk of the onset of vocal disorders. Data
collected and analysed, exploring the effect of variables on the prevalence of VHI among
teachers, showed that, according to the literature, female teachers above 30 years of
services were more prone to perceive slight voice disorders in the long-term, varying
acoustic abilities throughout the day. Implementation of effective preventive actions
(noise control, remediation interventions, etc.) together with the design of personalized
vocal ergonomics education paths (speech courses, vocal and postural hygiene, support
of speech language pathologists, etc.) could avoid progression towards complications
that could affect teachers’ quality of life.
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Abstract. This study presents two-dimensional distribution tables for Chinese
men and women aged 18–60, including the two-dimensional distribution table
from ear to pupil distance and pupil distance, and the two-dimensional distribution
table of face width and face length, which can be used for the design of eye and
face protection articles. The two-dimensional distribution tables can be merged
reasonably according to the actual needs, calculate the coverage rate and set the
model.

Keywords: Head size · Eye and face protection · Products design

1 The Function of Eye and Face Protection Devices

Eye and face protection device is used to prevent flying debris, dust, gas, droplets, chem-
icals, hot solids, thermal radiation, optical radiation and other harmful substances from
damaging eyes or face.With the increase of occupational safety and health supervision in
China, people’s awareness of safety and health in production and life has been improved,
and the users of eye and face protection devices have higher requirements for safety,
comfort and beauty.

Eye and face protective equipment mainly includes goggles and protective mask.
There are many kinds of goggles. According to the different protection purposes, they
are divided into Anti foreign body impact glasses, anti chemical liquid splash glasses,
anti dust and various harmful gas glasses, anti arc radiation glasses, anti laser glasses,
anti microwave glasses and anti X-ray glasses. The protective mask is used to shield
the facial products and protect the face and neck from flying metal debris, harmful gas
splashing, molten metal and high temperature solvent droplets. The protective masks
are divided into Anti strike mask, anti radiation mask, anti chemical liquid splash mask,
anti smoke and gas mask and heat insulation mask according to their uses.

2 Application of Head and Face Data in the Design of Eye and Face
Protection Device

For the eye and face protection device, in order to achieve good protection effect, the
coincidence of the optical center of the lens and the horizontal line of sight of the pupil
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is a necessary condition to ensure that the wearer will not suffer from visual impairment.
At the same time, the protection area of the lens is closely related to the position, size,
length and other dimensions of the eyes (for example, the eye and face protection device
should at least cover the soft tissue in the orbit). Therefore, the standards of various
countries have made corresponding provisions on the size or protection range of eye
protection devices. For people from different countries or regions, the head shape and
face shape are quite different. Even if the eye and face protection products that have
passed the European and American standards are allowed to be worn by Chinese people,
if the products can not fit the face shape of Chinese people, there is still a risk of eye
injury. For example, the average exophthalmos of Chinese is 12 mm to 14 mm, while
the side protection length (E= 10 mm) specified in ISO / FDIS 16321 [1] (eye and face
protection part 2: Additional requirements for protective articles used in welding and
related processes) is 2 mm to 4 mm shorter than the average exophthalmos of Chinese. If
the eye protection device is designed, manufactured and tested according to the standard,
the eye protection device can not effectively protect the eyes of Chinese people.

3 Current Standards About Eye and Face Protection Equipment

Eye and face protection equipment is the last line of defense to protect the eyes and face
safety, and its product quality is very important.

In the American Standard ANSI/ISEA Z87.1-2010 “occupational eye and face pro-
tective equipment” [2], Canadian standardCSA Z94.3-2007 “eye and face protective
equipment” [3], and BS EN 168:2001 “non optical test method for personal eye and
face protection” [4], the head mold is used for the detection of eye and face protective
equipment. In the newly released ISO 18526-4:2020 [5] “eye and face protection test
methods Part 4: headform”, six headforms with three sizes, large, medium and small, are
required for the detection of eye and face protection appliances, and the key size values
of eye parts are given. These headforms were developed by the national occupational
safety and Health Council of the United States.

Up to now, there are 8 standards of eye and face protective equipment in China.
Among them, there are three standards related to detection methods: GB 14866-2006
technical requirements for personal eye protectors, GB/T 32166.2-2015 [6] personal
protective equipment eye and face protection occupational eye and face protectors Part
2: measurement methods, and GB 30863-2014 [7] personal protective equipment eye
and face protection laser protective glasses. Among them,GB 14866-2006 stipulates that
the head mould used for personal eye protectors should meet the requirements of adult
men’s head and face dimensions in GB/T 2428-1998 adult head and face dimensions [8];
GB/T 32166.2-2015 and GB 30863-2014 both require that the head mould should meet
the requirements of GB/T 23461-2009 adult men’s head three dimensional dimensions
[9].

At present, there are two problems in the national standards of eye and face protective
equipment: (1) GB /T 2428-1998 “adult head and face size” is based on the data obtained
from the first national adult body size survey in 1988. Through the analysis and statistical
calculation of small sample human head and face size data, the national standard is
established. The data age is relatively long. (2) GB/T 23461-2009 is a national standard
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formed on the basis of the research on the three-dimensional dimensions of the head
shape of men’s army. The measured samples are only adult men aged 16–36 years old,
which can not fully cover the actual user group of eye and face protection products.
(3) These two standards do not cover some key reference points and positions for eye
protection areas such as orbit. If the eye protection device is designed, manufactured
and tested according to the existing data and standards, it can not effectively protect the
eyes of Chinese people.

4 Data Resources

In this paper, the head size related to the design of eye and face protection products in
Chinese population were analyzed. The data used in this paper are collected from 2014
to 2018 by China National Institute of Standardization from 32 survey points in 6 natural
areas across the country, including nearly 17000 head and face 3D data, covering people
aged 18–75.

5 Data Analysis

For eye protection products, the two-dimensional distribution table is set according to
the pupillary distance of adult men (18–60 years old) and adult women (18–60 years
old) and the two-dimensional distribution coverage of the attachment point on the ear to
the eyeball. For facial protective equipment, the two-dimensional distribution table is set
according to the two-dimensional distribution coverage of head width and face length
of adult men (18–60 years old) and adult women (18–60 years old).

Table 1 and Table 2 show the two-dimensional distribution of pupil distance and
supraauricular attachment point to eyeball inmen andwomen, respectively. The pupillary
distance was graded by 10 mm, and the distance from the attachment point to the pupil
was graded by 5 mm. In use, it can merge reasonably according to the actual needs,
calculate the coverage and set the model.

It can be seen from Table 1 and Table 2 that when the distance between men’s ears
and pupils is 85-88mm and 58-60mm, the proportion is 6.2%. It shows that the distance
between men’s ears and pupils is 85–88 mm, and the proportion of men with pupil
distance between 58–60 mm is 6.2% in the whole country. At this time, the popula-
tion coverage rate is the highest, which indicates that the eye and face protective mask
produced by this size can meet the normal wearing of more people, It has practical
production value. For women, the coverage rate is the highest when the distance from
ear to pupil is 82-85mm and the distance from pupil is 56-58mm; the two-dimensional
distribution can be reasonably merged according to the actual needs, and the coverage
rate after merging can be calculated to set the corresponding model.

Table 3 and Table 4 show the two-dimensional distributions of face width and mor-
phological face length for men and women, respectively. The surface width is graded
by 10 mm, and the surface length is graded by 5 mm. In use, it can merge reasonably
according to the actual needs, calculate the coverage and set the model.
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Table 1. The two-dimensional distribution of pupillary distance and auricular attachment point
to pupil for Male

Pupillary
distance (mm)

Distance from auricular attachment point to pupil (mm)

<76 76–79 79–82 82–85 85–88 88–91 91–94 94–97 >97

<54 0.2% 0.4% 0.8% 0.3% 0.3% 0.5% 0.5% 0.2% 0.1%

54–56 0.2% 0.5% 1.5% 1.8% 2.0% 1.3% 0.8% 0.3% 0.1%

56–58 0.3% 1.1% 2.3% 3.7% 4.5% 3.4% 1.7% 0.6% 0.2%

58–60 0.1% 0.6% 3.0% 4.8% 6.2% 4.1% 3.0% 1.3% 0.4%

60–62 0.1% 0.6% 1.5% 3.3% 4.5% 5.0% 2.8% 1.4% 0.5%

62–64 0.0% 0.1% 0.8% 2.1% 3.0% 2.8% 2.7% 0.9% 0.9%

64–66 0.0% – 0.4% 0.7% 1.4% 2.0% 1.7% 0.6% 0.6%

66–68 0.0% – 0.2% 0.2% 0.5% 0.6% 0.8% 0.4% 0.3%

>68 0.0% – 0.2% 0.1% 0.0% 0.4% 0.1% 0.3% 0.1%

Table 2. The two-dimensional distribution of pupillary distance and auricular attachment point
to pupil for Male

Pupillary
distance (mm)

Distance from auricular attachment point to pupil (mm)

<73 73–76 76–79 79–82 82–85 85–88 88–91 91–94 >94

<52 0.4% 0.7% 0.9% 1.0% 1.1% 0.4% 0.1% – 0.1%

52–54 0.2% 1.0% 2.4% 2.2% 2.3% 1.1% 0.7% 0.1% –

54–56 0.5% 1.5% 3.6% 4.2% 5.0% 2.3% 1.6% 0.1% 0.1%

56–58 0.5% 1.3% 3.5% 5.1% 5.7% 4.3% 1.9% 0.4% 0.2%

58–60 0.4% 1.1% 3.6% 4.7% 5.4% 3.9% 2.6% 1.0% 0.1%

60–62 – 0.3% 1.3% 2.5% 3.1% 3.2% 1.4% 0.8% 0.3%

62–64 0.1% 0.2% 0.5% 0.8% 1.1% 1.3% 0.7% 0.5% –

>64 – – 0.2% 0.5% 0.4% 0.8% 0.6% 0.2% –
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Table 3. Two dimensional distribution of facial width and facial length for Male

Facial length
(mm)

Facial width (mm)

<133 133–136 136–139 139–142 142–145 145–148 >148

<100 – – – – – 0.1% 0.1%

100–105 – – – 0.1% 0.3% 0.5% 0.5%

105–110 – 0.1% 0.3% 1.0% 2.3% 2.3% 1.8%

110–115 – 0.1% 0.7% 2.4% 5.3% 6.0% 4.7%

115–120 0.1% 0.2% 1.3% 4.3% 7.9% 8.1% 6.4%

120–125 0.1% 0.1% 1.3% 3.7% 6.9% 6.5% 4.9%

125–130 – 0.2% 0.8% 2.1% 3.6% 2.6% 2.3%

130–135 – 0.1% 0.4% 0.9% 1.5% 0.9% 0.6%

>135 0.2% 0.3% 0.4% 0.6% 0.7% 0.4% 0.4%

Table 4. Two dimensional distribution of facial width and facial length Female

Facial length
(mm)

Facial width (mm)

<130 130–133 133–136 136–139 139–142 142–145 >148

<100 0.2% 0.9% 1.6% 1.4% 0.8% 0.1% 0.1%

100–105 0.4% 2.0% 5.3% 5.5% 3.4% 0.9% 0.3%

105–110 0.6% 2.6% 7.3% 9.9% 6.6% 2.5% 0.8%

110–115 0.4% 1.5% 4.9% 8.4% 7.2% 3.1% 1.2%

115–120 0.1% 0.6% 2.4% 4.0% 4.0% 2.0% 1.0%

120–125 – 0.1% 0.4% 1.0% 1.2% 0.8% 0.4%

125–130 – – 0.2% 0.2% 0.2% 0.3% 0.1%

130–135 – – – 0.1% 0.1% 0.1% 0.1%

>135 – – – 0.1% 0.1% 0.1% –

6 Conclusion

Ergonomics is not only to provide an accurate and scientific description of the head
and face, but also to simplify the size system through scientific and reasonable design,
so as to reduce the model and specification of products on the premise of improving
the comfort rate. Based on the human head and face size data related to eye and face
protection design, this paper presents a two-dimensional distribution table for Chinese
men and women aged 18–60, including the two-dimensional distribution table from ear
to pupil distance and pupil distance, and the two-dimensional distribution table of face
width and face length, which can be used for the design of eye and face protection
articles.
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Abstract. The aim of this study was to identify gender differences in the evalu-
ation of the Quality of Work Life (QWL) in health professionals. The study was
descriptive and was conducted with doctors and nurses of both genders in an insti-
tution in the health sector in Guadalajara,Mexico. Included 322 subjects evaluated
with the QWL with CVT-GOHISALO validated instrument. This allowed us to
measure the satisfaction of the QWL in seven dimensions for each gender in order
to make comparisons. 322 subjects were interviewed, of whom 32% (102) were
male and 68% (220) female.Males predominated in the doctors with a 65.3% (98),
while in the nursing industry 97.7% (168) were women. The differences in the
perception of workers according to their gender were present and so we have that
the percentage of people who reported being satisfied with each of the dimensions
of the QWL was higher in four of the seven dimensions for men, while women
only had higher satisfaction than men in the dimensions: job satisfaction 82% to
75%, personal development achieved 84% against 75% and free timemanagement
86% to 75%. The dimensions in which women expressed greater satisfaction than
men, show us that they find their work activity more satisfactory and identify
greater achievements in terms of their personal development, in contrast to men.
The dimensionmost affected for both sexes was job satisfaction, which constitutes
a serious problem for stating that at least a fifth of our workers, men and women,
are dissatisfied with the work they do. The differences in the evaluation of the
QWL in health professionals, revealed the dissatisfaction of women by the condi-
tions of inequality of opportunity. Women in the study showed with statistically
significant, they are more satisfied than men on personal development that they
achieved through their work and managing their free time.

Keyword: Gender · Quality of Work Life · Health care workers

1 Introduction

The QWL is a relatively recent construction, which, along with other meanings, such as
Health-Related Quality of Life (HRQoL), has its origin in the study of Quality of Life
(QoL), which went from being studied in general, to relate to health and later with work
[1].
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With the accelerated economic, political, social and environmental changes, which
affect our way of living and the way we relate to our fellow human beings, we can realize
the increasing need to improve our QoL as individuals and as society.

The QoL constitutes a relevant value for human beings, due to the aspects that
determine it; it is associatedwith objective conditions found in the environment of people
and simultaneously with subjective conditions that emanate from the expectations and
perceptions of the subjects, at the same time that it is affected by the gender relations
that occur in different contexts [2].

This is a social construction that reflects differences in perception about the state
of physical, mental, social and spiritual well-being of people; depending in turn largely
on their values and beliefs, their cultural context and personal history. Simultaneously,
different perspectives of disciplinary approach are identified, such as the philosophical,
economic, medical, humanistic, ethical and functionalist, among others, the philosoph-
ical perspective being the most used, each of them relates QoL with different variables
[3].

Among the variables that can significantly reflect differences in the perception of
QoL in general and its impact on health, is gender; this is one of the variables with
which we can express significant differences in the perception of QWL and its impact
on the health of workers. The gender has been studied by several authors and in different
contexts; however, the focus of their relationship with work has been poorly addressed
up to now and sometimes outside the approach of researchers.

TheQWLalso includes satisfactionwithwork that is done, the achievements through
work and personal fulfillment among other aspects. Their level of satisfaction in the
dimensions that compose has a great importance in the health of workers, the quality of
work done, productivity and business efficiency [1].

International organizations in charge of establishing health policies, including labor
and its relationship with the QoL, such as the World Health Organization (WHO) and
the Pan-American Health Organization (PAHO), have recognized in their international
conferences since 1994 in Cairo and 1995 in Beijing, the need to integrate the gender
perspective in their agreements and commitments to correct inequities that violate the
right to health of men and women. They also recommend to include the gender perspec-
tive in the teaching-learning processes and in the information related to the health care
of the population [4].

To understand the differences in the results in themeasurement ofQWL in health pro-
fessionals that are presented, it is important to clarify that the gender perspective implies
recognizing that beyond a sexual difference, in which societies have traditionally struc-
tured their lives and their culture, are the attributions, ideas and social representations
that are built based on the anatomical differences that characterize men and women;
differences that mark the destiny of people [5].

The gender approach or perspective, provides us with the necessary elements to
identify and analyze the conditions of inequality that women still maintain in these
times, inequalities that are reproduced from generation to generation. In this chapter,
attention is focused on the health systemdue to the persistence of practices that legitimize
and institutionalize these inequalities within the social spaces where they are trained and
worked.
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In general, the commitment to develop actions aimed at the care and preservation
of the well-being of those around us, mainly towards the family, has traditionally been
assigned to women as an activity of their gender. The care offered by women has histor-
ically been a role assumed by themselves, in a common way in all cultures and societies,
which has allowed growth and social development both in number and well-being.

Even PAHO recognizes that distinctions are made in the work of health caregivers
based on gender and that these are consistently associatedwith a lower appreciation of the
work that women do, since both in the formal and informal sectors they are concentrated
in occupations with lower remuneration, prestige and decision-making power, reaching
gratuity when this work is transferred to informality, especially in the care of other
members of the community and the family, without appearing in the national accounts.
This body also mentions that there is an interdependence between formal and informal
health care work, because when policies are defined that affect the incorporation of
personnel into formal health services, informal health services are also affected, which
they fall predominantly on women [6].

The activities included in caring for other people are related to the QoL of both the
people to whom such care is granted, as well as the people who provide it, since they
involve maintaining an adequate diet in the person being cared for, a temperature com-
fortable, good personal and home hygiene, avoid dangers and accidents, while taking
care of aspects related to a harmonious and healthy life, good emotional and affective
development, social relationships, work activity and entertainment. Forgetting that pro-
viding care to other people and based on the transfer that may exist between the caregiver
and the person or persons to whom care is provided, can significantly affect the QoL of
caregivers.

The foregoing makes it seem more unfair that the contributions made in most cases
remain outside of social recognition and narrative; few women stand out in history
books, in politics, in social, academic and cultural recognition, thereby contributing to
the high appreciation of the role that men play in social development and the invisibility
of women as a pillar essential for the maintenance of life and human development [7].

Trying to give fair value to female care, in no way does it intend to detract from the
care that is provided by men, since at present the tasks both inside and outside the home,
in education, care and support of the family as well as the role of caregivers is being
exercised in a greater proportion by both genders, but without yet reaching the ideal
proportion of equity. The care that mostly women and increasingly men provide in a
constant, silent and committed way, acquires relevance when facing phenomena such as
the aging of the population, high incidences of chronic and disabling diseases, changes
in the structure, dynamics and family values, greater incorporation of women into work
and loss of purchasing power. Therefore, it is constituted in a well-being strategy that it
is necessary to promote and maintain through due recognition and as a factor of success
for current societies, of great relevance for our cultural context since it contributes to the
family and social economy.

In 2007, Astrid Perafán [8], presented the differences in the perception of QoL
between men and women in a locality in Colombia where they specifically related it to
three variables: work, personal development and material assets. In this study, for men,
work is intrinsically related to socioeconomic and work conditions, reaching goals,



Differences in the Perception of the Quality of Work Life 137

having a good work environment and being able to carry out social activities; on the
other hand, the most important thing for women is the personal development provided
by work, integration into their job, being able to carry out other types of activities and
finally achieve their goals, reflecting the recent incorporation of women into the field
labor. Regarding personal development, while men integrate the family and social with
their personal development, women privilege family relationships over social ones and
try to reconcile them with their personal development. Regarding material goods, men
consider them as essential, possibly associated with power and social prestige, while
women consider as fundamental the aspects that revolve around the improvement of
home conditions, relating the family and collective interests of the individual female
gender.

In a study published in 2001, gender differences in the perception of QoL are mea-
sured, finding that women have a worse evaluation of sports, health and recreation ser-
vices, which is directly related to the responsibility assigned to them women in caring
for their children’s health. In access to recreation, women also give lower qualifications
than men, since the amount of free time available is significantly less, since they have
the responsibility of family care, many times they also develop informal work and when
they have free time the alternatives are few and not compatible with the other activities
they carry out. In general, although multiple indicators are presented for the evaluation
of QoL, women have a poorer perception than men and this study concludes that this is
due to the assigned roles and the limitations that these roles confer on women [2].

Once what the gender perspective means in relation to health care has been reviewed
and taking QoL as a starting point, the object of study is retaken, which is to establish
the differences in the evaluation of the QWL, according to the gender.

Inequalities based on gender in the workplace can be found in working conditions,
role assignments, task demands and salaries, among others. In a study carried out with
respect to economic remuneration in two department stores in Chile in 2009, it is men-
tioned that, despite having a higher proportion of women in both stores, in one of them
men are paid an average 41% more, while the other store pays them 36% more. The
above taking into account that the working hours are similar; In addition to this, other
important gaps against women are identified, especially in sales commissions, income
par excellence, which theoretically correspond to the individual effort of the seller and
also in the payment of bonuses [9].

On the other hand, the impact on health and QoL of caregivers was studied, finding
that with regard to the assignment of the caregiver role in families, this assignment is
not homogeneous and that the typical profile of the main caregiver is that of a woman,
a housewife, with a direct kinship relationship with the person she cares for. The most
relevant variables in the caregiver’s role are gender, coexistence and kinship, with an
important difference in the burden between men and women, which is manifested in the
fact that informal care is mostly female [10].

The incorporation of an increasing number of women in productive activities, in an
increasing and constant way, occurs mainly in the service sector, especially in those
occupations that imply their extension of the role of caregivers, particularly in health.
Jobs seen as “suitable for women” are nurses, nutritionists, social workers and dentists
among others. Comparatively, in the medical occupation men are mainly located on
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the basis of the dominant role and decision-maker regarding the health of patients. The
division of work carried out in the home by gender is transferred to the workplace, the
latter becoming an extension of their domestic role. Professions that reveal femininity
are exercised, under a dependent social role and culturally acceptable “for women” [11].

This is explained by the cultural training of women, where gender education makes
girls and young women feminine and constitutes a job training that qualifies them for
certain jobs, which are an extension of domestic work and care and care that women
give to boys and men. Highly valued occupational characteristics such as thoroughness
and submission are also identified in women [5].

Health care implies the possession and practice of values that are not required in
other professions, such as the sense of responsibility, commitment and availability to the
needs of the sick, workingmany times under inappropriate conditions such as absence of
rest periods or feeding schedules, emotional exhaustion caused by the transfer between
patients and the service provider, in addition to the institutional demands of productivity
and optimization of resources. Therefore, these professions generate high degrees of
stress that as a consequence can be accompanied by varying degrees of dissatisfaction
[5].

Varying according to historical moments, different sexed professional identities
(male or female) have been built for health professions and activities, these construc-
tions have been based on the selection of themembers of the professional group based on
their sex and gender. incorporation of gender values into health practices. The progressive
increase during the twentieth century and the beginning of the twenty-first, of women in
the medical profession, has been permeated by internal discriminatory processes and the
creation of new professional spaces, where men try to delimit the activities of women
giving as the result is their concentration in some specialties, without facilities to access
decision-making or representation positions, without respect for their preferences in the
use of time and with little access to research work; while women participate in the search
for spaces professionals that give them greater identity [12].

In the report of the 116th meeting of the WHO Executive Board, held on 2005, it
is spelled out “the correction of gender inequalities among health workers is essential
for public health systems to be effective. Globally, although women make up more than
half of the conventional health care workforce, they receive lower wages and have no
decision-making power. Furthermore, as part of unpaid health workers in the informal
sector, girls and women also bear a disproportionate burden of care in households and
the community, often to the detriment of their own health and well-being” [13].

Directing attention to the participation and status of women employed in the health
services inMexico, it is important tomention that the professions in this area are linked to
historical, social, political, cultural, economic processes and scientific and technological
progress of the country, which determines the variation in the data presented regarding
the medical and nursing professions, where according to reports from the Mexican
Foundation for Health (FUNSALUD), the medical profession that was traditionally
dominated by the male gender, shows the gradual incorporation of women into the
medical profession, with a gradual increase in the average graduation from 1970, going
from 19% in that year to 50% in 1999 and to 63% in 2014 [14].
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In both the data from the female doctors and those from the female nurses, women
consider housework as a second activity, a situation that did not occur in men despite
being questioned about it. With regard to nursing as it is historically known; it is a field
totally dominated by women because in the records used for the FUNSALUD study,
they represent 95%, also showing low education, since the technical level predominates
in 64% over the bachelor’s degree, which has 35%, reaching only 1% of nurses with
postgraduate level. Of graduate technical nurses, only 60% work compared to 70%
of those with bachelor and postgraduate degrees; in this study, it was concluded that
despite the feminization of health services, participation continues to be unequal, since
intervention and income continue with very marked differences. This, increases the
probability that women end up dedicating themselves to different activities of those in
which they were trained and give up their spaces for participation, which surely leads to
different levels of dissatisfaction, affecting the QoL of health professionals [15].

Despite the fact that it has become very common to talk about the gender perspective
in regard to health professions, it has not been possible to transcend the university
education of students in these professions, most likely due to the fact that the study
plans have not been updated and reoriented with this perspective, which is reflected in
their training as health educators, with more equitable and humane practices, that make
differences by gender and that empower female users and female providers of health
services, which in the majority are women, in the exercise of their rights [4].

Social acceptance for female doctors in primary care is very high among the female
population, with better communication, more open and focused on the psychosocial than
when doctors are male. This is reflected with greater emphasis when the problems that
affect patients are of a gynecological nature and oriented towards detections, since the
observation of serious health problems such as cervical cancer and breast cancer, which
are detectable in very early stages, in our population they continue to present a high
incidence and are a cause of death because they did not want to see male doctors.

In a study carried out in 2004, inGranada, Spain, the gender of the patients and that of
the health professionals were not shown to be related to the perception of quality, since it
has not been shown that the health results are better ifmedical care is received or provided
by people of the same gender. However, their findings showed that the sex of the service
provider modulates a very important aspect, which is communication, since female
doctors grant longer consultations, provide more information and are more interested in
the emotional and social aspects related to problems of health of their patients, compared
tomale doctors. It concludes that the information available on these variables andmedical
practice is still very poor, and that in order to understand a concept as complex as the
perception of quality, gender must be taken into account as a determinant of individual
and social identity, since it conditions the interaction of the patient andhealth professional
relationship [16].

Health services in Mexican institutions, both public and private, as in most countries
in the world, have to be provided continuously every day of the year, except in primary
care units where they work from Monday to Friday. Having to adapt work activity to
institutional needs, with shifts that in many cases include night shifts, alters the family
and social life of those who provide these services, which can even have repercussions
on their own health, since working conditions in health units, including family medicine
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units and hospitals, carry the risk of affecting the perception of satisfaction with the work
activity carried out, as well as with other personal needs within and outside of work.

Work is the activity of greatest importance for the human being, since he or she,
individually or collectively, makes a series of contributions such as effort, time, aptitudes
and skills, among others, pending certain rewards that help to satisfy his needs, whether
economic, material, psychological or social, among others, so it is essential to know
the factors that influence the QWL of workers. Work activity is the main contributor
to raising the QoL of people and when the individual has the possibility of doing a job
that corresponds to their ability and vocation and identifies elements for their personal
growth, the level of their QoL will be longer [17].

The QWL has objective and subjective components, so for its evaluation, the way in
which people live the daily life of their work environment must be considered, taking
into account their working conditions, both physical and contractual and remuneration,
as well as their social relationships both between colleagues and between the worker
and the organization. The attitudes and values of the workers and the perception of
satisfaction or dissatisfaction derived from this set of factors are also very important.
TheQWLpresentsmethodological difficulties for its evaluation,mainly based on the fact
that within the multiple criteria found to evaluate it, there are few studies that present
a concrete proposal to do so. The theoretical and methodological models found have
been applied in other areas and in other places, without necessarily having the same
application in the local context [18].

The results of this research allowed to account for the gender differences regarding
the perception of QWL and contribute to its knowledge. When carried out with medical
and nursing personnel with workers of both genders in the two branches, the different
perceptions between those who adopt the role of caregivers and those who have the role
of decision-makers regarding the health of the patients could be identified [19].

The evaluation of the QWL was carried out based on the definition on which the
elaboration of the CVT-GOHISALO instrument was supported: QWL is “a multidimen-
sional concept that is integrated when the worker, through employment and under his
own perception, sees the following personal needs covered; institutional work support,
reliability and integration to the job and satisfaction for it, identifying the well-being
achieved through their work activity and the personal development achieved, as well as
the management of their free time”.

This concept of QWL identifies seven dimensions, which can be evaluated through
the CVT-GOHISALO instrument; Institutional work support, Job reliability, Integration
to the job, Satisfaction with the work, Well-being obtained through the job, Worker’s
personal development and Free time [19].

2 Aim

The aim of this study was to identify gender differences in the evaluation of the QWL
in health professionals.
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3 Methodology

Adescriptive and analytical studywas conductedwith doctors and nurses of both genders
in a health sector institution in Guadalajara Metropolitan Area, Mexico.

The work universe was made by 1866 active workers of a health institution in its
three levels of care, doctors and nurses, which included all types of administrative units
and offices, in all work shifts. A stratified probabilistic sample was calculated, where six
strata were identified; one from doctors and the other from nurses in each of the three
levels of care (see Tables 1 and 2).

The proportions in the population universe were calculated for each stratum and the
same proportions were applied to the sample strata; according to the calculation, with
a formula for finite populations, the sample was 351 and only those randomly selected
were included, with at least six months seniority, the CVT-GOHISALO questionnaire
was applied to all of them, all those persons commissioned or those who were searched
twice in their workplace and were not present were excluded, applying substitution
criteria; the questionnaire was applied to the next person from the health unit staff with
the same category (doctor or nurse).

Each person selected was located in the health unit and in the corresponding shift,
where they worked, visiting a total of 98 health units in all shifts; 88 of first level, 6 of
second level and 4 of third level.

The analysis was descriptive and inferential and identified the differences in satis-
faction with the QWL in each of the seven dimensions of the instrument for each gender
and profession.

Table 1. Study universe

Levels of
care

Doctors % Nurses % Total staff

First level 481 25.8 333 17.9 814

Second
level

122 6.5 247 13.2 369

Third
level

215 11.5 468 25.1 683

Totals 818 43.8 1048 56.2 1866
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Table 2. Stratified sample for the study

Levels of care Doctors Nurses Total staff surveyed

% Surveyed % Surveyed

First level 25.8 91 17.9 63 154

Second level 6.5 23 13.2 46 69

Third level 11.5 40 25.1 88 128

Totals 43.8 154 56.2 197 351

4 Results

322 subjects, 150 doctors and 172 nurses were surveyed, of which 32% (102) were male
and 68% (220) female. The male sex predominated in physicians with 65.3% (98), while
in the nursing branch 97.7% (168) were women (see Table 3).

Table 3. Distribution by profession and gender in study population

Profession Male % Female % Total

Doctors 98 65.3 52 34.7 150

Nurses 4 2.3 168 97.7 172

Total 102 32 220 68 322

Source: Direct

The distribution by professionwas equitable and directly proportional to the universe,
since 150male and female doctorswere included, representing 46.6%of the total number
of people surveyed, and 172 male and female nurses, who constituted 53.4% of the
sample (see Table 4).

Workers’ perception of their QWL in each of the dimensions that make up the
instrument varied according to their gender and also according to their occupation as a
doctor or nurse (see Tables 5 and 6).

The following table, shows that the percentage of people who reported being satisfied
with each of the QWL dimensions was higher in four of the seven for men, Institutional
work support, Job reliability, Integration to the job and Well-being obtained through
the job, finding the greatest difference in the latter, with 88.2% satisfaction among men
versus 80% among women.

Women only had greater satisfaction than men in the dimensions of Satisfaction with
the work with 81.8% against 74.5% of men, in that of Worker’s Personal Development,
where the percentage difference was 8.1% in favor of women and regarding the free time
administration, the percentages were even more significant, because while 86.4% of the
women were satisfied, only 75.5% of the men were satisfied.

However, it should be noted that the percentage of people dissatisfied with their
QWL in general ranges from 10 to 25% for men, while women showed dissatisfaction
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Table 4. Distribution by profession, sex and level of care of the study population

Level
of care

Medical professional Nursing professional

Male % Female % Total Male % Female % Total

First
level

59 38.3 33 21.4 92 1 0.7 61 39.6 62

Second
level

9 22.5 9 22.5 18 1 2.5 21 52.5 22

Third
level

30 23.4 10 7.8 40 2 1.6 86 67.2 88

Total 98 30.4 52 16.2 150 4 1.2 168 52.2 172

Source: Direct

in 13 to 20%. The dimension most affected for men was Satisfaction with the work and
for women Well-being obtained through the job (see Table 5).

Table 5. QWL, satisfaction by dimension, according to gender, in the health personnel
participating in the study

Gender D1 D2 D3 D4 D5 D6 D7

Men 86.3 90.2 88.2 74.5 88.2 75.5 75.5

Female 81.8 86.8 87.2 81.8 80 83.6 86.4

Source:Direct, D1 Institutionalwork support, D2 Job
reliability, D3 Integration to the job, D4 Satisfaction
with the work, D5 Well-being obtained through the
job, D6 Worker’s personal development, D7 Free
time administration

Table 6 shows the percentages of satisfaction and dissatisfaction of both medical
and nursing personnel in each of the seven dimensions of the instrument. They highlight
the highest satisfaction for male doctors in the Dimension of Job reliability, while in
male nurses the highest satisfaction was found in the dimensions of Well-being obtained
through the job, Worker’s personal development and Free time administration.

For female doctors, the dimensionwith the highest satisfactionwas that of Integration
to the Job, while for female nurses the dimension with the best qualification was that of
Job reliability.

Regarding dissatisfaction, male physicians have the worst score for the dimension of
Satisfaction with the work, while male nurses score the same, with 25% dissatisfaction,
for the dimensions of Institutional work support, Job reliability, Integration to the job
and Satisfaction with the work.
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For female physicians, the dimension with the highest dissatisfaction is theWorker’s
personal development, while for female nurses the dimension of Well-being obtained
through the job is the one with the highest dissatisfaction.

It is highlighted that by combining the variables of profession and gender, female
doctors and nurses surpass male nurses in satisfaction in the first four dimensions and
that male nurses reach 100% satisfaction in the last three dimensions (see Table 6).

Table 6. Percentage of satisfaction and dissatisfaction with the QWL by dimension, profession
and gender in the study population

Profession
and gender

D1 D2 D3 D4 D5 D6 D7

Si No Si No Si No Si No Si No Si No Si No

Male
doctors

86.7 13.3 90.1 9.9 88.8 11.2 74.5 25.5 87.8 12.2 74.5 25.5 74.5 25.5

Male
nurses

75 25 75 25 75 25 75 25 100 0 100 0 100 0

Female
doctors

84.6 15.4 76.9 23.1 94.2 5.8 76.9 23.1 84.6 15.4 73.1 26.9 84.6 15.4

Female
nurses

81 19 89.9 10.1 85.1 14.9 83.3 16.7 78.6 21.4 86.9 13.1 86.9 13.1

Source: Direct, D1 Institutional work support, D2 Job reliability, D3 Integration to the job,
D4 Satisfaction with the work, D5 Well-being obtained through the job, D6 Worker’s personal
development, D7 Free time administration

The next graph shows the differentiation by dimensions and gender in terms of dissat-
isfaction with QWL, adding the profession variable to the analysis. It shows that female
nurses exceed male nursing dissatisfaction in three dimensions: Well-being obtained
through the job, Worker’s personal development and Free time administration. Male
nurses have greater dissatisfaction than women in four dimensions: Institutional work
support, Job reliability, Integration to the job and Satisfaction with the work.

Regarding themedical branch,medical women aremore dissatisfied thanmen in four
dimensions: Institutional work support, Job reliability, Well-being obtained through the
job and Worker’s personal development. While men are dissatisfied in the dimensions:
Integration to the job, Satisfaction with the work and Free time administration.
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5 Discussion

To analyze the differentiation by gender and occupation of the results; It is necessary to
mention that of the 322 subjects surveyed, 32% (102) were male and 68% (220) female,
which is consistent with the reviewed publications, which speak of a strong feminization
of health services. The distribution by profession was equitable and directly proportional
to the universe, since 150 doctors were included, representing 46.6% of the total number
of people interviewed, and 172 male and female nurses, who constituted 53.4% of the
sample.

Due to the predominance of the male gender in doctors (65.3%) and that of the
female gender in the nursing branch (97.7%), the androgenism already referenced in the
medical profession is confirmed, where the role of decision-maker remains with men
and activities related to care and service, is placed with women.

The distribution presented with a greater burden for the female gender in nursing
and for the male gender in the medical profession, was maintained when analyzing by
levels of care. For only at the second level is an equitable distribution for both genders
observed among the medical professional, highlighting that at the third level of care,
where the degree of specialization is greater, the presence of women in this study is
maintained, while than that of men increases. On the other hand, the distribution by
gender in nursing is almost entirely female, and this feminization was found uniformly
in the three levels of care.
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In both genders, Job satisfaction is one of the first two most affected dimensions,
which constitutes a serious problem, since it shows that a quarter of male workers and
a fifth of female health workers, are dissatisfied with the work activity carried out. This
dimension allows us to identify the degree of commitment that the person has with the
mission of the institution and with their own objectives, highlighting the positive aspects
of the work and the satisfaction for the remuneration obtained when performing their
functions [19].

On the other hand, when the percentage of satisfaction by dimensions is compared,
adding the variable of doctor or nurse to that of gender, we observe that the perception
of workers regarding their QWL in each dimension presented variations that can be
attributed to both variables.

According to results (graph 1), it is evident that doctors of both genders make amuch
lower evaluation than nursing personnel in the dimension Worker’s personal develop-
ment, which perhaps corresponds to the expectations that are made about their work.
In this dimension, the dissatisfied worker expresses insecurity about the achievements
achieved, feels vulnerable when dealing with users or co-workers, may consider that the
work has diminished their physical or emotional capacity and they are pessimistic faced
with institutional challenges and goals [19].

By directing the analysis to the dimensions with the greatest dissatisfaction for both
genders, differentiated by the profession of doctor or nurse, there are not many coinci-
dences, since in female gender, nurses aremore dissatisfied in the dimensions:Well-being
obtained through the job, Worker’s personal development and Free time administration,
while female doctors are most dissatisfied in the dimensions: Institutional work support,
Job reliability, Well-being obtained through the job andWorker’s personal development.
On the other hand, male nurses show greater dissatisfaction in the dimensions: Institu-
tional work support, Job reliability, Integration to the job and Satisfaction with the work,
while male physicians show greater dissatisfaction in the dimensions: Integration to the
job, Satisfaction with the work and Free time administration.

In general terms, the highest percentage of dissatisfaction for both genders and
professions is found in Satisfaction with the work dimension, and it stands out that the
medical branch in both genders shows a very high dissatisfaction in Worker’s personal
development.

6 Conclusions

In conclusion, there must be a match between the capabilities of the worker and the
content of their work for their QWL to be satisfactory, but this condition is not sufficient
as long as discrimination in the workplace on grounds of race, color, religion, political
opinion, national or social origin, age, sexual orientation and very importantly gender,
among others are not eliminated.

The gender perspective complements the concepts of QoL and QWL, based on the
identification of differences in gender relations, needs, roles, access, decision-making
capacity and rights over goods and services that they affect the perception and satisfaction
of human beings [2].
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Since the United Nations assumed gender equality as one of its lines of action,
the International Labor Organization conventions include the principles of non-
discrimination and equal opportunities and treatment in the workplace for women. Con-
sequently, Western governments have incorporated it as a policy in all their official
documents [20].

Differences in the evaluation of QWL in health professionals reveal dissatisfaction
on the part of womenwith the conditions of unequal opportunities, despite the increasing
number of women present in the medical profession and their greater participation in
positions of responsibility and decision-making. These inequalities are the result of
gender segregation that places them in caregiver roles and distances them from positions
of responsibility and authority, both professional and scientific [12].
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Abstract. Digital acceleration has uncovered the need to understand how design
education is developing today, and how to take advantage of the possibilities
of interaction provided by Open Educational Resources (OER) such as Massive
Open Online Courses (MOOC) in the new globalized and increasingly technolog-
ical educational scenario. Allowing exploration, experimentation, research, and
creation of new educational models for learning that can adapt to different envi-
ronments and make it possible for transmission of knowledge to continue even in
times of crisis.

Keywords: Design education ·MOOC · Interaction · OER

1 Introduction

Global pandemic forced the education sector to change the way it was teaching and
visualized a great need formassive digital learning tools such as OER (Open Educational
Resources) and the development of MOOCs, which provide a collaborative and open
learning space where people can interact through different formats such as videos, e-
books, recorded lectures, animations, among others.

Words like ‘distance learning’, ‘remote learning’ or ‘virtual learning’, became impor-
tant in the life of the whole world in the wake of Covid-19. With educational institutions
closed due to the health crisis, the only thing left to do was to rely on distance learning
that would allow students to continue bringing knowledge amid a pandemic that for the
moment only showed an uncertain future.

This work sought to identify the problems within the discipline of design in higher
education and the use of open educational resources for learning in this area. Norman
[1, p. 6] had already identified that “Today’s designers are poorly trained to meet the
today’s demands: We need a new form of design education, one with more rigor, more
science, and more attention to the social and behavioral sciences, to modern technology,
and to business”.

We performed semi-structured interviews using open-ended questions, conducted
with some design teachers from several higher education institutions in Portugal, to
know different realities about higher education in design, to perceive the main teach-
ing/learning difficulties before and during Covid-19, as well as the teachers’ experience
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with open educational resources and their perspective on the needs of this discipline in
the current context.

Some of the responses obtained were that this pandemic made it possible to take
better advantage of new technologies for knowledge transmission and interaction with
students.Although at the beginning therewere some cases of adaptation,which caused an
overload of work for both teachers and students, the academic semester was completed.

We observed that it is necessary to provide spaces for discussion to discover current
concepts, tools, and platforms that allowus to take advantage of the possibilities of instant
interaction provided by OER such asMOOCs. Also that ensuring that this practice helps
in improving a good educational experience, promotes the development of collaborative
work and facilitates the acquisition of new digital skills.

2 OER: Open Educational Resources

Within institutions of higher education, with all that is causing the pandemic, it is being
allowed to experiment with educational technologies that challenge the curriculum and
the way teachers –who are often unprepared for these digital spaces–, teach.

OER, free-access education, or open education, is a clear example of this and several
definitions can be found. In this study we will use “The concept of open education which
is closely linked to the British university The Open University, which was founded in
1969 with the intention of being open to all people, places, methods and ideas”. [2, p. 8].

This notion has been transformed over time to consider OERs “more than with dis-
tance education (…) with online teaching and digital resources that are offered openly”.
[2, p. 8] and which easy access has been one of its particularities, not involving many
requirements and being able to join from anywhere in the world.

Now more than ever, due to the health crisis that we are experiencing, it is urgent
that HEIs [Higher Education Institutions] invest in the development of digital content,
such as the implementation of OERs, such as MOOCs in their different typologies, at a
distance or blended- learning [3] Such developments would contribute to democratize
education and continue to provide knowledge, this time, with a global reach.

3 MOOCs in Higher Education and Design

Since its creation, in 2008, MOOC has evolved and has grown exponentially due coro-
navirus. In its early years, Dave Cormier, an educational researcher, defined MOOCs
as open, participatory courses that promote lifelong learning. They are also considered
as “Classes taught through technological platforms that enable the teaching-learning
process to thousands of students” [4, p. 4].

MOOCswithin higher education aremoving towards different actions, one of them is
their contribution for to scientific knowledge, inwhichMOOCs function as an instrument
for “(IDI) Research Data Exchange where universities that enter can share information
and data for research purposes, big data of learning information” [5]. In otherwords, edu-
cational institutions can identify how students are learning to then monitor and evaluate
learning, measure results, to discover new tools or products for online education.
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MOOCs for higher education in design show a range of possibilities, both in research
for the promotion of collaborative work and interaction, as well as to train professionals
for a more current and global market. Students should be trained for modern learning,
providing themwith the necessary instruments to face the challenges of society that allow
them to open the way for the development of their professions and their environment
[6].

4 Methodological Procedures

This work was developed with an exploratory research model, making use of interviews
to allow greater flexibility in data collection.

Explorative research aims to be able to develop and modify ideas with the intention
of manifestingmore detailed problems and hypotheses for future studies. It is considered
the first phase of a more extensive investigation because it allows a rough initial look at
a specific topic [7].

For this study it was decided to interview professors of Portuguese nationality from
different higher education institutions in Portugal, with the intention of knowing this
context and its different realities on design education.

Semi-structured interviews were carried out that were based on previously designed
scripts, as well as informed consent forms, which were sent by email to the selected
teachers who have had the experience of teaching in a design master’s degree. The
scripts served to structure the topics to be addressed, facilitate the interview to maintain
the original plan [8] and take advantage of the reflective potential offered by the virtual
environment [9].

Due to the state of emergency caused by Covid-19, all interviews were conducted
virtually / synchronously (in real time) through Google meet and Colibri Zoom, Univer-
sity of Lisbon institutional platform and lasted from 60 to 90 min. It began by giving a
brief explanation to the participants of the research setting, their context and the purpose
of the interview.

It is important to mention that in Portugal, confinement began on March 18, 2020,
the following months corresponding to the 2nd semester, classes had to be at a distance
and making use of digital tools that allowed classrooms not to stop. However, in the 1st
semester during the months of September to December 2020, we opted for semi-face-
to-face classes and/or B-learning.

The sample used is non-probabilistic and intentional, where 7 professors were inter-
viewed, 3 professors from the Lisbon School of Architecture, University of Lisbon-
FAUL, a professor from IADE - Faculty of Design, Technology and Communication,
European University, a professor from the University of Algarve, a professor from the
Tomar Polytechnic Institute - IPT, and a professor from the Beja Polytechnic Institute -
IPBeja (4 women and 3 men).

The data analysis method used was Thematic Analysis (AT). One of the most widely
used qualitative methods in different research areas for data analysis, which allows to
recognize themes and patterns in a group or set of data [10]. Within the TA approach,
Reflective and Interpretive Thematic Research was used. With the intention of exploring
concepts and data in depth and going beyond descriptive analysis [10].
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The following Table 1 shows the profile of the interviews and due to a data protection
issue for this research, the name of the teachers is kept anonymous, considering only the
name of the institutions they represent.

Table 1. Profile of the interviewees during the semesters 2020 – I y II

Interview Institution Type of teacher Courses with more hours
taught in 2020 - I and/or II

Professor 1 Faculty of Architecture of
the University of Lisbon

Impartial time Product Design and
Sustainability

Professor 2 Full time Fashion design

Professor 3 Communication Design

Professor 4 IADE-Faculty of Design,
Technology and
Communication, European
University

Full time Digital animation

Professor 5 University of Algarve Full time Communication Design

Professor 6 Polytechnic Institute of
Tomar

Full time Editorial Design and
Infographics

Professor 7 Polytechnic Institute of Beija Full time Graphic Design and
Communication Design

5 Analysis and Results

The following set of questions was constructed to obtain perception of professors about
most common problems regarding design knowledge in graduate students such as mas-
ter’s degrees; the use of digital tools such as OER, specifically MOOCs; and how they
have been facing the challenges caused by Covid-19 and distance learning concerning
design training:

Q1. In your experience as a teacher, what do you think of student’s design knowledge
when completing their master’s in design and whether they are prepared for the
challenges that design faces today?

Q2. What are the most common problems that your design students have about the
topics covered in a class?

Q3. Before Covid-19 and the suspension of face-to-face classes, what kind of
educational resources did you use in your classes?

Q4. Did it include OER (Open Educational Resources) like MOOCs?
Q5. What are the challenges that Covid-19 and distance education brought to higher

education institutions concerning design teaching in Portugal?
Q6. Do you know if your design master’s students have knowledge of OER about

learning like MOOCs?
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Q7. Did you have an opportunity to be a student or teacher of a MOOC course?
Q8. If MOOCs can be used as a resource to help level the knowledge of students

who will attend master’s courses in design, what do you think will be the main
implementation difficulties?

After conducting the interviews, we proceeded with interpretations that allowed
identification of some essential exploration factors, related to the connection between
design knowledge of postgraduate students, the use of OER and MOOC as educational
tools, as well as the skills that teachers had to develop during Covid-19 and distance
learning.

The main ideas and lessons learned from the conversations with the interviewees are
presented below:

Interviewees mentioned that students in many cases enter with little experience to
study a postgraduate degree in design, specifically a master’s degree. They have the
foundations but not the maturity to provide solutions with design thinking according to
the current problem. They also have poorly developed critical thinking and suffer when
confronted with ideas.

Regarding how do design teachers have been coping with their classes amid a pan-
demic, it was observed that they had to use their skills to take on this new challenge and
gradually learn digital tools that in some cases they were using for the first time.

Several professors claimed to have used some e-learning resources such as digital
globes, on-line delivery of tests, use of web sites, e-mail, videos, and dropbox to manage
students’ work. The use of slides was maintained, as well as the theoretical and practical
classes, where the first hours were destined for theory and the following hours for the
development of practical exercises.

They also affirmed that in this new non-face-to-face modality it is necessary to
change the way of thinking, how content is produced, how information is passed on,
how knowledge is transmitted, that is, everything must be rethought.

This online context gave rise to several difficulties in the teaching of classes, among
them the professors said they had experienced fatigue from being several hours in front
of the computer, and they realized that in the face-to-face classes it was much easier to
answer student’s questions than in virtual mode.

Another problem identified because of the distancing for teaching design was the
development of practical work in polytechnics and universities workshops that had to
be interrupted. Spaces that are generally used for drawing sketches, manual work and
the construction of models, had to abandoned and professors had complications when
monitoring non-face-to-face learning. Added to this was the enormous task of ensuring
that students were motivated throughout the semester and could complete their design
projects.

Regarding MOOCs, only one of the teachers claimed to have had experience devel-
oping aMOOC course, the other answers were that they did not know about this resource
or in any case, they had only heard about this tool but never used it. However, some com-
mented that as a digital educational resource they used the Moodle tool to manage their
classes.
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They commented that students take online classrooms, use distance learning plat-
forms, such as Moodle, Zoom, and Teams, Domestika being the educational website
most used by design students, but they are not sure if they know about OER or MOOC.

However, they considered that it would be good for MOOCs to become a common
and widespread practice. Despite difficulties that the construction of courses like these
may entail, among them: budget, time for their development, choice of content, teachers
willing to create courses, methodology, and learning needs of students with OER.

Additionally, they believed that these courses, due to their complexity of organiza-
tion, should take into account the allocation of credits that are worth the effort and can
motivate students to enroll in a MOOC (Tables 2 and 3).

Table 2. Outputs of interviews with design higher education professors

Factors Outputs

Master’s degree students and their knowledge
of design to face the challenges of today’s
design

They have the bases: 3
They do not have sufficient professional
experience: 3
They have more notions of technology: 1
It depends on the curriculum of the institution
and the quality of the teachers to be more
prepared: 2

Most common problems of design classes
today

Lack of critical thinking
There is a lack of balance between the
theoretical and the
practical
Difficulties in providing solutions to current
problems
More teamwork needs to be promoted
Lack of independence to carry out design
projects

Most used educational resources before
Covid-19

Presentations (slides): 7
Work in the ateliers: 3
Face-to-face tutorials: 3
Use of Moodle: 2

Use of OER or MOOC Does not use OER or MOOC: 6
If you use OER and MOOC for classes: 1

Challenges of COVID-19 and distance
learning

Social distancing
Not being able to use design ateliers
Not being able to do manual work
Difficulties for the construction of models

Students and their knowledge of OER They have little knowledge: 4
They do not know if students use OER: 3

(continued)
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Table 2. (continued)

Factors Outputs

Experience as a student or teacher of a MOOC As a teacher: 1
As a student: 0

Difficulties of implement a MOOC Time
Interest of universities and facilitate obtaining
credits
Construction and implementation
Complex courses to organize
Find teachers available for these courses
Motivation of students by MOOC courses

Table 3. Difficulties and educational resources used in the distance education of Design

Difficulties distance education Most used educational resources during Covid-19

Inattention from students Digital presentations (Slides), Zoom and Google Meet

Lack of literature Websites and books

Body and visual fatigue Web, Zoom, Moodle, Times, Dropbox and Padlet

Little time for tutorials Zoom and Google Meet groups

Little time to resolve doubts Zoom (Video conferences)

Greater adaptation Zoom and the virtual classroom Moodle

To transmit design content Zoom and the virtual classroom Moodle

Teamwork Zoom Groups and WhatsApp Groups

6 Conclusions and Future Work

This work made it possible to detect that the current scientific knowledge on OER and
MOOC in Portugal is not very developed or disseminated and that is why many teachers
stated that they did not know or have not used this tool before.

The task for higher education institutions will be that the percentage of ignorance of
MOOCs decreases and evaluate what actions can be taken for their dissemination.

The advancement and innovation ofMOOCs will occur as more institutions are will-
ing to take on the challenge of developing thismodel in their teaching centers, therefore it
is necessary to invest in professionals who are ready to carry out research andmonitoring
work regarding this topic is very current but has not yet achieved the expansion required
to discover and exploit the benefits it can generate for higher education organizations.

Regarding students, MOOCs are a good option to motivate them in self-learning and
networking.

It will be essential to develop more research on OER, mainly MOOCs in Europe,
specifically in Portugal, to disseminate the results of these to measure how beneficial
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it can be to adopt this teaching modality within universities or other higher education
institutions.

For this reason, this exploratory study that is part of a Ph.D. will investigate further
the open learning needs, in disciplines such as design.
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Abstract. Following our experiences in Italy in Mazara del Vallo and Chioggia
Marinas, we had another one in Tunisia in Sfax Marina. Aim of this paper is
a biomechanical risk assessment of fishermen working on a vessel smaller than
those previously analyzed in Italy and in a different socio-cultural context. The task
that involved most of the crew’s working time was the sorting. We assessed this
task by ISO Standard 11226 and 3DSSPP software. The maximum recommended
exertion duty cycle, listed as a percentage of job time from the 14 analyzed frames
with 3DSSPP,was between 2.3 and 14%.This data confirms thatworkers’ postures
during sorting task were critical. In these task workers flexed the trunk over 90° for
approximately 10 min for every catch. Both maximum exposure time (1 min) and
maximum acceptable trunk flexion (60°) threshold, defined by ISO 11226, were
exceeded.Moreover, it should be considered that ISO11226 does not consider boat
instability that significantly impacts biomechanical risks. The maximum posture
holding time before the occurence of fatigue, according to Potvin’s mathematical
model, is lower than the time held byworkers. Trunkmaximal valueswere between
35s and 125s and the lower limb joints values rarely exceeded two minutes of
maximum exposure. Estimated values of the percentage of Maximum Voluntary
Contraction (%MVC) were between 35% and 61% for the trunk and between
31.4% and 39.2% for the neck. The lower limbs %MVC values were remarkable
for the hips (between 28% and 68%), knees (between 31% and 88%) and ankles
(between 27% and 94%). This new experience confirmedmedium-high risk levels
during the sorting process. Furthermore given the reduced size of the boat, the crew
couldn’t improve their working conditions with low-cost solutions, as in Italy. For
operational problems, manual handling of the fish crates wasn’t assessed although
the placement of the freezer on the deck of the boat, instead of the bottom floor
as in Mazara del Vallo, is certely less stressful.

Keywords: Biomechanical overload · MSDs · Fatigue · 3DSSPP · Awkward
posture

1 Introduction

Biomechanical risk in the fisheries has been widely investigated in our previous studies
in Mazara del Vallo and Chioggia. Our activities focused on the analysis of two different
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kinds of fishing (driftnet and rake trawl with depressor) and with different work orga-
nization [1–3]. Except for slight differences in the drop and the set sail of the net, our
results showed similar critical issues. The most hazardous tasks were the sorting and the
manual handling of crates. The sorting involved the crew for almost all time. Our pre-
vious research showed that workers, based on their experience, developed customized
and low-cost solutions to reduce the biomechanical load. Other epidemiological surveys
have been recently added to the literature reported in our previous papers, that highlights
how the MSDs in fisheries workers is still a common and widespread problem [4–6].
These reports, mainly conducted in Northern Europe, further confirm a high presence of
MSDs in the fishery sector. It also emerges that the design of ships still doesn’t include
technological improvements to reduce biomechanical risk.

Besides our two previous boardings, we did a new experience in Sfax, Tunisia. The
fishing technique was the same as in Mazara del Vallo (trawling) but with a smaller boat
length (30 m vs 35 m). The crew were younger and without MSDs.

The aim of this paper is a biomechanical risk assessment aboard a ship in a socio-
cultural scenario other than the ones analyzed. Furthermore, a discussion between the
activities on board the vessels ofMazara del Vallo and Sfax will be carried out to identify
analogies and differences.

2 Material and Methods

During boarding, we did video recordings of the working cycle, consisting of drop
and in the set sail of the net in the sea and sorting, cleaning, and storing the catch
in a refrigerator. The work cycle lasted three hours, two hours of work, and one of
break. Fromvideo recordingswe sampled some frames afterward analyzedwith 3DSSPP
software (v 7.1.3) [7, 8]. The software provides an estimation of various biomechanical
parameters: compressive and shear forces at L4/L5 and L5/S1 levels, strength percent
capable (SPC), an esteem of the percentage ofMaximumVoluntary Contraction inmajor
muscles of the trunk, upper and lower limbs (%MVC), the maximum recommended
exertion duty cycle listed as a percentage of job time (MAX%DC) and the maximum
static (continuous) allowed exertion time (MaxT). All parameters other than SPC are
referred to 50th percentile of the working population.

The thresholds of the orthogonal compression forces are those proposed by Jager
[9]. These are based on studies earlier than the NIOSH [10] ones used in the 3DSSPP
software. Unlike NIOSH, where a single threshold value of 3400N is recommended, the
thresholds proposed by Jager are gender- and age-specific (Table 1). The shear force
threshold used as a reference is 700N according to Gallagher’s review [11].

The thresholds of Max%DC and MaxT parameters are those proposed by ACGIH
[12] based on Potvin’s research on muscle fatigue for upper limb [13] and trunk [14].

All proposed thresholds refer to healthy people working on stable ground.
Besides the 3DSSPP software, the trunk posture in the sorting task was assessed with

ISO 11226 standard [15]. This old standard, and unsupported by recent physiological
data, remains an international benchmark for static postures risk assessment. Figure 1,
shows a diagram that relates trunk flexion (x-axis) andmaximum exposure time (y-axis).
According to the diagram in Fig. 1 the maximum acceptable trunk flexion is 60° and can
be sustained up to one minute continuously.
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Table 1. Gender-specific age-related reference values for maximum lumbar compressive forces
according to the Revised Dortmund Recommendations [9]

Age Female Male

20 years 4.1 kN 5.4 kN

30 years 3.8 kN 5.0 kN

40 years 3.1 kN 4.0 kN

50 years 2.4 kN 3.1 kN

≥60 years 1.8 kN 2.2 kN

Fig. 1. Picture shows the thresholds for trunk flexion. In the x-axis is shown trunk flexion
(degrees), in the y-axis maximum exposure time (minutes). 3 identifies the acceptable zone, 4
identifies the acceptable area using trunk support, 2 identifies the unrecommended area, 5 identifies
the unacceptable area. Modified from ISO standard 11226.

3 Results

3DSSPP
Results of the 14 frames analyzed on the sorting task are summarized in Tables 2 and
3. Table 2 shows the results of orthogonal (L4/L5 or; L5/S1 or) and shear forces (L4/L5
sh; L5/S1 sh) at two levels. Table 3 reports the most relevant results for SPC, %MVC,
MAX%DC and MaxT.

Figures 2 and 3 (frames 1 and 13) show selected reconstructions from 3DSSPP for
the sorting task.

Shear forces at L4/L5 level were between 262N and 491N; 10 frames out of 14
exceeded 400N. Shear forces at L5/S1 level were between 360N and 442N; 8 frames out
of 14 exceeded 400N. Orthogonal forces ranged from 1739N to 2913N at L4/L5 level
and from 1786N to 2947N at L5/S1 level.

Upper limbs had no noticeable values of %MVC. The most affected joints were
neck, trunk, and lower limb ones (hip, knee, and ankle). Neck flexion was noticeable
for 8 of the 14 analyzed frames. 3DSSPP data were between 20% and 23%. Trunk
flexion was relevant on all frames and the %MVC was from 35% to 61%. The left
hip showed remarkable values of %MVC in all frames ranging from 33% to 68%; the
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Table 2. For each of the 14 investigated frames, the table shows the results of shear and orthogonal
forces at L4/L5 and L5/S1 levels during the sorting task.

L4/L5 sh L4/L5 or L5/S1 sh L5/S1 or

Frame 1 423 2656 439 2947

Frame 2 418 2305 442 2597

Frame 3 362 1922 379 2167

Frame 4 372 2464 399 2446

Frame 5 262 2308 360 2366

Frame 6 384 2372 409 2544

Frame 7 412 2321 425 2540

Frame 8 417 2335 427 2547

Frame 9 429 2236 425 2292

Frame 10 428 1739 377 1786

Frame 11 428 1739 377 1786

Frame 12 428 1775 377 1825

Frame 13 491 2913 440 2699

Frame 14 448 2235 438 2443

Table 3. The table shows, for each of the 14 frames, the values of %MVC, Max%DC, SPC, and
MaxT of the sorting task. Only the most relevant values have been reported in the table.

%MVC Max%DC SPC MaxT (s)

Frame1 23% neck flex; 47%
tru flex; 44% hip
R/L; 41% knee L;
36% knee R; 30%
ank L; 29% ank R

31.4% neck flex
6.1% tru flex

Hip 92% 64s tru flex; 57s hip
L; 55s hip R;51s
knee L; 65s knee R

Frame2 23% neck flex; 40%
tru flex; 38% hip L;
41% hip R; 44%
knee L; 38% knee
R;53% ank L; 55%
ank R

32.5% neck flex
9.8% tru flex

Hip 93%
Ankle 91%

92s tru flex; 75s hip
L; 63s hip R; 45s
knee L; 60s knee R;
63s ank L;59s ank R

Frame3 37% tru flex; 33%
hip L; 36% hip R;
38% knee L; 44%
knee R;46% ank L;
49% ank R

11.9% tru flex Hip 95% Ankle
94%

108s tru flex; 96s
hip L; 85s hip R; 59s
knee L; 46s knee R;
84s ank L; 75s ank R

Frame4 20% neck flex; 37%
tru flex; 66% hip L;
67% knee L; 52%
ank L

39% neck flex
11.6% tru flex

Hip 80% Knee
87%
Ankle 93%

106s tru flex; 25s
hip L; 21s knee L;
67s ank L;

(continued)
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Table 3. (continued)

%MVC Max%DC SPC MaxT (s)

Frame5 36% tru flex; 56%
hip L; 57% knee L;
28% knee R; 53%
ank L; 31% ank R

12.7% tru flex Hip 86%
Knee 93%
Ankle 92%

115s tru flex; 34s
hip L; 32s knee L;
64s ank L;

Frame6 20% neck flex; 37%
tru flex; 55% hip L;
59% knee L; 53%
ank L; 33% ank R

39.2% neck flex
12.1% tru flex

Hip 87%
Knee 92%
Ankle 92%

110s tru flex; 36s
hip L; 26s knee L;
63s ank L;

Frame7 36% tru flex; 36%
hip L; 37% hip R;
23% knee L; 24%
knee R; 27% ank L;
28% ank R

12.5% tru flex Hip 94% 113s tru flex; 85s
hip L; 77s hip R;
152s knee L; 141s
knee R;

Frame8 20% neck flex; 38%
tru flex; 34% hip L;
40% hip R; 24%
knee L; 32% knee
R; 24% ank L; 27%
ank R

39% neck flex
10.8% tru flex

Hip 93% 99s tru flex; 93s hip
L; 67s hip R; 141s
knee L; 85s knee R;

Frame9 21% neck flex; 40%
tru flex; 41% hip L;
36% hip R; 65%
knee L; 48% knee
R; 71% ank L; 61%
ank R

36.4% neck flex
9.3% tru flex

Hip 93%
Knee 88%
Ankle 81%

88s tru flex; 65s hip
L; 82s hip R;22s
knee L; 39s knee R;
35s ank L; 48s ank R

Frame10 35% tru flex; 36%
hip L; 28% hip R;
40% knee L; 30%
knee R; 42% ank L
30% ank R

14% tru flex Hip 92% 90s tru flex; 90s hip
L; 55s hip R; 44s
knee R; 156s ank R

Frame11 35% tru flex; 36%
hip L; 28% hip R;
40% knee L; 30%
knee R; 42% ank L
30% ank R

14% tru flex Hip 94% 125s tru flex; 81s
hip L; 136s hip R;
54s knee L; 93s
knee R; 104s ank L;

Frame12 36% tru flex; 37%
hip L; 29% hip R;
41% knee L; 31%
knee R; 43% ank L;
31% ank R

13.2% tru flex Hip 94% 119s tru flex; 79s
hip L; 131s hip R;
51s knee L; 88s
knee R; 98s ank L;
193s ank R

(continued)
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Table 3. (continued)

%MVC Max%DC SPC MaxT (s)

Frame13 21% neck flex; 47%
tru flex; 24% tru
rot; 68% hip L;
88% knee L; 76%
ank L; 27% ank R

36.5% neck flex
5.8% tru flex
29.5% tru rot

Hip 79%
Knee 66%
Ankle 76%

62s tru flex; 23s hip
L; 13s knee L; 32s
ank L;

Frame14 21% neck flex; 61%
tru flex; 51% hip L;
36% hip R; 88%
knee L; 48% knee
R; 94% ank L; 68%
ank R

37.7% neck flex
2.3% tru flex

Torso 89%
Hip 89%
Knee 66%
Ankle 58%

35s tru flex; 41s hip
L; 85s hip R; 13s
knee L; 47s knee R;
19s ank L;40s ank R

Fig. 2. Left side: picture shows 3DSSPP reconstruction (frame 1) involving a worker while
sorting. Trunk flexion exceeds 90°

right hip showed important values in 10 frames and their values were between 28% and
44%. The right knee showed values between 24% and 48% of MVC on 11 frames; the
left knee showed values between 23% and 88% of MVC on all frames. Right ankle
presented notable values of %MVC in 13 frames ranging between 27% and 68%; left
ankle presented notable values on all frames, they ranged from 24% to 94%.

MaxT is strictly related to %MVC values. All the reconstructions showed the max-
imum time of 1200s for the upper limbs. Otherwise lower limbs and trunk, showed
noticeable values. Trunk presented values ranging from 34s to 125s. As for the lower
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Fig. 3. Right side: picture shows 3DSSPP reconstruction (frame 13) involving a worker while
sorting. Trunk flexion exceeds 90°, the trunk is twisted and the neck is extended.

limbs, the hips ranged from 23s to 96s on the left and from 25s to 136s on the right; the
knees ranged from 13s to 152s on the left and from 39s to 141s on the right; the ankles
ranged from 19s to 98s on the left and from 40s to 193s on the right.

Trunk flexion showed the lowest values for Max%DC; they were between 2.3% and
14% DC. The only other joint that evidenced low Max%DC values was the neck; its
values ranged from 31.4% to 39.2%. No significant values were found for upper limbs.

The lower limbs (hip, knee, and ankle) reported the lowest SPC values. Their values
were between 79% and 94% for the hip, 66% and 93% for the knee, and 58% and 94%
for the ankle. The trunk had a single remarkable value in frame 14 (89%).
ISO 11226
The crews, during all the sorting task, flexed their trunk beyond 90° most of the cases
for more of 10 min continuously. As described previously, according to ISO 11226
thresholds, trunk flexion over than 60° is unacceptable.

Images show the sorting task in the Tunisian ship (Fig. 2, 3, and 4) and in the Italian
ship (Fig. 5 and 6). The reduced length of the Tunisian ship made it hard for the crew to
use a table to sort fish standing up (Fig. 5) or seating (Fig. 6). Figure 6 shows, moreover,
crew members in Mazara using their backs for mutual support.
Manual Material Handling
Dues to organizational problems it was not possible to assess the task of handling crates.
Anyway the placement of the cooling room at the stern level (Fig. 7) it’s more advan-
tageous within respect Mazara placementadvantages contrary to Mazara where it was
located at the lower level (Fig. 8 and 9).
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Fig. 4. (Left) Image shows the Tunisian crew while sorting.

Fig. 5. (Center) Image show the crew of Mazara del Vallo while sorting.

Fig. 6. (Right) The boat’s dimensions allow the placement of a table (Fig. 5) and a raised floor at
the stern to sit and support each other.

Fig. 7. (Left) image shows the corridor of the Tunisian ship. A blue rectanglemarks the placement
of the cooling room. The green rectangle shows the washing area.
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Fig. 8. (Center) Image show the location of the cooling room on the Italian ship.

Fig. 9. (Right) The cold room is located on the lower level of the ship.

4 Discussion

Our new onboard experience in Tunisia confirmed our previous findings.
The most demanding task which took up a considerable part of the crew’s work cycle

was sorting. Given the smaller dimensions of the ship, compared to the one in Mazara,
it was not possible to execute the sorting task while sitting or standing on a table.

Workers’ posture while sorting, according to ISO 11226, is considered unaccept-
able. Data from 3DSSPP software of the maximum percentage of the working cycle
(Max%DC), based on Potvin’s researches, are coherent with our previous data and also
confirm the issues highlighted with ISO 11226. 3DSSPP data were very low, mainly for
trunk flexion, ranging from 2.3% to 14% of DC. Even neck flexion showed maximum
holding time that was exceeded.

As described before the mathematical model of Potvin has been validated for the
trunk and upper limbs, not for lower limbs. Concerning the lower limbs, it is important
to consider that all joints involved (hip, knee, and ankle) showed high values of %MVC
that may cause musculoskeletal disorders.

Shear forces at L4/L5 and L5/S1 levels were always lower than the threshold of
700N proposed by Gallagher. For both joints examined, the highest orthogonal force
value found was 2947N. According to Jager’s table (Table 1), this value appeared to
be safe for men up to 60 years without pathologies. Compression and shear forces are
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below the suggested thresholds, however, it has to be noted that they are the result of the
worker’s posture only.

Lastly, it has to be highlighted that all the considered parameters of 3DSSPP software
are based on mathematical models that consider the worker’s balance. Continuous boat
oscillations due to the waves increase the biomechanical risk. Oscillations are very hard
to quantify, but they are remarkable, from a biomechanical load viewpoint, also under
rough sea conditions as those occurred while boarding.

As already noted during our previous research, activities onboard may be optimized
through an ergonomic ship design. It would be feasible, even in the Tunisian ship,
to use automated equipment, like that shown in Fig. 10, that automatically washes and
conveys the catch, into a covered areawhereworkers canworkwithout adopting awkward
postures and being safe from adverse weather conditions.

Fig. 10. Image shows equipment that, conveys the catch to an automatic washing system than to
an area where workers don’t assume awkward posture.

Automatic equipment as one shown in Fig. 10 are still expensive anyway. To reduce
the biomechanical workload in fisheries, these technologies could be partially financed
through public funds aimed to prevent fisheries workers’ health.
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Abstract. Introduction: One of the main characteristics of human beings is the
voice because it is essential to be able to communicate. In the workplace we can
say that it is one of the main tools that teachers have to teach their classes, but the
frequent use of the voice in different tones can imply a great effort or demand,
and the vocal quality can be affected by different factors environmental and per-
sonal habits. Teachers have requirements in their work activity, such as adapting
to the demands of teaching, developing more dynamic classes, and in current con-
ditions the high interactivity demanded by virtual classes generates a perception
of high vocal effort. Objective: To assess the level of vocal impact on university
teachers from different universities, colleges and schools in Ecuador through the
self-perception of vocal disadvantage. Material and Methods: It is a descrip-
tive and cross-sectional study, which included 106 male and female teachers. The
Voice Handicap Index questionnaire was applied. This questionnaire allows eval-
uating the impact of vocal quality on teachers’ working lives. In addition, a survey
was conducted on variables such as sex, age, average number of classes and hours
taught per week, and smoking habits.Results: The average of the Voice Handicap
Index of the total sample corresponded to a moderate handicap. 17% of teachers
report that the clarity of their voice is unpredictable; 13.2% have smoking habits;
3.8% perceive their voice as hoarse and dry; 2.8% that other people do not under-
stand their voice problem; 1.9% of those surveyed state that they try to change
their voice to make it sound different; 1.9% feel that they must strain to speak;
and 0.9% mentioned hearing their voice with difficulty. Conclusions: Teachers
are one of the professional groups in which there is significant vocal involvement.
The lack of vocal training that teachers have in the actions of their professional
lives was evidenced.

Keywords: Dysphonia · Vocal quality · Voice handicap index

1 Introduction

The voice according to the dictionary of the Spanish Royal Academy of the Language, is
the sound caused by the vibrations of the vocal cords, the same ones that are responsible
for producing the sound of the voice emitted by teacherswhen they teach classes, because
these They are the components of the speech apparatus that makes it possible to produce
the voice both when speaking and when singing [1]. The World Health Organization
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(WHO) [2] defines disability as “a restriction or lack of capacity manifested in the
performance of daily tasks”.

The voice is a multidimensional phenomenon and essential for human communica-
tion. For this reason, a vocal alteration, even slight, has a great psychosocial impact on
the life of an individual [3].

All jobs have risks inherent to their profession, which is why it is mandatory that
they know the risks and be advised on preventive measures. However, the inevitable first
step is to determine the level of risk. In the case of teachers, they are known to be prone
to voice disorders of different tones, at some point in their career [4].

The incapacity of the voice is the impossibility for a person to produce a loud sound
or speak aloud with some difficulty. This disadvantage is defined as “a social, economic
or environmental disadvantage, an advantage resulting from an impairment or disability”
[5].

Likewise, dysphonia is considered as a disorder of oral communication, where the
voice is unable to fulfill its basic role in the verbal and emotional transmission of mes-
sages and limits the effectiveness of this transmission and in the case of women, it is a
disturbance that can bring harm to the individual, and is represented 14 by any change,
or difficulty of production, in the natural emission of the voice, making it unpleasant
and socially unacceptable [6].

Likewise, dysphonia is the precursor of vocal damage or vocal pathology. It is a
multifactorial event where the person who notices this type of condition reports greater
effort, discomfort when speaking, reduced voice characteristics and improvement in
vocal symptoms with a period of vocal rest. Vocal fatigue is a common malady among
voice professionals, such as teachers, as they have substantially higher vocal demands.
Studies indicate that around 18% to 33% of professional voice users experience symp-
toms of vocal fatigue. Which may increase as the day progresses and may decrease after
a period of voice rest [7].

Establishing the severity of a vocal disorder is difficult, techniques have varied in
subjectively establishing the severity of the voice disorder, which includes perceptual
judgments (e.g., the quality of the voice) to much more objective measures of the partic-
ularities of the voice. voice (physiological measure of voice in comparison). Although
thesemethods can produce valuable reviews, they donot provide a clear ideawhypatients
with similar voice disorders perceive different levels of disability [5].

In this study, the Voice Handicap Index (VHI) was used, which is a questionnaire
developed by Jacobson et al. In order to quantify the impact perceived by a person
affected by a vocal disorder in conditions of the vocal function itself, in the physical
capacity related to it and in the shocks caused by dysphonia. The VHI measures the
influence of voice problems on a patient’s quality of life [7].

In a study conducted on teachers in Kuwait in 2020, it was possible to observe the
prevalence of voice disorders among teachers, it was observed that vocal dysfunction
among teachers was very significant compared to other professions. Among the factors
that contribute to this anomaly are; vocalizing out loud for long periods of time, to back-
to-back classes with little rest in between, poor air quality, and talking about background
noise [8].
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The points of interest and the variables that deserve to be taken into account to
explain a possible vocal pathology The multifactorial etiopathology, [4] that can trigger
an occupational disease in teachers, are; the number of hours of teaching per day, type
of subject, number of students per classroom, the use or not of amplification equipment,
years of work, the type of training that is instructed (elementary, preparatory, upper
secondary), habits toxic (liquor, cigarette), among others [9]. A study conducted inChina
reveals that the younger the students, the higher the risk teachers have for developing a
voice disorder [10].

Themain objective of the following research is to know the vocal perception of teach-
ers. Evaluate the degree of vocal impact in university teachers from different universi-
ties, colleges and schools in Ecuador through the self-perception of vocal disadvantage
through the VHI-30 test.

2 Methodology

The HIV questionnaire developed by (Jacobson et al., 1997) was used and consists of
30 items, where the teacher’s perception of laryngeal discomfort or the characteristics
of vocal production functional subscale is evaluated, where the effect of the disorder
is evaluated of the teacher’s voice in their activities and emotional subscale, where the
affective response of the patient to the vocal disorder can be observed [11].

The VHI-30 is divided into 3 groups (Physical, Functional and Emotional) of 10
questions, in turn the questions in each group have a rating of 0 to 4 being (0 = Never,
1 = Almost never 3 = Almost always and 4 = Always), each scale has a maximum
score of 40 points. When tabulating the responses, the degrees or levels of disability are
established between 0–30 points as mild, between 31–60 points as moderate, between
61–90 points as severe and between 91 to 120 points as severe [5].

It has subsequently been shown that these subscales are not separate measures of
vocal impairment and that they lack validity as such [7].

This is a descriptive and analytical cross-sectional study. This study had the partici-
pation of n= 106 teachers randomly, carried out between June and August 2020, which
included most of the provinces of Ecuador, framed in all areas from basic education to
higher education, as well as they were considered teachers who taught classes online.

There were no exclusion criteria, and the only inclusion criterion was that the
respondent was a teacher of some type of education level in the country.

The study also surveyed the participants on socio-demographic issues, such as age,
gender, and certain personal habits.

3 Data Collection

The study population were teachers from all over the country, through a cross-sectional
study. For this activity, a questionnaire was carried out where socio-demographic ques-
tions were included and questions from the translated version of the original VHI were
also included. Respondents answered the questionnaire through a link created in Google
Forms, a tool that was used to prepare the questionnaire, the way of sending was by mail
and using the Social Network What’s APP and subsequently sent collectively to various
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teachers in the country, of which we obtained 106 respondents, who answered all the
questions.

4 Results

The vocal disability assessment test was applied to 106 teachers from different educa-
tional institutions (basic, middle, and higher) in various cities of Ecuador, they are 56
male (52.8%) and 50 females (47.2%). 65.1% of people are between 31 and 50 years old.
74.5% of teachers teach between 8 and 30 average hours of classes per week. 55.4% have
between 5 and 10 years as a teacher and 13.2% have smoking habits, of which 28.5%
smoke daily. In graph No. 1 we can see that the average value of the total index of vocal
disability was 12.8, which corresponds to a mild vocal disability. 94 employees (88.7%)
obtained a score considered mild and 12 people a moderate score (11.3%) (Fig. 1).

89%

11%

Vocal Disability Index

Mild Moderate

Fig. 1. Handicap index VHI-30

To process the results of the questions and obtain the results, the SPSS V.23.0 tool
was used. Table No. 1 details statistical variables of the total score, for each scale that
constitutes the index (Table 1).

4.7% of people mentioned that their voice almost always worsens in the afternoon,
3.8% of teachers almost always feel upset when other people ask them to repeat what was
said, and 2.8% almost always perceive their voice as broken and dry. 16% of employees
report that the quality of their voice is unpredictable. 25.5% of people report that some-
times other people do not understand them in noisy places, and 22.6% report that on
certain occasions their voice sounds different throughout the day. Among teachers with
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Table 1. Statistical variables of the total score.

Total index Functional scale Physical scale Emotional scale

Mean 12.8 5 5.3 2.5

Median 8 4 4 0.5

Typical deviation 12.3 3.9 5.2 4.1

Minimum 0 0 0 0

Maximum 58 15 24 19

Confidence interval 95% 12.73–12.87 4.98–5.02 5.27–5.33 2.48–2.52

a smoking habit, 78.6% obtained a mild vocal disability index, and 21.45 a moderate
index.

Of the people with a moderate index, 66.6% have a daily consumption frequency.
There is no statistically significant relationship between people’s age, sex, years of

teaching and the total score for vocal disability.

5 Conclusions

In Ecuador, within the field of occupational health and safety, the risk faced by teachers
has not been identified or given importance due to the vocal effort made in teaching their
classes. The educational institutions within their health surveillance programs do not
take the mentioned factor into account and do not carry out specific clinical evaluations
that could identify any pathology in the larynx and vocal cords at an early stage.

The clinical assessment of this risk factor should be implemented within the occu-
pational health programs in all educational centers of the country, as well as teachers
should be trained on the elements that intervene in the use of the voice, and the conditions
that could affect its quality such as environmental situations, and habitus inappropriate
foods such as the consumption of alcohol, tobacco and excess seasonings, coffee, and
foods rich in fat.

A limitation in our studywas the pandemic since the questionnaire wasmade through
social networks, without prior socialization, of the instructions reasons for carrying out
this study.

Even though in our study the level of vocal disability is slight, an assessment should
be implemented at the national level in order to determine the general condition of
teachers in Ecuador.

6 Discussion

At present and with the new demands for online classes due to the pandemic, in our
country and throughout the world, teachers must maintain excellent vocal health, since
their main challenge is communicating with their students. Taking into account that
the teacher’s performance in the educational process is fundamental, and his voice is an
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indispensablework “tool” and is used during educational classes, exposing himself to the
risk of vocal overload or overexertion that can impair the ability to perform professional
performance. Routine or abuse in the use of the voice by teachers can lead to wear and
tear or injury to the speech apparatus. Due to these particularities in the use of the voice
by teachers, it should be considered “professional speech therapy, otorhinolaryngology
and speech therapy for a timely prevention of occupational diseases in teachers” [12].
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Abstract. Informal employment has become the income generator for millions
of human beings around the world. It is estimated that at least 2 billion people earn
a living from work in informal conditions. However, given the characteristics of
informal employment, there are no occupational health and safety management
systems that allow accounting for the conditions under which these activities
are carried out. Worse still, the health effects of informal work are completely
unknown. Worldwide, it is estimated that up to 85% of workers in the world lack
access to occupational health and safety services. For this reason, the identification
of hazards, risk assessment and the analysis of their effects constitute a problematic
situation, especially for workers who lack insurance coverage for accidents and
occupational diseases. From a theoretical point of view, the health-work relation-
ship in the informal sector is seen frommultiple angles, which implies a diversified
analysis of its realities and characteristics. In this sense, focusing attention only
on working conditions or health conditions implies ignoring the variety of views
that underlie the informal economy.

Keywords: Occupational health · Informal workers · Health inequalities ·
Occupational exposure · Social security

1 Introduction

The informality is one of the great challenges in terms of safety and health worldwide.
Work, as one of the health determinants with the highest incidence, has positive or
negative effects on the life of the human being, hence the employment and material
conditions, as well as individual and non-work factors play an important role in the
health-disease process of millions of workers.

Despite the constant adoption of strategies and programs for the protection of health
at work, it is estimated that 85% of workers worldwide lack access to basic occupational
health services that mitigate the impact of exposures to hazards. and demands emanating
from forms of organization and working and employment conditions that are harmful to
the human collective [1].

Deep effects of macroeconomic measures aggressively promoted in Latin America
and the Caribbean have stimulated changes in the productive structures and labor mar-
kets that have brought with them new dynamics for the region such as: technological
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changes and in the distribution of work with an important foundation in the organiza-
tion with mixtures between Taylorism-Toyotaism and a low technological turnover, a
fact that promotes productivity centered on the distribution of labor and not the impulse
of technology; second, labor flexibility that significantly breaks with the organization
of workers and generates new forms of hiring as well as a displacement of the work-
force to the informal economy; third, the dynamics of the labor markets, which generate
important reflections on informal work, domestic work, female work and the general
precariousness of employment [2].

However, the problems generated around informal work cannot be seen only as an
effect of economic policies but must be analyzed as a set of factors that trigger conditions
of employment, work and health with peculiar characteristics in different parts of the
world.

Thus, the problem of informality and health at work must be approached as a matter
of public policy, based on economic models, relations between workers and employers,
deregulation around employment conditions, and the dynamics of employment. access to
social security, the disadvantages and competitive advantages between formal and infor-
mal jobs and production, the absence of universal safety and health programs at work,
and finally the personal living and employment conditions that generate job insecurity
and poverty for individuals.

ForBenach, Santana, Solar&MuntanerQuinlan [3] one of themost important factors
for social inequality in the world is the conditions of employment and work. Although,
it considers that the working conditions (tasks, physical conditions, of the organization)
have received a great deal of attention and their implications on human health are rec-
ognized, this has not happened with the employment conditions that were named the
way a worker is linked to work from different perspectives (full-time employment,
unemployment, precarious employment, informal employment, child labor, slavery,
etc.).

In turn, Vélez, Escobar and Pico [4] argue that relationships in the informal sector are
basically mediated by casual employment, kinship, and social and personal relationships
inwhich the characteristic contracts of formal companies donot intervene. Likewise, they
determine that characteristics related to informality include the lack of legal protection
that generates vulnerability to both workers and informal entrepreneurs; job instability
and low and irregular income; competitive disadvantages compared to those in formal
economies; insecurity emanating from the absence of benefits from macroeconomic
policies, the absence of organization and association, among other factors.

Vélez, Escobar and Pico [4] point out that it is as a result of the reforms derived
from the Washington Consensus that Latin America is determined to promote processes
that deregulate rules that promote market economies, the expansion of the private sector,
financial and commercial liberalization which in turn induces a reduction in the role of
the state in the dynamics of work. They emphasize that, due to this, economic interests
prevailed over social ones and equity, producing consequences in the labor markets that
tended towards flexibility, joblessness and labor informality.

One of the effects of work in informality (which in turn is the cause of a circu-
lar dynamic of exclusion) is the absence of social protection, a defining characteristic
of the notion of informality and a critical aspect that generates social exclusion. The
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overwhelming growth of informality also supposes the loss of forms of protection typ-
ical of formal workers, such as contribution to retirement, access to recreation, health,
culture and sport with greater opportunity. In this case, informal workers, due to their
low-income margin, must give priority to elements of basic needs such as food, housing,
private health care, etc., generating a large-scale exclusion mechanism for millions of
workers [5].

2 Workers’ Health and Informality

2.1 Informality in the World

The ILO [6] estimates that about 60% of the world’s employed population is informal.
In turn, it argues that informality exists in all countries of the world regardless of the
level of socioeconomic development, although with greater prevalence in developing
and emerging nations.

This organization estimates that around theworld close to twobillionmale and female
workers live in the informal economy and are deprived of a job in decent conditions, also
showing that informality is not in most cases a choice but a consequence. the absence of
opportunities in formal economic settings and the absence of other forms of subsistence.

The ILOstatistical report onmen andwomen in informality [6] that takes into account
at least 100 nations shows a mixed picture in terms of levels of informal employment in
a regional perspective, indicating, for example, that for Africa the informality can reach
85.5% of the total workforce on the continent, being the region of the world with the
highest rate. It also indicates that the Asia-Pacific region has 68.2% of its workforce in
informality, a percentage very similar to that of the Arab states with informalities that
are around 68.6%.

In the Americas region, there is evidence of a lower percentage of informality (40%),
however, with significant asymmetries between the countries of North and South Amer-
ica and Central America. Finally, there is the region of Europe and Central Asia with
the lowest percentage of informal labor force with 25.1%.

As mentioned, informality is mainly prevalent in developing and emerging nations,
which if they were taken into account only for the calculation of informality would
increase it until reaching 70% of the working population. While if informality were
measured only in developed countries, it would be less than 19%.

Additionally, the composition of informal employment is diverse, since it can occur
in the informal economy sector, in the formal sector or particularly in domestic work.
Thus, the ILO [6] estimates that of the 61.2% of people who have an informal job, 51.9%
have it in the informal sector of the economy, while 6.7% have it in the formal sector of
the economy and 2.5% in domestic work.

An important element of informality is the occupational position that the worker
occupies within the employment scenario. Globally, the highest percentage of informal
workers does so under the category of self-employed, a position that is especially relevant
in developing and emerging countries where up to 87% of self-employed workers are
informal, while in countries developed this figure becomes 69%.

Another important characteristic of informality is that it is mainly high in the young
population and in the elderly. The ILO statistical study estimates that 3 out of every 4



Occupational Health Management in Informal Work 177

young and old are informal workers worldwide, figures that are especially representative
of developing and emerging countries. In the emerging and developing countries of the
Americas, the level of informality in young people under 25 years of age reaches up to
62% and in the elderly, it reaches figures of 80%.

2.2 Social Security and Informal Work

The informal sector is defined as the set of informal economic activities, which, because
they do not pay taxes, do not enter the social and labor security regime. Unlike informal
employment, which is the activity as such that a person performs independently outside
of labor law, without social or labor security guarantees, which causes a high rate of
accidents and occupational diseases, which are not covered in a job security system
created specifically for the informal sector. Furthermore, such accidents and illnesses
are not reported as such. Therefore, informal employment is one of the great problems
and great challenges that all governments have in terms of job security in the world [7].

According to the International Labor Organization 5 out of 10 people can be vulner-
able workers, so that about half of the workers do not have health coverage. In addition,
every day 6,300 people die from injuries caused by occupational accidents or diseases,
there are 2.34 million accidents per year and 60 million DALYs (disability-adjusted life
years). The figures may be higher, because only 15% of workers worldwide would be
covered by occupational health services [7].

In this sense, employment relationships exist at two levels: macro and micro. At
the macro level they are determined by the social institutions and social relations that
respond to the place of countries and activities in a global division of production and
their historical determinants. Power relations between relevant organized actors (trade
unions, corporate groups, non-governmental organizations, etc.) have a broad influence
on the structure of the labor market and the welfare state. Macro-level power is the force
behind interrelated socio-economic transformations, such as the reduction of social secu-
rity, the loss of public sector jobs, the growth of precarious employment - all of these
weaken regulatory protections, worldwide. Going to the micro level, the multidimen-
sional concept of job insecurity enables the specific job to be rated with reference to the
ideal type of full-time or standard job. At this point, the differences in power linked to
social positions categorized as gender, race/ethnicity, social class or immigrant status
are included [8].

Therefore, adequate, timely and rigorous monitoring of the working conditions of
those who carry out their activities in the informal sector is essential, since it involves
directing actions for the correct identification of hazards and requirements and the assess-
ment of their risks in order to mitigate accidents, morbidity and hidden mortality in
informal jobs. Likewise, it makes it possible to contribute significantly to decent work
policies, ensuring the protection of workers’ rights and the promotion of health in all
workplaces in line with the sustainable development objectives that seek to eradicate
poverty (Goal 1) and promoting decent work and economic growth (Goal 8).
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Abstract. First, a collection of information from the educational system of
Ecuador corresponding to basic general education was carried out, from this doc-
ument the information on the general and specific objectives of the subjects from
first to sixth in which “Caso Mile..” is found is derived, with which we aim to
a single subject that is Language and Literature that according to the ministe-
rial report works in 5 blocks that are detailed in the graph, all this at the macro
level of curricular concretion, going to the meso curricular level, there is already
the annual curricular planning with its evaluation criteria and evaluation indicator
going down to themicro level where you can already see the planning of the didac-
tic unit and within this it is necessary that through a IDCA (Individual Diagnosis
of Curricular Adaptation) adaptation planning can be considered. Now the IDCA
is enriched with the information obtained from the reports presented annually by
“Caso Mile..”, so we have the most relevant things explained in the table from the
second year to the fifth and it is studying the sixth. Then the proposal of didac-
tic adaptation with ICTs is launched, where reviewing the ministerial objectives
the minimum achievements of scope, an initial evaluation must be carried out
using the resources that currently have to cope with the teaching of “Mile.. Case”
and with these results propose the use of Ramps and adaptations if necessary of
hardware and software to strengthen your skills. The problem that was seen when
reviewing the history is that the reports have little or no curricular adaptations,
the maximum is to do fewer repetitions and achieve the minimum achievements
in the subjects, the potential we have in this case is that we work at the therapy
level At the pedagogical level, there is speech therapy, occupational therapy and
physical therapy that can be fed to exercise the adaptation of specialized hardware
and software.

Keywords: Didactic adaptation · Educational system · ICT · IDCA

1 Introducción

In the task of introducing children with special educational needs to learning, some
digital ramps and aid programs have been chosen, but the same curriculum must be
analyzed to achieve the minimum expected results of each grade, it is more difficult to
assimilate this fact when a starting point is not established with an evaluation, for which
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it is decided to enter the DIAC tips that allow us to obtain an individualized diagnosis
history in general terms and thus be able to propose a series of tasks associated or not
with ICT devices [1].

The digital ramps allow to achieve proposed goals based on a curriculum through
individualized and socialized strategies with the diagnosis and intervention group of
children with special educational needs, so there are many assistants or systems based
on artificial intelligence that acquire expertise through therapists and can be used as
helpful tools [2].

However, we are going to note that the curricula adopted by theministry of education
do contemplate inclusive education, only that this treatment can be given when you have
the tools and assistance personnel prepared in these specific areas, education is placed
as a right that has all the people so it is necessary to feed this axis with more tools [3].

An analysis of the curricular adaptation plans is then carried out based on the diag-
nosis of a specific case study to propose a system that allows both the institution, the
student, the therapists, and parents to achieve the objectives and goals set. In the next
section, we will review some works that present proposals for curricular adaptation and
the context in which they are developed, then the specific table to be studied will be
analyzed based on preliminary information and in a final section the proposal will be
presented and future work will be considered for this case study.

2 Related Work

Some works are presented in which curricular adaptations are established in various
areas such as literacy, based on the decree of curricular adaptation of the Ministry
of Education, adaptations for prevention of behavior disorders in a specific area such
as Physical Education, The approach that is carried out is with the sole objective of
achieving significant learning from students with special educational needs, without
losing the line and order, in the first place is the well-being of the student with SEN, the
study environment must be adapted and adapted with the interest and participation of the
student’s environment and above all make teachers aware that each case is unique, do not
generalize adaptations and expect similar results, rather each case study is unique and
each adaptation is individualized with plans that include times, efforts and achievable
objectives [4–8].

The curricular adaptation establishes study scenarios that contemplate the use of
software and hardware with the capacity to adapt students with special educational
needs, being a support in the development of the proposed activities, then we can talk
about work with children with autism, with hearing difficulties with motor difficulties
with cognitive difficulties, programs that enhance some variables allowing to overcome
the barriers that are established by their condition [9, 10], but in other related works,
the aptitudes of children with special educational needs are established to enhance these
skills and achieve learning outcomes by enhancing their strengths [11–14].

The strategies or methods used to achieve the study results are even more essential
than the tools or ramps used since it starts from a systematized study of the entry profile,
aptitudes are declared and a progress analysis is carried out in the group of students.
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intervention [15]. There are several ICT’s applications to support children with disabili-
ties in the learning process. These projects looks for improve the life quality of children
with disabilities [16].

3 Case of Study Proposal

It is based on the concept of using a single proposal for a special case study, we present
the DIAC in the following Table 1.

Reviewing the previous picture of a girl diagnosed with Spastic Quadriplegia Motor
Disability, that is, she has difficulty in her upper and lower limbs, she remains lying
down, she uses technical aids to sit her down. She needs visual support when she has
to give a speech or present work. He follows the fourth year school program of general
basic education according to his age, in terms of abilities we can highlight, his level
of intelligence and development of different skills both verbal and visual, which has
allowed him to follow the school program, the Evaluations of each subject are carried
out orally, or the teacher reads the question and the girl answers.

To be able to contrast a form of learning without graphology, we incorporated the
Tobii Eye Tracker 4c eye tracking device developed by the Tobii company, technology
that allows controlling a computer with sight through projectors, sensors, and algorithms
to calculate the position of the eyes., the device is designed to improve the experience
in video games, we take advantage of the potential and compatible tools to achieve the
access of a person with disabilities to the independent use of the computer (Fig. 1).

The incorporation and adaptation process is carried out over 3 months, in one-hour
sessions with the advice and guidance of speech therapists who are familiar with the girl
and know her skills. The eye tracking device is used in conjunction with Windows 10’s
accessibility tools, which provide support tools such as the keyboard and mouse to be
used together. The final objective is to achieve independence in the use of a computer
as a basic tool for education, to achieve this, it begins using Tobbi’s tools through the
process of calibration and eye-tracking. However, we focus on the acquisition of writing
through Windows’ digital keyboards, then we continue until the writing is achieved in
word processors.

The use of the eye tracking device is carried out in 10 sessions of 40 min, the final
objective is 3 instructions with the use of the eye tracking device which are:

• Correct control of the Computer through the sense of vision.
• Access to entertainment content.
• Access to educational content and study material.

The first setpoint is the one with the greatest difficulty, once the following setpoints
are passed, the following setpoints can bemore easily fulfilled. To achieve correct control
of the Computer using sight, short-term objectives are used starting from the sweep in
the device’s calibration process mobile to the use of Windows’ accessibility tools. The
objectives are exceeded based on the criteria of time and the analysis of the experts in
speech therapy shown in this knowledge diagram.
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Table 1. Individual diagnosis for curricular adaptation “Mile case..”

Case study data Age: 11 years, 7 months
Diagnosis: Cerebral Motor Disability. Spastic Quadriplegia
Educational Level: Sixth of basic with adaptations in access. Assists
in a group of 14 students. Good interaction with his peers and teacher
Characteristics: Non-marching girl, uses a wheelchair, dependent on
activities of daily living, does not access physical writing,
communicates orally, with short phrases due to phono-respiratory
incoordination, deficiency in visual capture and monitoring
Follow the pedagogical programming of the degree, with oral
evaluations
Emotional situations interfere with the quality of speech
Observations: The girl also receives individualized attention in
therapies: four sessions of physical therapy, 1 of occupational
therapy, 1 of language

History of pedagogical
progress

The girl enters her inclusive educational process at the age of 5 years
in initial 2 of 4 years, from that moment until the sixth of basic, she
has been advancing in her learning with the direct help of the teacher
and the family

Work areas Initial Competences Work proposal Correlation with
Hardware and
software

Occupational therapy “Mile case..” has 3 s of
visual fixation which is
deficient, it has visual
tracking, but it does not
dissociate the eyes from
the head, its
contractions are very
strong, which prevents
being relaxed and in a
good functional posture

Perform fixation
exercises, visual
monitoring, passive
mobility of upper limbs
to achieve relaxation
and thus a better
functional posture that
allows us to carry out
the activities planned
for access to the
computer
Discovering the
computer: keyboard,
mouse, touch screen…
Reading: letters, words,
reading practice,
writing text…

GCompris
Sebran

(continued)



Didactic Adaptation with ICT’s Preliminary Educational Proposal 183

Table 1. (continued)

Language therapy “Mile case..”, does not
have a good respiratory
capacity due to its
strong muscular
contraction, which
translates into dysfluent
speech and a limited
grammatical structure

Re-educate the
muscles: build up their
residual function to the
maximum and replace
or compensate for
motor weaknesses to
strengthen damaged
function, use an
eye-tracking tool for
reading

Sebran
Print
Tobbi eye tracker

Fig. 1. Intervention process through eye-tracking

1. The calibration process is not passed in the first session, it is attributed to stress and
the presence of more professionals, whether they are therapists or teachers. For the
second session, access is restricted to two people, completing it in an average of
fourteen minutes. In the fourth session, this objective is considered exceeded since
the girl develops her skills and performs the calibration process in approximately
two minutes.

2. From the fourth session, the use of the virtual keyboard is established, restricting
autocompletion. In this objective, you are asked to write the name you like the most,
which comprises six letters, in the fourth session, the objective is not achieved, this
is attributed to the motor problems it presents and the ignorance of the commonly
used QWERTY keyboard layout. To overcome these inconveniences, recognition
and sweeping tasks are carried out at home and in the classroom.

3. The process of writing words is overcome in the sixth work session by managing to
write words in an average of two to three minutes, jointly using the mouse tools to
access programs and scroll to read documents.
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4. In the seventh work session, the dictation of sentences begins, which must be written
using the virtual keyboard and the autocompletion of words, this activity generates
distractions, the girl selects a letter and searches the autocompletewithout succeeding
in thewriting of sentences, at the same time freedom in Internet access is givenwhere
the girl accesses music videos of her liking in approximately five minutes.

5. In the eighth and ninth work sessions, the child is expected to write complete sen-
tences without success due to the distractions of autocompletion and the desire
to access entertainment content on the Internet. However, this desire is used as a
stimulus to gain access to educational content and sentence writing.

6. In the tenth work session, the girl begins to use the text complement auto efficiently
and writes complete sentences on a word processor. As for entertainment content,
she has a greater disposition and ease of access, similar to educational content. This
is attributed to the girl’s tastes and motivations.

4 Conclusions

When the related works were reviewed in the state of art, they internalize in the hierarchy
of curricula from the meso curriculum to the adaptation proposal, we have taken a case
study, the same one that has its diagnosis in search of a curricular adaptation in The areas
where it is being reinforced to reach the skills proposed in the educational curriculum,
we help ourselves with speech and occupational therapies, through some software and
with the help of an adaptation or hardware for access to it, it is described an experiment
with the same Tobbi eye tracker that was used in the two therapy areas to be able to read
the study texts and present an improvement in the autonomy of the “Mile Case..”.

The first approach with digital ramp and associated hardware has been placed, with
which, it is intended to start from this approach using ICT, enriched with the information
from the DIAC and the academic record, in addition to abstracting all the information
from the profile. and propose a system based on competencies and coupled with the
academic curriculum.

We have material to propose a comprehensive study based on the good progress
results seen when using the ramps and software for curricular adaptations.
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Abstract. The objective of this research is to identify the best practices in pro-
moting the Sustainable Social Economy that are aligned with the objectives of
the national development plan to reduce the social inequality gaps that currently
exist in the city of Tijuana, Baja California, as well as the instrumentalization of
an observatory of the social economy that is capable of identifying the objectives
for the sustainable development of the 2030 agenda; Therefore, it is essential to
know precisely the needs of the business exercise, of the representatives of the
social, solidarity and inclusive economy that is capable of generating develop-
ment opportunities. It is also essential to analyze the wills to work as a team in
a coordinated way between government, academia, social sector, representatives
of civil society, as well as the citizens of Tijuana, Baja California, under a sys-
temic development approach, according to the SDGAgenda. According to INEGI
(2020) the city of Tijuana has 57 thousand SMEs that require the implementation
of projects to support them and promote their development and growth; It also
has more than 130 outstanding positive aspects, some worldwide and others at the
country level. It is a quantitative type of research with a descriptive scope through
documentary analysis to support the theoretical framework, as well as in-depth
interviews with experts who have the best practices in the field of social econ-
omy; and the application of a questionnaire to a representative sample of SMEs to
determine if there is a relationship between the critical factors that have an impact
on the degree of implementation of the sustainable social economy. The results
will provide necessary information that may be useful for a program of actions
aimed at the formation of Nodes for the Promotion of the Social and Solidarity
Economy (NODESS) in Baja California.

Keywords: Social economy · Ciriec Mexico North · Sustainable development

1 Introduction

As part of the applied research and sectoral linkage activities from the academy, the Tec-
nologico Nacional de México Campus Tijuana [1] holds the vice-presidency of CIRIEC

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
R. S. Goonetilleke et al. (Eds.): AHFE 2021, LNNS 273, pp. 186–191, 2021.
https://doi.org/10.1007/978-3-030-80713-9_24

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-80713-9_24&domain=pdf
https://doi.org/10.1007/978-3-030-80713-9_24


Challenges for an Observatory of the 2030 Goals 187

Mexico for the North Region, the Honorary Presidency of the Commission for Social
Economy of the Economic Development Ecosystem of the City Council of the City of
Tijuana, Baja California [2, 3]. Likewise, it participates in the metropolitan activities
in the Municipalities of Tijuana and Playas de Rosarito of the NODESS-BC (Nodes
for the Promotion of Social and Solidarity Economy in the State of Baja California),
the above through the Project of an Academic Body of nominated: Competitiveness
and innovation for sustainable regional development, con-formed in the Department of
Economic-Administrative Sciences that integrates the postgraduate Master’s in Admin-
istration and the Doctorate in Administration Project [4], with three lines of research; 1.
Systemic, sectoral and global competitiveness, 2.Models of innovation, ict and organiza-
tional management and 3. Capacities of sectoral chains and clusters. Research activities
towards economics from the social academy include the plan to analyze the design and
development of a proposal for an Observatory of the evolution and behavior of the UN
Sustainable Development Goals 2030 [5].

2 Framework

According to a resolution approved by the UN General Assembly on September 25,
2015, the focus was on actions in favor of people, the planet and prosperity. Including
the strengthening of universal peace and freedom. Having the recognition of poverty
eradication, one of the great challenges of the world and indispensable for sustainable
development. The 17 Sustainable Development Goals (SDGs) and 169 targets are the
basis of the Universal Agenda 2030 [6]. The Goals and targets combine the three dimen-
sions of sustainable development: economic, social and environmental. The SDGs are
listed below: 1. End poverty in all its formsworldwide, 2. End hunger, achieve food secu-
rity and improved nutrition, and promote sustainable agriculture, 3. Ensure healthy lives
and promote well-being for all at all ages, 4. Ensure inclusive, equitable and quality edu-
cation and promote lifelong learning opportunities for all, 5. Achieve gender equality and
empower to all women and girls, 6. Guarantee the availability of water and its sustainable
management and sanitation for all, 7. Guarantee access to affordable, safe, sustainable
and modern energy for all, 8. Promote growth sustained, inclusive and sustainable econ-
omy, full and productive employment and decent work for all, 9. Industry, innovation
and infrastructure, 10. Reduce inequality within and between countries, 11. Make cities
and human settlements more inclusive, safe, resilient and sustainable, 12. Ensure sus-
tainable consumption and production patterns, 13. Take urgent action to combat climate
change and its effects, 14. Conserve and sustainably use the oceans, seas and marine
resources for sustainable development, 15. Sustainably manage forests, combat deserti-
fication, halt and reverse land degradation and halt the loss of biodiversity, 16. Promote
just, peaceful and inclusive societies, 17. Revitalize the World Alliance for Sustainable
Development. The statistical data of the platform of the Government of Mexico for the
Agenda of Sustainable Goals are presented in Table 1, which indicates the gap of the
objectives and goals for each State of the Northern Region of Mexico. CIRIEC Mexico,
International Center for Research and Information on the Public, Social and Cooperative
Economy is an international scientific non-governmental organization, whose objectives
are the collection of information, scientific research and the publication of works on the
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sectors economic activities and activities oriented towards services of general interest
such as: the actions of public authorities in the economic field, public utilities, public
and mixed companies at national, regional and municipal levels, the social economy,
participation participation of workers, cooperatives, non-profit organizations and social
enterprises [7].

Table 1. SDG indicators by state in the Northern Region of Mexico

SDG Baja California Sonora Chihuahua Nuevo Leon Tamaulipas

1.1 2.2 1.6 5.6 2.3 0.9

2.1 14.1 21.5 17.7 18.3 12.2

3.1 28.3 39.9 39.1 42.7 35.3

4.1 100.4 92 97.1 94.4 98.6

5.2 NA NA NA NA NA

6 NA NA NA NA NA

7 NA NA NA NA NA

8.5 2.6 4.3 3 4.5 3.5

9.1 98.7 98.7 88.8 99.3 99.2

10 NA NA NA NA NA

11 12.36 9.39 6.49 5.4 7.97

12 NA NA NA NA NA

13 NA NA NA NA NA

14 NA NA NA NA NA

15 NA NA NA NA NA

16.1 78.9 45.6 78 9.6 17.8

17.8 80.78 79.08 2.98 69.94 78.48

Source: INEGI, Government of Mexico (2021) NA: Information not available

With the support of the National Institute of Social Economy (INAES), it is a concen-
trated administrative body of the economy secretariat) of Mexico, which has technical,
operational and managerial autonomy, and its objective is to implement, as part of the
Policy National Social Development of Mexico, public policies for the promotion and
development of the social sector of the economy, in order to strengthen and consoli-
date the Sector as one of the pillars of economic and social development of the coun-
try, through participation, training, research, dissemination and support for productive
projects in the Sector. INAES supports the Development and training of NODESS with
the strategy of systematic actions of participation in Society, such as the involvement of
the higher education sector (Universities and Technological Institutes), the cooperative
sector and the social economy through civil associations. And INAES as a promoter
of the formation of the social economy in the country, with international collaboration
activities [8].
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2.1 Model and Methodology

The applied research and sector linkage work has generated the analysis of research
projects from the academy such as Tapia & Martinez with its Hackathon-Edu:
Hackathon-Edu: AGlobal Competitiveness PerspectiveModel [9], Bonilla which points
out the importance of the impacts of clusters In the Baja California region [10], like-
wise, the methodology for the design and development of the Model and Methodology
of Dictionaries of Sectorial Competencies [11–13], required for the development of this
institutional project, is the Methodology of the Fifth Systemic Helix [14–16] that will
allow, through the involvement of all the participants in the sector strategy (Government,
Education, Companies, Associations-Clusters and Consultants-Society), define the Sec-
toral Development Agenda (SDA); Based on them, the priority topics of each Sector
can be defined to develop the Sector Skills Dictionaries (SCD) and, consequently, the
Professional Skills Dictionaries (PCD) mentioned above for Level 6 and the Research
Skills Dictionary ( DRC) for Levels 7 and 8. The process of construction of the Model
for the Elaboration of Dictionaries of Sectorial Competencies (DSC) and Dictionary of
Professional Competencies (DPC), begins with the identification of the strategic sec-
tor for which the Dictionaries Sector Competences (DSC) [17–19]. It will be developed
from the occupational analysis of the competencies of the strategic sector. Subsequently,
a priority categorization of these positions must be generated to develop the analysis
of occupational competencies; These positions are identified and validated within the
framework of the Diagnosis of the Sectorial Agenda that each cluster develops and,
with this, the roadmap for the development of the Dictionary of Sectorial Competencies
(DCS) can be developed. This article is part of a collection of dissemination products
of the Academic Body Academic Body called: Competitiveness and innovation for sus-
tainable regional development, made up in the Department of Economic-Administrative
Sciences that integrates the postgraduate Master’s Degree in Administration and the
Project Doctorate in Administration from the Tecnologico Nacional de México Campus
Tijuana (TecNM Tijuana).

3 Conclusions

The challenges of applied research from the academy to develop a proposal that con-
tributes to the analysis of the evolution and traceability of the variables of the objectives
and goals of sustainable development in the northern region of Mexico implies a collab-
orative effort of the different sectors of the Society, but with policies of interinstitutional
linkage and collaboration it is possible to advance towards the empowerment of the
different sectors of the social economy.

Academic work will always be an effort that can cement good practices of collabo-
ration and unity, hence, organizations such as CIRIEC International in this case CIRIEC
Mexico in the Northern Region, has formed the unit of a team of specialists, researchers,
and representatives of the sectors of the social economy, civil associations, as well as
the great contribution of the facilities of the local government sector, for these secto-
rial studies the intervention and collaboration of the authorities of the Ministries with
their programs and initiatives in their plans of Municipal and State Development and in
Mexico the National Development Plan as a policy of articulation from the academy,
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government and civil society. An example of the research generated as a product in the
applied research process is the case of the social economy developed in theMunicipality
of Playas de Rosarito [20, 21], through the analysis of the supply chain and logistics
to join the efforts of cooperatives that produce Piñatas, handcrafted products of artistic
figures of wood and metal for local sales as tourist souvenirs in Baja California and even
export to the southern area of the State of California in the United States of America.
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Abstract. The 2017 report of the Organization for Economic Cooperation and
Development (OECD) on competencies in Mexico indicates the opportunity to
rethink actions aimed at strengthening competitiveness, development, and social
progress, considering the impact of capabilities. This research is a series ofmethod-
ological analyzes from the methodological perspective of the Systematic Fifth
Helix (QHS) [1] to determine the level of evolution and the relevant needs of
educational programs in the area of economic-administrative sciences, in this
research on Engineers in Computer Science from the Tecnológico Nacional de
México Campus Tijuana, considering the systematic approach of the QHS with
representatives of the business sector, government, education, associations, con-
sultants from the sectors under study and thereby assessing the perspectives of
generational competitiveness and educational gaps in professional training. In this
research, the generations of graduates X, Y, and Z, are taken as a sample of the uni-
verse. Considering representatives of the different sectors of employability such as
the industrial sector, commerce, services, government, or the entrepreneur. With
these research results, we propose the work situational analysis studies of each
study program to formulate labor initiatives of labor, professional, and research
competencies. Likewise, design and development of specialty strategies according
to the sectorial feedback of generational competitiveness.

Keywords: Job competencies · Professional competencies · Research
competencies

1 Introduction

This work is Computer Science Engineers’ competencies review considering the con-
textual needs of generations X, Y, and Z. According to the research carried out by the
OECD [2], in turn, an analysis of their Graduate profiles of the best universities in the
world, national ranking with the National Technology of Mexico campus Tijuana [3] as
a frame of reference for an institutional development project in the National Technology
of Mexico Campus Tijuana for the formation of an Academic Body that has lines of
research-oriented to the analysis and innovation of the needs of the study programs and
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their relevance for an effective process of professional integration and thus contribute to
the sectoral development of their area of specialty.

2 Framework

The term generation [4] refers to an age group that shares throughout its history a set of
formative experiences that distinguish them from its predecessors. Currently, in higher
education institutions it is possible to see four generations coexisting: generationX (from
1965 to 1980), generation Y (from 1980 to 1994), and generation Z (from 1995 to 2010).
Each generation responds, according to researchers on the subject, to different attitudes
and expectations about work and their career.

Generation X individuals, according to this model, are nomadic archetypes. They
have been independent since childhood. They have little reason to employ or adopt the
visions of the postwar generation since they have rarely used their practical reality. Gen-
eration Y, offspring that make up the relief staff in the workplace, in today’s generation,
these are school children, the older ones are finishing postgraduate studies. They have
grown up with planned lives.

Generation Z [5] is the first generation considered digital natives, that is, they were
born immersed in digital culture. Its characteristics include the following: Experts in
understanding technology; Multitasking; Socially open from technologies; Quickness
and impatience; Interactive; and Resilient. Table 1 shows the main characteristics of
each generation regarding technology.

Table 1. Main characteristics of each generation

Generation Born Technology Digital competence

X 1965–1980 PC Early digital adopters

Y 1981–1994 Smartphone Digital natives

Z 1995–2010 AR/VR Digital innates

The OECD highlighted that the main tool for conducting higher education was eval-
uation, accreditation of programs and institutions, information, relationships on formal
and explicit agreements between the government and universities, as well as the distri-
bution of financial resources. It also proposed the creation of a national accreditation
system for university study programs that would not cross the official knowledge of a
state body such as the Secretary of Public Education.

In this line of reconstruction, the OECD requested a group of researchers of different
theoretical stature the Project Definition and selection of competencies: Theoretical and
Conceptual Foundations, whose main objective was to offer a resource for the process
of defining, selecting and measuring the competencies that an individual needs to lead
a successful and responsible life and for societies to face the challenges of the present
and the future.
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2.1 Model and methodology

According to QS World University Rankings [6] places the Massachusetts Institute of
Technology (MIT) in 2020 in the first position worldwide in computer science engineer-
ing, this institute was Founded in 1975 and has 777 students enrolled, among its most
outstanding graduate students, is Sal Khan creator of Khan Academy, Drew Houston
and Arash Ferdowsi creators of dropbox.

At MIT [7] the objectives for a Computer Science Engineer are in the study pro-
gram and include engineering ethos, leadership, versatility, and engagement. Computing
Commission Student Outcomes are focused on analyzing complex computer problems,
design, implement and evaluate computing-based solutions, communicate effectively,
recognize professional responsibilities, teamwork, and apply computer theory to solve
computing-based solutions.

According to QSWorld University Rankings [6], it places the National Autonomous
University of Mexico (UNAM) currently is at the first position in computer science in
Mexico, it was founded in 1977 and has an enrollment of 530 students In the science
faculty of the UNAM the student obtains the following knowledge: analysis, design, and
implementation of computer applications, networks, and computer science. Mathemati-
cal foundations for the model and automation of scientific applications and coordination
of work teams for computer applications development.

The UNAM [8] is a compound of 254 institutions around the Mexican Republic,
being the institution of higher education with the most territorial presence in the country.
In these institutions, TecNM serves a school population of more than 600 thousand
undergraduate and graduate students throughout the national territory, includingMexico
City, serving 41% of engineering students in the country. The computer science career
was founded in 1983, taught on 189 campuses, and the Tijuana campus currently has an
enrollment of 700 students.

TecNM [9] computer systems engineering has the general objective: To train leading
professionals with strategic vision and a broad ethical sense; able to design, develop,
implement and manage computer technology to provide innovative solutions for the
benefit of society; in a global,multidisciplinary, and sustainable context. In his graduation
profile, the student obtains knowledge to: implement computer applications, design,
develop, evaluate and apply interfaces, networks, databases, software, computational
models to solve problems through the use ofmathematical tools, coordinates, participates
in multidisciplinary teams, and detects areas of opportunity using a business vision to
create information and communication technology projects. Tables 2, shows the skills
develop by institutes.
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Table 2. Skills developed by institutes

Skills to develop MIT UNAM TecNM

Team work Yes Yes Yes

Troubles hooting Yes Yes Yes

Computational modeling Yes Yes Yes

Computational theory Yes Yes No

Digital competences development Yes Yes Yes

3 Conclusions

After analyzing the profile and characteristics of generations X, Y, and Z, as well as
their development in the industry, it is observed that in the case of the TecNM campus in
Tijuana, refresher courses are required for the management of information technology
in education. It is important to use these technological tools since current educational
practice should not be exclusive to students in the area of computer science [10].Graduate
profile evaluations were carried out in the most prestigious universities in the world and
the country at a technological level in the area of computer science, it is observed that the
TecNMcampusTijuana and its studyprogram in the area of computer science are relevant
and complies with the labor competencies requested by the industry at a local, national
and international level, however, it is necessary to strengthen competencies regarding the
theory of computing, scientific and applied research. The challenges of applied research
from the academy to develop a proposal that contributes to the analysis of the evolution
and traceability of the variables of the objectives and goals of sustainable development
in the northern region of Mexico implies a collaborative effort of the different sectors of
Society, but with policies of inter-institutional collaboration and linkage, it is possible
to advance towards the empowerment of the different sectors of the social economy.
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Abstract. Higher education and especially the postgraduateMaster’s andDoctor-
ate programs in northern Mexico, particularly in the border region of the Tijuana
Baja California area, have become highly competitive at the international level and
demanding qualified personnel, this research focuses on a comparative research
through a series of methodological analyzes from the methodological perspective
of the Fifth Systematic Helix (QHS) to determine the level of evolution and rele-
vance of educational programs in the area of economic-administrative sciences of
theMaster’s Degree in Administration and Doctorate in Administration in the two
institutions with the greatest tradition and roots in the training of professionals and
scientists in the region. The National Technological Institute of Mexico Tijuana
Campus and the Autonomous University of Baja California. From the perspec-
tive of the systematic approach of the QHS Methodology, with representatives
of the business sector, government, education, associations, consultants from the
sector under study and with this, evaluate the perspectives of generational com-
petitiveness and the educational gaps in professional training and research. In
this research, the generations of graduates are taken as a sample of the universe,
considering representatives of the different sectors of employability such as the
industrial sector, commerce, services, government or the entrepreneur. With the
results of the research, studies of the impact on sectoral development and the
contribution to the society of knowledge, innovation and competitiveness of the
region at an international level are proposed.

Keywords: MBA · PhD in administration · Postgraduate in administration

1 Introduction

One of the institutional challenges of the Tecnologico Nacional de Mexico Campus
Tijuana within the framework of its 50th Anniversary [1] and more than 25 years of
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offering a post-graduate program of Master in Administration [2–6] at the regional level
in the northwestern area of Mexico is the opening of a Doctorate in Administration
program that covers the needs of the strategic economic sectors of the Cali-Baja region
[7], since a postgraduate course with links and research strengthens the competence of
the region and raises the level of progress and Development of the Society. The main
elements for the analysis of a quality and relevance study program profile with its lines
of research will be to consider the best international University that offers a Doctorate in
Administration, as well as the frame of reference of the best University in Mexico and
the Baja California region.

2 Framework

UNESCO, within the framework of Scholarships Without Borders [8], for countries
with challenges to strengthen science and technology considers that doctoral programs
should have as specific objectives to cover the following aspects mentioned in Table 1.

Table 1. Scholarships without borders for PhD

Objective Purpose

1 Improve access to educational and training opportunities in science and technology
for talented young women, from countries lagging behind in science and
technology, who have university degrees

2 Increase scientific productivity and the creativity of women scientists in countries
lagging behind in science and technology

3 Empowering a new generation of talented women to take on a leadership role in
science and technology

4 Encourage women scientists to contribute to the sustainable development of their
countries of origin

5 Enable women scientists from the South to collaborate and network at the regional
and international level

6 Combat HIV/AIDS, malaria and other diseases

Considering the Institutional Development Plan of the Tecnologico Nacional de
México Campus Tijuana, the Project for the analysis and relevance of the feasibility
study of the opening of a Doctorate in Administration is oriented to the challenges of
sectorial and country competitiveness. The Cali-Baja region is faced with the growing
need for talent management and highly qualified specialized personnel, coupled with the
challenges of the Free Trade Agreement between Mexico the United States of America
and Canada (T-MEC) [9], making it necessary to review the supply and educational offer
capacity aligned to the global challenges of competitiveness and Development of the
Society.

According to the recommendations of the OECD report [10] on competencies in
Mexico, he points out that the current model of the Mexico Competency System has the
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opportunity to rethink actions aimed at strengthening the model. Therefore, the proposal
in this article is based on the challenges that the OECD points out in order to strengthen
competitiveness, development and social progress, considering the impact of education
at the eight levels indicated by ISCED-UNESCO [12] whichmakes it necessary to reflect
on the current progress and results on the use of the Labor Competency Standards (LCS)
in the sectors of society, where it is imperative to build a model and appropriate method-
ology for Professional Competencies and Research, making clear the differentiation of
the eight levels and their requirements for training, alignment, evaluation and eventual
certification of job skills, professional skills and applied research skills. To identify the
gaps between the regulations and inputs required for sectoral strategic planning pro-
cesses in terms of instruments called Sector Competence Dictionaries (SCD), they must
respond to each regional sector, city or State vocation.

The analysis of the feasibility study for the opening of the Doctorate in Adminis-
tration or in its case Doctorate in Sciences in Administration is based on the analysis
of 3 reference institutions see Table 2. Firstly, the National Autonomous University of
Mexico (UNAM) that in its Faculty of Accounting and Administration has the Doctor-
ate of Science in Administration program that aims to train doctors who are capable
of carrying out original research, with theoretical and methodological rigor, that con-
tributes to the expansion of knowledge of the Sciences of the Administration, as well as
empowered to perform professionally, with high levels of quality, both in teaching and
in solving organizational problems [13]. In the second case of the National Polytechnic
Institute (IPN), the analysis of the structure of the Study Plan and its characteristics is
carried out, the General objective of the Doctorate in Administration Sciences is to train
researchers in the field of administration sciences with a focus towards solving problems
of public, educational and business organizations at the local, national and global levels.
It considers three specific objectives: 1. To train researchers in the field of adminis-
tration with international standards in an academic environment that fosters basic and
applied research, 2. To focus research on the great local, national and world problems
and 3. Generate links with the educational, public, business sectors, non-governmental
organizations and communities to study and contribute to transforming their reality [14].

The third educational institution in the frame of reference is the Autonomous Uni-
versity of Baja California (UABC) which considers the objective of the Doctorate in
Administrative Sciences The objective of the Program is the training of scientists in
Administrative Sciences capable of developing in various professional fields - them to
contribute to the approach and resolution of problems in a context of a knowledge-based
society. Likewise, it is ensuring that knowledge and innovation are valued in society and
in the academic, government and business sectors. Establish strategies to promote the
knowledge society where innovation is the advantage to compete and improve the qual-
ity of life. Implement the criteria with the objective of aligning institutional efforts with
international requirements through the best practices provided by the National Council
of Science and Technology (CONACYT). According to the feasibility study of the state
of the art and the characteristics of the variables that intervene in the design and develop-
ment of a Project proposal that meets and aligns with the needs of a quality postgraduate
program including the requisites sites of a National Quality Postgraduate Program with
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accreditation before CONACYT this first analysis reflected in this article reflects the
challenge of the roadmap for the opening of a doctoral program [15].

Table 2. Research lines for a doctorate of science in administration in Mexico

Characteristics UNAM IPN UABC

Lines of investigation Finance, Tax, Human
Resources, Marketing,
International Business,
Knowledge
Management,
Informatics,
Operations, Theory of
Administration and
Organization

Organizational
management,
Competitiveness and
technological
innovation,
Organizacion-ales
Strategies

Administration and
Development of
organizations, Studies
to promote
Competitiveness,
Regional development
and innovation
systems

Quantity 9 3 3

2.1 Model and Methodology

Considering the institutional guidelines of the Tecnologico Nacional de México and the
requirements of CONACYT itself, sectoral analysis methodologies will be included to
strengthen the study of relevance and feasibility, as is the case of Tapia & Martinez
with its Hackathon-Edu: Hackathon-Edu: A Global Competitiveness Perspective Model
[16], Bonilla which points out the importance of the impacts of clusters In the Baja
California region [17], likewise, the methodology for the design and development of the
Model and Methodology of Dictionaries of Sectorial Competencies [18–20], required
for the development of this institutional project, is the Methodology of the Fifth Sys-
temic Helix [21–23] that will allow, through the involvement of all the participants
in the sector strategy (Government, Education, Companies, Associations-Clusters and
Consultants-Society), define the Sectoral Development Agenda (SDA); Based on them,
the priority topics of each Sector can be defined to develop the Sector Skills Dictio-
naries (SCD) and, consequently, the roadmap for the development of the Dictionary
of Sectorial Competencies (DCS) can be developed. This article is part of a collection
of dissemination products of the Academic Body Academic Body called: Competitive-
ness and innovation for sustainable regional development, made up in the Department
of Economic-Administrative Sciences that integrates the postgraduate Master’s Degree
in Administration and the Project Doctorate in Administration from the Tecnologico
Nacional de México Campus Tijuana (TecNM Tijuana).

3 Conclusions

The challenges of opening a postgraduate program in a federal public institution, not only
lies in the design and development of the feasibility study and the regulatory requirements
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of the study program, lines of research, a great challenge is the to form a Basic Academic
Nucleus (NAB) which must cover various requirements not only of academic and pro-
fessional training, aspects of positions must be covered, which implies the contractual
situation of full-time professors, researchers with registration in the National System
of researchers SNI of CONACYT and National Recognition of the Desirable Profile
(PRODEP) [24] the above generates institutional challenges, since it is a budgetary
aspect at the national level.
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Hana Pačaiová(B), Michaela Balážiková, Marianna Tomašková, Katarína Firmentová,
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Abstract. Safety of machinery is an area, which, at the first glance, appears as
solved and sufficiently specified by regulations and harmonized standards in the
EU. However, the reality is that, according to statistics, the machinery, including
lifters, conveyors, and similar equipment, is a source of as much as 25% of all
serious work injuries annually. Machinery condition, method of performed activ-
ities, environment in which the machine is located, are basic factors projected
into hazardous event origination. This contribution, based on the status analysis
protective measures of more than 100machineries, evaluates the level of measures
implemented on the equipment throughout its life cycle. Within the research, the
methodology was proposed, evaluating the efficiency of protective measures on
three levels: on the machinery itself; in relation to machines existing within the
given operation, as well as complex level of machinery safety in an organization.

Keywords: Machinery safety · Human factors · Risk reduction

1 Introduction

Occupational health and safety during machinery use is a key area in OHS management
in industrial plants [1]. The condition of machinery changes during its life cycle, so do
employees and the conditions of the operation, as well. Despite numerous legislative
requirements and supervision over their observance (e.g.: EC declaration of CE mark
conformity), number of accidents when operating the machinery reaches up to 25% of
all serious occupational injuries per year [2].

Permanently sustainable development of an organization requires holistic approach
to evaluation of both goals as well as activities of corporation, including the machinery
risk assessment. Monitoring and inspection are critical elements in the management of
processes. Therefore, it is inevitable to identify key performance indicators (KPI) [3],
which are relevant to the analyzed processes. It is possible to carry out the monitoring
of the processes on various management levels, as well as from different points of view:
on the managerial, operational, logistical level; from the viewpoint of finances, safety
or maintenance provision [4, 5]. Holistic approach means a general view on the system.
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System properties, of the machinery in this case, depend on the properties of its parts
and its functioning in the given area.

Occupational Health and Safety currently represents one of themost significant areas
of social politics of the EU and developed countries of the world.

Holistic approach to dealing with OHS issue starts as early as the machinery is
designed and is concludedwith a feedback of the safetymanagement during its operation.

In 1989, legal framework determiningmutual relation betweenmachinery equipment
design and its safe usage in practice was created in Europe. These were two basic reg-
ulations 89/391/EEC, known as the “OHS Directive” [6] and the Directive 89/392/EEC
– known as the “Machinery Directive”. Requirements for construction of “safe machin-
ery equipment” were developed and the Machinery Directive is currently known as the
European Directive 2006/42/ES [7].

Condition of machinery, method of activities performed, environment in which
the machine is located are basic factors projecting into creation of hazardous events.
Although the unified EU market, based on more than 31 years of defined rules, expects
that the approach in risk reduction process as early as by the machinery design shall be
observed (or developed). However, mainly within the organizations having out-of-date
machinery equipment, changes of machinery equipment are realized with insufficient
consideration of the basic requirements. The next issue is education and training of
technical workers [8] who have no knowledge of principles and requirements for safe
designing.

Risk assessment realized as early as in the stage of machine design is an essential
prerequisite for safe machinery construction, so that the residual risks were on the lowest
possible level. Although modernization of old machinery provides higher effectivity
and enables significant increase of productivity by means of new automated functions,
but only when using the right principles of safe designing [9]. Currently, machinery
safety requirements are more and more connected with programmable electronic control
systems (SRP/CS). Risk estimation is a significant constituent part of risk analysis in
the process of machinery development because categorization and allocation of safety
requirements is based on this [10]. It is important to know how the risk estimation is
carried out, because incorrect selection of the safety integrity level (SIL) or performance
level (PL) may lead to multiple costs on a part of management system connected with
safety [11].

2 Machinery Risk Assessment Principle

The principle of risk assessment lies in the succession of individual steps mentioned in
the algorithm shown in Fig. 1.

Risk analysis begins with classification of system into elements. The aim is to
describe and identify the source of unwanted event as clearly as possible, i.e., what
represents threat in relation to a human; description of hazard situation – what may
happen during the given activity and how. Next comes the estimation of probability and
consequence, which requires selecting the appropriate methodology tomatch the param-
eters of probability and consequence (e.g.: risk matrix, risk graph). This methodology
may be in a form of qualitative, semi-quantitative or quantitative approaches [12]. The
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next important step of this logical process is expression of the probability relation and
consequence by a combination of their values, so-called risk estimation. Risk evaluation
is a step that comes only after risk analysis and it basically compares the estimated risk
extent (related to the identified hazard) with the “set” parameters of its acceptance (or
tolerability).

Takingmeasures is related to such risk values, which exceed or reach an inacceptable
level. It may happen that even though the estimated risk level ranges within the accept-
ability zone, a manager (designer, producer) will decide to take certain measures in order
to reduce it. This approach is marked as ALARP (as Low as Reasonable Practicable)
– represents risk reduction to the most reasonable level, i.e., effective and efficient [13].
This entire process is marked as risk reduction or also as risk control [14] and requires
its re-assessment, in order to verify whether the proposed and implemented measures
are really effective [15, 16].

Risk assessment

Risk control (efficiency and effectiveness of measures)

Yes 

No

Determina-
tion of the 

limits  
of the

machinery

Hazard 
identifica-

tion 
(accident 
scenario 
descrip-

Risk 
estimation  

R=f (P, C)

Risk 
evaluation 

R = P x C

Has R been 
adequately? 

reduces? 

Risk  
reduction 
measures 
R →min. 

Risk acceptance Risk analysis

Fig. 1. Modified simplified procedure for machinery risk assessment/risk control (inspired by
ISO 12100).

3 Analysis and Evaluation of the Machinery Protective Measures’
Efficiency

Within the running research, experts from safety field (2 from practice and 3 from uni-
versity) cooperated on the creation of the CLMS (Comprehensive Level of Machine
Safety) methodology, the aim of which was, based on risk assessment results of oper-
ated machines (for the activities of operators and maintenance according to the own
methodology of an organization), with regard to the phase of their operation, to analyze
the status and efficiency of current measures on particular equipment, or the total effi-
ciency level of taken protective/safety measures applied on the equipment in operations
[17, 18].

Main parameters of the model were the following assumptions: there are n operation
machines at each production facility; the number of safety requirements (SR) formachin-
ery safety is m. Then the status of ith requirement (i = 1, 2, 3, . . . ,m) is assessed on
each kth machine (k = 1, 2, . . . , n) by means of implemented suitable safety measures.
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3.1 Proposal of Methodology

Current status of safety requirements on an assessed machine is expressed by means of
the so-called coefficient of current measure status wk,i, for which holds wk,i ∈ {0, 1, 2}.
The wk,i coefficient represents a categorial variable, which can reach three possible
values (see Table 1).

Table 1. Coefficient of current measure status wk,i .

Coefficient wk,i Explanation

wk,i = 0 Measures for the fulfillment of ith requirement on kth machine are not
introduced

wk,i = 1 Measures for the fulfillment of ith requirement on kth machine are introduced
but not followed

wk,i = 2 Measures for the fulfillment of ith requirement on kth machine are introduced
and fully followed

Level of measures efficiency �k expresses the fulfilment of safety requirements by
means of realised measures on kth machine and is expressed by the relation:

�k =
∑m

i=1 wk,i

SMAX
× 100%. (1)

Wheren represents the number ofmachines,m the number of safety requirements and
wk,i is the coefficient of current measures status of kth machine by ith safety requirement.

SMAX variable represents the coefficient of maximum reached efficiency of all
measures on a given machine and is determined by the relation:

SMAX = wmaxm. (2)

Where m is the number of safety requirements (SR) and wmax is the maximum value of
measures evaluation, in our case wmax = 2.

Total efficiency level of measures � in the given operation is expressed by the
relation:

� =
∑n

k=1 �k

n
× 100%. (3)

Where �k is the level of protective measures efficiency on machines in the case of
kth machine and n is the total number of machines located in the given operation.

Total level of measures efficiency of machinery protective devices � in the given
operation takes on values from the interval 〈0, 100〉.

For a complex safety level of a given operation conditioned by the status of introduced
measures on machinery, the following evaluation levels were suggested – see Table 2:
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Table 2. Levels of measures efficiency of an operation Δ.

Coefficient Δ Level of measures

0% < � < 29% Low

30% < � < 49% Negligible

50% < � < 69% Middle

70% < � < 89% High

90% < � Very high

If a production organization has p operations, then the complex level of safety
measures efficiency ¯̄� would be possible to be expressed by the relation:

¯̄� =
∑p

j=1 �j

p
× 100%, j = 1, 2, . . . , p. (4)

Where p is the number of operations (in our case 3) and �j is the level of measures
efficiency in the case of jth operation, for which holds the relation:

�j =
∑n

k=1 �k,j

n
× 100%, k = 1, 2, . . . , n j = 1, 2, . . . , p. (5)

Where Δ(k,j) is the level of measures efficiency in the case of kth machine in the jth

operation and n is the total number of machines within the given operation.

3.2 Results of Applied Methodology

The aim of suggested and applied methodology in order to assess the safety level of
machines in a phase of their use was to inspect the status of the machinery that was
operated in a given organization from 1 to more than 30 years. Within the particular
operations (3 operations for the production of plastic components, marked I, II, III),
there were new as well as older machines, such as automatic or semi-automatic assembly
workstations,with oneormaximum twocontrol places (loadingof components, checking
and unloading of ready products). For the research purposes, a questionnaire, stemming
from the requirements from the Directive on machinery, which consisted of 19 safety
requirements, was created.

The experimental research was carried out in several parts:

• risk assessment of each machine based on unified methodology in accordance with
ISO 12100 (risk matrix – own methodology of an organization),

• status evaluation of already established (current) safety measures for each machine
according to determined safety requirements (SR1–SR19) by means of the coefficient
of current measures status,

• evaluation of the efficiency level of such measures (with regard to the outcomes from
risk assessment) for each machine and for each operation,
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• evaluation of complex efficiency level of introduced protection/safety measures
for the whole organization. evaluation of complex efficiency level of introduced
protection/safety measures for the whole organization.

Each ith safety requirement of the assessed jthmachinewas assigned the coefficient of
current measures status wk,i. The assigned value (0, 1 or 2) was the result of a consensus
of 5 reviewerswith the aim to decrease the uncertainty rate at subjective deciding (mainly
when assessing the safety status of older machines).

From the results of the evaluation of the status of measures of implemented in
operation I it is obvious that safety requirements SR1, SR4, SR5, SR11, SR14, SR16
andSR19 are fulfilled on allmachines. Requirements SR17 andSR18 are not fulfilled on
none of the machines, i.e. the requirements for the application of devices for hazardous
energy isolation and application of LOTO (Lockout, Tagout) means for machinery [18]
were not fulfilled.

The analysis of evaluation shows that in operation I, there is nomachinery that would
meet all safety requirements. Each machine met on average only 52% of requirements,
where measures were implemented and followed. For almost 39% of requirements,
safety measures were only introduced but not followed.

For each kth machinery equipment, requirement fulfilment efficiency �k is deter-
mined according to the relation (1). Total level of measures efficiency � in operation I
(marked �I ) is determined according to the relation (3). The average value of the total
efficiency of current measures in the operation I is �I = 69.66%.

Three criteria were analyzed and evaluated in a similar way ( �k , �) in two other
operations: operation II (20machines) and operation III (23machines). The basic figures
of total efficiency of current measures � in individual operations are shown in Table 3.

Table 3. Figures of total efficiency of measures � in operations [%].

Operation Number Average max min Rv s IS – 95%

I 17 69.66 78.95 63.16 15.79 4.57 (67.24, 72.02)

II 20 75.66 78.95 47.37 31.58 6.77 (72.49, 78.83)

III 23 53.89 81.58 52.63 28.95 6.03 (51.28, 56.50)

� 60 65.61 81.58 47.37 34.21 11.25 (48.66, 68.52)

The analysis shows that the total evaluation of current applied safety measures in
operation I reaches the value of 69.66% of total efficiency rate, which represents the
middle efficiency level of current safety measures.

Operation II reaches the value of 75.66% of total efficiency rate, which represents
high efficiency level of measures. On each machine of the operation II, there were on
average only 62% such requirements, where measures were introduced and followed.
For almost 27% of the requirements, measures were only introduced but not followed.

Operation III reaches only 53.89%of total efficiency level,whichmeans almost lower
borderline of the middle level of measures efficiency. On each machine of the operation
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III were on average only 18% of such requirements, where themeasures were introduced
and followed. For almost 71% of the requirements, measures were only introduced but
not thoroughly followed.

To evaluate the status of machinery safety in the entire organization, a complex effi-
ciency level of introduced measures ¯̄� (4) was determined, according to safety require-
ments SR1–SR19. Based on the results of applied CLMS methodology of introduced
safety measures on machines and by means of the evaluation of total efficiency level in
the entire organization, it is possible to state that the value of complex efficiency level
¯̄� is on the value of 65.61%, which means middle efficiency level.

4 Conclusions

The proposed and in practice verified CMLS methodology has proved that even despite
the fact that the machinery safety is managed already at its design by a producer, and
throughout its operation by an operator, regular evaluation of efficiency of introduced
measures shall point at its insufficiencies related to the entire organization [19, 20].
By analysis of status of implemented safety measures of operated machinery, which,
already during the process of their procurement, must meet current requirements of
EU directives, weaknesses of management of their safety at the operator itself were
“uncovered”.

Development of protective devices implemented onmachinery equipment (so-called
integrated safety) is very fast and they are normally applied in complex module solutions
already (e.g., robots). However, with older machines, responsibility for the level of
protective measures is on the shoulders of the operator [21, 22].

It is possible to extend the CLMS methodology, which is also a subject of further
research consisting of more detailed examination of implemented types of protective
devices in relation to the machinery equipment age and level of its maintenance.

Acknowledgments. This contribution is within the project KEGA No. 015TUKE-4/2019 Audit
management using software application according to standard ISO 9001:2015 and APVV No.
19-0367 Framework of the Integrated Process Safety Management Approach for the Intelligent
Enterprise.
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Abstract. The presented paper points to the use of available devices of wearable
electronics for people with epilepsy to increase safety in the work process. The
essence of the device is the detection of a change in the acceleration of the wrist
movement of the person being monitored and, in the case of the development of
an epileptic seizure, the identification of a repeated change in the acceleration of
the wrist movement of the person being monitored. Subsequently, after evaluation
in the analytical element, this information is sent to people in the vicinity or to a
third party to assist the person being monitored. The proposed technical solution
in the form of a digital device is usable not only for epileptic seizures but also for
other diseases with the potential for loss of stability and subsequent injury.

Keywords: Loss of stability · Seizure · Epilepsy · Safety

1 Introduction

Digital environment devices enable monitoring of selected vital human functions and
their use in creating new functionalities for humanprotection in theworkprocess.Current
trends are based on digitization, quality production and measurement [1].

Today, smart devices are equipped with sensors that are not used to the extent pos-
sible. In humans, it is possible to identify not only their external behavior with smart
devices, e.g., change of movement, speed, etc. but also their selected vital functions.

Loss of consciousness, caused by various causes, creates human hazards at the human
- machine and human - environment interface [2]. Loss of consciousness can also be
caused by an epileptic seizure, as well as other diagnoses, e.g., stroke, but alsomore com-
mon diagnoses such as heat shock, hypoglycemia, dehydration, but also drunkenness,
etc. With the loss of consciousness, each person’s movement changes. A change in the
movement of machine elements can be similarly identified, e.g., by changing the local
magnetic field [3]. These changes can be measured, quantified, evaluated and measures
developed [4]. It is important in chemical plants (human - surroundings, environment)
[5, 6] but also in production plants (human - device) [7, 8].
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In today’s digital environment, it is necessary that data be secured by encryption
[9] during its transmission and processing. By combining surveillance systems and staff
training, it is also possible to identify hazards from loss of consciousness [10–12].

It is also possible to use principles from other areas, the principles of which can also
be used in monitoring [13]. Simple algorithms and the use of simple means are required.

If the person (machine operator) does not meet the process requirement at the man -
machine [14, 15] man - environment interfaces, in the digital environment it is possible
to create a blocking of such behavior of man or machines [16]. Each person is unique,
and such are the changes in movement characteristics during the attack. To monitor
the properties of objects, including machines, it is appropriate to use a combination of
existing parameters from the digital environment [17].

Epilepsy is one of the diagnoses, the external phenomenon of which is a change
in a person’s movement behavior. Similarly, such changes can be observed in other
diagnoses. The identification of these conditions at the human - machine interface is
crucial for minimizing injuries caused by both a fall and a fall into the active space of a
machine or into the object with the potential for human damage. In the event of a fall or
rapid changes in body movement, there is a change in the acceleration of the movement
of the limbs of the person affected by the attack, including the wrist. The measurement
of the acceleration of the wrist movement during a fall and an epileptic seizure can be
identified with sufficient accuracy by an acceleration sensor built into smart bracelets,
watches, mobile phones, smart devices, etc.

2 Measurement

2.1 Measuring Chain

The change in the loss of stability, the cyclic change in the movements of the wrist
during an epileptic seizure, was performed by measuring the wrist of the affected person
with a smart device. The measuring chain consisted of a smart device (acceleration
measurement), an analytical element (data evaluation), a communication element (WiFi).
The elements communicated via protocols in the Android environment. In the analytical
element, a comparison of changes in the measured data from the acceleration sensor
in the smart device is performed. With loss of stability and a fall, the motion vector
changes abruptly. In the case of an epileptic seizure, the acceleration vector over time
has a cyclically repeating trajectory. After evaluation in the analytical element, this
information was sent to the environment, for comparison with the information about the
movement of the machine.

The proposed device was created alternatively from smart devices with an element
for measuring the acceleration of wrist movement, an analytical element, and a commu-
nication element. The individual elements of the device can form one unit, or they can
be created from digital space devices, Table 1.

All elements of the device can be applied to devices such as smart watches with the
possibility of programming, or if they have enough freememory for an existing program.
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Table 1. Examples of combining existing devices with the required functionalities to create the
desired functionality.

Existing device Functionality of device elements

Acceleration
measurement

Analytical
element

Communication
element

Interface with
protocol

Smart bracelet x – x Bluetooth, WiFi

Smart watches x – x

Mobile phone x x x

Device with IoT
element

x x x

2.2 Used Measuring Technique

A smart watch with built-in acceleration sensing with the Android operating system was
used to verify the required functionality. The devicewas attached to thewrist and changes
in stability loss and seizures were simulated. The orientation of the coordinate smart
device with the acceleration sensor was oriented so that the x-axis was in the direction
of the person’s forward movement, the y-axis to the ground and the z-axis perpendicular
to both axes. The analytical element was the excel spreadsheet in the Android tablet
operating system environment. In this environment, the change of measured values was
analyzed. When the acceleration of the wrist movement, which characterizes a fall and
an epileptic seizure, changes, information was sent for subsequent processing. Table 2
shows the parameters of the sensor located in the smart device.

Table 2. Possibilities of measurement of selected quantities by smart devices

Parameter Description Sensor Note

Time Sensing frequency Sensor bmi 160,
Range to 250 Hz

Part of a smart device

ax Acceleration in the x
direction

Range to100 Hz, smart
device element,
the linear accelerometer is
derived from the G meter

The linear accelerometer
measures the acceleration
in the appropriate directionay Acceleration in the y

direction

az Acceleration in the z
direction

3 Discussion

Figure 1 shows the measured values of the acceleration of the wrist movement ax, ay,
az for the interval:
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– Within three seconds, represented by normal walking, where the dominant movement
is in the x, y plane, which is caused by fluctuating walking movement and hand
movement.

– The interval between the third and sixth seconds, represented by stopping before an
epileptic seizure, when a seizure occurs, stiffening. In this interval, the acceleration
of the limb is almost zero in all directions.

– The interval between the sixth and eleventh seconds, representing the fall of a person
to the ground. The person fell by twisting around the axis of the body and landed on
his back. A slight forward tilt in this fall can be observed for the acceleration ax, the
subsequent twisting to the left, the positive acceleration az and the change in position
with respect to the change in wrist height represented by the change ay.

– The interval between the eleventh to the twenty-fifth second, representing an epileptic
seizure. The affected person was lying on the back of the hand next to the body and
there was a constant path of the hands, which can be seen in the change of acceleration
ax and az.

– Interval after the twenty-fifth second, representing release after an epileptic seizure.

Fig. 1. Measured accelerations in the direction of the x, y, z axes for selected changes of motions

The y-axis of Fig. 1 is a percentage representation of wrist acceleration to compare
the change between walking and seizure. The difference between normal walking and
an epileptic seizure is 10 to 20 times depending on the direction of acceleration ax, ay,
az. Figure 2 shows the procedure of using the measured movement changes at the human
- machine and human - environment interface.

To ensure adequate safety function, as part of the overall functional safety of the
machine controlled by its safety electronic system, it is necessary to specify the param-
eters and the value of the risk in more detail. It is necessary to proceed from the basic
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Fig. 2. The procedure of using the measured movement changes at the interface man - machine
and man - environment.

factors of reliability, fault detection, architectural and system integrity. This principle
is set out in EN ISO 13849-1. Most systems can be divided into three basic functions;
input, logic solution and output - activation. The categories of safety control functions
represent the circuit diagrams of the individual parts of these systems, the structures of
which ensure the achievement of the required performance of the safety functions.

From the measured data for the monitored physical activities in case of loss of
balance, it is clear that the measurement of acceleration allows the monitoring of a
person’s movement. The distance between the individual phases of movement, tangents
are significant and characteristic for a specific movement, both rectilinear and rotational.
Other physical activities caused by loss of consciousness and fall were also measured,
where they were monitored as direction, rotation and speed of fall. They had a similar
informative value of the observed causality as the above-mentioned representation in
Fig. 1.

Knowledge of the operation of the machine, e.g., speed, feed, etc. by means of
measured signals representing the specific activity of the machine and the knowledge
of vital functions of a person by means of measured signals of his movement functions
gives the possibility to minimize the hazard at the human - machine interface.

Advantages of digitization of processes at the human - machine and human -
environment interface:

– the possibility of notifying people in the vicinity or third-party by sending information
(SMS, recorded call) about potential collapse and the possibility of injury and seizures,

– in case of a fall injury and in case of loss of consciousness, sending information about
this state to people in the vicinity or a third party to assist the disabled person,

– new, required functionalities to increase human safety can be created by a combination
of existing smart devices commonly used and machine controls via IIoT in operating
premises.
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Today, digital space makes it possible to combine not only common information
from identified motion signals, but also the combination of information from metadata.
If a filter is properly built in order to identify the required functionalities, it is possible to
create suitable barriers to minimize hazards at any interface, not just human - machine.
Monitoring human vital functions in the digital world is possible today, even without
human knowledge that such activity is being performed.

Recognition of conditions with loss of stability is also important in the older gen-
eration, as they can be caused by trivial causes such as insufficient water intake, late
administration of insulin, etc. These conditions can not only be identified in the digital
space, but third parties can also be notified.

4 Conclusion

Digital space gives the possibility to identify all movements performed by humans but
also by machines and objects. These options are a prerequisite for creating new tools
for minimizing hazards at the human - machine and human - environment interface.
Unsuitable combinations of movements in the work environment can be minimized, as
they can not only be identified in real time but also controlled.

Monitoring of human vital functions in the digital world is possible today, even
without human knowledge that such activity is being performed. At present, humans
have transferred a part of their identity to digital space, which can be used for his
protection in the work process but also misused in everyday life. Knowing the physical
and mental health through knowing the vital functions of each individual opens up many
new issues that did not need to be addressed in the past.

Recognition of conditions with loss of stability is also important in the older genera-
tion, as they can be caused by trivial causes such as lack of water intake, miss an insulin
dose, etc. These conditions in the digital space can not only be identified but third parties
can be notified of them.

This paper was prepared thanks to the support of project 013TUKE-4/2020 Transfer
of knowledge of research of means using augmented reality into the educational process
in the field of safety of technical systems.
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Abstract. This contribution is a case study, inwhich a requirement for an increase
in production from customer’s part occurred. From the alternatives offered, the
way of production line optimization was chosen, the adjustment of which made
it possible to response to this reality. Initial analysis of the production line con-
firmed a significant number of downtimes, which were identified almost in every
part of the production line. By using the improvement tool – Ishikawa diagram
(Fishbone diagram) – particular categories of reasons causing these downtimes
were identified. Application of ‘5Why?’ method was the next step, which helped
to determine root causes of these downtimes. Then, p-diagram was implemented
to reduce the downtimes which helped to minimize costs.

Keywords: Quality · Production · Optimization · Improvement

1 Introduction

In an effort to maintain the competitiveness, a lot of organizations are forced to accept
more and more demanding requirements from customers, even when the given require-
ments approach borderline values of the capacity of production facilities dealing with
the relevant order. If the organization, in such situation, wants to maintain a high quality
of production, they have to generally respect the increased costs related to the production
often carried out on the very borders of production equipment capacity.

One of the possible solutions is organization’s orientation to sustainability [1] or pro-
cess improvement [2] bymeans of sophisticatedmethods (Six Sigma etc.) as well as sim-
ple tools for quality improvement [3]. The implementation of basic quality improvement
tools has many times proved legitimate in practice. Simple and easily comprehensible
principles, on which the mentioned basic tools are built, when implemented correctly,
have brought improvements in practice in a form of cost reduction, quality improvement,
or the elimination of the negative impact of production on the environment [3, 4] or at
safety at work [5, 6, 15]. Within this, it is common to use also the p-diagram statistic
tool [7], which may, in an efficient way, help reduce downtimes. In this case study, it is
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the demonstration of using the statistic tool in the process of packing on a packing and
stamping line (PSL).

Process of Packing and Stamping
The inputs into packing and stamping process using the combined packing and stamp-
ing line (PSL) are letters, envelopes, leaflets, postcards or various gifts (keychains, pens,
etc.) which are produced by the company itself at their own cost or bought from sup-
pliers. As the company competes for customers’ favor, it usually respects their very
specific requirements, as well [12]. This subsequently leads to borderline setting of
PSL input parameters, hence to an increased likelihood of mistake occurrence. It is
sometimes not even possible to pack 100% components on the PSL. These are mainly
non-homogenous objects of various shapes, which head for envelopes.Withmost orders,
however, the packing machine is fully able to meet the requirements for packing. PSL
is equipped by six usable sections, a section for empty envelopes and the output section.
The machine works on the principle of under-pressure suction discs. Empty envelopes
are first stamped, i.e. relevant stamps are printed on the selected parts of the envelope.
By means of the electromagnet and tappet system, the machine transmits the signal to
particular sections, where under-pressure is generated – a particular component is taken
out of the feeder and placed into the inserted conveyor, which transports the components
from sections 1–6 into the collecting point. There, the particular components are, in
the exactly determined order, taken by a feed arm, which inserts the components into a
prepared envelope that is led in the output conveyor and is, by means of one bottom and
three top suction discs slightly opened in order for a trouble-free inserting of components
into the corresponding envelope. Then, the machine moves the filled and open envelope
one step further, where the envelope-moistening mechanism applies a fine film of dis-
tilled water on the adhesive part of the envelope. With the following step, the machine
automatically closes and seals the envelope. In the packing process, it is possible to,
according to customers’ requirements, select the number of used sections from 1 to the
maximum of 6. The variability of packing possibilities is high, not to mention that each
feeder in a section can be modified in two axis – thus change the dimension of the
capacity feeder with regard to the letter width and the dimension with regard to the letter
length. PSL is equipped by a number of control mechanisms, the task of which is to, in
case of a problem or anomaly occurrence on the packing line, ensure the line running to
stop. There is a high occurrence of such situations in practice that, during pulling-in a
letter by a suction disc, when the paper is greasy and glued together, two or three letters
are not separated from each other, the suction disc pulls them downwards and separation
rails separate them from the remaining part of letters which are in the capacity feeder.
As it is not desirable for an envelope to contain several letters of the same kind, a con-
trol mechanism is installed which warns about the error in question and concurrently
stops the line. Specifically, when the incorrect thickness is detected (number of pulled-in
letters), PSL is automatically blocked, at the same time a red diode flashes up on the
arm where the problem has occurred. Another quite frequently used control mechanism
on the packing machine is empty envelope presence detection on the conveyor strip. In
order to correctly pack the components into an envelope, there is a position switch in
the so-called collecting point – place where components from sections 1–6 are inserted
into the envelope. If the switch detects a discrepancy, the electric circuit turns on and
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the line is subsequently stopped. It happens during the last step that the handle on the
conveyor strip does not supply the filled envelope to the capacity feeder completely. The
most frequent cause of this error is the incorrect arrestment of the distribution chain, on
which the handles are placed. If such a situation occurs, the machine is equipped with
a position switch that works in the same way as the one in the collecting point. PSL is
usually operated by one or two employees. The need for the other operator was argued
as the effect of various factors, such as employee’s experience, set speed of packing,
number of required attributes in one envelope or an ability of an employee to quickly
and effectively eliminate the error on the machine [8]. During the full use of shears – 6
pieces and the highest recommended speed, it was a common practice for two operators
working on the packing machine.

2 Implementation of Quality Tools in Practice

In order to find out the weakest points in the packing process with regard to a frequent
occurrence of downtimes, aspect which may potentially lead to the occurrence of a
downtime on the line, were identified by a form of brainstorming. A diagram of causes
and consequences – Ishikawa diagram was used (Fig. 1).

This diagram presents possible causes leading to downtimes, classified into five
categories according to the source causing the occurrence of downtime. The results of
brainstorming have revealed some previously unidentified potential causes of downtime
occurrence. For example, the generation of electrostatic induction during pulling out a
letter from the feeder, when by the letter friction against the iron edge, static electric
charge is induced on the bottom side of the letter, causing a slight floating of the letter
during the transport to the collection point and subsequent complications during packing.
These phenomena are in the technical practice identifiable [9] and it is possible to
minimize their effect also by means of suitable maintenance [10, 11].

The causes of frequent downtime occurrence were analyzed also by means of ‘5
Why?’method. By repeated answers to suitable structured question ‘Why?’, some poten-
tial causes of downtime occurrence were identified. An example of this implemented
method is shown in (Table 1).

Bymeans of root cause analysis using the 5Why?method,we have come to a possible
solution to one of the whole range of problems causing frequent downtimes on the line.

In order to decrease PSL downtime rate, it was necessary to define selected factors
that significantly affect the downtime rate. For this purpose, FMEA method was used
[13, 14]. The height of one component feeder is 25 cm. If we fill the feeder to the top,
one feeder is completely emptied within 8.5 min with a thicker component (850 pcs) up
to 12.5 min with a thinner component (1250 pcs). There was an unwritten rule for PSL,
with full use of sections and one-operator service, to set the speed for 5250 pieces per
hour. The argument for the decrease in speedwas that the operator in control had to, apart
from the duty to take care of feeders, take pieces from the previous process and stock
other components, also stock their packed envelopes for the next process – binding. If
such an order is processed where it is necessary to use all feeders, the worker has no
time to carry out these tasks without occasional downtime occurrence. In Table 2, there
is a record of a 200 000-piece order course. The order was planned in such a way that
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Fig. 1. Ishikawa diagram – PSL downtime

at the beginning of the shift, everything was set and it was possible to start packing. In
the second column, we can see the code marking of the order. The first number means
quantity, second means the number of components in one envelope, the letter L means
that the envelopes are sealed directly on the packing line. The last entry is the time after
which it comes to the planned shipment of order. Hourly target – the sixth column, was
determined based on several factors, primarily it was logistic planning, operator’s skill
assessment, etc. For this order, the set target was to pack 5250 envelopes per hour.

It is apparent from the table that the target was followed only for 2 days. Further,
we can see the numbers of downtimes within feeders and the total downtime duration
in minutes during a day. As we can see, the hourly target of 5250 pieces was achieved
twice in five days. By wrongly set hourly target as well as many downtimes, it was
necessary to work overtime, i.e.: to come to work also on Saturday. Yet the overall
evaluation was generally positive. Despite this, the order was successfully finished on
time. This is a bad approach to the improvement, which we can encounter in many
organizations. The improvers focus on one cause, mainly the one that causes an error
the most frequently (generally based on Paret analysis) and based on the reduction of its
effect, they evaluate the improvement degree often by means of a static method. Such an
approach may be highly effective if the conditions, settings or process environment do
not significantly change. Should there be frequent changes of setting, weight, shapes or
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Table 1. Root cause analysis using the 5Why? method

Problem definition Packing machine stopping
– downtime occurrence

1 Why? Why did the machine stop? One of the feeders ran out of
components

2 Why? Why did one of the feeders run out
of components?

Because packing machine operator
did not refill the feeder on time

3 Why? Why was not the feeder refilled on
time?

Because the operator did not know
the feeder level was so low that it
was necessary to refill it

4 Why? Why did not the operator know the
feeder level was low?

Because they did not get the
information about the necessity to
preferentially refill the components

5 Why? Why did not they get the
information about it?

Because during feeder operation on
one PSL side, it is not possible to
see feeder the other side of the line

Solution Installation of suitably placed
mirrors
Identification of the local
magnetic field change [9]

Table 2. Downtime record on PSL caused by non-refilling of feeders.

Downtime monitoring 
Shift Order Target Total per 

shift 
Hrs. Target 

(hrs) 
Average
(hrs) 

Downtime occurrence in
feeder (Z) 

Sum Down-
time 
(min) Z1 Z2 Z3 Z4 Z5 Z6

Shift 1 200 000 
6-L  

7 days 

200 000 38 918 7,5 

5250 

5189 5 2 2 1 0 1 11 8,5 
Shift 2 161 082 39 473 7,5 5263 4 0 3 2 0 2 11 7,4 
Shift 3 121 609 39 045 7,5 5206 2 1 1 1 1 1 7 7,6 
Shift 4 82 564 39 263 7,5 5235 2 2 1 0 0 1 6 6,8 
Shift 5 43 301 39 645 7,5 5286 2 2 2 2 0 0 8 5,2 
Over-
time 

3 656 3 656 0,75 4875 1 1 0 1 0 0 3 1,9 

Total 52,5 h 0 200 000 38,25 5250 5229 16 8 9 7 1 5 46 37,4 

quality of entries, as it is in the process analyzed by us, an error being dominant today
may be minor tomorrow or vice versa. Therefore, it is better to use dynamic quality
improvement tools in such conditions. It is also totally inappropriate to determine target
values (hourly target), the determination of which is generally performed based on some
habitual rules. Lower target values than PSL capacity declared by the manufacturer then
cause the downtime values declared in records do not look so redoubtable. Therefore, in
the company we analyzed, it was inevitable to radically change the approach to process
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quality improvement. Further, we will describe the change of approach to downtime
minimization.

2.1 Downtime Minimization

Apart of the change in attitude to downtimes was also the implementation of a regulatory
diagram. The regulatory p-diagram describes the change of proportion of inconsistent
units within the researched sample (subgroups) depending on time. It is the most fre-
quently used attribute diagram. The standard deviation of the selective division of faulty
product fraction changes inversely with the subgroup size. Selection size change natu-
rally changes this value. As the selection size increases, the standard deviation decreases
and vice versa. Since the regulatory limits and zone borders are calculated based on this
value, when the standard deviation changes, regulatory limits and zone borders change,
as well. There are two basic ways of using p-diagrams. The first is p-diagramwith pre-set
limits and the other one is p-diagram with calculated regulatory borders, which we used
to analyze 20 work shifts, which, with the exception of public holidays, ran consecu-
tively. All cases were extensive orders using at least five document sources. Historical
data were processed, having selected only those shifts when only one operator was work-
ing. Unlike in the previous evaluation, we have used, as the size of logical subgroup,
the hourly value of 6000 envelopes, i.e.: the maximum PSL capacity recommended by
the manufacturer. Individual diagram points are arithmetic average of hourly values of
really processed outputs per one 7.5-h shift. As we can wee in the Fig. 2a, with such
setting, the p-diagram shows average hourly downtimes on the level exceeding 13%.

Fig. 2. p-diagram: a) downtimes on PSL, b) with pre-set regulatory limits.

The diagram also shows an apparently high variability and exceeding both top and
bottom regulatory limits. Significantly worse results with this output than with previ-
ous evaluations are caused by the fact that no other target values than the maximum
value proposed by the manufacturer are considered. Further, we conducted a following
experiment that stemmed from the fact that, within 20 consecutive shifts (except for
public holidays and the day when PSL line was adjusted), i.e. when the maximum per-
formance was required, we researched the downtimes of the line in question, yet, with
two-member operation. One operator was on the control side of the line, while the other
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operated the feeders on the other side. The p-diagram of downtime rate made from the
results of 20 shifts from such an experiment is in Fig. 2b. It is evident from the diagram
that the average hourly downtime rate decreased to as little as to 7%, i.e., by almost a
half. Within the mentioned experiment, all parallel operations carried out at the same
time were recorded and an image of worktime use was made. The results of this analysis
were formulated into 10 basic rules, which we cannot present (as it is the intellectual
property of the company). Then, the experiment continued again with full 20 shifts,
however, with only one-member operation. P-diagram with pre-set regulatory borders
was used (Fig. 3a) for regulation. Pre-setting of regulatory limits was done based on the
values acquired on PSL with two-member operation.

Fig. 3. p-diagram: a) with pre-set regulatory limits b) with calculated regulatory limits.

After each shift, where the downtime rate exceeded the top tolerance limit, an anal-
ysis, stratification of particular downtime causes, their evaluation using Paret analysis,
as well as preventive measure proposal were made so that the existing status did not
repeat the following day. It is clear from the diagram that there was certain improve-
ment after some time. In order to evaluate more exactly what improvement was made,
we have made, for the same downtime values, a p-diagram with calculated regulatory
limits (Fig. 3b). According to this diagram, the total average hourly downtimes during
the whole 20-shift experiment were on the level of 8%, with a considerable decreasing
trend evident from the diagram.

3 Conclusion

On a specific example of a PSL operation, we have demonstrated the effectivity of
using dynamic downtime monitoring by means of p-diagram. It is apparent from the
result of the experiment that, with some processes, especially with processes where
entry parameters, machinery or environment setting may significantly change, it is more
efficient to use dynamic quality improvement tools. These, unlike static tools, consider
the changes of particular parameters in time.
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Abstract. Human in the work environment interacts with various means of work
and technical equipment, so it is important that the work environment is adapted
to eliminate negative effects on health and productivity at work.

Anew trend in theworld is to introduce solutions in the formof exoskeletons to
the givenworkplaces within the framework of prevention and a healthyworkplace.
These are mostly mechanized devices, some with electrically driven parts. These
devices work according to a biomechanical principle, distribute a workload and
transfer it to different body parts with a help of the exoskeleton’s support structure.
In industrial practice, employers still have little experience with exoskeletons.
A certain shortcoming is the lack of methodology for ergonomic analysis and
optimization of workplaces with human operation, due to new elements of support
tools and equipment at the time of digitization, increasing production efficiency
and ensuring production quality and occupational safety.

Keywords: Human factors ·Musculoskeletal disorders · Exoskeletons ·
Physical load

1 Introduction

Human factor in production system must have certain qualitative and quantitative char-
acteristics based on physical, physiological, and psychological aspects. Human needs to
be adapted and ready for a given job in terms of psycho - physiological and qualification.
Theworkplace should allowmaximumproductivity withminimum effort. Themain idea
is to adapt work and working conditions to a person, improve working conditions with-
out endangering health, make the working environment more pleasant and increase the
efficiency of work activities. Basic factors that are needed in a complex work system to
improve are:

• Human - adaptability and readiness for a given job in terms of psycho – physiologi-cal
and qualification.

• Work process - taking into account the possibilities of man, ensuring the optimal and
economic use of his abilities.

• Workplace - achieving maximum productivity with minimal effort.
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• Work environment - elimination of disturbing factors that adversely affect human
health, performance and safety.

• Work equipment - machines, tools, implements should be designed and placed in
accordance with anthropometric conditions and psycho - physiological capabilities of
man.

Human in thework process has its abilities and limitations, therefore it is necessary to
adapt theworkplace to his possibilities, abilities andknowledge.Humanperformance can
be increased by applying ergonomic knowledge to the design of the work environment,
and thus reduce its load. This brings an increase in economic profit and a reduction
in the cost of repairing the damage caused by the high workload of workers, incorrect
organization of the working environment, etc. [1].

The National and the European Agency for Safety and Health at Work unanimously
note that damage to the musculoskeletal system (MSS) is becoming an increasing prob-
lem and needs to be prevented,with a thorough ergonomic risk assessment in the interests
of safety and health at work. Injuries at the workplace also increase with the increase in
the average age of the workforce, as well as with the insufficient training of new workers
and the use of personal protective equipment (PPE) at work [2, 5].

A person’s performance is determined by physical constitution, motor skills, mus-
cular strength, function of sensory organs, mental ability. In addition, performance is
also affected by gender, age and working conditions. The adaptation of a person to
working conditions is influenced by several factors: the type and content of the work
activity, i.e. the nature of work tasks and operations, the technology used, the machines,
the equipment, the materials; risk associated with the performance of work - harmful
working environment, risky machines; work and rest regime - system of breaks during
change, forced work pace, unevenly distributed workload; social climate in the work-
place - interpersonal relationships, level of social support. The boundary of the adaptation
mechanism is formed by a state in which the parameters of the working environment
exceed the limits endangering human health, motivation and work productivity [3].

With the development of automated workplaces, the workload of operators is
reduced, which does not apply to all activities, especially assembly and handling [4].
Up to 60% of all reported health problems are diseases of the musculoskeletal system.
As many as 45.0% of workers report back pain from a proportion of reported health
problems, 44% of workers report upper limb pain, 30% of lower limb pain, and 60% of
workers have one or more problems [5].

A new ergonomic prospective solution as personal protective equipment within pro-
tection and prevention of health at work projects the wearable exoskeletons. These
are mostly mechanized devices, some with electrically driven parts. These devices are
intended to change the way a person exerts forces against other objects, or the way a
person receives or experiences externally applied forces. In industrial practice, employ-
ers still have little experience with wearable exoskeletons, and for wider deployment in
industry, targeted research is needed to give companies arguments for the effective use
of wearable exoskeletons according to the type of load and activity in the interest of
safety and health at work.
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2 Consequences of Physical Activity and Other Health Risks
of Workers

In the European Union, around a third of all employees have to work with workloads
daily and spend most of their working time there. Hand handling weights mean lifting,
holding, carrying, storing or pulling heavy objects, either individually or by several
employees at the same time. Manual handling of the weight can cause: damage to health
caused by constant, gradual deterioration of the skeleton and muscles (e.g. lower back
pain) and serious damage (e.g. bone fractures; bruises or injuries caused by accidents).

The differentiation of the prevalence of Musculoskeletal disorders (MSDs) by gen-
der, age and level of education underlines that there is a need for diversity-sensitive
approaches/ risk assessments to better prevent and manage MSDs.

2.1 Exoskeletons – Features, Function

There are several classifications of exoskeletons. According to the principle of action,
they are divided into active and passive exoskeletons. Active devices use an external
energy source, while mechanical passive exoskeletons rely on kinetic energy and human
strength [6]. Exoskeletons can also be classified according to the focus of human limb
support on: upper limb exoskeletons (including or without hands), lower limbs, and
whole body exoskeletons. The difference between active and passive exoskeletons based
on their application is that robotic/active devices replace human labor, while mechanical
exoskeletons are based on knowledge of robotics and biomechatronics in order to expand
human opportunities in various movement activities [6, 7].

Exoskeletons are located on the user’s body and act as amplifiers that support,
enhance or restore human performance. The opposite would be a mechanical prosthesis,
such as a robotic arm or leg, to replace the original part of the body. They can be made
of hard materials, such as metals or carbon fibers, or they can be made entirely of soft
and elastic parts. Can be powered and equipped with sensors and controls or can be
completely passive. May be movable or fixed/suspended (usually for rehabilitation or
tele-surgery), may cover the whole body, only the upper or lower limbs or even a certain
segment of the body, such as the ankle.

Fig. 1. Wearable upper body exoskeleton suitable for overhead work (left) and for lower body
suitable for work in various working positions (right)
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Placing tools on a high shelf or changing production parts may not be difficult,
while performing one of these tasks thousands times a day or about 1 million times
a year significantly increases the load on individual body segments. This rate signifi-
cantly increases the likelihood of fatigue or body injury. A new wearable upper body
exoskeleton helps reducing the likelihood of injury (Fig. 1 left).

The “Chair” exoskeleton (Fig. 1 on the right) allows employees to sit at short assem-
bly intervals. Body weight is transferred to the floor using two adjustable elements. It
allows work that is light for the joints and back, and improves posture. The intention
is preventive protection against health damage to the back and knees. Health effects
have not yet been recorded, neither positive nor negative, on the other hand, mostly
positive feedback from employees is known. Therefore, it is necessary to carry out sci-
entific studies to verify the reduction of workload when using “chairs” and other types
of exoskeletons, as well as to define criteria for occupational health.

2.2 Basic Requirements for Exoskeletons in an Industrial Environment

The exoskeleton should be anthropomorphic and ergonomic, not only in shape but also in
function. The interaction of the exoskeleton with the user involves three main modules:
senses, decision and performance [8]. The exoskeleton must be able to interact with the
human body, a complex kinematic structure that contains multiple degrees of freedom
of movement. Exoskeletons must have a large number of active joints, each with a wide
range of motion, to be able to monitor and assist in movements in a large workspace.
When using exoskeletons, new potential health risks may arise due to the redistribution
of the load to other areas of the body. The use of exoskeletons also affects motor control,
joint stability and altered kinematics [9]. One reason may be, for example, the level
of discomfort associated with wearing an exoskeleton [10]. Other concerns regarding
passive devices are related to the potentially increased activity of the leg or armmuscles.
The teamof authors [11] address the need for improvedmanagement strategies that allow
smooth movements at normal to fast rates. In creating such a management strategy, there
are demands for human-machine information exchange, real-time motion planning and
security control.

3 Risk Factors at Workplace Ergonomics

It is obvious that work environment factors can significantly affect a human behavior
and health. This is also the case of ergonomic risk factors, which considerably contribute
to human well-being and health. In any work system, the employee is thus exposed to
a load, whether one-time or continuous, overload or, reasonable load. The relationship,
causes, and consequences of a load are illustrated in a flow chart in Fig. 2.

According to the available literature dealing with ergonomic issues, the risk factors
affecting the employee during work are as follows: extreme and unnatural positions of
the joints, insufficient rest, frequency of repetition of the samemovements, static load on
themuscles at work, temperature, heat generally increases physical activity at work, cold
reduces tactile ability, individual factors (pregnancy), diabetes, vitamin B6 deficiency,
contraceptive use, endocrine disorders, etc., mechanical hazards (contact with edges
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and pressure on soft tissues), noise and vibration (damage nerves, blood vessels and
the musculoskeletal system [12]), electromagnetic field [13], lighting, force load, other
factors - task and shifts work, lack of freedom for the initiative of the worker, social
aspects of work organization, etc.

Many of the above-mentioned factors lead by their action, either one or cumulatively,
to unpleasant occupational diseases [14].

Working object and means

Activity requirements

muscle sensory mental 

Working environment conditions

physical, 
chemical, and

biological

risk of work-
related injuries

social
factors 

objective  sources 
of load

loadpositive impact of a reasonable 
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negative consequences of over-
limit or sub-limit load

- increased adaptability
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- increased physical efficiency
- gaining new experience and 
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- negative behavioral changes
- subjective negative body 
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motion sensory mental 

physical, sensory and mental equipment of a standard human

Fig. 2. Scheme of relationships, causes and consequences of workload in the work system

4 Application of the Ergonomic Evaluation Method
in the Workplace

Physical activities in occupations such as manipulation, static and dynamic positions,
unexpectedmovements and repetitive postures are among themost important risk factors
for work-related musculoskeletal disorders (WMSD) [15]. There are many ergonomic
methods for evaluating WMSDs that can be used in a variety of cases, but these evalua-
tions and analyzes cannot be beneficial in themselves and should be supported by useful
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empirical suggestions for improving working conditions. The method for evaluation and
analysis of the state of work of the upper body were the RULA method (quick evalua-
tion of the upper limb) was applied in the working position in Fig. 3 (left). The RULA
method is divided into three parts with eleven steps. Section 1 analyzes the positions of
the hands and wrists by adding points related to the selected situation. Part 2 analyzes
the posture of the neck, upper body and leg, but without the effects of the exoskeleton. In
Sect. 3, the results from Sect. 1 and Sect. 2 are combined into a holistic result. Positive
changes are observed due to the support from the armrest (part 1) and the assumption
of the compensating force (part 2). The result is based on a table that uses the input
parameters calculated in parts 1 and 2.

In Fig. 3, there is the output of the RULA method without the use of upper limb
and back support, i.e. without an exoskeleton, in the Fig. 4 can be seen the output of the
RULA method using the support of the upper limbs, i.e. the work activity performed by
means of the exoskeleton.

Fig. 3. RULA analysis of the working posture without exoskeleton

The ergonomic risk in the case of a job position without the use of an exoskeleton
was assessed as unacceptable, there is a high probability of damage to the worker’s upper
limbs. When using the exoskeleton in the same working position, the risk was reduced
to acceptable, there was a change in the support of the upper limbs and spine. The
resulting assessment of ergonomic risks by simulation of the working position shows
that exoskeletons can be an important personal protective equipment in order tominimize
damage to the musculoskeletal system. Further research will be done to assess the risks
of whether the use of an exoskeleton could lead to other risks in the work environment.
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Fig. 4. RULA analysis of the working posture with exoskeleton applied

5 Conclusion

People in the work environment interact with various work equipment and technical
equipment (computers, production machines, handling and transport equipment, etc.),
so it is important that the work environment is adapted to eliminate the negative effects
on health, motivation and productivity at work.

The use of exoskeletons has the potential to benefitworkers by augmenting a person’s
strength, making him or her able to exert more force than normal, and reducing the
strength exertions required of the person to perform a specific task.

The implementation of exoskeletons could be one of the solutions to increase human
capacity and at the same time to reduce the large number of damage to the musculoskele-
tal system during work activities in industry. Safety is essential for both commercial and
legal acceptance of industrial exoskeletons [16].

The obtained results showed that it should be safe and quite effective to apply indus-
trial exoskeletons to workers who had to do physical work while performing work tasks.
The applied procedures can significantly improve approaches to examining the func-
tional state of the worker and the results obtained will significantly contribute to the
development of the regulatory and technological basis for promising personal protective
equipment [17] used to protect the musculoskeletal system within the existing system of
safety standards [18]. Behavioral safety is a popular approach to increasing occupational
safety [19].
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Abstract. Magnetic field is an information medium for security applications as
well as other physical fields. From the security point of view, the magnetic field
is the second safest physical field just after the gravitation field, because it is hard
to manipulate the magnetic field in wide area without notice and it is impossible
to shield it completely. Magnetic field variations can be generated by several
different sources - by the movement of the object in the Earth’s magnetic field,
by the current flow between the device and the power lines, by the changes in the
residual magnetization caused by the temperature change of the object and others.
The presented article describes examples of the possibilities when securing the
objects by magnetic sensors, the experimental part of the article presents a set
of basic experiments to demonstrate the possibility of using magnetometry for
security applications.

Keywords: Security · Safety · Protection ·Magnetometry

1 Introduction

Magnetic field is an information medium. Its fluctuations may be generated by a moving
object in the Earth’s magnetic field or by electrical currents running in appliances or to
them through wiring. Magnetic fields can be measured around many different sources.
The appearance of magnetic fields of devices depends on the quality of materials used,
their permeability, geometry, or defects [1, 2]. With a sufficiently sensitive measurement
device – magnetometer – it is possible to pick up changes in the states or movements of
machines at production facilities and also physical values, like noise for example [3–6].
It is also possible to transmit image information with appropriate encryption [7].

The security of areas and objects is very important nowadays. Anyone can acquire
different devices and aids to abuse them for illegal activities in the security related fields.
Development of security system solutions for areas of interest or buildings is necessary
[8–10], in some cases it leads to the ideas about dualism – in an operational mode as a
monitoring system for operational safety and in a guard mode as a security (sub)system
protecting against unauthorized intrusion. However, also in these cases it is important
to pay attention to increase the reliability and innovation of these systems, for example
by an efficient EFQM method [11].
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2 Spatial and Object Security Systems

Every security system consists of several basic types of protection: operational protec-
tion, physical protection, and technical protection. Together, these three types of protec-
tion form the integrated security system, the most important of which is the technical
protection. The technical protection has priority in preemptive and detection functions;
therefore, it is necessary to combine it with physical protection. The basis for active tech-
nical protection is reliable and suitably installed electrical/electronic security systems.
In terms of spatial focus, technical protection can be divided into perimeter, envelope,
spatial and object protection.

Perimeter protection elements protect and signal the disturbance of the external parts
of large buildings or building complexes on a separate plot. Unlike sensors used inside
a building, sensors used around the perimeter of a building usually have a greater range
(tens to hundreds of meters). According to the principle used to detect the violation of the
protected area, we can divide electrical circuit protection into several groups. These are
passive infrared, microwave and dual detectors, infrared and microwave barriers. This
also includes systems for detecting the crossing of a fence andmovement in the perimeter.
The envelope protection of buildings is used to control the disturbance or attempts
to disturb the envelope of the protected building. Detectors for envelope protection
mainly check construction openings in the envelope of buildings - windows, doors,
ventilation and air conditioning shafts, etc. Spatial protection is a very good alternative
or complement to envelope protection, based on active and passive detectors [12–14].
The elements of the spatial protection are intended to protect the interiors of the objects
by indicating themovement or presence of an intruder during guarding. These aremainly
key points such as stairs, halls, connecting corridors, special rooms, etc.

3 Technical Security by Magnetic Field

A specific area of application of magnetic sensors are security systems for perimeter
protection and spatial protection. The simplest magnetism-based solutions use magnetic
switches and magnetic proximity sensors, which are commercially available in various
sizes, casings and designs. Another way of simple security is the so-called magnetic tag.
Its task is to prevent unauthorized removal of the marked object from the protected area.
The idea of using a vector magnetometer in the role of a security system is addressed in
several development workplaces around the world.

The system with a sensitive vector magnetometer is also able to detect shocks and
peaks in the magnetic field arising from the activity in the distribution network, turning
on/off electrical appliances. Thanks to digital data processing, it is possible to set the
system so that it is insensitive to the frequency of 50 Hz and higher, while changes in the
low-frequency field are sensed as disturbance. The system works by defining a certain
limit value of the magnetic field (threshold deviation from the reference value). The
advantage of this solution is the possibility of placing the permanent magnet at a greater
distance from the magnetometer than just a few centimeters like with magnetic switches.
Another possible use of the vector magnetometer in security is protection against a
car entering the protection zone. These principles served as inspiration in testing the
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application of the multichannel magnetometer VEMA-041 [15, 16]. The magnetometer
is a vector magnetic analyzer with the frequency band from DC to 250 Hz (1000 Hz
sampling). The sensitivity of the magnetometer is approximately 2 nT/LSB (the specific
value depends on the probe used) in the range of measured fields ±70,000 µT. Its four
probes allow different geometric configurations, and their calibration is performed using
neural networks to achieve optimal results [17, 18]. The latest experimental version of
this magnetometer [19] improves its metrological properties.

Whenusing a vectormagnetometer in a security system, it is necessary to consider the
existing magnetic field background of the secured area. Items of daily consumption and
equipment complete the character of the magnetic image of the room. Fields generated
by the electrical distribution network at frequencies of 50/60 Hz and their harmonic
multiples, which arise due to the use of reactance loads and uneven loading of phase
conductors, are also a significant signal of themagnetic background.Due to the influences
of all local fields of objects in space, the measured magnetic field represents a dynamic
image. Long-term measurements of the 24-h magnetic field evolution, performed in the
area of interest prior to the system placement, help tune signal processing algorithms to
minimize false alarms. The simplest method of detection is to process the deviations�B
arising as the difference of the nth sample of the measured averaged anomalous field Ba

and the background field Bb according to:

�B = B̄a(n) − B̄b(n) = B̄a(n−1) · k − B̄a(n−k) + B̄a(n)

k
− B̄b(n−1) · l − B̄a(n−l) + B̄a(n)

l
(1)

where k is the width of the averaging window for the anomalous field and l is the
width of the averaging window for the background field (l should be greater than 30,000,
i.e. an interval of 30 s for optimal results). As another source of information about what is
happening in the area, it is possible to use the variance or standard deviation of signal in
the basic processing, which corresponds to the effective value of changing signals in the
area of interest. The intruder may use power tools to generate alternating fields, which
can also be identified by a magnetometer. Different types of digital filters can be used for
improved signal processing. To verify the basic assumptions of the functionality of the
magnetometer in the detection of anomalous fields in the role of the security subsystem,
several experiments were performed with a distribution of the magnetometer sensors
into the corners of a square with sides of 2 m in the test room, as seen on Fig. 1.
The tested sensors in one case were oriented axially in the same direction (parallel
arrangement), and in the orientation to the center of the square (X arrangement). The
basic experiments consisted of a passing car in the vicinity, opening a door marked with
a permanent magnet, moving a chair, manipulating an object marked with a magnetic
tag, turning on the lights in the room (Fig. 2, Fig. 3, Fig. 4 and Fig. 5).

The route of the car with a speed of approximately 15 km.h−1 led at a distance of
5 m from the edge of the square created by the layout of the magnetometer sensors. As it
can be seen from the graphs, the system detected changes when objects were moved or
changed inside and outside the room. The natural properties of the constructionmaterials
of the objects (chair, PC cabinet, etc.) or theirmarkingwith a permanentmagnet (wooden
door, rare object, etc.) were used.
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Fig. 1. Experimental room

Fig. 2. Waveforms of a car passing by

Fig. 3. Waveforms of a chair moving

Plastic windows can also be easily marked with a small neodymium magnet. Upon
activation of the system, changes in signal scattering may indicate human activity in the
area of interest or its protected environment. Switching electrical appliances on/off will
cause the load on the electrical grid to change. This change is manifested by the change
in the amplitude of the alternating magnetic fields.
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Fig. 4. Waveforms of opening a door

Fig. 5. Waveforms of the movement of a tagged object and switching on the lights

Fig. 6. Possible complex magnetometer orientations

Multi-channel vector magnetometers (as for example the used VEMA-041 magne-
tometer) can be effectively used as part of a security system. Experiments have shown
that a magnetometer with equivalent parameters to the VEMA-041 should be able to
secure a space of at least 6 m x 6 m x 3 m. The arrangement of the sensors in X, with
respect to the directional properties of this arrangement, has proven to be more suitable
when using four channels. For a more complex security system, it is possible to use
several 4-channel magnetometers connected to one superior system (Fig. 6).

The magnetometer as a security device can also work outdoors, where it is able to
create a protective perimeter using several measurement channels, which can be used to
guard the entry of vehicles and low-flying objects into the guarded area. This concept
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is based on the detection of objects with electromagnetic fields in the frequency range
of 3 Hz to 30 kHz. For example, small unmanned aerial vehicles (UAVs) can also be
detected in this band. The concept of the exterior detection system with respect to the
results considers the coverage of the band of 3 Hz to 300 Hz by a relaxation or microwire
magnetometer [20, 21], 300 Hz to 30 kHz by means of an induction magnetometer [22].
By combining these two systems, it is possible to implement a detection subsystem for
ground and air intruders based on the measurement of magnetic fields [23–25].

Fig. 7. Pseudo-color visualization on the surface of the unit sphere

Fig. 8. Spectrum of BLDC motor in the speed range from 40% to 100%

Figure 7 shows the normalized spatial directional characteristics obtained from the
measurements of a small quadcopter at a distance of about 1 m with an induction mag-
netometer on a special non-magnetic device (tangential orientation of the sensor). For
its creation, the largest spectral line among the lines of the corresponding motors was
being searched in the 8 kHz region. Based on the results, it can be stated that in the lower
hemisphere (in the z-axis) the measured UAV produces twice the anomalous fields than
in the upper hemisphere, the smallest fields weremeasured in the plane of the quadcopter
structure.
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Figure 8 shows the number of frequencies in the range of up to 25 kHz, which is
generated by one electric power part (ESC+ 80WBLDCmotor) of the smallmulticopter
[22]. Engine speed was increased in the range from 40% to 100% power with the 10%
increments. By sensing the magnetic field with a suitable inductive magnetometer, it is
therefore possible to detect various flying objects in the immediate vicinity of buildings
even in a fully autonomous mode.

4 Conclusion

Based on the experimental results, it can be stated that the measurement of magnetic
fields in buildings and/or around them is a suitable complementary system in the solution
of tasks of interior and exterior security. All the basic manifestations of human activity
tested could be monitored in magnetic field and they caused sufficient change in the
sensed signals to be identified as a disturbance of the area of interest, thus triggering the
alarm.
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Abstract. The ergonomics audit conducted at the Embassy in the Philippines was
done in order to identify ergonomic hazards in the office and propose practical
solutions to these problems. The result of the audit is used as input to educate
employees about ergonomics principles and how these can be used to prevent
musculoskeletal disorders. A total of 27 people mostly female (89%) responded
to the symptom survey. Fifty-nine percent (59%) of the respondents complained of
discomfort. Themost complainedbodyparts are the lowback, hand/wrist, shoulder
and neck. The values obtained from the audit showed that illuminances in some
areas exceed recommended values. In order to address the problems identified,
recommendations were given for implementation by employees andmanagement.
Ergonomics training was conducted for the purpose of educating employees how
to prevent common musculoskeletal disorders experienced in the workplace.
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1 Introduction

The office is a worker’s second home. A great percentage of a person’s waking time is
spent in this environment so it is crucial to keep it safe, convenient, and stimulating. The
modern workplace changes every day as a result of the introduction of new technologies,
equipment, and furnishings. However, employees may not be knowledgeable of how the
office environment affects their personal well-being.

Many workers use furniture available in the office without a conscious effort to fit
them to their needs. As such, they may experience discomforts that they sustain for a
significant period of time.

In order to address these occupational ergonomics issues in the workplace, this study
wants to achieve the following specific objectives:

1. Document the occurrence of musculoskeletal problems in the workplace and the
perceived causes of these problems.

2. Identify ergonomic hazards in the workplace by conducting an audit.
3. Provide practical recommendations for preventing ergonomic hazards.
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R. S. Goonetilleke et al. (Eds.): AHFE 2021, LNNS 273, pp. 244–251, 2021.
https://doi.org/10.1007/978-3-030-80713-9_32

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-80713-9_32&domain=pdf
https://doi.org/10.1007/978-3-030-80713-9_32


SPEED at the Embassy in the Philippines 245

2 Audit Methodology

2.1 Ergonomic Symptom Survey

Many tasks in the office have the potential for ergonomics hazard. The purpose of the
symptom survey is to:

• Identify areas of discomfort in the body of employees
• Determine the type and extent of discomforts experienced by employees.
• Recognize employees’ perception of the causes of these discomforts
• Determine actions taken by employees to remedy these discomforts

The results of the survey were summarized and analyzed to identify prevalent prob-
lems in the workplace. Such information was used to unearth possible causes related to
workstation design.

2.2 Illumination Measurement

A sampling of offices and work areas was done to measure illumination. Illumination
measurements were taken in order to know if sufficient lighting is provided to all work-
stations. Working in dim light can cause eye strain because the person struggles to
maintain a clear vision despite of the condition. On the other hand, the presence of glare
whether direct or indirect can cause headaches, eye strain, and fatigue that can severely
affect the productivity and morale of workers.

Illumination was measured using a lux meter. The lux meter measures the amount
of light falling on a surface and the value obtained is compared to established standards
found in literature.

During the audit, the lux meter is placed on top of the area of interest (i.e., writing
and reading area) so as to measure the illumination at that point.

2.3 Postural Analysis

Workers in offices usually work more than 5 h a day in a sitting position. The long
working hours can result in manyWMSD’s such as back pain, wrist pain, and neck pain.
In order to diagnose possible causes of these disorders a postural analysis was conducted
to determine deviations from neutral postures.

Several pictures were taken while the employees are working. Areas of interest in
the pictures are the following: wrists, upper and lower arm, upper and lower back, legs
and neck.

2.4 Workstation Analysis

Workstations currently used byworkers were also analyzed to determine if they are fitted
to the workers. The Embassy employs mixed races who have significant anthropometric
differences especially with respect to height. It is not known if the workers have been
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trained to adjust their workstation and if the range of adjustment conforms to their zone
of comfort.

Workstation analysis was done by taking measurements of the chairs and tables that
were found in the sampled areas and compare them with Filipino anthropometric data
available in literature. Measurements were taken using a measuring tape.

3 Audit Results

3.1 Symptom Survey

A total of 27 people mostly female (89%) responded to the symptom survey. Fifty-nine
percent (59%) of the respondents complained of discomfort.

The most complained body parts are the low back, hand/wrist, shoulder and neck as
can be seen from Fig. 1. These are the body parts that are closely associated to poor and
static posture while typing for long periods of time.

Fig. 1. Summary of complained body parts

The body parts complained usually ache (44%) and experience pain (25%) which
last for a day and sometimes for a week. One person had experienced hand andwrist pain
for more than 5 years. She had been with the embassy for seven years and might have
been acquired from computer work. The most cited problem is low back pain (44%),
hand and wrist pain, shoulder pain, and neck pain (38%) as can be seen from Fig. 1.

Those who complained of discomfort attributed their problems to poor continuous
typing (31%), prolonged sitting (25%), poor posture, and prolonged use ofmouse (19%).
There are two employees, however, that have existing health condition that are not related
to their work.
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Thirty-one percent (31%) of those who complained went to company or personal
doctor to seek treatment. Treatment provided by the doctors generally helped the employ-
ees relieve their discomfort. Those who did not seek treatment thought that there is no
need to go to the doctor to relieve their pain so they self-medicated or rested to alleviate
their discomfort.

3.2 Illumination Analysis

Several offices and open areas were sampled, and the following illumination values were
obtained as shown in Table 1. These values were compared to recommended illuminance
values proposed by [1].

Table 1. Recorded illuminances

Workstation condition Range of illuminance (lux)

Without windows 180–374

Windows with shades 175–423

Windows w/shades (rolled up) 265–596

The values obtained from the audit showed that illuminances in some areas exceed
recommended values. Some areas are well illuminated especially if the window shades
are rolled up. There are areas where window shades are not used because employees
want to enjoy the view outside the office. However, not all people in the same area
welcome excessive illumination.

Glare
Close observation of the workstations revealed several sources of glare. Glare is an
interference of visual perception due to a very bright light source. Glare can cause dis-
comfort or be disabling. Discomfort glare still enable people to see information needed to
accomplish their daily activities but interferes with perception. Disabling glare decreases
contrast and reduces visibility.

Windows are sources of high intensity light on a bright day. There are a number
of areas that have windows and some employees observed do not use their shades to
prevent glare. Those interviewed are aware that they are supposed to use the shades
in the morning, but they do not want to do so because they enjoy the view. Using the
shades is a personal decision but employees should be aware that excessive light can
cause headache and can affect their sense of perception.

3.3 Postural Analysis

It was observed that more than half of the workers assume awkward postures while
working. Some examples of awkward postures observed are shown for illustrative
purposes:
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1. Extended arm

Most employees interviewed use computers for more than 5 h per day although they
take constant breaks. Based on actual observation some employees use their keyboards
with an awkward posture such as the one shown inFig. 2 below.The location of themouse
is too far from their body causing them to extend the dominant armwhile working. If this
position is sustained for a long time, shoulder pain will be experienced. The shoulder
exerts force to maintain this position and if this is repeated several times within the day,
it can cause stress on the shoulder.

Fig. 2. Extended arm

2. Deviated posture of lower arm

The picture below shows that the middle of the lower arm rests on the table. This is
an indication that the keyboard is placed a little bit high making the arms unable to rest
on the arm rest provided by the chair and maintain a 90-degree angle between the upper
and lower arms. This position may cause the wrist to also have an awkward posture.

Fig. 3. Deviated posture of lower arm
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Moreover, it can be seen that the lower arm comes in contact with the edge of the table
that can compress blood flow (Fig. 3).

3. Leg obstructions

One worker was observed to be in an awkward posture due to the small cabinet that
is blocking his thigh. The cabinet prevents him from sitting comfortably while typing
because his legs bump the cabinet (Fig. 4).

Fig. 4. Leg obstruction

3.4 Workstation Analysis

Ergonomic Chair
The backrest width of the chair is adequate to accommodate big employees in the
embassy. It is also made of mesh fabric which ventilates the back.

Although this chair has a headrest, not many people interviewed use them because
the height is not adjustable. As such, only employees whose head can rest comfortably
on the headrest can use them. Those that are too tall or too short turn it around because
it will only hurt the back of their heads.

The height is too high to be reached by the smallest employees of the embassy even
at its lowest setting. This would force small users to dangle their feet or use the chair
casters to rest their feet.

Some short employees do not lower the height of their tables. In order to reach the
table, they adjust their chair to maximum height so they can reach the keyboard and
type comfortably. The problem, however, is dangling of the feet and accumulation of
pressure under the thigh. After keeping this position for several hours, employees may
experience cramps in the legs.

The arm rest height is also too high for short employees.As a result, the armsmaintain
an awkward position when they use the armrest. The tendency is to raise elbow together
with the shoulders. Such position can cause shoulder pain.
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Although the chairs are adjustable in many dimensions, only a few employees know
how to make proper adjustments or bother to do so. The employees have also not
been trained on proper posture while working so they are not able to make appropriate
adjustments to their workstation.

Table
Tables located in offices have heights that are adjustable. This is a very good feature
because it can allow tall users to make adjustments to suit their height. Adjustment of
the height is also very easy because each table has a crank that is easy to manipulate.
However, although table heights maybe adjusted, they have not made any adjustments
due to the following reasons:

• They do not feel the need to adjust because they adjust their chairs
• They do not know that the tables can be adjusted
• They are not aware of the effect of table height on good working posture

4 Recommendations

The results of the ergonomics audit illustrated the major problems experienced by
employees in their workplace and the causes of these problems. A pro-active approach
of problem solving through proper education was proposed. If employees are adequately
trained about the proper ways of solving usual ergonomics problems in the office, man-
agement is unloaded the burden of constantly checking an employee’s workplace for
ergonomic hazards. Employees can also benchmark on good practices of other people
that generate immediate improvement.

Recommendations enumerated identify points of action, reasons, and responsibili-
ties. They address the causes of problems identified in the audit.

4.1 Ergonomic Training

It is believed that the best way to prevent ergonomic hazards in the office is to train
employees how to recognize these hazards and their effects to overall well-being.
Ergonomics training was conducted for the purpose of educating employees how to
prevent common musculoskeletal disorders experienced in the workplace.

4.2 Illumination

Employees should prevent glare by doing the following:

• Use window shades in the morning to control excessive illumination in their
workstation.

• Ensure that their work area is beside a light source. If an existing light source is too
bright and within their field of view, they should rearrange their workstation or ask
the building property section to decrease the number of lamps.
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4.3 Workstation

The chairs that are available in the Embassy should be changed in the future. The back-
rests are not adjustable vertically so the employees cannot set it to the appropriate location
that is comfortable. The embassy employs anthropometrically diverse populations, so it
is important to purchase furniture that has acceptable range of adjustment [2].

4.4 Job Characteristics

The Embassy should impose a mandatory rest break and exercise after two hours of con-
tinuous office work. Area supervisors should make sure that they follow the schedules.
If this presents a problem in terms of monitoring, the Embassy should schedule rest and
exercise through an automatic computer program that mandates them to stop working
for a few minutes.
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Abstract. This study examined the goodness-of-fit of using a sigmoid function
to characterize time-series angular displacement trajectories during two-handed
anterior lifting. Twenty-six participants performed two-handed anterior lifting
with a low (4.5 kg) vs. high (22.7 kg) load at floor vs. knee lifting height. A
sigmoid function with three parameters was fit to the torso-thigh included angle,
knee flexion-extension (F-E), and ankle F-E angles in the sagittal plane obtained
from body-worn inertial sensors. Mean ± SD RMSE between measured vs. fit-
ted trajectories were 3.6 ± 2.9°, 3.9 ± 4.2°, and 2.7 ± 2.8° for the torso-thigh
included angle, knee F-E, and ankle F-E angles, respectively. Findings suggest
that the sigmoid function adequately describes the trajectory shape of two-handed
lifting kinematics. Functional representations facilitate data aggregation and fea-
ture extraction in large time-series datasets encountered in inertial-based motion
analysis and machine learning applications.

Keywords: Lifting kinematics · Curve-fitting · Functional data ·Wearable
sensing

1 Introduction

Occupational lifting poses a significant risk to low back disorders [1]. Wearable inertial
sensing provides new opportunities for continuous, real-time assessment of physical
risk factors associated with work-related lifting. This is a critical step in the design of
targeted ergonomic interventions for injury prevention.

Recent studies also demonstrate the potential for combining inertial sensor-based
data with statistical prediction (i.e., machine learning; ML) to infer relevant lifting
parameters, e.g., load level, lifting height [2]. The predictive performance of such ML
algorithms relies on extracting representative kinematic features from continuous time-
series sensor data as predictor variables for characterizing lifting conditions. Commonly
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used features or predictors include point estimates (e.g., mean, range of motion, mini-
mum, maximum, trajectory kurtosis) of angular displacement, velocity, and acceleration
at the torso, hip, knee, ankle and measures of inter-joint/segment coordination to distin-
guish different lifting task parameters [3, 4]. However, point estimates fail to adequately
capture the shape features of the overall time-series trajectory. Functional data represen-
tations are useful for this purpose. The objective is to represent the time-series data with
a function containing a fixed and usually small number of parameters in vector space.
Another benefit of functional representation is data reduction or aggregation whereby a
simple function can capture the essence of a large set of time-series measurement data.
Curve-fittingmethods have also been used in characterizing hip and knee postural angles
during lifting tasks, including hyperbolic tangent function [5].

This study examined the use of sigmoid functions to represent the overall shape of
kinematic time-series data during two-handed anterior lifting. Specifically, we analyzed
the goodness of fit of a sigmoid function to characterize the torso-thigh included angle,
knee flexion-extension (F-E) angle, and ankle F-E angles in the sagittal plane during
two-handed lifting. The effects of load level and lifting height on the goodness of fit
were statistically assessed.

2 Methods

An experiment was conducted wherein 15 men and 11 women performed 2 repetitions
of two-handed sagittal lifting at two load levels, i.e., low (4.5 kg) vs. high (22.7 kg) and
from two workstation heights (floor vs. knee). Three inertial sensors (80 Hz; Biostamp
RC, mc10 Inc.) attached on the upper back (T6), right thigh, and right shank (Fig. 1)
were used for computing continuous angular displacement between the torso-thigh, at
the knee joint (between thigh and shank), and the ankle joint (shank relative to vertical),
respectively. The sensors were attached by aligning one of the sensor-axis (i.e., x-axis)
with the proximal-distal axis of the body segment. The angles were referenced to an
upright vertical posture using a set of reference posture angles obtained by averaging
data from 30s of quiet standing.

Fig. 1. Images depicting the three anatomical locations for inertial sensors attachment, namely,
at T6, thigh (right), and shank (right).
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3 Functional Data Representation

First, the continuous angular displacement data were segmented to the start-end of each
lifting trial using a threshold-based criteria for T6 angular displacement and velocity.
Next, the datawere time-normalized (to 100%) to account for between-subject variability
in lifting duration. The time-normalized trajectories were aligned by translating the data
in magnitude such that the end of each trajectory data was set to zero, which corresponds
to an upright standing posture. For each measured trial, the aligned angle data for the
torso-thigh, knee, and ankle were fit to a sigmoid function in MATLAB R2019a. The
sigmoid function takes the general form:

y(x) = a

1+ e−b×(x−c)
(1)

with three parameters that can be interpreted as follows,

a: the range of angular displacement from lift initiation to upright standing,
b: stiffness, which reflects the rate of rising/extension, and
c: the percent time corresponding to the midpoint of angular displacement.

Goodness-of-fit was evaluated by computing Root-Mean-Square Error (RMSE) val-
ues between the measured vs. fitted curves for each lift trial. Three 2 x 2 repeated mea-
sures ANOVA were performed on the RMSE values obtained for each of the three pos-
tural angles to examine differences by load level and lifting height. Significant main and
interaction effects (p< 0.05) were examined using Bonferroni post-hoc tests. Statistical
analyses were performed in R v.3.3.1 [6].

4 Results

A sigmoid function was fit to the torso-thigh, knee, and ankle angles for 208 lifting trials
(= 26 participants × 2 repetitions × 2 height condition × 2 load condition). Table 1
summarizes themean± standard deviation (SD) values for the fitted function parameters,
a, b, and c stratified by workstation height and load level condition.

Figure 2 shows themean (±SD)measured vs. fitted angular displacement trajectories
across all participant trials while lifting loads from the floor vs. knee height levels. The
combinedRMSEacross all trials had a 90th percentile value of 10.4°. Table 2 summarizes
the mean ± SD RMSE between measured and fitted curves across trials stratified by
lifting height and load level. The mean RMSEs between measured vs. fitted curves
generally were low between 2–3° across the different posture angles. RMSEs for the
knee and ankle F-E angles were influenced by workstation height. The RMSEs for knee
F-E angle were significantly greater at the floor vs. knee height condition. Conversely,
RMSEs for the ankle F-E angle were significantly greater at the knee vs. floor height
condition.
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Table 1. Mean ± SD values for the fitted function parameters a, b, and c from Eq. (1) stratified
by different workstation heights and hand load levels (n = 208).

Parameters Floor height Knee height

Low load
(n = 52)

High load
(n = 52)

Low load
(n = 52)

High load
(n = 52)

1. Torso-Thigh

a: range 168.4 ± 18.5 169.5 ± 23.3 88.5 ± 17.4 99.0 ± 18.4

b: stiffness −0.079 ± 0.013 −0.085 ± 0.024 −0.077 ± 0.011 −0.083 ± 0.02

c: midpoint 51.4 ± 10.0 52.8 ± 13.2 49.2 ± 8.0 51.6 ± 12.4

2. Knee

a: range 112.0 ± 30.0 123.5 ± 34.2 33.4 ± 33.0 47.4 ± 31.5

b: stiffness −0.081 ± 0.017 −0.085 ± 0.047 0.144 ± 0.637 −0.077 ± 0.21

c: midpoint 47.4 ± 13.5 49.1 ± 13.9 63.3 ± 22.0 50.3 ± 19.8

3. Ankle

a: range 31.3 ± 9.0 39.1 ± 13.5 8.3 ± 9.8 13.1 ± 11.2

b: stiffness −0.102 ± 0.024 −0.102 ± 0.038 0.347 ± 0.923 −0.05 ± 0.241

c: midpoint 46.0 ± 16.7 46.4 ± 16.9 69.5 ± 29.0 51.4 ± 28.5

Table 2. Mean (±SD) RMSE (in degrees) between the measured vs. fitted angular displacements
across all lifting trials stratified by different workstation heights and hand load levels (n = 208).
Letter notations in the superscript indicate significant pairwise comparison by row at a Bonferroni-
adjusted p < 0.05.

Angle Floor height Knee height

Low load
(n = 52)

High load
(n = 52)

Low load
(n = 52)

High load
(n = 52)

Torso-Thigh 4.9 ± 4.6 4.8 ± 4.4 1.8 ± 0.8 2.6 ± 1.6

Knee 5.0 ± 5.1a 4.6 ± 5.1a 2.5 ± 2.7b 3.3 ± 3.9b

Ankle 1.7 ± 1.5a 2.3 ± 3.0a 4.1 ± 3.9b 2.5 ± 3.0b
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Fig. 2. Mean (±SD)measured (black lines) vs. fitted (blue lines) angular displacement trajectories
across all participant trials while lifting loads from the floor (left-panel, n = 104) vs. knee (right-
panel, n = 104) height levels. Trajectories are normalized to each detected lifting duration.

5 Discussion and Conclusions

Findings from this study suggest that the sigmoid function yields an adequate description
of the characteristic s-shaped angular displacement data for the torso-thigh included
angle, knee F-E, and ankle F-E angles during two-handed anterior lifting. The proposed
method is applicable when the time-series data have similar shape and are aligned to the
terminal posture. The three parameters of the sigmoid representation provides sufficient
shape control to capture differences in lifting kinematics at two load levels, i.e., low
(4.5 kg) vs. high (22.7 kg), and at two workstation heights (floor vs. knee). This was
reflected in relatively low RMSE values across task conditions.

A prior study byBoston et al. [5] demonstrated use of the hyperbolic tangent function
for representing knee F-E angles during isodynamic lifting trials. The sigmoid function
used in our study is amore generic formof the hyperbolic tangent.Althoughnot presented
in detail, the average R2 of 0.992 for the knee F-E angle (measured vs. fitted curves)
across all lifting trials in our study was similar to the R2 = 0.991 for the knee F-E in
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the previous study by [5] on isodynamic lifting that used a hyperbolic tangent function
for data representation [5]. In that paper, four parameters were used for the curve fitting,
including (1) the initial (minimum) angle of the trajectory, (2) the final (maximum)
angle, (3) the percent time corresponding to the midpoint of angular displacement, and
(4) the rise time defined as the time required for the angle to increase from 12 to 88% of
the total change in angle. Parameters (1) and (2) are similar to the range parameter ‘a’
in our study, i.e., a = (2) – (1), and parameter (3) is the same as the midpoint time (c).
Analysis is ongoing to compare the performance of different functional representations
(e.g., sigmoid, hyperbolic tangent, polynomial) suited to lifting kinematics.

On average, each lifting trial had 113.5 ± 37.2 data points (when collected with
sampling frequency of 80 Hz) for each angle data. Significant data and feature reduc-
tion is required to use such time-series data as predictors for ML models to estimate
the occupational lifting-lowering exposures. Functional data representations provide a
method for reducing large time-series datasets to a reduced set of parameters in vector
space. In subsequent work, wewill examine the use of functional data representations vs.
traditional point estimates in the statistical prediction of occupational lifting-lowering
exposures from body-worn sensor data.
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Abstract. The ageing of working population is becoming a significant chal-
lenge that affects both the health and safety of workers and the productivity and
competitiveness of companies.

The BIONIC project aims to develop a body sensor system to monitor the
worker, in order to accurately obtain the level of risk associated with each of the
tasks performed. The system consists of a platform for real-time risk alerting and
continuous coaching, enabling the design of workplace interventions adapted to
the needs and fitness levels of specific ageing workforce.

For the preparation of this system it has been necessary to develop a specific
model for ergonomic evaluation and orientation, as the actual methods are not
adapted to the specifics characteristics of older workers. This model has to con-
sider both the changes related with age and the actual functional fitness of each
individual worker, in order to develop an effective assessment system. To do that,
we propose an individualized analysis that allows to compare the characteristics
of the person with those of the job and, in this way, detect the degree of adjustment
between both.

Keywords: Ergonomics assessment · Real-time risk alerting · Older workers ·
Ageing ·Workplace design ·Workplace adaptation ·Work ability

1 Introduction

The ageing of population in Western societies has a marked impact on social reality and
its effects affect many areas, including work. Ageing is a relevant aspect for companies,
since the percentage of workers over 50 is increasing and in many countries lengthening
of working life above 65 is being considered. This reality affects both the health and
safety of workers and the productivity and competitiveness of companies. Ageing at
work is conditioned by the work ability, which is determined by the interaction between
the working conditions and the characteristics of the workers.
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1.1 The BIONIC System

BIONIC is a European project1 that aims to develop a body sensor system to monitor
the worker, in order to accurately obtain the level of risk associated with each of the
tasks performed. The system consists of a holistic, unobtrusive, autonomous and privacy
preserving platform for real-time risk alerting and continuous coaching, enabling the
design of workplace interventions adapted to the needs and fitness levels of specific
ageing workforce.

The overall system is based on the concept of a cloud platform, two different Body
Sensor Networks (BSN), one for using it at work and one for being used at home. The
interaction between the worker and the BSN is done via an Edge device that acts as the
interface between the cloud platform and the BSN. Through the applications, the end
users (older workers, doctors and managers) can retrieve their processed data from the
platform. A gamification layer is available for the workers that recommends exercises to
help prevent injuries or to counteract unilateral stress of some tasks that were performed
throughout the workday (Fig. 1).

Fig. 1. Overview of the BIONIC system.

The BSN is based on loosely integrated sensors fitted into everyday or work clothing
with dynamic monitoring of overall body posture. The system will use kinematic data
(e.g. body postures) in conjunction with kinetic, physiological and environmental sensor
data related to the situation of the workers and their surroundings. These data will be
used to monitor worker’s fatigue and to calculate the ergonomic risks that are present

1 The project has received funding from the European Union’s Horizon 2020 research and in-
novation program under grant agreement No826304.
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during the realization of tasks. To do that, validated ergonomic risk assessment methods
will be implemented in the system.

1.2 Ergonomic Risk Assessment Methods

The ergonomics assessment methods make possible the identification and evaluation of
the risk factors present at the workplaces in order to put forward redesign options to
reduce the risk to an acceptable level for workers [1].

Assessment is based on identifying situations at the workplace which generate exten-
sive physical or environmental loads on the workers. The key aspects identified are the
different postures of body segments (neck, trunk, arms, hands, legs) while doing the
tasks. Other factors are also considered, such as: time of exposure, repetitiveness of
movements, loads carried or forces exerted. The aspects are normally identified by an
expert observation at the workplace or visualizing video recordings of the tasks. The
methods are applied to analyze these factors and generate a risk level. This risk indicator
can be used to identify harmful conditions and to prioritize the risk factors that have to
be modified. OWAS [2] and the standard ISO 11226 [3] are examples of these kind of
methods and they have been selected to be implemented at the BIONIC system. In addi-
tion to the automatic analysis and interpretation of the information, the main advantage
of the implementation of these methods in BIONIC is that the coding of postures and
movements can be done objectively and in real time through the BSN.

Nevertheless, these ergonomic methods are addressed to general population, so they
don’t consider that some workers can have limited or different capabilities, for example
the reduction of physical fitness related to age.

1.3 Functional Changes of the Ageing Workforce

Physical, physiological and psychological abilities are expected to change as people age.
There is a biological plausibility along with support from studies showing amodification
in the physical and cognitive capabilities among older persons [4]. Understanding the
implications ad scope of these changes it is necessary to perform an accurate detection
of ergonomic problems.

A summary of the main changes includes physical, physiological and psychosocial
aspects [5]:

• Physical Changes: As people age, they begin to lose strength, flexibility, balance,
sight, reaction time and speed, hearing, manual dexterity and feedback, and body fat
[6, 7].

• Physiological Changes: Ageing leads to decrease in maximum oxygen intake, rising
systemic blood pressure, earlier onset of fatigue and greater susceptibility to extreme
temperatures [8].

• Psychosocial Changes: As workers age, they have different shift preferences, train-
ing and learning styles and sometimes tend to experience disenfranchisement and
disengagement with their work [5, 9].
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Manyof these changes can have amajor impact on the day-to-daywork of employees,
since a lot of physical, mental and sensorial skills are required in the workplace. Studies
indicate that aged workers suffer more serious but less frequent workplace injuries than
younger workers and that musculoskeletal disorders are often the result of a failure to
match the work-based requirements of a task to the functional status of workers [10].

Nevertheless, these changes seem to be uneven and with a non-linear evolution.
Although clear trends in the ageing process can be demonstrated, the rate of ageing
remains highly individual [11]. Many factors e.g. genetics, lifestyle or past diseases can
have an influence on functional aspects.

In any case, it seems that no stereotype about older workers is likely to be true for
all, or even for most older workers, particularly, the belief that chronological age is the
most important determinant of health [12].

1.4 Alternatives for the Age-Sensitive Ergonomic Assessment

As seen above, a linear relationship of biomechanical factors and age seems to be insuf-
ficient. Several indicators e.g. age, personal fitness, gender and working conditions may
result in in a better estimation of an ergonomic risks.

Therefore, it is necessary to know which is the actual functional physical fitness of
each individual worker, in order to develop an effective assessment system.

There are only a few methods that consider the real capacity of workers. One of the
most known proposals to do that is the Work Ability Index (WAI) [13]. The work ability
index gives an idea of individuals’ perceived work ability and involves a questionnaire
complemented by an interview; it can also provide an indication of the potential for
disability in the future or early retirement. This approach is not useful for the ergonomic
analysis as it is founded on subjective data collected by a self-assessed questionnaire
and there is no direct comparison between specific demands and specific capacities [1].

The Job Matching Methods are another alternative to solve these issues. They are
based on the analysis of bothwork andworker features using similar criteria and common
assessment levels to facilitate their comparison and interpretationof results. Jobmatching
methods are intendedmainly for workers with functional limitations [14], but they can be
also be used with older workers to identify if there are functional limitations associated
with age that may be causing mismatches with the work requirements (e.g. Ergo + 50
method [1]).

This Job Matching procedure is the approach used to implement at the BIONIC
system.We propose an individualized analysis that allows to compare the characteristics
of the person with those of the job and, in this way, detect the degree of adjustment
between both. This way, in addition to the ergonomic assessment, if the worker has
issues related to their physical fitness, the resultant mismatches will allow to prioritize
the existing risks in accordance to each individual’s situation.
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2 Results: An Age-Adapted Ergonomic Risk Model

2.1 Model Overview

The age-adapted ergonomic risk model is based on the ergonomic analysis of the tasks,
the functional assessment of the older worker and the comparison between both aspects
(Fig. 2).

Fig. 2. BIONIC age-adapted ergonomic risk model.

Themodel starts collecting data from the user through a functional fitness assessment
(FFA) Data from the work activities (postures andmovements) are also gathered through
the BSN. The second step is the data processing: the postures and movements are used to
detect the ergonomic risks and, when compared with the FFA, to detect the mismatches
between work performance and worker fitness. Mismatches are used to detect age-
specific issues and also to prioritize the ergonomic risks.

2.2 Ergonomic Assessment

Postures and movements performed by the worker are recorded automatically through
the Body Sensor Network. These postures and movements are used primarily to detect
ergonomic risks but also to be compared with the individual capacity.
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The ergonomic risks are calculated using OWAS [2] and the standard ISO 11226
[3]. Both methods are based on the codification of body positions while the worker is
performing the tasks:

• Neck/head posture (ISO)
• Trunk posture (OWAS and ISO)
• Arms posture (OWAS and ISO)
• Legs posture (OWAS and ISO)
• Load/force (OWAS)

Variables related to movements and loads are also considered.
The combination of positions, movements and loads is used to calculate a risk level

(OWAS) or if the posture is ergonomically acceptable or not (ISO).

2.3 Functional Fitness Assessment

A functional capacity assessment (FFA) evaluates an individual’s adjustment to perform
activities related to their job tasks. The FFA process is used to figure out the individual’s
health status, and body functions and structures, and compare them to the demands of
the job and the work environment.

The goals of FFA test in BIONIC are, on one hand, to detect those physical aspects
in which older workers may perceive problems (discomfort, pain or other issues) and, on
the other hand, to modulate the results of the ergonomic analysis. Therefore, the FFA for
BIONIC includes the same items as those considered at the ergonomic analysis: neck,
trunk, arms, leg, load.

The items to collect at BIONIC FFA have been structured in a questionnaire formed
by a list of 27 items that are assessed using the following scale:

A. Normal/No problem referred
B. Minor problems or discomfort
C. Moderate/high problems or discomfort

The FFA is applied at the beginning of the assessment, and can be done in the context
of a medical interview or through a test using the BSN.

2.4 Individual Adaptation – Adjustment Between Ergonomic and Functional
Fitness Assessment

The age-adapted model proposed for BIONIC is a matching procedure. The specific
comparison uses, on one hand, the worker capacity values (the results of the FFA ques-
tionnaire) and, on the other hand, the variables collected for the ergonomic analysis
(measured by the BSN during work performance) (Fig. 2).

The system will compare each variable in the fitness questionnaire (Fitness value)
with the data that is measured in real time from the ergonomic analysis (Work measure-
ment). The result of the comparison indicates whether the situation is adequate or if there
is a mismatch that may increase the existing ergonomic risk. Depending on the level of
fitness, mismatches are classified into different grades:
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• Slight mismatch
• Moderate mismatch (Table 1).

Table 1. BIONIC Matching rules.

FFA value Working
condition

Situation

A – Normal YES Potential ergonomic risk

A – Normal NO Adequate situation

B – Minor YES Slight mismatch - increase of ergonomic risk

B – Minor NO Adequate situation

C – Moderate YES Moderate mismatch - increase of ergonomic risk

C – Moderate NO Adequate situation

2.5 System Implementation

The implementation of the age-adapted ergonomic risk model at the BIONIC system
will include the following steps:

• The worker will perform the FFA test before using the system for the first time. The
data collected at the FFA test will be added to the user profile.

• The BIONIC system will collect in real-time the postures and movements done by
the worker while performing the tasks. This information will be processed to obtain
the following information:

– Ergonomic risks (through the application of OWAS and ISO11226).
– Mismatches (through the comparison between the data of FFA test and the
posture/movement measurements.

• The results will be shown to BIONIC users (workers, doctors, managers) through the
corresponding apps (Fig. 3).
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Fig. 3. Age-adapted model implementation at the BIONIC system.

3 Conclusions and Further Work

An age-adapted model has been developed to prioritize the ergonomic risks that are
related to the working tasks. The model is based on the following components:

• A standard ergonomic risks assessment, based onwell-known procedures (OWAS and
ISO 11226) that have been selected and adapted to the measurement possibilities of
the BIONIC system.

• A functional fitness assessment, integrated in the user profile, to detect the perception
of the user about their health status.

• A matching procedure to compare ergonomic risks and functional fitness status. This
comparison will allow to detect the mismatches between task execution and worker
physical status. Mismatches can be used to modulate and prioritize the ergonomic
risks to the real condition of the specific user.

This model will be tested during a 6-month pilot study in 2021 that will involve
the participation of more than 40 older workers in the construction and manufacturing
sectors.
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Abstract. People with diabetes are recommended to perform exercise such as
brisk walking to maintain their health. However, a fast walking speed can increase
plantar pressure, especially at the forefoot and rearfoot areas, thereby increasing
the risk of diabetic foot ulcers (DFU). The deep learningmodel can identify plantar
pressure patterns for an early detection of DFU when performing various inten-
sities of exercise. Therefore, this study aimed to identify differences in walking
speeds to the plantar pressure response using deep learning methods, including
Resnet50, InceptionV3, and MobileNets. The deep learning models were used
to classify the plantar pressure images of healthy people walking on a treadmill.
The design consisted of three walking speeds (1.8 mph, 3.6 mph, and 5.4 mph).
Through 5-fold cross-validation, accuracy, and robustness, the Resnet50 model
had a better performance compared to the other two models in the image classi-
fication with a mean F1 score of 0.8646 and a standard deviation of 0.0466. The
results indicated that the Resnet50 model can be used to analyze plantar pressure
images for assessing risks of DFU.
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1 Introduction

DFU sufferers are estimated to be 15–25% among people with diabetes [1]. People with
diabetes are required to have proper activities to maintain their health. However, people
walk with a significant variation in speed causes a more rapid response of blood flow to
the plantar skin, which increases the risk of DFU [2]. Variations in walking speed (1.8,
3.6, and 5.4 mph) are at risk of developing DFU, where the higher the walking speed, the
lower the plantar tissue stiffness [3]. Increased plantar pressure during weight-bearing
exercise activities is a significant factor in the development of DFU [4]. People walked
faster, the resulting pressure values were higher, and the average peak plantar pressure
values were in the heel and forefoot areas [5, 6].

Foot plantar pressure is a 2-dimensional pattern widely used to identify the research
object’s health condition. The plantar pressure sensor is a set of sensor arrays that can
detect the pressure level and is usually integrated into the footwear [7]. Deep learning
based gait detection used plantar pressure distribution data during walking to classify
the three disorders of hemiplegic, Parkinson’s, and sensory ataxic gait [8]. The machine
learning method based on plantar pressure data has been used to classify five outpa-
tient activities: flat walking, decreasing inclines, sloping inclines, descending stairs, and
walking upstairs to obtain an effective walking pattern [9]. The depth learning method-
ology is based on image data and numerical value data of plantar pressure to classify the
type of foot deformation (concave, normal, and flat) using the arch index method [10].
Deep learning is used as the research method because it can perform accurate plantar
pressure results [11].

This is a pilot study to investigate the effect of different walking intensities on the
response to the plantar pressure distribution using deep learning methods. Results can
be the basis for early detection system for walking speed in people who are at risk of
developing diabetic foot ulcers.

2 Methodology

2.1 Participants and Instruments

In this study, subjectswere 8 healthymaleswho had not suffered leg injuries in the last six
months. The research objectives and the plantar pressure data collection procedure were
explained to each subject. The demographic data of the participants were as follows: age
31.0 ± 7.2 years, body weight 68.4 ± 9.2 kg, body height 168.0 ± 6.1 cm, and body
mass index (BMI) 24.2 ± 3.0 kg/m2. All data collection was performed using plantar
pressure measurements from the F-scan system (Tekscan, South Boston, MA, USA).
The learning model uses a deep learning model that is executed on a personal computer
system window 10 with a 64-bit operating system and ×64-based processor, Intel (R)
Core (TM) i7-10700K CPU @ 3.80 GHz 3.79 GHz, 32 GB RAM, GPU (NVIDIA
Ge-Force RTX 3080), 10 GB display memory (VRAM). Python 3.6 has been used in
learning environments for training and model testing.

Participants who wear sensor shoes before the experiment is first calibrated to stand
on one leg (right foot and left foot) to ensure that the right and left foot pressure is
balanced. Procedure for collecting the first plantar pressure data, the subjects were asked



272 H.-C. Chen et al.

to stand on both feet, followed by standing on one leg alternately for 5 s. Second, subjects
who walked on a treadmill with variations in the speed of slow (1.8 mph), moderate (3.6
mph), and fast (5.4 mph) each speed with a duration of 2 min with 5 min of rest between
each experiment. Each subject was asked to walk on a treadmill with a different walking
speed.

2.2 Data Preparation

The measurement device’s experimental output results were numerical values of plantar
pressure in a comma-separated values (CSV) file type. MATLAB R2019b (Mathworks,
Inc., Natick, MA, USA) is used to divide each subject’s walking speed into 30 steps and
convert the plantar pressure data from a CSV file into an image data file (jpg) with an
image intensity.

Preprocessing data is an essential step in preparing and transforming data before
being used in model training. Normalization is a common technique used during data
processing in which numeric column values are changed to have a uniform scale when
the data samples vary in range [12]. Because the resulting numeric plantar pressures
value has a wide range of values in one column, namely between 0 and 255 psi, it
is crucial to normalize the data into a value scale with a range of 0 – 1 before being
used for model training. This way is to make sure the data is distributed correctly while
constructing a predictive model. In this study, raw plantar pressure data were carried
out at the data preprocessing stage before being trained in the deep learning model. In
the next data preprocessing stage, the raw data image size is 120 × 42 pixels from the
pressure measuring device (Fig. 1A). The training dataset input requirement is the image
size of 224× 224 pixels for training models of deep learning. These resized images also
use a background padding process for decreasing image distortion (Fig. 1B). The final
process is labeling the plantar pressure data for slow, moderate, and fast walking speeds
(Fig. 1C).

Fig. 1. (A) Raw data image (120 × 42), (B) Data image resize (224 × 224), (C) Labeling of
image data from left to right was slow, moderate, and fast walking speed.
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2.3 Proposed Model

The flowchart in Fig. 2 shows the training model in this study. Firstly, collect plantar
pressure image data from 8 subjects. Secondly, save it in a CSV file with a metric size
of 120 × 42. Each subject walk at three walking speeds (1.8, 3.6, and 5.4 mph), each
subject consisted of 30 plantar images/walking speed. Thus, the total amount of plantar
data collected from 8 subjects × 3 walking speed × 30 steps is 720 plantar images.

Thirdly, at the stage of data preprocessing progress for training models. The dataset
is normalized first, and then the image data is changed from the plantar image size from
120 × 42 to 224 × 224 so that the data fits the model’s needs. In the fourth step, the
plantar dataset used in model learning divided by a ratio of 70% (6 subjects = 540
plantar data) was used for model training data and 30% (2 subjects = 180 plantar data)
for model validation purposes. This method of dividing datasets in ratios is standard
in adopting machine learning/deep learning models for biomedical prediction purposes
and solving problems in other fields [13].

The fifth stage is the model training process. Transfer learning (TL) is a method
that uses a model that has been trained on a dataset to solve other similar problems by
using it as a starting point, modifying and updating its parameters to fit the new dataset.
The TL model will help reduce the amount of data used, the calculation process, and
the calculation time when the model training process is carried out [14]. TL models for
walking speed classification have been used in this study, such as Resnet50, InceptionV3,
and MobileNets [10, 14], as this model is one of the best-performing transfer learning
models (trained models) widely used by researchers for image classification.

In the sixth stage, the learning dataset used for model training is based on the K-
fold cross-validation method [10], which 5-fold cross-validation is commonly used for
model evaluation and improving model performance in general. Cross-validation is used
mostly on small, composed datasets [9]. Evaluation of the trainingmodel is carried out to
determine eachmodel’s performance in classifying walking speed using plantar pressure
validation data. Finally, each model’s performance results are measured by the F1 score
with the formula:

F1 score = (2 ∗ TP)/(2 ∗ TP + FP + FN) (1)

(worst value: 0; best value: 1) F1 ranges in [0,1], where the minimum is reached for
TP = 0, that is, when all the positive samples are misclassified, and the maximum for
FN = FP = 0, that is for perfect classification.

3 Results

The results of the graph of each model training show the accuracy and validation
(Resnet50 in Fig. 3A, InceptionV3 in Fig. 3B, and MobileNets in Fig. 3C). A blue
line presents each model’s training accuracy, and a red line represents the accuracy of
the validation. In contrast, the line X-axis represents the epoch’s number, and Y-axis
represents the model accuracy magnitude. In this study, the validation accuracy value
for the Resnet50 model (0.9053), the InceptionV3 model (0.8113), and the MobileNets



274 H.-C. Chen et al.

Fig. 2. Flowchart training model.

Fig. 3. Results of training accuracy andvalidation accuracy. (A)Resnet50model, (B) InceptionV3
model, (C) MobileNets model.
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model (0.4484) with themodel training process using the respective learning rate param-
eters (1e−2, 1e−4, 1e−3), batch size respectively (64, 32, 64), all models using epoch
500.

The trained model used each subset and was evaluated for test data by calculating the
mean F1 score. The results of the performance of each model are presented. The three
boxplots show the F1 score with 5-fold cross-validation, the first and third quartiles are
shown a horizontal line above and below the box (standard deviation), the centerline in
the box is the median value (Resnet50: 0.8748, InceptionV3: 0.7843, and MobileNets:
0.4298) or called the second quartile, whereas the model maximum values (0.9053,
0.8113, and 0.4484 respectively) and the minimum values (0.7849, 0.7384, and 0.4261
respectively) are represented by the outer horizontal lines along the vertical lines in the
box (Fig. 4 and Table 1).

Table 1 provides information about all models’ numerical results seen from statistical
parameters such as the mean, standard deviation, median, minimum, and maximum
values based on the five F1 scores. The highest model performance is achieved in the
Resnet50 model with a mean statistical parameter value of 0.8646, a standard deviation
of 0.0466, a minimum value of 0.7849, a median value of 0.8748, and a maximum value
of 0.9053.

Fig. 4. Performance results of all models.

Table 1. Numerical results of the statistical parameters of the F1 score in the 5-fold cross
validation.

Resnet50 InceptionV3 MobileNets

Mean 0.8646 0.7823 0.4320

Std 0.0466 0.0269 0.0093

Min 0.7849 0.7384 0.4261

Median 0.8748 0.7843 0.4298

Max 0.9053 0.8113 0.4484
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4 Discussion

The trend of the training line and the validation line coincide with each other. The model
is shown that there is no over-fitting or under-fitting of the model when it is executed.
Resnet50 model and InceptionV3 model show a reasonably good performance with a
mean F1 score obtained by 0.8646 and 0.7823. The accuracy value provides information
on the accuracy of a model, or it can be interpreted that the higher the accuracy means
the higher the performance of a model [15]. Parameters related to the training process,
including learning rate, batch size, and the number of epochs, were adjusted. By setting
the right parameters, the training process can be achieved optimally.

The higher the accuracy of amodel, the closer the box position is to the F1 score value
1. It shows the higher the model robustness, the narrower the distance between the outer
values. The numerical results of the statistical parameters of the F1 score using 5-fold
cross-validation are described. The highest average value is achieved using the Resnet50
model. However, in this model, the standard deviation value between InceptionV3 and
MobileNetsmodels. In this analysis, the Resnet50model is the bestmodel for classifying
plantar pressure images in walking speed variations.

The Convolution Neural Network (CNN) principle is the basis for the neural network
of the Resnet50, InceptionV3, and MobileNets models. What distinguishes each model
is only on each model’s architecture a function extractor layer and a hidden layer of
fully connected neurons. The basic principle of feature extraction is by shifting the
kernel in the image. The features extracted and studied in the same group have a high
misclassification rate in different plantar images [10]. Plantar pressure image data trained
with the MobileNets model showed relatively lower performance than the Resnet50 and
InceptionV3 models. The problem of the MobileNets model is more challenging to
extract plantar image data than the Resnet50 and InceptionV3 models.

TheMobileNetsmodel has the lowest standard deviation value compared toResnet50
and inceptionaV3. It is because the MobileNets model is not sensitive to deviations or
differences that occur in plantar images. while the Resnet50 model has the highest stan-
dard deviation, value compared to MobileNets and InceptionV3 because the Resnet50
model uses an optimized maximum depth value to prevent overfitting so that it has a
high level of sensitivity to the differences that occur in each plantar pressure image with
different walking speeds.

The limitation of the study is to obtain plantar pressure dataset from a subject with
a consistent quality plantar pressure distribution pattern for each walking speed [10].
The plantar data is often within the criteria for the classification of walking speed. The
resulting data conditions have a somewhat ambiguous effect on features, resulting in less-
than-optimal performance. Although the deep learning model is effective in classifying
the walking speed via plantar pressure images, future work will require a suitable plantar
pressure data preprocessingmethod and amethod of combiningmultiple superiormodels
to achieve better performance than the current model.

5 Conclusion

The results of this study demonstrated that the deep learning model has potential to clas-
sify plantar pressure images from three walking speeds with a mean F1 score of 0.8646
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using Resnet50, 0.7823 using InceptionV3, and 0.4320 using MobileNets. This study
indicate that the Resnet50model has the highest accuracy performance than InceptionV3
and MobileNets on analyzing plantar pressure distribution images.
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Abstract. Falls are the leading cause of death and non-fatal injuries among older
people, thus pre-impact fall detection that detects a fall before body-ground impact
is of crucial significance. 32 young subjects performed different types of falls
and daily activities, and their motion data was recorded by a wearable inertial
sensor to establish a large-scale motion dataset. Five commonly used machine
learning algorithms were applied and compared thoroughly in terms of accuracy
and practicality for pre-impact fall detection. Results showed that in terms of
sensitivity, specificity and lead time, both support vector machine (SVM: 99.77%,
93.10%, 362 ± 150 ms) and random forest (RF: 100%, 92.90%, 357 ± 145 ms)
achieved better results than other 3 models. SVM showed a much shorter latency
(66 ms) than RF (1047 ms) running in a microcontroller. Those findings suggest
that SVM has the highest potential to be embedded into a wearable sensor based
system to provide real-time fall protection for the elderly.

Keywords: Pre-impact fall detection · Machine learning · Wearable sensor

1 Introduction

Falls among the elderly are a major health and safety issue in our society due to rapid
demographic aging. Yearly fall rates are between 30% for those over 65 years old to 50%
for those aged over 85 [1]. Twenty to thirty percent of falls result in moderate to serious
injuries such as hip fracture, being the leading cause of injury-related hospitalization in
older people [2]. Due to the high prevalence and severe consequences of the fall, it was
regarded as “Global Burden of Disease” by WHO [3]. Therefore, it is critical to prevent
falls and fall-related injuries for the elderly.

Many research works have been devoted to post-fall detection which is expected
to identify the occurrence of fall events thus to avoid unnecessary losses caused by
“long lie” [4]. As the name implies, this approach is reactive since the fall accident has
happened so that fall-induced injuries cannot be prevented. Hence, some researchers
have shifted their focus of algorithm & system design from post-fall detection to pre-
impact fall detection, which is aimed to detect the fall before the body hits against ground
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rather than after body-ground impact. Compared with post-fall detection, this method
is proactive because it has good potential to enable on-demand fall protective devices
such as airbags to prevent or minimize the injuries from impact falls [5].

Over the past decade, various algorithms were proposed based on wearable inertial
sensors due to their low-cost, miniature and no space constraints. While many studies
utilized simple threshold-based algorithms for the pre-impact fall detection, they lack
the generalizability for different types of falls and populations. Thus, threshold-based
algorithms are difficult for practical applications. For example, Bourke, O’Donovan [6]
utilized vertical velocity as a single threshold and achieved 100% of sensitivity and
specificity based on the data with 6 types of activities of daily life (ADLs) and 4 types
of falls from 5 young subjects. However, when another group of researchers applied the
same threshold with modified values based on the data from 25 young subjects with 7
types of ADLs and 5 types of falls, they only acquired 80% of sensitivity [7]. Fewer
studies have attempted to apply machine learning algorithms to detect pre-impact fall
and most of them only implemented a single type of machine learning algorithm based
on a small dataset with limited types of falls and activities of daily living (ADLs) [8,
9]. In addition, practical requirements of those algorithms (such as efficiency aside from
accuracy) for the fall protection system were seldom considered.

Therefore, the objective of this study is to explore the feasibility of different machine
learning algorithms for pre-impact fall detection based on a large-scale motion dataset
and propose guidelines for the algorithm selection when designing practical wearable
fall protection systems for the elderly.

2 Methods

2.1 Participants and Apparatus

Thirty-two young male subjects (age: 24.9 ± 3.7 years, height: 174.0 ± 6.3 cm, weight:
69.3± 9.5 kg) participated in this study. All subjects were in heathy conditions and none
of them had any musculoskeletal diseases or injuries. All participants gave consent for
the experimental protocol that was approved by University Institutional Review Board
(IRB No: KH2020–068).

A 9-axis inertial sensor, LPMS-B2 (LP-RESEACH Inc., Tokyo, Japan) was used
for recording motion data at a sampling rate of 100 Hz. The senor communicated with
a Raspberry Pi 4 as a host PC via a Bluetooth connection and it was placed on each
participant’s low back (pelvis, Fig. 1a). Figure 1b illustrates a representative time series
data of 3-axis acceleration from the sensor for a forward fall when trying to sit down. In
addition, Raspberry Pi High Quality Camera was connected to Raspberry Pi 4 to record
the motion video synchronously at a frequency of 90 Hz based on a self-developed GUI
program.

2.2 Experimental Tasks and A Motion Dataset

All the subjects performed 21 types of ADLs and 15 types of falls (Table 1). Most of
ADLs and fall tasks were adopted from SisFall dataset [10] while someADLs frequently
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Fig. 1. (a) Inertial sensor position and 3D coordinate system; (b) 3-axis acceleration data of a
forward fall when trying to sit down

observed in old Korean’s daily life such as sitting to the ground and getting up, sitting to
the sofa with inclining to the back support and getting up were also considered. Except
for the static tasks (D01, D11, D12, and D17) which only required 1 trial, all other
tasks performed 5 times. For the safety reason, subjects were instructed to perform fall
activities on a mattress of 15 cm in thickness with wearing protective knee pads. This
newly created motion database offers most various types of ADLs covering from low-
intense motions, high-dynamic behaviors even to near-fall activities and falls compared
with existing public datasets [11].

2.3 Data Preparation and Labeling

In order to detect pre-impact fall in real time, sliding window technique was applied
on the motion file with window size of 0.5 s and step size of 0.1 s [9]. Each window
was then labeled as non-fall or fall class in order to train supervised machine learning
models.

For the ADL tasks, all the windows were labelled as non-fall class. While for the
fall tasks which usually include transition period from preceding ADLs to fall, they are
more complicated to label. Similar to an earlier study [12], we divided the fall task into
3 phases: pre-fall (performing ADLs), falling (descending to the ground) and post-fall.
Post-fall phase was removed because it is the state after the fall impact. For the windows
containing at least 40% of readings in falling phase, they were labeled as fall class,
whereas the rest windows were labeled as non-fall class.

2.4 Feature Extraction

In this study, a comprehensive set of motion features were extracted from each window
based on previous studies [13, 14]. Those features can be divided into 3 categories:
acceleration features, angular velocity features and orientation features. The magnitude
of acceleration was utilized to extract acceleration features. Except commonly used
features which include mean, variance and Root Mean Square (RMS), advanced ones
are listed as follows:
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Table 1. Experimental tasks of 21 types of ADLs and 15 types of falls

No Activity Trials

D01 Stand 1(30 s)

D02 Stand, slowly bend at knees, tie shoe lace, and get up 5

D03 Pick up an object from the floor 5

D04 Gently jump (try to reach an object) 5

D05 Stand, sit to the ground, wait a moment, and get up with normal speed 5

D06 Walk normally with turn (4 m) 5

D07 Walk quickly with turn (4 m) 5

D08 Jog normally with turn (4 m) 5

D09 Jog quickly with turn (4 m) 5

D10 Stumble while walking 5

D11 Sit on a chair 1(30 s)

D12 Sit on the sofa (back is inclined to the support) 1(30 s)

D13 Sit down to a chair normally, and get up from a chair normally 5

D14 Sit down to a chair quickly, and get up from a chair quickly 5

D15 Sit a moment, trying to get up, and collapse into a chair 5

D16 Stand, sit to the sofa, inclined to the support, and get up normally 5

D17 Lie on the bed 1(30 s)

D18 Sit a moment, lie down to the bed normally, and get up normally 5

D19 Sit a moment, lie down to the bed quickly, and get up quickly 5

D20 Walk upstairs and downstairs normally (5 steps) 5

D21 Walk upstairs and downstairs quickly (5 steps) 5

F22 Forward fall when trying to sit down 5

F23 Backward fall when trying to sit down 5

F24 lateral fall when trying to sit down 5

F25 Forward fall when trying to get up 5

F26 lateral fall when trying to get up 5

F27 Forward fall while sitting, caused by fainting 5

F28 lateral fall while sitting, caused by fainting 5

F29 Backward fall while sitting, caused by fainting 5

F30 Vertical(forward) fall while walking caused by fainting 5

F31 Fall while walking, use of hands to dampen fall, caused by fainting 5

F32 Forward fall while walking caused by a trip 5

(continued)
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Table 1. (continued)

No Activity Trials

F33 Forward fall while jogging caused by a trip 5

F34 Forward fall while walking caused by a slip 5

F35 Lateral fall while walking caused by a slip 5

F36 Backward fall while walking caused by a slip 5

• Zero-Crossing Rate (ZCR): the number of sample which is over the mean of the
window;

• Absolute Difference (ABSDIFF): sum of the absolute difference between each sample
and the mean of the window divided by the number of samples;

• First 5-FFT Coefficients: the first 5 of the fast Fourier transform (FFT) coefficients;
• Spectral Energy (SE): the sum of the squared FFT coefficients divided by the number
of samples.

For the angular velocity features, same set of features were applied to the magnitude
of angular velocity. The orientation features were computed from pitch and roll angles
of the sensor. Similarly, mean, standard deviation, RMS, ZCR, ABSDIFF and SE were
considered for both of pitch and roll angles. Finally, a total of 34 features were formed
for the supervised machine learning models.

2.5 Pre-impact Fall Detection Using Machine Learning Algorithms

Five commonly used machine learning algorithms were investigated to detect the pre-
impact fallwith our dataset: support vectormachine (SVM), random forest (RF), decision
tree (DT), k-nearest neighbors (KNN) and logistic regression (LR). Followed by the
general guideline, 80% of data (26 subjects) was set for training and the rest 20% of data
(6 subjects) was used for testing purpose. Before the training, hyper-parameter tuning
for each of the algorithm was implemented by random and grid search methods.

The algorithm performance is evaluated by different metrics including sensitivity,
specificity, lead time and latency. Sensitivity and specificity are calculated by Eqs. 1 and
2, respectively.

Sensitivity = TP

TP + FN
. (1)

Specificity = TN

TN + FP
. (2)

where TP (true positive) denotes the fall file in which the window being classified as
fall for the first time allocates in falling phase; FN (false negative) is the fall file in
which all windows are inferred as non-fall; TN (true negative) is the ADL file in which
all the windows are classified as non-fall; and FP (false positive) is the ADL file in
which there is at least 1 window is misclassified as fall. Lead time is defined as the time
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interval between fall detection moment and body-ground impact moment. In addition,
latency is specified as the computation time for each inference based on the trained
model. In this study, machine learning models implemented by the Scikit-learn library
[15] were trained onWindows PCwhile latency test was conducted on a microcontroller
(Raspberry Pi 4) considering the practical applications.

3 Results and Discussion

Table 2 summarizes the performances of 5machine learning algorithms comprehensively
in terms of accuracy related measures (sensitivity, specificity and lead time) which only
depend on the algorithms per se and practical measures (latency) which also rely on
the hardware. Overall, all the machine learning models showed reasonable performance
after conducting hyper-parameter tuning. In terms of accuracy related measures, SVM
(99.77%, 93.10%, 362 ± 150 ms) and RF (100%, 92.90%, 357 ± 145 ms) performed
better thanDT (97.97%, 94.48%, 279± 150ms), KNN (97.97%, 94.67%, 373± 151ms)
and LR (94.82%, 91.91%, 231± 133 ms). With respect to practical measures, SVM had
a short latency of 66.0 ms running in a microcontroller, which was much lower than RF
(1047.1 ms) and KNN (391.5 ms) but comparable as DT (62.4 ms) and LR (63.3 ms).

Table 2. Summary of pre-impact fall detection performances of 5 machine learning algorithms

Algorithm Sensitivity (%) Specificity (%) Lead time (ms) Latency (ms)

SVM 99.77 93.10 362 ± 150 66.0

RF 100 92.90 357 ± 145 1047.1

DT 97.97 94.48 279 ± 150 62.4

KNN 97.97 94.67 373 ± 151 391.5

LR 94.82 91.91 231 ± 133 63.3

For accuracy related measures, it is understandable that non-linear classifiers (SVM,
RF, DT and KNN) outperformed the linear classifier (LR) since LR assumes the data is
linearly (or curvy linearly) separable in space. However, some features of ADL could be
very similar to the fall, therefore, those features are less likely to be linearly separable.
Both LR and DT have a shorter lead time which indicates those two models could only
detect the fall in the later stage of falling (when fall features are very obvious to be
distinguished from ADL features). In other words, shorter lead time may result in lack
of time to enable fall protection devices (such as wearable inflatable airbags) to prevent
fall-induced injuries. This is because they do not have good prediction power due to their
simple working mechanisms [16].

Both SVM and RF performed well in accuracy related measures, which was gen-
erally consistent with the previous studies [17, 18]. Since the consequences of missing
detection of the fall events were much more serious than false alarms, DT and KNN
underperformed compared with SVM and RF due to their lower sensitivities. For SVM,



284 X. Yu et al.

it tries to find a hyperplane which maximizes the margin between two classes but also
allows some flexibility to achieve a good balance between increasing the distance of
decision boundary to classes and maximizing the number of samples correctly classified
(soft margin). In this study, Gaussian radial basis function (RBF) kernel was selected
to map the input features to higher dimensional space where a linear hyperplane can be
easily found based on the hyper-parameter tuning. Due to the soft margin strategy and
kernel trick, the robustness and great performance of SVM for classification have also
been validated in different kinds of real-life applications[16]. As for RF, it is an ensem-
ble algorithm by building multiple decision trees (i.e. a forest) and final classification is
determined by the result of major votes. Since each tree is only trained on random subset
of features from a bootstrapped sample of the data, RF is less likely to be overfitting and
more robust (not depending on some specific features) than DT.

The latencies of deployedmachine learningmodels for pre-impact fall detectionwere
rarely reported in the literature since most of the algorithms only run on the Desktop PC
[8, 9, 17]. However, for practical applications, those algorithms are usually embedded
into amicrocontrollerwith low-performanceCPU.Therefore, latencies are not negligible
in such device. Due to the very short period of falling (around 800 ms) [19], low latency
is mandatory for the algorithm running in the microcontroller to detect the fall before
the body hits to the ground. In this study, RF and KNN models showed much higher
latencies on the microcontroller (Raspberry Pi 4) compared with other models, which
were infeasible for the real-time applications because their latencies were longer than
their lead time. This was expected as latencies were determined by the computational
complexity of algorithms. The computational complexity of RF is highly related to the
number of trees in the algorithm. Because there were 1200 trees in this study from the
result of hyper-parameter tuning, the computational cost was very high. Whereas for
the KNN model, the computational cost is proportional to the number of samples in the
training set since it will loop through every training sample and compute the distance
between the training sample and new observation to make the classification. The size
of training set was relatively big in this study, which resulted in higher latency of the
model.

4 Conclusion

In this paper,wehave investigated the feasibility of five commonly usedmachine learning
algorithms for pre-impact fall detection based on a newly established large-scale motion
dataset. The algorithm accuracy and practicality for pre-impact fall detection and injury
prevention have been compared comprehensively. In terms of accuracy related measures
(sensitivity, specificity and lead time), SVM (99.77%, 93.10%, 362 ± 150 ms) and RF
(100%, 92.90%, 357 ± 145 ms) were comparable but better than DT (97.97%, 94.48%,
279 ± 150 ms), KNN (97.97%, 94.67%, 373 ± 151 ms) and LR (94.82%, 91.91%,
231 ± 133 ms). However, when deploying the model into a microcontroller (Raspberry
Pi 4), the latency of SVM (66.0 ms) was much shorter than RF’s (1047.1 ms). Those
findings suggest that among those five machine learning algorithms, SVM has highest
potential to be embedded into a wearable inertial sensor based system to provide real-
time pre-impact fall detection so that protective devices can be triggered timely to prevent
fall-induced injuries for the elderly.
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Abstract. An understanding of the level of physical workload experienced by an
operator is important for designingworkplace interventions that reduce injury risk.
Existing methods for physical workload assessment can be disruptive to workers,
are highly sensitive to the environment, and may not be feasible to implement in
real-time on themanufacturing shop floor. The goal of this studywas to investigate
the potential of using changes in facial features as a method for real-time physical
workload assessment. Four participants performed an assembly task during two
sessions completed on different days, while measures of ratings of perceived exer-
tion (RPE), performance and changes of facial features were collected. Results
showed that facial features, such as head movement, left and right inner eye-
brow point and bottom point of the lip had significant changes over time. Future
work should investigate these changes further for the potential to assess physical
workload in real-time onsite manufacturing.

Keywords: Facial features · Physical workload assessment · Repetitive exertions

1 Introduction

The nature of manufacturing work often involves low load and highly repetitive tasks.
Low load and highly repetitive tasks, such as placing and assembly, may lead to an
accumulation of physical workload. Highly repetitive movement, short cycle times, and
a lack of task variety or breaks during assembly tasks has been shown to lead to work-
relatedmusculoskeletal disorders in neck, shoulder andwrist in the long term [17]. In the
short term, the accumulation of physical workload may lead to physical fatigue, which
can negatively affect attention [8]. Real-time physical workload assessment can support
the monitoring of operator status for designing interventions to release physical fatigue
and reduce injury risks.

Various strategies have been proposed to measure physical workload. Subjective rat-
ing scales, such as ratings of perceived exertion (RPE) [2] and visual analogue scales
(VAS) [12], are popular to assess physical workload in both in-lab and field studies.
These scales are easy to implement onsite via self-reporting from individuals with only
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paper and pen [16]. However, these rating scales may not be capable of providing contin-
uous assessment of physical workload, since self-reporting only allows implementation
at time intervals and any questioning may disrupt an operator’s task performance [1].
Physiological measurements can provide real-time and continuous assessment of physi-
cal workload. Heart ratemonitoring devices can capture cardiovascular load, an indicator
of both physical andmental workload [9]. At themuscle level, electromyography (EMG)
has been widely used for measurement of muscle activities [3]. Both heart rate and EMG
may not be feasible to measure physical workload onsite in the workplace due to sen-
sitivity to the working environment and the intrusive nature of the measurement [23].
The use of motion capture and inertial sensing can quantify kinematic features related to
physical workload, via tracking the coordinates and acceleration of body segments and
joints overtime [14, 18]. This approach is limited by fixed cameras for motion capture
systems that only allow for tracking within specific areas and accurately can be nega-
tively influenced by other materials present in the environment. Inertial sensing does not
require fixed cameras, however, studies reported that kinematic parameters processed
from inertial sensors did not change significantly with increasing physical workload [4].
Additionally, inertial sensors are limited by the same concern of intrusiveness as physi-
ological monitoring. Overall, existing measurement approaches may not be feasible in
order to effectively monitor physical workload in real-time at the workplace, consider-
ing 1) disruption and extra mental workload towards individuals via self-reporting, 2)
discontinuous data acquisition, 3) limitations on workspace, 4) high sensitivity towards
environment, and 5) intrusiveness toward the human operators.

Changes of facial features have been proposed for real-time assessment of physi-
cally demanding tasks. Timme and Brand found the mouth openness was significantly
related to exercise intensity in incremental cycling task [24]. Asadi et al. pointed out the
average pixel movement of lips and eyes increased with incremental intensity of hand
grip task [1]. Khanal et al. reported increasing eye blink frequency from 8 times/min to
26 times/min at the beginning and end of incremental cycling tasks [13]. Miles et al.
indicated increasing head movement at the occurrence of exhaustion from individuals
in cycling task [20]. However, there is a lack of literature on the potential use of this
approach for real-time onsite physical workload assessment in manufacturing. Thus, the
purpose of this pilot study is to investigate the potential of using changes in facial fea-
tures as a method for real-time physical workload assessment for a constrained physical
task. The research questions include:

1. Are measured changes in facial features consistent for participants performing the
same task during separate sessions?

2. How do facial features change over time during a repetitive, low-load task?
3. Are changes of facial features related to ratings of perceived exertion (RPE)?
4. How do changes of facial features correlate with performance?

2 Method

2.1 Participants

Four participants (3 males, 1 female; age, 29 ± 2 years) were recruited from the uni-
versity population for pilot data collection. The study was approved by the University
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Institutional Review Board and all participants provided written informed consent. Each
participant completed two sessions of the assembly task on different days with at least
a one-week interval. In total, eight datasets were captured for this pilot study.

2.2 Task Design

Each participant was asked to complete an assembly task, where s/he screwed a nut over
a bold as fast as possible and asmany times as possible, with his/her dominant hand, until
exhaustion. The bolt was held on an assembly box (length 0.4 m×width 0.4 m× height
0.3 m) and located at the center of its upper surface. The assembly box was placed at the
center of a workstation (length 0.8 m × width 0.5 m × height 0.7 m). The participant
stood close to the workstation with their toes next to the edge of the workstation. S/he
was asked to initiate the task posture with elbow flexion at 90º, which was confirmed by
the researcher with a manual goniometer. The shoulder, forearm, and wrist position were
adjusted to reach the bolt placed at fixed height (1.1 m from the ground). After adopting
the posture, the participant was required tomaintain the posture, without any interruption
or breaks until the end of task, in order to induce a sustained physical workload. No arm
support was provided to participants, to make the task similar to conditions experienced
in the field.

2.3 Procedures

Arepeatedmeasures study designwas used to investigate test-retest reliability of changes
of facial features. There was at least one-week interval between the two sessions com-
pleted by each participant to provide sufficient time to recover from the first session. For
each session, a camera (GoPro, Inc., San Mateo, California) was set at 30 cm away from
the participant aligned to eye height. Another camera (Canon, Japan) was set to capture
the participant performance, counting the number of finger movement during assembly
task. Participants were instructed to maintain the same strategy task performance strat-
egy over time, screwing up and down the nut with thumb, index and middle fingers,
to minimize the influence of changes in strategy on workload and performance. After
starting the assembly task, ratings of perceived exertion (RPE) of the arm, shoulder, back
and whole body were collected via self-report every two minutes using the Borg CR-10
scale [2], with low (0, very light effort) and high (10, maximal effort) anchor points.
Participants continued the task to exhaustion.

3 Data Processing

3.1 Facial Landmarks

Fourteen facial landmarks, corresponding to the features of the eyes, eyebrows, mouth,
and head (Fig. 1), were calculated on the basis of Euclidean distance between 3D coor-
dinates of the landmark for each frame relative to the first frame of task recording. The
window of 10 s was selected right before the time point of self-reported RPE for every
2 min of the task. For example, there were 18 windows for the participant who continued
the assembly task for 36 min.
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Fig. 1. Selected features with facial landmark numbers (selected facial landmarks are marked
with an “X”)

3.2 Pixel Movement

The implementation of 3D coordinates from 2D videos was realized by Convolutional
Experts Constrained Local Model (CE-CLM) [28]. The Euclidean distance between
the 2D coordinates of two landmarks may change with head movement in depth (e.g.,
nodding), even though there is no relative movement between the two landmarks. To
account for the influence of head movement, the coordinate of each landmark was first
subtracted by its coordinate at the first frame at the beginning of the task and then the
head movement was subtracted. The head movement was captured by the coordinate of
landmark 30 (Fig. 1) subtracted from the position at the first frame from the beginning
of the task. The calculation is shown in Eq. 1,

Pfn_i =
(
Pni − Pi0

) − (
Pnhead − Phead0

)
(1)

where Pfni −
(
Xfni ,Yfni ,Zfni

)
, 3D coordinates of landmark i in window n after

subtracting head movement.
Pni −

(
Xni ,Yni ,Zni

)
, 3D coordinates of landmark i in window n.

Pi0 − (
Xi0 ,Yi0 ,Zi0

)
, 3D coordinates of landmark i at first frame at beginning of

assembly task.
Pnhead −

(
Xnhead ,Ynhead ,Znhead

)
, 3D coordinates of head in window n.

Phead0 −
(
Xhead0 ,Yhead0 ,Zhead0

)
3D coordinates of head at first frame at beginning

of assembly task.

3.3 Data Analysis

Changes in RPE, performance, and average movement of selected facial features from
the first to last window were analyzed using paired t-tests. Pearson product-moment
correlation was used to assess the relationships between the facial feature changes and
the RPE and task performance. Significance was set at p < 0.05.

4 Results

RPE scores for the arm, shoulder, and whole body increased significantly from the first
to the last window (RPEarm t = −2.99, p = 0.02, RPEshoulder t = −12.27, p < 0.001,
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RPEwholebody t = −6.42, p < 0.001). Mean maximum RPE of arm, shoulder, back and
whole body were 5.63, 8.63, and 7.13, with standard deviations (SD) 2.50, 2.00, and
3.00, respectively. Performance, as the number of finger movements when screwing the
nut, decreased 12.5% from the first to the last window.

4.1 Changes of Facial Features at the Start and End of the Task

Average pixel movement of facial features observed from the windows at the start and
end of assembly task are shown in Table 1. The 2D locations of the facial landmarks at
the start and end frame of the assembly task for each session are shown in Fig. 2. No
major trends of the directions of changes of the facial features were observed.

Table 1. Paired t-test on RPE, %HRR, performance, and average pixel movement facial features
of first and last window (across sessions). * indicates p < 0.05

1st Last t-value p-value

Mean S.D Mean S.D

RPEarm 2.88 1.64 5.63 2.50 −2.99 0.02*

RPEshoulder 1.50 0.93 8.63 2.00 −12.27 <0.001*

RPEback 0.88 0.64 2.63 2.07 −2.33 0.05*

RPEwholebody 1.25 0.89 7.13 3.00 −6.42 <0.001*

Performance (# finger movements) 36.13 3.48 31.63 4.17 3.13 0.02*

Facial features (pixels)

Jaw 7.58 2.33 11.85 5.71 −2.05 0.08

Right outer point of eyebrow 7.58 2.92 12.68 5.86 −2.65 0.03*

Right middle point of eyebrow 6.52 3.38 11.33 4.02 −3.08 0.02*

Right inner point of eyebrow 5.28 2.92 8.74 2.73 −2.76 0.03*

Left inner point of eyebrow 4.39 2.04 7.87 2.89 −3.04 0.02*

Left middle point of eyebrow 4.09 1.02 8.19 4.13 −2.82 0.03*

Left outer point of eyebrow 3.44 1.25 9.40 3.70 −3.69 0.01*

Head movement 14.80 4.06 27.78 8.94 −3.19 0.02*

Right eye upper lid 5.84 2.57 9.84 3.93 −2.71 0.03*

Left eye upper lid 3.26 1.20 7.10 3.26 −2.96 0.02*

Right corner of lip 4.87 1.21 6.97 2.67 −1.86 0.11

Left corner of lip 5.32 1.70 8.02 3.72 −1.84 0.11

Lip top point 3.02 1.01 4.39 0.94 −2.99 0.02*

Lip bottom point 4.34 1.43 6.86 2.09 −3.10 0.02*
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Fig. 2. Facial landmarks with 2D coordinates at the start and end of the assembly task

4.2 Correlation Between Changes of Facial Features and RPE, Performance

There were significant positive correlations between the average pixel movement of
inner, middle and outer point of right and left eyebrow and the arm, shoulder, back, and
whole bodyRPE scores (r= 0.19–0.29, p< 0.01). similarly, the average headmovement
were significantly correlated with RPE scores (r = 0.38–0.56, p < 0.001), as well as
and right corner, top and bottom point of lip (r = 0.32–0.59, p < 0.001). Significant
correlations were also found between average pixel movement of right and left inner
eyebrow point (right: r = −0.19, p = 0.03; left: r = −0.20, p = 0.01), head movement
(r = −0.22, p = 0.01) and lip bottom (r = −0.17, p = 0.05).

5 Discussion

In this study, headmovement, left and right inner eyebrow, and lip bottompoint increased
significantly from first to last window close to the start and end of the assembly task,
and showed significant correlation with RPE score and performance. The results of head
and eyebrow movement changes are consistent with previous research that described
increasing facial landmark movement may be correlated with increasing physical work-
load [1, 10, 20] Miles et al. found the facial region of eyebrow and head movement
increased from low to high exercise intensity cycling task [20]. Asadi et al. reported that
average pixel movement of the eyebrow and head increased highest at 100% maximum
volume contraction (MVC) with increasing physical workload, through increasing grip
exertions [1]. Haque et al. also indicated severe head vibration from individuals when
exhaustion occurred in grip exertion [10].

However, therewere no significant changes of jawand lip corner, even though average
pixel movement of the lip bottom point was found to increase significantly. Different
findings were reported in previous studies. Significantly greater activity of the jaw and
mouthwas report with increasing physical workload induced by cycling intensity [1, 20].
Lip corner from both sides pulled up significantly when physical intensity was increased
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by percent ofmaximal weight lifted during an arm curl exercise [25]. The non-significant
changes of jaw and mouth in this study may be due to the lower metabolic demand
induced by this low-load task. In heavy intensity exercise, such as incremental cycling,
breath strategy may change from nose to mouth in order to increase the air flow and
absorb more oxygen to supply the energy [24].

Additionally, nomajor trend of general changes of facial featureswere observed from
the start to the end of task based on 2D coordinates (Fig. 2). One possible explanation
may be the individual difference in facial expression of emotions [6]. Different trends of
changes of facial features may result from participants’ different emotions at the end of
task, such as relaxed (almost finishing the task) or nervous (still maintaining the speed
of finger movement though exhaustion).

The present study discussed the potential use of changes of facial features in real-time
physical workload assessment, while additional work remains before further investigat-
ing facial feature movement as a reliable and valid measurement to physical workload
and translating this method into workspace. Current results of changes of features were
demonstrated based on a small sample size and may not indicate the variability across
the population and workspaces. Also, with more data collection from participants, intr-
aclass correlation should be analyzed, in order to investigate the test-retest reliability
of facial feature changes within subjects and between different sessions. Additionally,
the task of constantly screwing the nut may only represent a limited subset of actual
assembly tasks in the workspace. Extra features of tasks should be considered in future
with types of postures (e.g. sitting), movements (e.g. push and place), so as to investigate
the effectiveness of changes of facial features as physical workload measurement across
various conditions in manufacturing.
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Abstract. The purpose of this paper is to assess the biomechanical overload
risk of some tasks that are typical of the printing industry, by means of surface
electromyography and postural analysis software.

In the first task ofmanual loading,muscle activation percentage duration of the
Bicepses and Tricepses were similar for similar duty cycles. The Erector Spinae
muscles had higher %MVC sustained for a greater percentage of the duty cycle.
In the second task of aeration and transfer, Bicepses were activated for most of the
duty cycle with a low %MVC between 0 and 5%. Differently, Triceps and Erector
Spinae muscles had muscle activations with higher %MVC and higher percentage
duration. In the third task, the muscular activity achieved the highest values in the
Bicepses, while the activity of the Erector Spinae and Triceps muscles was less
significant. Finally, in the fourth task, the compressive force values at the L5/S1
level found by 3DSSPP software ranged from 1072 N to 1863 N. Still at the L5/S1
level, shear forces ranged from 263 N to 310 N.

In the observed conditions, the used methods found no significant biome-
chanical overload risk in the studied tasks. The %MVC values within the cycle
were all below the threshold proposed by ACGIH. The force values at level L5/S1
estimated with 3DSSPP software were also less than the 3400 N threshold limit
value proposed by NIOSH for compressive forces and less than the 700 N limit
proposed for shear forces by Gallagher in his review.

One of the observed activities at a faster working pace could increase the
biomechanical risk. This is the case of the manual loading of the offset printing
machine. In fact, the sheet board with the sheets to be loaded was positioned
frontally to the printing machine loading area, thus forcing the operator to a 180°
rotation.

Keywords: Ergonomic ·Musculoskeletal disorders ·Muscle fatigue · 3DSSPP

1 Introduction

Despite the high degree of automation in the typographic industry some tasks are still
performed manually. In terms of biomechanical risk, these activities can be assessed

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
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using standardized and validated protocols [1, 2]. These methods can, however, be sup-
plemented with electrophysiological and biomechanical investigations [3, 4] in order to
achieve a more detailed view of the workers’ workload.

Several studies have investigated musculoskeletal disorders (MSDs) in the print-
ing industry. A first epidemiological study [5] showed that printing is one of the five
industries with the highest prevalence rate of MSDs of the upper limbs in women.

Another epidemiological study [6], showed that among the various industries, the
printing industry has a high prevalence rate of MSDs concerning wrists and fingers.

Very interesting is the analysis carried out by the Occupational Safety and Health
Administration (OSHA). Starting from the task analysis, OSHA identified, for each
working stage, the riskiest tasks and suggested possible corrective actions for reduc-
ing the biomechanical overload risk (https://www.osha.gov/SLTC/etools/printing/index.
html).Moreover,Burke [7] reported a case study for possible actions in industrial printing
plants, aimed at reduce the biomechanical risk in the task of rewinding paper following
a jam.

This study investigated tasks selected following a preliminary investigation, namely
the following:

1) Manual loading of sheets in the offset printing machine, from a pallet positioned at
180° with respect to the loading area (Task A).

2) Aeration of freshly printed sheets and their transfer to a new pallet. This task was
carried out to prevent the freshly printed sheets from sticking to each other due to
the presence of ink (Task B).

3) Transfer of the printed sheets from the pallet to the jogger for subsequent cutting
(Task C).

4) Handling boxes weighing 10 kg from the roller conveyor to the pallet for shipping,
at the end of the machining process (Task D).

This paper aims at assessing the biomechanical overload risk of the aforesaid tasks, by
using myoelectric parameters combined with biomechanical models. To our knowledge
there are no paper that used these tools in print industry.

Moreover, a deepen biomechanical characterization would help to identify appro-
priate ergonomic interventions.

2 Material and Methods

Analyses were carried out on three workers selected for their experience in the investi-
gated tasks. No participants had any self-reported musculoskeletal injuries or disorders
in the past 12 months.

Table 1 reports the anthropometric data of the workers who took part in the study.
In three of the four tasks (TaskA, TaskB, TaskC), surface electromyography (sEMG)

signals were recorded on both sides of the Brachial Biceps, Brachial Triceps and Erector
Spinae muscles.

The sEMG signals were recorded by means of an electromyography system
(FreeEMG, BTS SpA) equipped with 8 wireless surface probes at a sampling frequency

https://www.osha.gov/SLTC/etools/printing/index.html
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Table 1. Anthropometric data of the subjects involved in the study

Subject Tasks Height (cm) Weight (kg) Age (years)

Subject 1 Task A 179 71 47

Subject 2 Task B 179 80 47

Subject 3 Tasks C and
D

165 67 41

of 1 kHz. These electromyography probes were equippedwith an instrumentation ampli-
fier with a common-mode rejection ratio of 100 dB and a Hamming filter with cut-off
frequencies of 10 and 400 Hz. The probes were positioned by means of disposable pre-
gelled electrodes Ag/AgCl (H124SG, Kendall Arabic, Donau, Germany) in accordance
with the recommendations of the Atlas of Muscle Innervation Zones [8]. The elec-
tromyography signals were processed using MATLAB R2017B software (vers. 9.3.0,
MathWorks, Natick, MA, USA). First, the signal was filtered in the frequency band of
interest [20–450 Hz] using a digital filter and Butterworth 9th-order passband to reduce
motion artifacts (electrode-to-skin) and other components of the high frequency noise.
Subsequently, to extract the muscular activity profile, the signal was rectified and then
filtered using a Butterworth 3rd-order low-pass filter with a cut-off frequency of 10 Hz,
thus obtaining the linear envelope. The sEMG signals were normalized with respect to
maximum voluntary contraction (MVC). MVC acquisitions were performed according
to SENIAM instructions [9].

The percentage duration of muscle activations within the duty cycles (%DC) were
calculated from the electromyography signals recorded for Tasks A, B, and C. These
values were compared with the limits recently proposed by ACGIH [10]. The limits
proposed by ACGIH (Fig. 1) are based on a mathematical model of muscle fatigue
proposed by Potvin [11].

Fig. 1. The image shows the percentage duration limits of muscular activations within the duty
cycles according to themathematical model proposed by Potvin and used byACGIH as a threshold
limit for muscle fatigue in healthy subjects (red curve).

Task D was analyzed by means of 3DSSPP software [12–14], which allowed a load
prediction of shear and orthogonal forces at the L5-S1 joint level. In particular, were
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analyzed those transfers that, the workers judged as the most demanding, i.e., those on
the penultimate (ninth) and in the last (tenth) row of the pallet.

To assess the daily workload required by Task D, the handled weight was compared
with the table of the cumulative mass per day, which refers to the handling distance
indicated in ISO 11228-1 [1].

3 Results

3.1 sEMG Results

The workers’ muscular activity during Task A, B and C are reported in Tables 2, 3
and 4. The tables show the average values (±SD) of %DC in which MVC percentages
were comprised between 0% and 30%, discretized into 5% bands. The results relating to
percentages higher than 30% with respect to the MVC have been not reported because
occasional.

Task A
In Task A the right Biceps was active for most of the duty cycle (60.7%), with a %MVC
usually between 0 and 5 % of the MVC, and for 23.8 % of the DC with an activation
between 5 and 10% of the MVC. For the Erector Spinae muscles a muscular activation
was recorded between 0 and 10% of the MVC sustained for two thirds of the DC (63.3%
right Erector Spinae and 66.8% left Erector Spinae), as well as a significant activation
between 10 and 15 % of the MVC sustained for 24% of the DC on the right side and
17.9% of the DC on the left side. Finally, the Tricepses showed activation levels ranging
between 0 and 10% of the MVC for three quarters of duty cycle duration (75.7% of the
DC for the right side and 81.9% of the DC for the left side). Levels of 25-30% of the
MVC were achieved for a significant period only by the left Biceps (2.4% of the DC).

Table 2. MVC percentage values (discretised into 5% bands) and their relative percentage
duration of activation in the DC for Task A for Left (Sx) and Right (Dx) side

Biceps Triceps Erector Spinae

%MVC Dx (%DC) Sx (%DC) Dx (%DC) Sx (%DC) Dx (%DC) Sx (%DC)

0–5% 60.7 ± 5.2 39.9 ± 6.7 52.2 ± 5.6 58.1 ± 6.2 27 ± 9.6 34.9 ± 12.8

5–10% 23.8 ± 4.7 25.5 ± 3.6 23.5 ± 6.3 23.8 ± 4.0 36.3 ± 6 31.9 ± 6.5

10–15% 9.7 ± 2.3 14 ± 2.8 14.3 ± 3.7 9.2 ± 1.4 24 ± 4.7 17.9 ± 4.9

15–20% 3.3 ± 1 8.5 ± 1.9 5.3 ± 3 3.9 ± 1.3 9.5 ± 1.9 8.3 ± 2.3

20–25% 1 ± 0.3 5.1 ± 1.2 1.6 ± 0.5 2 ± 1.2 2.4 ± 0.8 3.9 ± 1.9

25–30% 0.6 ± 0.5 2.4 ± 0.6 0.8 ± 0.4 1.1 ± 0.9 0.6 ± 0.4 1.9 ± 0.8

Task B
In task B the Bicepses were active for most of the duty cycle (82.2% the right Biceps
and 85.9% the left Biceps) with a %MVC between 0 and 10%. For the Erector Spinae
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muscles, a muscular activation was recorded between 0 and 10% of the MVC sustained
for over two thirds of theDC (70.1% right Erector Spinae and 70.5% left Erector Spinae);
relevant was also the activation between 10 and 15% of the MVC sustained for 20.1% of
the DC on the right side and of 18.8% of the DC on the left side. Finally, the Tricepses,
like the Erector Spinae muscles, showed activation levels ranging between 0 and 10%
of the MVC for over two thirds of the duty cycle duration (73.7% of the DC for the
right side and 68.9% of the DC for the left side). Levels of 25–30% of the MVC were
achieved for a relevant period only from left Triceps (2% of the DC).

Table 3. MVC percentage values (discretised into 5% bands) and their relative percentage
duration of activation in the DC for Task B for Left (Sx) and Right (Dx) side

Biceps Triceps Erector Spinae

%MVC Dx (%DC) Sx (%DC) Dx (%DC) Sx (%DC) Dx (%DC) Sx (%DC)

0–5% 63.2 ± 5.2 66.6 ± 3.9 45.2 ± 6.9 37.8 ± 5.2 37 ± 5.1 42.9 ± 7.4

5–10% 19 ± 1.9 19.3 ± 2.6 28.5 ± 2.3 31.1 ± 3.9 33.1 ± 3 27.6 ± 4

10–15% 7.7 ± 1.4 7.1 ± 1.1 13.5 ± 2.5 14.8 ± 2.1 20.1 ± 3.6 18.8 ± 2.6

15–20% 3.7 ± 1 3.2 ± 0.8 6.1 ± 1.4 6.6 ± 1.2 7.3 ± 2.1 7.1 ± 1.9

20–25% 2 ± 0.7 1.7 ± 0.6 2.9 ± 0.8 3.3 ± 0.8 1.7 ± 0.7 2 ± 0.6

25–30% 1.1 ± 0.4 0.8 ± 0.4 1.7 ± 0.6 2 ± 0.6 0.4 ± 0.2 0.9 ± 0.5

Task C
In Task C the Bicepses and Tricepses were active for most of the duty cycle, between
68.6% and 77.6% of the DC, for MVC percentages between 0 and 5%. The Erector
Spinae muscles were the most involved (35.4% right Erector Spinae and 43.4% left
Erector Spinae) for activation levels between 5 and 10% of the MVC. Activation was
relevant between 10 and 15% of the MVC (16.8% of the DC for right Erector Spinae
and 17.9% of the DC for left Erector Spinae). All activation levels over 20% of theMVC
were not relevant, except for the right Erector Spinae, which was active for 3.7% of the
DC.

3.2 3DSSPP Results

Table 5 shows the values of the compression and shear forces at the level of the L5-S1
lumbosacral joint. The values obtained for compressive forces ranged from a minimum
of 1042 N to a maximum of 1863 N, and those for shear forces ranged from 263 N and
310 N.

Figure 2 is an example of the reconstruction made with 3DSSPP software. Specif-
ically, it shows the results of the handling a 10 kg box, with the box positioned rear in
the tenth row.
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Table 4. MVC percentage values (discretised into 5% bands) and their relative percentage
duration of activation in the DC for Task C for Left (Sx) and Right (Dx) side

Biceps Triceps Erector Spinae

%MVC Dx (%DC) Sx (%DC) Dx (%DC) Sx (%DC) Dx (%DC) Sx (%DC)

0–5% 77.6 ± 4.3 74.3 ± 2.4 74.7 ± 3.1 68.6 ± 5.4 34.2 ± 6 34.4 ± 3.9

5–10% 12.3 ± 2.6 16.2 ± 2.2 13.6 ± 2.0 18.6 ± 4.2 35.4 ± 4.4 43.3 ± 4.1

10–15% 5.2 ± 1.2 4.4 ± 0.6 5 ± 1 5.6 ± 1.2 16.8 ± 2.1 17.9 ± 1.7

15–20% 2 ± 0.9 1.7 ± 0.2 2.2 ± 0.3 2.7 ± 0.6 8.2 ± 0.8 4 ± 0.8

20–25% 1 ± 0.6 1.2 ± 0.3 1.5 ± 0.3 1.3 ± 0.3 3.7 ± 0.4 0.3 ± 0.2

25–30% 0.4 ± 0.2 0.7 ± 0.3 1 ± 0.2 0.8 ± 0.3 1.3 ± 0.5 0.03 ± 0.05

Table 5. The table shows the values (in Newton) of compression and shear forces at the
lumbosacral joint level, for each of the examined frames

L5-S1 sacral zone

Position Compression (N) Shear (N)

9th row left rear 1772 306

9th row front
left

1338 304

9th row right
rear

1863 310

9th row right
front

1042 291

10th row left
rear

1609 305

10th row front
left

1072 270

10th row right
front

1189 263

10th row right
rear

1482 308

3.3 ISO 11228-1 Results

For assessing the biomechanical load throughout the entire working day for Task D, the
handling distance and frequency limits proposed by the ISO 11228-1 for the cumulative
mass per day were used. The reference limit values that are closer to the working con-
ditions observed are those of 10000 kg/8 h, 7200 kg/h and 120 kg/min for a handling
distance of 1 m.
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Fig. 2. The image shows the 3DSSPP reconstruction of the task of handling on the pallet

The observed work pace was four pallets per work shift. This frequency corresponds
to the lifting of 160 boxes of 10 kg each per shift, i.e., reaching a cumulative mass
handled per day of 1600 kg/8 h, 200 kg/h and 30 kg/min.

4 Discussion

In the four investigated tasks, our results revealed non-significant biomechanical risk
levels.

However, these results must refer to the peculiar type of observed production. In
fact, different results could be found for the same tasks if performed for the handling of
sheets of other sizes or at a different pace and in a different working environment.

The muscular activity analysis in Tasks A, B, and C, recorded by sEMG, has shown
that for all the investigated muscles, the MVC percentages were maintained for duty
cycle percentage duration below the TLV proposed by ACGIH.

Even the study of pallet handling (Task D) with 3DSSPP revealed no significant
levels of biomechanical overload risk. The force values at the L5-S1 level were estimated
between 1042 and 1863 N, and therefore below the 3400 N limit proposed by NIOSH
[15]. Furthermore, the shear forces, between 263 and 310 N, were far from the 700 N
threshold limit value proposed by Gallagher in his review [16].

At the observed work pace, Task D was below the limit values even with respect to
the cumulative mass per day proposed by ISO 11228-1. At the observed frequencies, the
handled kilos were lower than those proposed by the standard for a handling distance
up to 4 m.

However, during the inspections we carried out, some conditions were observed
that at a faster working pace could increase the biomechanical risk. This is the case
of the manual loading of the offset printing machine. In fact, the pallet was positioned
frontally to the printing machine loading area, thus forcing the operator to a 180° trunk
rotation. Positioning the pallet at 90° with respect to the loading zone, as in most recent
equipment, would allow a risk reduction.
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Diagnostics of the Stress State by the Method
of Pupillography

Isaeva Oksana(B) and Boronenko Marina

Yugra State University, 16 Chekhov street, 628012 Khanty-Mansiysk, Russia

Abstract. Existing systems for recognizing the emotional state of a person draw
conclusions from facial expressions, galvanic reactions of the skin, electrocardio-
gram and pulse, analysis of sound waves, vibraimage. In this case, a person can
deceive a car. Emotions greatly affect pupil size. This is due to the unambiguous
uncontrolled reaction of the human body to the information received. In this way,
the reliability of emotion detection can be increased.Our goal: to develop amethod
for remote diagnostics of a person’s stress state using the pupillography method.
In accordance with the set goal, conditions were found under which test objects
create the same illumination of the eye surface; a technique has been developed
that increases the accuracy of tracking the center of attention in the absence of lim-
iting head movements; a calibration method has been selected, relative to which
the stress state of a person can be determined.

Keywords: Pupillometry · Emotion · Test objects

1 Introduction

To determine the stressful state, you can use facial expressions, pulse, vibraimage. At the
same time, a person’s ability to restrain mimic expression of emotions can be attributed
to the disadvantages of the method for determining emotions by facial expressions. The
non-contact heart rate measurement method is too sensitive to the amount of movement.
Emotional control by sound waves does not work if the person is silent. Vibraimage
identification does not register small changes in the psychophysical state. Therefore, all
these methods must be used together. An uncontrolled reaction of the human body to
heard (seen) information, which manifests itself in a change in the size of the pupils,
can expand the capabilities of such contactless systems for determining a stress state.
Pupillograms are actively used for diagnostics in ophthalmology, neuropathology, and
narcology [1]. Real-time diagnostics of mental disorders has been developed [2]. As a
result of a comparative analysis of the shape of the pupils of the subjects with samples of
the pupils of people with known mental disorders, thereby diagnosing the disease. It is
also known that the diameter of the pupils is associated with theta, the brain rhythm [3],
which is a reliable marker of stress [4], and, if necessary, is used as an indicator of object
recognition by individuals [5]. It has also been established that there is a relationship
between microsaccades and attention with cognitively modulated brain potentials, pupil
diameter and psychophysical state of a person [6]. The peculiarity of remote diagnostics
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of stress (stress) state is that the respondents donot have any special expensive equipment.
Therefore, our goal was to develop a technique that allows remotely, without specialized
equipment, to monitor changes in the size of the pupils and assess the emotional state
(tension, stress).

2 Experimental Methods and Techniques

As you know, a person involuntarily directs themost attention towhat is most significant.
Therefore, a person who turns to a psychologist for help must have a topic that espe-
cially excites him. Any information, especially new information related to this topic,
is significantly important for a person. In this regard, our research has the following
logic. Mental, depressive or stressed state of a person is accompanied by a change in his
emotional response to a stimulus. A person’s emotional reaction leads to a change in the
size of the pupils to one degree or another. With a collection of images and videos on
the most common mental health topics, pupillographic studies can be done. To achieve
this goal, it is necessary to solve the following tasks: development of a methodology to
determine the presence of a stress state; checking the technical ability to track the track
of attention without special equipment.

During the receipt of meaningful information, depending on the depth of interest,
there is a concentration of attention or even an emotional reaction arises. In order for
the images to arouse increased human attention, a survey was conducted (according
to the results, χ2 was calculated). Anyone took part in the survey. In the future, it is
planned to involve doctors and patients with psychological disorders for research. To
determine the emotional response of a person to the presented stimulus, a presentation
was made from images that received an overwhelming number of votes. The greatest
emotional response (χ2) was received by images that to one degree or another evoke the
emotion “fear”. Each stimulus was presented once. A total of 9 images were presented,
each slide was shown for 5 s. At the beginning of the presentation, there was always
a calibration slide. To check the equivalence of the eye-tracking results in the absence
of a rigid coordinate connection between the recorder and the head, we used two video
cameras.Onewas attached to a pupillographicmodule, the secondwas located separately
(Fig. 1a). Since the distance between the camera and the observed scene is much greater
than the focal length of the optical system, we can assume that the image is built in its
focal plane (Fig. 1b). The man sat on a chair. The stimulus material was demonstrated
from a monitor located at a distance, at which the fluctuations of illumination (Fig. 1c)
from it are insignificant [7].

After the end of the experiment, the subject was asked to assess the emerging emo-
tional state when viewing images. All the subjects were volunteers, they are satisfied
with the results, they have no complaints. The video files with images of the pupils were
analyzed in the free software Fi-Ji, an improved and extended distribution of ImageJ [8],
which integrates many plug-ins that allow full scientific analysis of the image. After the
preparation of the video files, the pupil was outlined in each frame. Results visualiza-
tion and statistical analysis were performed using the OriginPro 2019 software. When
analyzing pupillograms, the data were cleaned from artifacts caused by blinking.
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Fig. 1. a) Observation of pupillary reaction with two video cameras; b) Camera standard coordi-
nate system; c) Change in the size of the pupil under the influence of light of different intensities
(all other things being equal).

2.1 Comparative Analysis of Eye-Tracking of the Pupillographic Module
and a Separate Video Camera

To check the identity of the tracks received by the video camera 1 - fixed on the head
and the video camera 2 – “free”, that is not having a rigid coordinate connection with the
head, the following experiment was carried out. The first astro-ZWO-120 video camera
is located at a distance of 40 cm from the plane of the eyes. The choice of the brand of the
second camcorder (Canon SX620HS, 25X optical zoom) is due to its prevalence. The
second video camera is independent, (free), mounted on a tripod 250 cm from the plane
of the eyes. The video was filmed at 30 fps. For the obviousness of the results obtained,
the subjects had to look at a black dot (6 mm diameter). To study the effectiveness of
the technique for eliminating track distortions (while viewing a slide with a dot), you
need to shift and turn your head without taking your eyes off the point. The internal
time of the cameras is synchronized to thousandths of a second. Camcorders recorded
the pupillary response during the slide show. The area of the pupil, the coordinates of
its center of mass, and the coordinates of the center of mass of the monitor’s reflection
on the cornea were measured in each frame of the video files. Since all attention was
focused on the point, the coordinates of the center of attention in each frame should be
grouped near one center. The smaller the spread, the more accurate the result. However,
the tracks of the spotlight before the adjustment are a complex trajectory (Fig. 2a, b).
Therefore, without correction, the use of such a technique is impossible. An increase
in the accuracy of determining the coordinates of the center of attention is carried out
by moving from a coordinate system associated with a stationary head to a coordinate
system associated with a moving center of the pupil. For this, an image of the monitor
reflected in the pupil was isolated on the obtained video frames. Then the center of mass
of the selection was tracked in each frame and its coordinates were determined. The
coordinates of the center of mass of the monitor reflection in the pupil and the pupil
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diameter measured in each frame were used to construct pupillograms and oculograms.
After the performed actions, both tracks are localized in a small area, corresponding to
the observed point (Fig. 2c).

Fig. 2. Tracks of attention before correction, obtained using: a) a video camera with a rigid
connection with the head; b) free video camera; c) Statistical: Histogram + Rug/Distribution +
Rug and localization of the track of attention around the point.

Thus, visually the results are the same. If the numerical results coincide, then the
technique canbeused for remote control of the pupillary response to a stimulus.Checking
the data for normality gave a negative result, despite the fact that the sample sizes
are large enough. The standardization of variables also did not give the desired result.
Therefore, nonparametric criteria were used. Let us formulate testable hypotheses. Null
Hypothesis: The samples come from the same population. Alternative Hypothesis: The
samples come from different populations. At the 0.01 level, the populations are not
significantly different. Thus, we can assume that remote eye tracking according to the
developed methodology gives a reliable result.

2.2 Controlling Unplanned Light Changes

For successful recognition of the stressed state of a person, among other parameters, it
is necessary to measure the size of the pupils. The area of the pupil is more resistant to
change than the diameter. As you know, the size of the pupils is strongly influenced by
the fluctuation of illumination. Therefore, if the distance to the demonstration monitor
is less than the permissible [9], then the stimulus material (images) should be converted
to an equal brightness form. Luma flattening is done in ImageJ by creating a stack of all
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used images and normalizing local contrast. It also calculates the total number of pixels
of images with a certain brightness. Figure 3 shows the statistics of the total brightness
of the images before and after the alignment procedure.

Fig. 3. Descriptive Statistics of images brightness (test objects).

Since the differential threshold of the light sensitivity of the eye is 1–1.5%, the
images obtained fully satisfy the given condition. In this case, it is considered that the
glow of the entire surface of the monitor is uniform. Additional control of illumination
can be carried out on the area of the skin around the eyes. With the pupil illumination
E1, the pupil area S1, the average brightness of the pixels included in the selected area of
the skin near the pupil in grayscale I1. Then, with an unplanned change in illumination
E2, the area of the pupil will become S2. The brightness of the skin I2. It is known that
the transformation of light by the photo matrix is linear. Therefore, the brightness of
the image is proportional to the illumination of the photomatrix. Then the change in
illumination in E2\E1 = I2\I1 times is taken into account by introducing a correction
factor k = I1\I2. In this case, the illumination in the room where the experiments are
carried out must be uniform and meet the requirements of regulatory documents.

3 Emotional Response Experiments

More than 100 people took part in the experiments. The best 30 were selected from the
total number of video files received (typical number of blinks). Video filmingwas carried
out on a ZWO-120 video camera at a speed of 30 fps; images to which an emotional
reaction is most likely were used as a stimulus material. The images were selected
according to the previously described method. Among other images, a calibration slide
was required. After the experiment, the survey showed that some respondents were
tense. Their files were tagged. After processing and analysis, the pupillograms were
comparedwith the described feelings of the subjects. The results obtainedwere subjected
to statistical analysis.

All received pupillograms contain reactions to different test objects. At the same
time, a tense (emotional) state manifested itself on a specific slide. If the pupillograms
belong to one person, then the analyzed groups of pupillograms are dependent. In this
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case, for coherent samples, statistical hypotheses are tested by Friedman ANOVA (the
results are presented in Table 1.

Table 1. Friedman ANOVA results.

Wilcoxon-Nemenyi-McDonald-Thompson Test

Sum Rank Diff Z Prob Sig

“3 Gy” “2 Gy” 4.5 0.27643 0.99968 0

“3 Gy” “h” 136 8.35441 0 1

“3 Gy” “7” −191.5 11.76375 0 1

“3 Gy” “1 Gy” −36.5 2.24218 0.51031 0

“2 Gy” “h” 131.5 8.07798 0 1

“2 Gy” “7” −196 12.04018 0 1

“2 Gy” “1 Gy” −41 2.51861 0.38644 0

“h” “7” −327.5 20.11817 0 1

“h” “1 Gy” −172.5 10.59659 0 1

“7” “1 Gy” 155 9.52157 0 1

Sig equals 1 indicates that the difference of the means is significant at the 0.01 level. Sig equals 0
indicates that the difference of the means is NOT significant at the 0.01 level.

Results of comparing pupillary response using the Friedman ANOVA test in groups
of pupillograms of a person without emotional response (h), emotional outburst (7)
and response on the calibration slide showed that the levels are significantly different.
Therefore, on any pupillogram it is possible to distinguish from 1 to 4 zones (Fig. 4).

Fig. 4. a) Pupillogram of a mentally stable reaction; b) Pupillogram with the manifestation of an
emotional reaction, indicating mental stress.
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In Fig. 4a) the pupillogram was taken without the use of special equipment. All
experienced emotions are in the “green” zone, everything is normal. Figure 4b) a pupil-
logram from experiments with a pupillographic module, laboratory studies. The method
for obtaining pupillograms is the same, the stimulus material was static images. Several
stimuli contained photographs of insects (pupillogram in the yellow emotional zone).
Viewing a cute spider corresponds to a pupillogram in the instability zone (red level).
This is a pupillogram of a girl who is afraid of spiders (phobia). After the experiment,
the girl reported exactly this. Red peaks are not counted, this is blinking.

Thus, bymeasuring thewidth of the zone of the calibration pupillogram, andmarking
it on the entire pupillogram (to make an individual adjustment of the pupillographic
module), it becomes possible to quickly determine the stress state of a person.

4 Discussion

Obtaining pupillograms in the context of remote experiment implementation has its own
nuances. The technique needs to be adjusted taking into account the fact that the user
does not have any special equipment. The measurements will be carried out under the
following conditions: there is no infrared illumination, the head is not fixed, the stimulus
material is shown from a laptop screen from a close distance, the registration of pupils
is carried out without a magnifying lens. However, if the spatial resolution of video
cameras is weak, then the procedure becomes useless. An alternative option could be a
smartphone video camera. The distance between the screen surface and the person’s face
is determined by the convenience of the respondents. Usually, a person places his head
parallel to the screen, the projection is almost in the center. In this case, the distance
was 1 m. At this distance, the change in luminous flux when changing frames has a
significant effect on the size of the pupils. In order to eliminate this problem, the video
files used as stimulus material were converted to equal brightness.

The method of taking into account the influence of head rotation on the coordinates
of the center of attention allows eye-tracking without additional devices. From the given
tracks it becomes clear that if you do not correct the coordinates of the center of attention,
then the conclusion will be false. In general, the intensity of the evoked emotions on
a scale from 1 to 10 did not exceed 4, where 10 is the strongest emotion that can be.
However, it can be assumed that for a girl with a phobia, the level of emotion was
quite high, most likely a threshold. Therefore, when developing a stimulus material, one
should remember about possible extreme unexpected reactions of respondents.

5 Main Results

The problem of determining the concentration of a subject’s attention to a stimulus
was recently solved by measuring the microsaccadian dynamics of the subject’s eye
movement [10]. It has also been shown that pupil dilation reliably reflects the decision-
making process and there is a noticeable pupil response when a target is detected, even
in the presence of a distraction [11]. In our research, we attempt to expand the scope
of application of synchronized puppilography and oculography to identify a person’s
stressed state by their excessive emotionality.
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In accordance with the purpose of the research, the stimulus images were converted
to equal brightness. A technique has been developed that increases the accuracy of
tracking the center of attention (determining the angle of displacement) in the absence of
limitation of head movements. The developed techniques for constructing pupillograms
were tested in the absence of a rigid limitation of head movements (solid angle of 30
degrees), specialized equipment and infrared illumination. Pupillograms were analyzed
offline. A method of calibration has been chosen, in relation to which it is possible to
identify a stressed mental state of a person. The developed technique can be used for
remote diagnostics. The results also contribute to the development of machine learning
and artificial intelligence systems; open up new opportunities for early diagnosis of
mental disorders of a person and the study of his psychophysical state remotely.
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Abstract. The aim of this study was to evaluate the risks in relation to workers’
repetitivemovements of the upper limbs, as well as analyze the effects of a reduced
work pace on the risk levels in a chicken slaughterhouse. The study was conducted
in a slaughterhouse with 3,200 workers, who were divided into two shifts, where
300,000 chickens were slaughtered daily. The OCRA checklist was used to assess
10% of the total workforce during work tasks. The average OCRA checklist score
was 18.2 ± 4.8 (moderate risk). Considering the five risk categories proposed by
the OCRAmethod, 2 tasks were deemed high risk (9.5%), 15 presented moderate
risk (71.5%) and 4 exhibited low risk (19%). By conducting simulated interven-
tions, it was possible to reduce the risk of work-related musculoskeletal disorders
to very low levels in 19 of the 21 tasks by only decreasing the work pace (−39.8
± 16.8%).

Keywords: Risk assessment · Ergonomics · Work pace · Slaughterhouse ·
OCRA

1 Introduction

In recent years, Brazil has been consolidating a leading role in the world’s meat produc-
tion and exports [1]. This position was achieved due to the abundance of land, favorable
climate, and fertile soil to produce food, along with the companies’ ability to overcome
challenges [2]. Most Brazilian chicken meat is processed manually (knives) or by means
of specific machines, considering that the cuts are the main product of this industry [1].
Therefore, slaughtering and meat processing work involve high loading intensities and
cyclic repetitive muscle actions of the upper limbs, and thus implies an elevated risk of
work-related musculoskeletal disorders (WMSDs) [3, 4].

The OCRA method resulted from a consensus document developed by the Tech-
nical Committee on Musculoskeletal Disorders of International Ergonomics Associa-
tion (IEA) endorsed by the International Commission on Occupational Health (ICOH)
[5]. This method was established to evaluate workers’ exposure to tasks featuring
many upper-limb injury risk factors (lack of recovery periods, repetitiveness, force
requirement, awkward postures and movements, and “additional factors”) [6].
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Although a series of recent studies have evaluated the risk of WMSDs in chicken
slaughterhouses [7–12], intrinsic characteristics of each production plant have been
verified due to the particularities of the production mix. According to the production
mix, different work activities are carried out, and consequently, different occupational
risks are present.

Considering these assumptions, the aim of this study was to evaluate the risks in
relation to repetitive movements of the workers’ upper limbs of, as well as analyze the
effects of a reduced work pace on the risk levels in a chicken slaughterhouse.

2 Method

The local Human Research Ethics Committee approved the procedures for this study, in
accordance with the Declaration of Helsinki.

Data collections were performed in a Brazilian slaughterhouse with 3,200 workers,
who were divided into two shifts, where 300,000 chickens were slaughtered daily. In
order to measure the risks related with repetitive movements of the upper limbs, 10% of
theworkforcewas assessedwhile performing theirwork tasks, using theOCRAchecklist
[6]. The evaluated tasks were considered individually, regardless of whether they were
part of job rotation schemes. A sampling of 10 cycles for each task was recorded with a
Sony® HDR-XR160 digital camcorder camera.

From the results of the OCRA checklist, simulated interventions were performed
to achieve borderline risk levels by reducing the work pace for each of the evaluated
activities. The scores for each risk factor were weighted in proportion to the proposed
work pace reductions.

Descriptive statistics (mean, standard deviation and percentage) were used, as well
as the Student t-test (SPSS 17.0; p ≤ 0.05), in order to compare the risk between the
sides of the worker’s body.

3 Results and Discussion

The 21 investigated work tasks (homogeneous groups) were from the following sectors:
packing (10), cutting (9), chiller (1), reception (1).

In the analyzed industry, the work shift was 08 h 48 min with six rest breaks of
10 min each, thus, the net duration of the repetitive work was classified in the range of
421 to 480 min (“duration” multiplier 1). For the risk factor “recovery”, the multiplier
1.05 was used. The scores of the other risk factors (force, frequency of technical actions,
posture with stereotyped movements, and “additional factors”) were assigned according
to the features of each task and the operating mode of each worker.

The occupational repetitive actions performed by workers were 63.3 ± 20.2 per
minute, representing 9 points on the OCRA scale (0- to 10-point scale). (Table 1). Many
studies have also shown a high frequency of technical actions in poultry slaughterhouses,
with averages between 63.7 and 79.8 [8–13]. Kilbom [14] recommends that workers
must not exceed 25–33 actions/min. to prevent tendon injuries, since higher rates offer
insufficient breaks for fatigue recovery between contractions (micropauses).
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The work in chicken processing industries is repetitive, strenuous and exposes work-
ers to overuse injuries [15]. Upon arriving at the slaughterhouse, live chickens are
received and then introduced to a production line that requires workers to hang, slaugh-
ter, pluck, clean, eviscerate, cut, pack and box chicken parts at a fast pace. Additionally,
the workers clean and repair equipment, assemble boxes and move packaged chicken
pallets.

The average OCRA checklist score was 18.2 ± 4.8 (moderate risk), and there was
no significant difference (p = 0.165) between the scores on the right upper limb (18.1 ±
4.9) and left upper limb (17.9 ± 2.9). A number of studies in Brazilian slaughterhouses
have also found a moderate risk level [7, 8, 10, 11]. In an Italian poultry slaughterhouse,
Colombini and Occhipinti [6] found that 22.4% of workers exposed to moderate risk
tasks (an average of 20 points on the OCRA Checklist) were diagnosed with WMSDs
(based on clinical evaluations and complementary medical examinations).

Considering the five risk categories of the OCRA method, 2 tasks were deemed
high risk (9.5%), 15 presented moderate risk (71.5%) and 4 exhibited low risk (19%).
Despite some studies have found that high-risk activities predominate in slaughterhouses
in Brazil (56.5%) [7], Italy (90%) [13] and Iran (67%) [16], many recent studies indi-
cate that moderate-risk activities predominate in Brazilian slaughterhouses [8–11]. It
is speculated that the reduction of high-risk activities, found in these studies, may be
related to the promulgation of the Brazilian Regulatory Standard n° 36 (NR-36) [17].
This standard defines parameters for the evaluation, monitoring and control of occupa-
tional risks in meat processing industries [17]. Among the parameters established by the
NR-36, the mandatory inclusion of rest breaks directly influences the outcomes of the
OCRA checklist [17]. When meeting these parameters, the exposure time for repetitive
activities was reduced throughout the Brazilian meat processing industry. Hence, in the
OCRA checklist analyzes, the “recovery” score is reduced, which then diminishes the
risk of WMSDs as well.

Founded on epidemiological data regarding WMSDs, the authors of the OCRA
method used statistical procedures (regression analysis) to define hypotheses for the
prevalence ofWMSDs according to the occupational conditions [6]. Specific percentages
were determined for each level of the WMSDs incidence. As an example of the studies
that originated the method, Colombini and Occhipinti [6] found an incidence of 47.7%
of WMSDs in meat deboning workers, who were classified with high risk (28 points) on
the OCRA checklist. In this way, most of the workers evaluated in the present study had
a probability of developing WMSDs between 10.8 and 21.5% (moderate-risk tasks).

Based on the assumption that there is a predominance of activities with highly repet-
itive movements of the upper limbs [8–12, 18], some studies have recommended that
a reduced work pace decreases the risk of WMSDs in chicken slaughterhouses [8–12].
Therefore, simulated interventions were performed, reducing the work pace to reach
very low risk levels on the OCRA checklist. By conducting these simulated interven-
tions, it was possible to diminish the risk of WMSDs to very low levels in 19 of the
21 tasks by only decreasing the work pace (−39.8 ± 16.8%). Two of the tasks (“turn
the boxes” and “close the boxes”) were unachievable because of the high demand for
strength required to perform these tasks. Similarly, previous studies also executed sim-
ulated interventions to lower the risk by reducing the work pace (−42.1 ± 14.5%; −
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Table 1. The OCRA Checklist risk assessment and simulations to reduce the risk by decreasing
the work pace.

Tasks Current situation Simulations for risk reduction

Units/min TA/min OCRA
score

Risk
level

Units/min TA/min OCRA
score

Risk
level

Closing boxes 8.0 56.0 32.0 5 # # # #

Meat transfer
– bowl to box
– secondary
packing

6.0 54.0 28.5 5 # # # #

Boning leg 2.5 75.0 21.0 4 1.0 30.0 11.0 2

Boneless leg
screening

17.1 85.7 20.0 4 7.1 35.0 11.0 2

Packing boneless
breast – 20 kg

1.9 70.6 20.0 4 1.0 35.0 11.0 2

Trimming
boneless leg

8.5 102.3 20.0 4 2.9 35.0 11.0 2

Trimming breast 11.8 58.8 19.0 4 6.0 30.0 11.0 2

Packing boneless
leg – automatic
scale

3.7 98.1 19.0 4 1.5 40.0 11.0 2

Placing breast on
the tray

3.3 88.3 19.0 4 1.5 40.0 11.0 2

Packing boneless
leg – manual scale

4.5 90.2 19.0 4 2.0 40.0 11.0 2

Weighing and
packing boneless
breast – 7.5 kg

3.3 66.7 17.0 4 2.0 40.0 11.0 2

Standardizing
breast – IQF (with
knife)

17.6 52.9 17.0 4 12.0 36.0 11.0 2

Re-hanging
chicken
– Stork/cone

15.0 45.0 16.0 4 10.0 30.0 11.0 2

Secondary
packaging – leg

* 59.0 16.0 4 * 40.0 11.0 2

Repositioning
sassami on the mat
– IQF

* 57.0 16.0 4 * 40.0 11.0 2

(continued)
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Table 1. (continued)

Tasks Current situation Simulations for risk reduction

Units/min TA/min OCRA
score

Risk
level

Units/min TA/min OCRA
score

Risk
level

Hanging live
chickens

13.0 39.1 15.0 4 10.0 30.0 11.0 2

Interfold legs * 62.0 15.0 4 * 40.0 11.0 2

Re-hanging
chicken – post
chiller

13.6 40.9 14.0 3 10.0 30.0 11.0 2

Sealing packages
– boneless leg

2.3 56.0 13.5 3 1.7 40.0 11.0 2

Repositioning
breast on the mat
– IQF

* 42.5 13.0 3 * 39.0 11.0 2

Re-hanging
chicken – cone

10.0 30.0 12.0 3 8.6 26.0 11.0 2

Average 7.0 63.3 18.2 4 4.2 35.6 11.0 2

Standard-deviation 5.7 20.2 4.8 – 4.0 4.8 0,0 –

Risks: 5-high; 4-medium; 3-low; 2-very low; 1-acceptable; TA-technical actions; *Task with
variable work rate; # The task needs to be restructured due to the high force requirement

44.9 ± 13.7%; −48.5 ± 11.8%; −38.8 ± 4.8% and −50.4 ± 7.7%, respectively) and
were effective in most cases (24/26, 28/30, 15/15, 33/35 and 46/47 tasks, respectively),
except for those activities with an excessive demand for strength [8–12].

4 Conclusion

Considering the results of this study, it is possible to conclude that:

• Most of the analyzed work activities were classified as moderate risk, predisposing
the workforce to a WMSDs incidence between 10.76 and 21.51%;

• The risk of developing WMSDs is similar for both sides of the body;
• Simulated interventions, reducing the working pace, showed the effectiveness of this
organizational measure to lower the risk of WMSDs in most of the analyzed tasks;

• Further studies are necessary to verify whether the results of the present study can be
generalized to other slaughterhouses.

Lastly, to lessen the risk of WMSDs in chicken slaughterhouses, it is suggested to
implement several organizational measures: reduce the work pace, increase the work-
force in each task, take rest breaks every hour, implement an efficient job rotation
(between activities with different biomechanical demands), keep knives sharp (avoid
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unnecessary effort), and monitor the risk level of work tasks using quantitative tools,
such as the OCRA checklist.
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Abstract. The future of aviation should be safe, efficient, measurable, collabora-
tive, fair and transparent. However, only a few attributes can be fulfilled under the
given circumstances at airports at present. The German Aerospace Center (DLR)
is developing concepts regarding the implementation of Collaborative Decision
Making and Performance Based Management at airports. In cooperation with the
University of Applied Sciences Osnabrück, a design concept is developed which
deals with the implementation of an interactive visualization module for a control
center to support decision making in a multi-stakeholder environment at airports.
The approach and first results will be discussed and plans for further studies are
deduced.

Keywords: Performance Based Management · Total Airport Management ·
Collaborative Decision Making · User Experience Design · Design Thinking ·
Human Computer Interface

1 Introduction

Airports nowadays are organized by a multi-stakeholder environment, in which every
stakeholder works with an individual Human Computer Interface (HCI) system and
with technology that is not state-of-the-art to decide about daily business operations.
The status quo results in a lack of communication among the different stakeholders and
causes a time-consuming decreased system performance. This effects a disproportionate
amount of work, which leads to significant mental distraction for the users. Critical
situations might be detected too late or not at all [1]. Due to the complex structure,
fluctuation and incomplete flows of data information, the integration of land and air
side processes at the airport is difficult and limits the view of overall processes for all
parties. In addition, all individual parties are caught in a so-called coopetition [2, 3],
since both common and individual interests must be enforced. To this day, there is no
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common basis for discussion in order to be able to collaboratively make profound and
sustainable decisions in the interests of all parties. Consequently, the potential of the
airport infrastructure and capacities cannot be fully exploited.

The German Aerospace Center (DLR) developed the concepts of Total Airport Man-
agement (TAM) and Performance Based Airport Management (PBAM), that address
these problems. Regarding these concepts and in collaboration with the University of
Applied Sciences Osnabrück, one responsive concept for an onsite- and remote-control
solution is being developed, which focus on the design and implementation of an interac-
tive visualizationmodule for an airport operation center (APOC) to support collaborative
decision making depending on the size and infrastructure of an airport.

The overarching objective is to initiate, provide and support communication as well
as to collect, analyze and link data information to enhance the general efficiency, safety,
sustainability and success of the institution airport.

On the basis of the already existing TAM/PBAM concepts and a far-reaching inter-
disciplinary market and trend research, different solution variants were developed, from
which an exemplary design concept isworked out. The result is a prototypical ideation for
a responsive interface design as well as an ergonomic workplace suggestion of physical
control center including emerging technologies for the period 2025 to 2030.

2 Background

Airports have increasingly developed from simple infrastructure providers to high per-
formance companies. To further improve operations and provide high quality of services
for passengers and airlines, different concepts have been developed.

WhileA-CDM[1] as a first approach is based on providing and sharingmore accurate
data between different stakeholders at definedmilestonesDLR togetherwithEurocontrol
introduced the idea of TAM [5] as a method for reliably improving airport operations.
TAM covers the cooperation of stakeholders based on operating strategies in a pre-
tactical time horizon and the collaborative decision-making process at airports. Work
has been done regarding interface design and cooperation of stakeholders as well as
user requirements for future APOC operators in [6] and [7] by DLR. Currently research
and industry partners develop and test solutions for TAM in the context of SESAR, the
Single European Sky ATM Research Program [8].

As airport performance is likely to be rated againstKeyPerformance Indicators (KPI)
in the future, the concept of PBAM [3] has been introduced, combining the existing
concepts of TAM and the general approach of Performance Based Management (PBM).

Within the TAM/PBAM concept the idea of an APOC is described. Either defined as
a physical facility with a common location and infrastructure or a virtual remote system,
it acts the central coordination environment. Stakeholders are connected with each other
and provided with a common situation presentation. Actual flight data from the airport
operational database as well as the measurements and results from the PBAM systems
can deliver a full picture of the current status and the compliance with the performance
targets. In addition, weather information or information about disturbances in the ATM
system can be used to forecast situations and implications to the airport.

There is no defined standard or best practice available yet how these APOCs should
be implemented. Challenges exist how stakeholders can be supported at best with the
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display of the huge amount of different data as well as to quickly identifying critical
situations and their reasons.

3 Design Goal

The aim was to develop an interactive visual system at airports for a new control center
in the sense of TAM and PBAM and to develop visualization options for displaying
larger amounts of data. The basis for this is a topological map and current traffic data of
Hamburg Airport.

The systemwas designed to recognize and display critical situations and bottlenecks.
For this purpose, suitable parameters must be selected for the visualization, which are to
be defined and abstracted as visualization elements. Individual elements are then selected
as examples for implementation and suitable visualization techniques. The functionality
of the implementation and validation of the selected elements will be demonstrated for
use. Due to the complex scope of TAM and PBAM, this paper mainly addresses air side
processes. Land based processes are not considered and need to be worked out in the
future.

4 Design Approach

4.1 Design Process

The challenge from the design perspective lies in the design of an HCI that is optimally
adapted to the needs of humans as users and offers creative problem-solving approaches
to complex tasks (user-centered design). In iterative procedures, the phases of the design
process are evaluated under the aspect of design thinking methods [9] and DIN EN
ISO 13407, 9241 [10]. The iterative phases in this work are shown in Fig. 1. Thereby,
both strictly methodical and freely explorative investigations were conducted to work
scientifically substantiated as well as to understand the users’ experiences and thinking
[11].

Fig. 1. Iterative model of the design phases in this work

The DLR has researched initial ideas and implementation options for designing a
holistic system in internal trials [12]. In addition to a far-reaching market and trend anal-
ysis, future considerations are formed. Further inspirations followed from science fiction
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movies, literature and video games of various genres, as well as futuristic design con-
cepts. Likewise, interdisciplinary industries and their handling of emergency situations,
here using the example of an emergency room, were examined. Based on the previous
research and experience of former projects [13, 14], Scientific Personas were identified,
which form the main user group of APOC. The four most important stakeholders are
airport management, air traffic control, ground handling, airlines whose areas of respon-
sibility are clearly defined [12]. As a result, they represent different interests which, in
terms of user-centred design, place different demands on the workstation and the HCI of
the control center arise. Despite the clearly separated areas of responsibility, the parties
involved are interdependent and interrelated through contracts and the indispensable
exchange of information for smooth operations at the airport.

Following the research, problem areaswere defined, resulting in lists of requirements
for the design, users and system of the control center. Based on this, different variants for
concept solutions were developed and sorted using morphological boxes. Subsequently,
evaluation matrices were used to determine a solution variant as a design concept.

The analysis shows that a control center is essential for every airport, but they have
different requirements for the new type of workstation, as not all of them have the same
starting point and there are significant differences in terms of financial resources, size and
infrastructure of airports. For this reason, the HCI must be able to be used responsively
on different end devices and the control center must be flexible and expandable [5].

The HCI should be intuitive, even if it is assumed to be used by professionals, so
that the user experience is as pleasant as possible, because the users are confronted with
immensely fluctuating and complex data sets [14]. These large amounts of data have to
be abstracted and processed in a target-oriented way to keep the user’s attention at all
times. The introduction of playful elements under the gamification approach can also
promote work motivation and motivation for teamwork [1].

4.2 Design Concept

Based on the previous research and analysis, differentmodes could be identified that have
specific requirements regarding HCI and interaction with the system. On the one hand,
users independently perform everyday actions with the system, and on the other hand,
there is a need for collaborative decision making in certain situations. In a collaborative
workspace, direct communication (face-to-face) is the most effective because it makes it
easier to circumventmisunderstandings [12]. The design solution is a stand-alone system
that can be connected to the systems already in place at the airport. By implementing a
situational adaptive behavior to the HCI, communication between stakeholders will be
initiated and supported, and events will be categorized depending on their priority and
scope.

The visualization of only relevant data and an integrated airport overview might
most certainly strengthen situational awareness with regard to air side processes and all
possible activities, as users are not confronted with a flood of data and all information
shown are comparable and comprehensible. For this purpose, the visualization of the
general performance targets creates an optimized basis for planning and discussion.

Because of the different initial conditions at airports, two solutions are developed
to meet the presumed requirements for this design concept. The solution of an on-site
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workstation implies a shared use of a physical space as a control center. The users
communicate directly with each other. The solution for a remote workplace assumes
that the users are spatially separated from each other at different locations and can only
communicate via virtual and digital channels (Fig. 2).

Fig. 2. On-Site and Remote solution for APOC

Data has to be prepared individually for the respective stakeholders and represented
on a common overview. In order to meet the individual needs of the users, personalized
widgets are used to supplement the common overview with specific elements, such as
target definitions at different Performance Levels or the location of parameters such as
average speeds on certain runway sections or the allocation of parking positions.

Fig. 3. Exemplary Arrangement of Widgets created in Adobe XD

Figure 3 shows afirst intermediate result of the design process. Through collaboration
with experts from DLR and University of Applied Sciences Osnabrück, these were
iteratively adapted to the needs of the scientific personas to represent the entire spectrum
of possible uses of the design elements. It turned out that any change within the airport
system always affects the appearance of the entire interface. These fluctuating changes
must be perceived directly by the users, which is why repetitive data sets are helpful. As
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a result, redundant information is loaded context-specifically and visualized depending
on it. In addition, critical situations are marked by warnings so that users can react
immediately.

5 Simulation Based on User Journeys

To see the application of the designed interface in the user context, user journeys were
created based on two personas in the form of storyboards and limited interactional click
dummies. The interplay of methodical (storyboards) and exploratory approaches (role
plays from the user’s perspective) in the design process made it possible to test the
responsiveness of the interface and the interaction with the hardware and the system
(Fig. 4, Fig. 5).

Fig. 4. Role play from user’s perspective Fig. 5. Storyboards

PersonaAworks at a larger airport and represents the ground handler agent inAPOC.
In this scenario, all representatives are physically present and therefore share common
space in the control center.

Persona B works as an airport agent at a smaller airport where all responsible
agents remain at their usual workstations and need a digital device as a suitable tool
for collaborative decision-making to simplify and establish communication.

Both personas work with the same interface, which has structural similarities in the
form of same design elements. However, due to their different activities and locations,
it differs in terms of content, depth of information, and preparation.

With the help of augmented reality (persona A) and virtual reality (persona B),
it is possible to interact and work flexibly in 3-dimensional space to show the direct
interdependency of parameters and interactions via geometrical shapes and thus make
it presumably more accessible for users. Therefore, conferences and interactions with
the system can take place in digital and virtual space so that miscommunications are
reduced [12] and collaborative solutions can be developed.

6 Discussion

The conceptualization of an interactive and responsive visualization system to support
TAM provides an idea for the possible implementation of a superimposed workspace,
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that reduces the existing problems of non-communication and miscommunication at the
airport [12].

For the first time, designers were involved in the development process as support for
visualizing the concept around the use cases TAM and PBAM which had the advantage
that HCI were examined from a development perspective and adapted to users’ needs.
The scenario-based design approach by using storyboards ensured that the developed
concept is placed in an application-related context through simulation, which meant that
the usability of the concept can be evaluated and adapted repetitively.

The next steps in the project require a more detailed elaboration of the prototypical
click dummies into real interfaces. This would require usability testing under realistic
circumstances to identify vulnerabilities and get feedback from the real user group [15].
Future technologies beyond AR/VR will bring unknown opportunities in communica-
tion, handling of complex data sets and the overall structures at airports that are not
considered in this paper. In addition, new regulations and guidelines in national and
international air traffic might cause changes in the concept. In further development, it
should be investigated how the decisions made in an APOC can be communicated to
other parties involved at the airports, e. g. via wearables. A combination of the solution
approaches is possible, both within and across airports, as the concept is variably com-
patible due to its responsiveness and flexible transferability and can be adapted to the
prevailing circumstances.

For the targeted period of 2025 to 2030, the elaborated design concept with its remote
and on-site workplace solutions for an interactive visualization module is considered
feasible and reasonable, both from the system and user perspective. The merger of
interdisciplinary institutions for the research of HCI can be seen as novel and enriching
in this context and provide new impulses for future research.
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Abstract. This cross-sectional study aimed to analyze the poultry slaughterhouse
workers’ satisfaction of job rotations, as well as verify the association of job
rotation schemes and bodily discomfort perception. Workers from two Brazil-
ian poultry slaughterhouses were selected randomly (n = 235) and interviewed
about job rotations and bodily discomfort. The binary logistic regression between
the job rotation schemes (≤1h and >1h) and the bodily discomfort perception
were applied (p≤ 0.05). Most workers performed job rotations (n= 226 workers;
96.2%) with 2–9 tasks, and of these, 96.5%were satisfied with this work organiza-
tion. Themain reasons for this satisfactionwere activities’ diversification (60.9%),
decreased tiredness (56.2%), reduced monotony (17.4%) and alternation between
standing and sitting (11.1%). Additionally, of those who performed rotations, 94
(41.6%) workers felt bodily discomfort. There was not a significant association
(p = 0.759) between the task durations that made up the rotations (≤1h and>1h)
and the workers’ bodily discomfort perception.

Keywords: Job satisfaction · Job rotation · Slaughterhouse · Ergonomics ·
Worker

1 Introduction

In Brazil, there is a Regulatory Standard (NR-36) that recommends job rotation imple-
mentation in slaughtering and meat processing industries, as it is a preventive measure
to reduce the workers’ exposure to various risks involved in slaughterhouses [1].

According to OSHA [2], one example of administrative solutions used effectively
by poultry processors is the rotation schedule to address high-risk tasks or to minimize
exposure to cold. However, there are limitations regarding its implementation in Brazil-
ian slaughterhouses, since the job rotation schemes should obey the hygienic-sanitary
aspects, the workers’ pay scale and the proximity between the tasks [3].

It is unanimous that the job rotation design should promote rotating jobs that use
different muscle groups and reduce the postural requirements, in order to work in more
neutral postures [1, 2]. Despite this, a systematic review demonstrated weak evidence
for job rotation effectiveness when implemented in manufacturing industries, regardless
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of the rotation target, to prevent and control upper-limb work-related musculoskeletal
disorders (UL-WMSDs) and to reduce exposure to physical factors [4].

On the other hand, studies have shown workers’ satisfaction with the task rotation
schemes of different industries [5–7], though, only one study was found that verified the
satisfaction of slaughterhouse workers [8]. Nevertheless, this research did not address
the relationship between the duration of the task rotation intervals and the perception of
workers’ bodily discomfort. Tirloni et al. [9] demonstrated that, on average, 71.5% of
workers of three poultry slaughterhouses felt bodily discomfort, but it was not associated
with job rotations.

Workers who produced car seats in Québec perceived that performing job rotations
decreasedmonotony [10]. This result was also established in the study byDias andMoro
with poultry slaughterhouse workers [8]. Nonetheless, Dias and Moro [8] observed that
the main reason for the workers’ satisfaction was activity diversification in relation to
the change of pace, the use of hand tools and/or the work environment (62.4%).

As stated by the Occupational Repetitive Action (OCRA) method [11], when the
tasks of a job rotation are >1 h, the prediction of obtaining UL-WMSDs is greater than
<1 h. However, the question arises: "Is the bodily discomfort perception of slaughter-
house workers associated with the task durations that made up the rotations? Thus, this
study aimed to analyze the poultry slaughterhouse workers’ satisfaction of job rota-
tions, as well as verify the association of job rotation schemes and bodily discomfort
perception.

2 Method

This research was approved by the local Committee of Ethics in Research with Human
Beings, protocol nº 2098/2011. Workers from two Brazilian poultry slaughterhouses
participated in this cross-sectional study. In one slaughterhouse, there were 326 employ-
ees in which 111,000 chicken were slaughtered per day and in another, 2,000 employees
slaughtered 180,000 chicken per day.

Workers were selected randomly, totaling 235workers from seven sectors. Data were
collected with women (31.6 ± 10.2 years) and men (29.6 ± 10.6 years) who worked in
artificially cold and natural environments.

Employees were asked about the number and duration of the tasks that made up
the job rotation, their satisfaction with the job rotation scheme and reasons, decreased
physical effort due to job rotations, alongwith the presence of bodily discomfort.Workers
were able to mention more than one reason to justify their satisfaction or dissatisfaction
with the task rotation. Moreover, those who did not perform job rotations were asked
why they did not do them.

Observing the hygienic-sanitary aspects, the employer must implement job rota-
tions within a daily schedule that attends at least one of the following situations [1]: (1)
alternating work positions, such as standing and sitting postures, (2) alternating muscle
groups required, (3) switching with non-repetitive tasks, (4) reducing postural demands,
decreasing more frequent static and dynamic efforts, (5) alternating tasks where envi-
ronmental exposure is more comfortable, (6) reducing carrying, handling and lifting of
loads (mass) and (7) decreasing monotony.
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Based on these guidelines, the health and safety team of the slaughterhouses pre-
determined the job rotation schemes, in which the work intervals lasted 30, 50, 100,
120 and/or 210 min. Due to problems during data collection, information on bodily dis-
comfort were not collected from all workers. Therefore, 176 workers responded about
discomfort and were classified into two groups of job rotation schemes: ≤ 1h (30 and
50 min) and >1h (100 min).

The descriptive statistics were used in the analysis of worker satisfaction and task
rotation characteristics. The binary logistic regression between the job rotation schemes
and the bodily discomfort perception were applied (p ≤ 0.05).

3 Results

The results showed that most workers performed job rotations (n= 226 workers; 96.2%)
with 2–9 tasks, and of these, 96.5% were satisfied with this work organization (Table 1).

Themain reasons that caused the satisfaction of these workers were activity diversifi-
cation (65.6%), decreased tiredness (60.6%), reducedmonotony (18.8%) and alternation
between standing and sitting (11.9%) (Table 2). It is noteworthy that 84.1% of workers
perceived that job rotations reduced physical demand.

Dissatisfiedworkers (n= 8) that performed job rotations reported having relationship
difficultieswith other employees (n= 1) and the fact that they did notwant to do a rotation
activity that they considered “bad” (n = 5), two workers did not answer.

The workers who stated that they do not perform job rotations, cited that it is because
there is a lack of workers in the sector to rotate, that they would like to do it to rest and
that they do not know why it is not performed. Additionally, there are few workers who
do one specific task, the other workers do not change, and finally, due to a shoulder
problem, making it impossible to carry out some activities.

Most workers felt bodily discomfort (52.4%), but of those who performed rotations,
41.6% of workers felt discomfort (n = 94). However, there was not a significant associ-
ation (p = 0.759) between the task durations that made up the rotation (≤ 1 h and>1 h)
and the workers’ bodily discomfort perception (OR = 0.90; 95% CI 0.46 to 1.76).

4 Discussion

A job rotation system with different tasks is created to reduce exposure to any single
risk factor and to allow body parts to either rest completely, work at slower rates, use
less force, or work in more neutral postures [2]. As in the current study, Dias and Moro
[8] found that most workers of a poultry slaughterhouse were satisfied to rotate (95%),
although not all workers have identified effort reduction in at least one task in the rotation
scheme (77.3%).

Corroborating with the present study (65.6%), Dias andMoro [8] also confirmed that
the most prevalent reason justifying the workers’ satisfaction was activity diversification
in relation to change of work pace, the use of hand tools and/or the alteration of the work
environment (62.4%). Dias et al. [3] verified that the alternation of sitting and standing
posture, postural requirement reduction and monotony were met by most sectors in job
rotation schemes of a poultry slaughterhouse.
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Table 1. Work organizational factors of slaughterhouses and social-demographic characteristics
of workers.

Variables n %

Slaughterhouse *

Slaughterhouse A 91 38.7

Slaughterhouse B 144 61.3

Gender*

Female 130 55.3

Male 105 44.7

Length of time working at the company*

<1 year 75 31.9

1.1 to 5 years 88 37.4

>5 years 72 30.7

Work environments*

Natural 98 41.7

Artificially cold 137 58.3

Job rotation *

Yes 226 96.2

No 9 3.8

Number of tasks in job rotations

2 126 55.8

3 53 23.4

4 15 7.1

5 13 5.7

≥6 18 8.0

Total 226 100.0

Intervals of the job rotation schemes

≤1 h 129 73.3

>1 h 47 26.7

Total 176 100.0

Bodily discomfort

Yes 97 52.4

No 88 47.6

* Variables with 235 workers; Bodily discomfort (n =
185)
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Table 2. Reasons reported by workers to justify satisfaction with job rotation schemes.

Satisfaction reasons n %

Activity diversification (work pace, knife use and environment) 143 65.6

Decreased tiredness 132 60.6

Reduced monotony 41 18.8

Alternations of work positions, such as standing and sitting postures 26 11.9

Prevention of pain onset 18 8.3

Reduced static and dynamic efforts, task with displacement 7 3.2

Did not know 4 1.7

(n = 218 workers satisfied with job rotation schemes)

One study found that nurses’ job rotations had a positive influence on job satisfaction
[6], an optimal sequence in task rotation aimed at maximizing production levels and
worker satisfaction [5]. According to Zawiah and Taha [12], job rotation, work method,
training and goal setting indicated strong correlation with job satisfaction.

The task alternation where environmental exposure is more comfortable is a rec-
ommendation given by NR-36 for the implementation of job rotations [1]. Assessments
have shown that slaughterhouse workers had finger temperatures below acceptable (≤24
C°) [13–15], despite wearing an average of three overlapping gloves [15, 16] and felt
cold in their hands (61%) [16]. Besides, a research of 925 poultry slaughterhouse work-
ers established a significant association between perception of bodily discomfort and
cold perceptions (OR = 2.05; 95% CI 1.44 to 2.91) [9]. However, in this paper, no
worker mentioned that he/she liked the rotation by changing the environment (natural
to artificially cold and vice versa). Perhaps this was because they must be observing the
hygienic-sanitary aspects for implementation of job rotations in this economic sector,
which can make changing the environment unfeasible.

In the present study, few workers (n = 5) declared that they were dissatisfied with
the task rotation, as there was a “bad” task in the rotation scheme that they performed.
Guimarães et al. [5] applied Learning Curve (LC) modeling and the analysis revealed
that workers did not present significant differences in learning rate and final performance
when rotating between tasks of different complexities. The authors suggest the use of
LC modeling will define an optimal sequence in task rotations aimed at maximizing
production levels and worker satisfaction. Conversely, the researchers did not comment
on the interval duration of the task rotations. In contrast,Dias et al. [17] applied theOCRA
method, verifying that the median risk score for developing WMSD was significantly
lower in the “with job rotation – tasks <1 h” condition (18.6) when compared to the
“job rotation – tasks >1 h” (19.4) (p < 0.001) and the “without job rotation” (19.0) (p
= 0.038) conditions.

Jorgensen et al. [18] indicated that 42.7% of the contacted companies in theMidwest
US manufacturing sector used job rotations. Furthermore, the authors cited that major
limitations to successful implementation of job rotations were the rotation of individuals
with medical restrictions, decreased product quality and lack of jobs to rotate. In the
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results of this study, only one worker did not perform a job rotation because she had
a shoulder disorder. Conforming to OSHA [2], all rotations should be monitored for
employee reports of symptoms to assure that the rotation is not aggravating a problem.
Therefore, in the set up a job rotation system, employers should consider the nature
and extent of exertions and the body parts used for each task in order to prevent the
development of musculoskeletal disorders.

Several studies evaluated the work pace in poultry slaughterhouses in various tasks
and checked the high number of technical actions per minute, 77.0 ± 22.5 [19], 75.5
± 23.9 [17] and 69.1 ± 13.3 (high frequency) [20]. In this way, job rotation schemes
can be a preventive measure to reduce the work pace in slaughterhouses and the risk of
developingWMSD, if the tasks of these schemes decrease the physical and psychological
demands of workers.

As reported by Dias et al. [3], it is difficult to implement efficient rotations due to
particularities of work in slaughterhouses such as: tasks with similar musculoskeletal
requirements, paces imposed by machines, inability to perform rotations between differ-
ent sectors (health and occupational constraints), the predominance of tasks with mod-
erate and high risks, hindering the distribution of risks between the rotation tasks. This
was proven when evaluating 36 tasks in a productive area of a poultry slaughterhouse,
as Dias et al. [17] found that 34 tasks were repetitive and 2 non-repetitive.

Therefore, it is suggested that the health and safety team of the slaughterhouses
carry out studies in order to analyze the risk of all tasks, identifying which ones have
the lowest risk of illness and/or meet the requirements of NR-36, which can be inserted
in the job rotation scheme and, consequently, reduce occupational risks and increase
worker satisfaction.

5 Conclusion

It was concluded that most workers liked the job rotations implemented by the slaugh-
terhouses. In addition, several job rotation conditions required in NR-36 were present in
the work organization of slaughterhouses: alternating work positions (standing and sit-
ting) and the solicited muscle groups; reduced postural demands, efforts, and monotony.
Future research may be performed to investigate the relationship between bodily dis-
comfort and organizational, environmental conditions, as well as the risks present in
each job rotation task.
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Abstract. Physical ergonomics evaluation of civil aircraft cockpit control devices
has become increasingly important for aircraft engineers when designing pilot-
centered cockpit. This paper puts forward the principles for physical ergonomics
design of control devices, as well as a physical ergonomics evaluation method
for cockpit control devices based on flight scenarios in virtual environment to
demonstrate howdigital humanmodeling software can be used effectively for such
evaluation. Three digital pilotmodels are generated from anthropometric database,
representative of the shortest, average and tallest Chinese pilot population, and
interfaced with digital prototype of cockpit control devices in RAMSIS software
for physical ergonomics design analysis of the control devices. The analysismainly
includes the control device’s appearance, range of movement, operating force,
and the analysis results can be used to achieve design iteration of cockpit control
devices.

Keywords: Physical ergonomics · Control devices · Civil aircraft · Flight
scenarios

1 Introduction

The current state-of-the-art in human-centered design evaluation is the application of
digital modeling and simulation [1]. With this advanced technology, control devices can
be evaluated in virtual digital prototype with digital human models. This evaluation can
help us identify potential issues or defects in the physical ergonomics design of control
devices. That allows engineers to ergonomically optimize the control devices early in the
design process, when changes can be made much more efficiently than in the physical
design stage.

Physical ergonomics of control device refers to the interaction relationship between
the physical characteristics of the control device and the ergonomic characteristics of
the human. This relationship mainly includes the comfort, force, range of human oper-
ating control devices. The physical ergonomics design of control devices must consider
the pilot’s physical parameters, perception characteristics, behavior characteristics and
performance limits. The physical ergonomics evaluation of the control device can make
the design of the control device more suitable for the user’s ergonomic characteristics.
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With the help of digital human model and simulation technology, this paper pro-
poses a method for evaluating the physical ergonomics design of cockpit control device
based on flight scenarios, and applies this method to evaluate the design of the cockpit
rudder and brake pedal. The evaluation mainly includes the pedal appearance, neutral
pedal position, rudder pedal’s range of movement, brake pedal’s range of movement
and operating force. The evaluation results can be used to effectively optimize control
devices’ structure and layout, and thus improve the efficiency of the integrated design
of the civil aircraft cockpit.

2 Physical Ergonomics Design Requirements for Control Devices

Well-designed control devices can ensure both functional and comfortable accommoda-
tion of the pilots. However, the variations in pilot body sizes means that the structural
design and layout of control devices may not meet the optimal needs of the entire tar-
get population. According to the regulation requirements of 14 CFR, CS, or CCAR
25.777(c), the design and layout of the control device should meet the operational needs
for the flight crew with a height from 5′2′′ (158 cm) to 6′3′′ (190 cm). The appearance,
range of movement, and operating force design of the control device should comply with
the following design requirements.

(a) The appearance and size design of the control device should consider the operating
posture of any crew member with a height of 158cm to 190cm;

(b) The range of movement of the control device should consider the operational
accessibility requirements of any crew member with a height of 158cm to 190
cm;

(c) The operating force design of the control device should consider the operating
capability requirements of any crew member with a height of 158cm to 190 cm.

3 Methodology

In this chapter, we proposes the analysis tool and method to evaluate the physical
ergonomics design of the control device based on the flight scenarios, and shows an
example using the rudder and brake pedal for an analysis.

3.1 Ergonomics Evaluation Tool

RAMSIS is a computer-aided human body digital system for occupant simulation [2].
The powerful posture prediction models of RAMSIS can predict seated postures of the
pilot in cockpit. It enables the user to calculate possible pilot postures automatically
based on a task description and eliminates arbitrary manipulation of digital manikins
by the user [3]. RAMSIS’s ergonomics analysis tools include: human body modeling,
posture calculation, reachability analysis, comfort analysis, distance analysis, joint angle,
maximum operating force calculation, etc.
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3.2 Ergonomics Evaluation Steps

Taking theCADdata of cockpit control device as the object of evaluation, the virtual sim-
ulation evaluation process of physical ergonomics of control device based on RAMSIS
is mainly comprised of the following five steps:

(a) Test manikins creation: Statistical analysis shows that the height of the human body
is approximately of Gaussian distribution. The height of the 50th percentile males
can represent the “average” of most human bodies. Therefore, the design and layout
of the control device should be evaluated with RAMSIS manikins representing
158cm females (the shortest Chinese pilots), 173cm males (50th percentile males
of Chinese pilots), 190cm males (the tallest Chinese pilots);

(b) Flight scenarios selection: Flight scenario refers to the expected behavior (or func-
tion) of the aircraft in a combination of crew (pilot and flight attendant), external
environment (atmospheric, radio, terrain, electromagnetic, etc.) and internal condi-
tions (normal or malfunction). By using the flight scenarios development method
proposed by Hongyu Zhu [4], a flight scenarios database can be constructed, and
relevant flight scenarios that include using of the control device can be found by
searching the database. These scenarios can be used as target scenarios to evaluate
the physical ergonomics design of the control device. Considering the occurrence
frequency of the flight scenarios, the workload of the flight crew, and the complexity
of the crew task under a flight scenario, a typical flight scenario can be chosen from
these flight scenarios;

(c) Behavior extraction: Crew task is the purpose, action or corresponding behavior
that the flight crew needs to achieve in a specific flight scenario. Pilot’s behavior
can be extracted by analyzing the crew task;

(d) Task description: The task description in RAMSIS’s task editor is generally defined
by users based on his subjective judgment of pilot behavior. However, task descrip-
tion based on flight scenarios can more accurately define interactions between a
digital human model and a CAD environment, and reflect interactions between real
pilots and cockpits as realistically as possible. The analysis of the crew task and
pilot’s behavior under the flight scenarios selected from the database can be used
as the reference for task description. With many manikins available, by activating
the required skin points on the manikins, including heel points, pedal points, and
grasping points, one can thereby set the constraints between the manikin’s skin
points and the CAD environment in task editor;

(e) Postures calculation and analysis: RAMSIS automatically calculates themost prob-
able or “average” flying posture of the manikin under task description. The result-
ing postures analyses could provide information for possible improvements of the
control device design.

3.3 Ergonomics Evaluation of Rudder and Brake Pedal Unit

The rudder and brake pedal unit is used for rudder control and brake control of the
aircraft. The evaluation process is as follows:
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(a) Test manikins creation: Creating three manikins which include 190cm males (the
tallest Chinese pilots), 173cm males (50th percentile males of Chinese pilots),
158cm females (the shortest Chinese pilots). All manikins will have medium sitting
height and medium waist circumference. The manikins are shown in Fig. 1;

Fig. 1. Graphical representation of the test sample of RAMSIS manikins

(b) Flight Scenarios selection: In the flight scenarios database (considering only basic
flight scenarios), search for the crew tasks which include the usage of rudder pedal
control. The pilot uses the steering and braking control function of the pedal on
the ground, and uses the yaw control function in flight. The pilot’s control of the
pedal on the ground can be divided into taxiing and ground take-off stage. In the
ground take-off stage, the pilot’s workload is higher compared to other flight stages.
The pilot not only has to pay attention to the change in the speed of the aircraft
and the display information, but also has to control the side stick, throttle lever
and rudder pedal. Thus, a normal take-off scenario which time, environmental, and
status dimensions are normal is chosen as the typical scenario to analyze the pilot’s
behavior;

(c) Behavior extraction: In normal take-off flight scenario, the crew task is to keep
the aircraft in the center of the runway and decide whether to abort the take-off
before the take-off decision speed. The corresponding pilot behavior (taking the
left seat pilot as an example) is to maintain a line of sight straight ahead and control
the rudder pedals with the feet to adjust the aircraft’s rolling direction and use the
brakes if necessary. The left hand is held on the side stick to control the elevator for
rotation of the aircraft, and the right hand is held on the throttle lever on the central
pedestal to control engines’ power;

(d) Task description: After obtaining the analysis result of the pilot’s behavior in the
typical flight scenario of the control device’s usage, the relationship of the manikin
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and the 3D environment can be set in the task editor. The task constraints between
the manikin and the 3D environment include: 1) Constrain the eyes of the pilot at
the level of Design Eye Point (DEP); 2) Constrain the line of sight straight ahead; 3)
Constrain the shoe sole surface to be parallel to the plane of the pedals; 4) Constrain
the left hand’s grasping point at the side stick; 5) Constrain the right hand’s grasping
point at the throttle lever; 6) Fix pelvis with no tilt sideways and long axis rotation;
7) Constrain the heel points on the cockpit floor;

(e) Postures calculation and analysis: Based on the above constraints, calculate the
rudder pedal control postures of 190cm, 173cm male manikins and 158cm female
manikin respectively. The calculation results are shown in Fig. 2.

Fig. 2. Determining the preferred neutral position for the rudder pedals

4 Analysis and Discussion

Based on the method puts forward in this paper, the dimension of the pedal, the adjust-
ment range of neutral pedal position, the rudder pedal’s range of movement, the brake
pedal’s range of movement, and the control force can be evaluated.

4.1 External Dimension Evaluation

The length of the pedal should be able to adapt to pilots with different foot lengths. If
the pedal is too long, the braking torque will be too large. If the pedal is too short, the
pilot’s feet will go beyond the top of the pedal. According to the feet length of the human
body of different heights in GB-10000–88, considering the thickness of the shoes and
the operating gap, a reasonable length and width of the pedal can be defined and verified
by digital human models.
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4.2 Neutral Pedal Position Adjustment Range Evaluation

The cockpit offers adjustable rudder pedals. Pilots can choose neutral rudder pedal posi-
tion according to their needs. According to the calculation result in 3.3(e), the tallest, the
medium, and the shortest manikins’ preferred neutral pedal position can be determined.
The predicted foot positions are basically consistent with the designed position of the
max forward adjustment, mid adjustment, max afterward adjustment of the rudder pedal.
Meanwhile, the angle value of each joint of the manikin can be obtained, and used to
confirm that it is within the comfortable value range of the human joint angle. The result
of comparison shows that the human body is a comfortable posture, so the adjustment
range of the neutral pedal position is reasonable.

4.3 Rudder Pedal’s Range of Movement Evaluation

When the rudder pedal is fully deflected, the full forward rudder deflection and the full
afterward rudder deflection define the maximum range of movement of the rudder pedal.
It is assumed that each manikin would “pick” the neutral rudder pedal position that was
the closest to the predicted foot position. Constraining the sole of the manikin’s foot
at the right and left rudder pedal respectively. The calculation result of each manikin’s
posture is shown in Fig. 3. Each manikin is able to fully depress the rudder pedal, and
the rudder pedal’s range of movement is reasonable.

Fig. 3. Manikins fully depressing the rudder pedal

4.4 Brake Pedal’s Range of Movement Evaluation

When the brake pedal is fully depressed, the pedals will deflect a certain angle based
on the pedal rotation axis. This angle defines the maximum range of movement of the
brake pedal. The brake control requires that every pilot must be able to fully apply the
brakes. There is a concern that shorter pilots may not be able to fully apply the brakes. It
is assumed that pilots do not slide back and forth or move up and down in the seat while
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applying the brakes. Eachmanikin’s posture when fully depressing the upper part of both
brake pedals is calculated under the constraint that the H point is fixed to the coordinates
of the most probably seating posture in flight, see Fig. 4. The resulting posture analyses
indicated that the shortest female could be able to fully apply the brakes. Thereby, the
brake pedal’s range of movement is reasonable.

Fig. 4. Manikins fully depressing the brake pedal

4.5 Control Force Evaluation

The RAMSIS force computation is based upon the Siemens-Burandt algorithm which is
widely used for the ergonomics analysis ofworkplace conditions. Based on themanikin’s
“average” seating posture in flight, themaximum force can be computed through defining
the manikin’s joint chain and the direction of the applied force. The rudder and brake
pedal mainly use the leg and the feet to control, the maximum force of the pilot’s leg and
feet operation and the force application efficiency of each joint point can be calculated.
The rudder and brake pedal control force should be within the range of the maximum
leg and feet control force.

5 Conclusion

With digital humanmodels (such asRAMSIS), a physical ergonomics evaluationmethod
of cockpit control devices based on flight scenarios is proposed in this paper. The inter-
action between a digital humanmodel and a CAD environment can be defined accurately
based on selected flight scenarios, thereby reflecting real pilots’ behavior as realistically
as possible under a specific crew task. Taking the rudder and brake pedal as an example,
the evaluation process of the physical ergonomics design is shown. The analysis of the
evaluation result allows engineers to ergonomically optimize the control device at the
digital stage in the design process, when changes can be made much more efficiently
than in the physical design stage.
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Abstract. Patients with de Quervain’s tenosynovistis (dQt) experience pain on
the radial side of their injured wrist. One of the conservative treatments prescribed
for this hand condition is splinting. The fit of the splint is a critical element that
may affect the treatment compliance rate andwear comfort of patients. To fabricate
a splint with well-fitting properties, exploring the anatomical shape of the hand
of dQt patients is essential. In this study, 16 female dQt patients are recruited
for three-dimensional hand scanning and investigation of their thumb curvatures.
The measured angles which show the different curvatures along the thumb are
discussed.

Keywords: De Quervain’s tenosynovitis · Anatomical · Thumb ·
Three-dimensional · Splinting treatment

1 Introduction

DeQuervain’s tenosynovitis (dQt) is a common and painful hand condition that ismainly
caused by repetitive hand movement, particularly motions that involve twisting the wrist
and extending the thumb. dQt is in general more prevalent among females than males
with 1.3% of women who suffer from dQt versus 0.5% of men [1]. Others at higher risk
of dQt include women in their postpartum period or those in their forties to sixties [2].
Patients with dQt may experience pain, tenderness and soreness along the radial side of
their hand due to inflammation in the first dorsal compartment [3].

Splinting is one of the non-invasive methods used to treat dQt. Wearing a splint
facilitates the healing process of the inflamed tendons and sheaths by supporting the
thumb and minimizing hand movement. There are mainly two types of splints for dQt:
rigid and soft splints. The majority of the former are fabricated with thermoplastic
materials and designed for wear during nighttime [4]. Since hand activities could be
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minimized at home after work hours, it is recommended that patients wear the rigid
splint at night and even when they are sleeping so that the injured wrist could also be
protected during sleep. Soft splints are for daytime wear as patients may need to carry
out a small range of wrist and thumbmovements during different daily life activities that
require a certain degree of flexibility. Soft splints aremainly fabricatedwith neoprene and
fabrics. Since there is less constraint of hand movement with the use of softer materials,
these splints are usually recommended for dQt patients who have more mild symptoms
[5].

Patients with dQt are to wear their splint for long hours in order to sufficiently heal
their hand. In a study that compared the effectiveness of bandaging versus splinting as a
treatment, the patients had towear either the splint or bandage for at least six hours per day
to determine their efficacy [6]. The long hours of wear mean that regardless whether the
splint is rigid or soft, the fit of the splint on the hand is themost important factor.Wearing
a splint with a poor fit may lead to discomfort, skin irritation and formation of pressure
ulcers. Therefore, to develop a functional splint that is well fitting and accommodates the
shape of the hand, a good understanding of the anatomical shape of the hand is critical.
This paper investigates the anatomical shape of the hand of dQt patients, especially
focusing on the curvature along the radial side of the wrist to the proximal phalanx of
the thumb.

2 Methodology

2.1 Participants

In this study, 16 female dQt patients are recruitedwith 5who are between 18 and 45 years
old, and 11 who are 46 and older. All are right-handed and their right hand is officially
diagnosed with dQt by a professional clinician. The majority have experienced pain in
the injured area for 3 months to approximately 2 years. However, 1 of the patients has
suffered from wrist pain for more than 5 years.

2.2 Hand Scanning and Measuring Process of Thumb Curvature

The fabricated shape and efficacy of a medical splint are greatly affected by the shape of
the human hand. To explore the anatomical shape of the hand of those afflicted with dQt,
three-dimensional (3D) images of the right hand of the subjects are first taken by placing
the hand in a neutral resting position, as shown in Fig. 1 [7]. The distal phalanx of the
thumb is gently placed onto the middle phalanx of the index finger. The 3D contours
of the positioned hand were then captured by using an Artec Eva handheld scanner.
Afterwards, the 3D hand images were imported into Artec Studio software for image
processing.

The images of the hand of each patient were divided into 6 specific areas to pro-
duce the cross-section curves. The distance between two adjacent cross-section curves is
15 mm. The specific measured areas include the proximal phalanx (PP), metacarpopha-
langeal (MCP) joint, metacarpal (MC) bone, carpometacarpal (CMC) joint, carpals (C)
and radius (R) of the hand; see Fig. 2. The cross-section curves along the midline of
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Fig. 1. Neutral resting position of hand

thumb are marked vertically to create the points of intersection. Three angles (α, θ and
β) are formed by extending 2 straight lines that are 5 mm in length from the point of
the intersection at both sides respectively; see Figs. 3a and 3b. The three angles were
measured in order to determine the degree of curvature at the different areas. A smaller
angle indicated a larger curvature at the location.

Fig. 2. Location of cross-section curves
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Fig. 3. (a)Midline of thumbmarked vertically, and (b) angles α, θ and β along cross-section curve

3 Result and Discussion

Three angles,α, θ and β, along the 6 cross-section curvesweremeasured correspondingly
and are presented in Fig. 4. The PP has the largest curvature in comparison to the other
hand areas. The mean values of the α, θ and β angles at the PP, MCP joints, MC bones,
CMC joints, C, and R of the hand are 151.3° (SD= 9.4), 155.3° (SD= 4.3) and 153.0°
(SD = 5.8); 159.6° (SD = 6.0), 162.5° (SD = 4.6) and 157.7° (SD = 3.9); 171.3° (SD
= 2.7), 169.7° (SD = 6.7) and 162.5° (SD = 3.7); 172.1° (SD = 6.1), 169.1° (SD =
5.1) and 163.5° (SD = 5.4); 169.4° (SD = 3.9), 168.6° (SD = 5.2) and 162.1° (SD =
6.1); and 164.4° (SD = 3.8), 162.8° (SD = 5.3) and 159.8° (SD = 5.5), respectively.
The area with the greatest curvature is found at the α angle of the PP, whereas the lowest
curvature is found at the α angle of the CMC joint.

The changes in curvature from the PP to R of the hand along each angle are presented
in Fig. 5. As the arc of the measured area passes through the distal end points of the two
straight lines via the vertex of the angle, a smaller angle indicates a larger curvature. The
curvatures along the α angle from the PP to the CMC joint of the hand are obviously
reduced, and gradually increase from the CMC joint to the R of the hand. On the other
hand, the curvatures along the θ and β angles from the PP to the R of the hand show less
variation.
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Fig. 4. Mean values of α, θ and β at six specific positions

With larger curvatures at the PP and MCP joints of the hand, clinicians may need to
pay more attention to these areas when molding the thermoplastic sheet for the splint or
noting the properties of the softer materials used for the splint pattern. The fluctuation
of the curvatures along the α angle may cause issues when constructing a well-fitting
splint. The measured angles in this study clearly reflect the curvature of each specific
area along the radial side of the patient’s hand. Clinicians can have a better sense of the
anatomical shape of the patient’s hand more quickly and easily by referring to measured
angles at specific hand areas instead of merely visually evaluating the shape of the hand
as an informal means of measurement. Furthermore, constructing a splint simply after
observation and subjective evaluation may lead to an improper fit. By scanning the 3D
images of patient hands, the curvatures of the targeted parts of the hand can be measured
accurately with the use of computer software. For dQt patients, the radial side of their
hand can be extracted and investigated for better construction of thumb supports and
splints.
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Fig. 5. Changes in curvature from PP to R of hand along (a) α, (b) θ and (c) β angles
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4 Conclusion

Splinting as a form of treatment can help dQt patients to stabilize their injured wrist and
aid the healing process. This study has explored the ergonomic shape of the thumb and
wrist of dQt patients, and investigated the different curvatures along the radial side of
their hand by using part-by-part measurements based on three angles. The quantification
of the curvatures of the hand may enhance the knowledge of clinicians on the shape of
the human hand. As a result, clinicians are able to fabricate splints that better support the
thumb with a more accurate fit. To further explore the anatomical shape of the hands of
dQt affected patients, recruiting a larger sample size for image scanning and collecting
more data on the angles of the hand are recommended for future studies.
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Abstract. Exercise has been shown to improve health in people with diabetes.
However, various walking speeds and durations in daily life may increase plantar
pressure, thereby increasing risk for diabetic foot ulcers. Plantar thickness and
stiffness have been demonstrated to be associated with plantar pressure. The pads
under the heel and metatarsal heads include microchambers and macrochambers
for absorbing impact forces during weight-bearing activities. The objective of this
study was to investigate the effect of different walking intensities on the changes
of biomechanical properties of plantar soft tissues. The healthy participants were
tested in a 3 × 2 factorial design, including three walking speeds (1.8, 2.7, and
3.6 mph) and two durations (10 and 20 min). B-mode ultrasound images were
obtained at the first metatarsal head to quantify plantar soft tissue thickness and
stiffness before and after walking. Our results showed that the walking duration
factor causes a significant effect on the macrochambers thickness. In addition,
the speed factor caused a downward trend of the macrochambers stiffness with a
lower walking speed.

Keywords: Diabetic foot ulcer · Ultrasound ·Weight-bearing ·Metatarsal heads

1 Introduction

The plantar soft tissue in diabetes had a risk of developing ulcers, it was the most
recognized complication in people with diabetes mellitus (DM) [1]. In diabetes tissue
glycation, the fat pad increased collagen fibril density causes it to stiffen risk of develop-
ing foot ulcers [2]. The American Diabetes Association (ADA) recommends that people
with DM daily exercise or at least not allowing more than 2 days to elapse between
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exercise sessions have 150 min/week of physical activity [1]. An appropriate intensity
of exercise can provide necessary physical stress to maintain tissue health. However, if
the intensity is too low, it would decrease the tolerance of tissues to subsequent stresses,
or if the intensity too high, it would lead to tissue injury [3]. But most weight-bearing
physical may decrease tissue thickness and increased plantar pressure [4]. Other studies
showed the increasing pressure demonstrated to be a major risk factor for diabetic foot
ulcers, measure the stiffness in plantar soft tissue has been used to detect the endured
pressure at plantar tissue [5, 6].

Plantar soft tissue stiffness and thickness are critical biomechanical variables to
understand stress concentrations that may contribute to tissue injury [7]. The plantar
soft tissue of diabetic was generally increased the stiffness and thickness decrease [8]. it
can be caused by damagedmotor neurons of the footmusculature or blood flow reduction
[9]. The research revealed that walking speed is one of affected skin blood flow increase
[10], and make it decrease the stiffness[11]. Also, soft tissue thickness decrease makes
functional on difficult to cushioning capacities, cause the rising pressure [12].

Soft tissue is a multilayer embodying, anisotropic, and viscoelastic properties to
withstand large structural deformations [13]. This multilayer tissue include microcham-
bers and macrochambers [6]. Microchambers contain predominantly elastic fibers and
equal amount of collagen and elastic fibers are identified in themacrochambers [14]. The
microchambers function to maintain most of the macrochamber tissue beneath the plan-
tar and prevent excessive deformation of the deep pad structure [15]. Themacrochambers
play a significant role in the resiliency, i.e., the tissue’s property to recover its shape after
deformation and are supposed to play a cushioning role in the walking [3].

This study can provide a foundation to understand the effect of differentwalking exer-
cises including different time duration and different speeds on the changes ofmechanical
property of plantar tissue in people at risk for foot ulcers. This study is to observe the
effect of different walking intensities on the microchambers and macrochambers thick-
ness and stiffness properties of plantar soft tissue to the best of our knowledge. Thus,
initial work is essential to analyze healthy people’s reactions, which can provide a foun-
dation for understanding the effect of diabetes on the response. Therefore, the current
study aimed to investigate the effect mechanism of different walking speeds and dura-
tions onmicrochambers andmacrochambers thickness and stiffness of plantar soft tissue
properties, from multiple skin surface indentation tests in non-diabetics.

2 Method

2.1 Plantar Soft Tissue

Ultrasonography can provide information on the soft tissue structures in their plantar
soft tissue thickness [11, 16]. Also it can be used to assess soft tissue stiffness [17].In
this study, skin epidermal plus dermal thickness was obtained using a 12 MHz B-mode
ultrasound (ArtUs EXT-1H, Milano, Italy). Images (7 mm depth, 9 mm width) were
acquired using a linear ultrasound. A gel pad was used to control the contact interference
area between the probe and skin. Using a custom-built motor indenter device, loadcell
and B-mode ultrasound images were measured at the first metatarsal heads to hold the
similar pressure value quantify plantar soft tissue thickness after walking. Thickness and
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stiffness are measures with the same equipment. It includes a gel pad, ultrasound probe,
loadcell, and stepper motor. Gel pad to limit the area of ultrasound contact with the skin,
ultrasound probe for soft tissue image RF data, the acquired load cell signal was recorded
using LabVIEW software (DAQ, National Instruments Austin, TX, USA), and stepper
motor can monitor pressure value, and a stepping motor to regulate the advancing speed
and distance of ultrasound probe (Fig. 1).

(A) (B) (C) (D)

Load
cell

Ultrasound 
probe

Stepper
motor

Load 
cell

Ultrasound
probe

DAQ

9-mm-diameter
gel pad

Macrochamber

Microchamber

1st MT bone

Skin

Macrochamber

Microchamber

Skin

1st MT bone

Fig. 1. (A) Experimental at the first metatarsal head, (B) Indentation system, (C) The ultrasound
probe with gel pad, (D) Macrochamber and microchamber beneath 1st Metatarsal head.

The majority of skin structural deformation of the foot sole occurred within the first
metatarsal [18], choose first metatarsal for the experimental location. A 9-mm-diameter
indenter gel pad probe was used in this study. A load cell linear actuator was assembled
on a load cell holder. We controlled the linear displacement of the indenter using a
step motor driver. The rate was calculated by using the maximum deformation and the
plantar pressure force to obtain Young’s modulus obtained by motor applying cyclic
compressions on the first metatarsal head [3, 12].

To quantify the elastic properties of soft tissues, we used the effective Young’s
modulus (E). It is a traditional material constant for response to the stiffness of soft
tissue property [19].To extract effective Young’s modulus E, the equation was defined
as below:

To quantify the elastic properties of soft tissues, we used the effective Young’s
modulus (E). It is a traditional material constant for response to the stiffness of soft
tissue property [19].To extract effective Young’s modulus (E), the equation was defined
as below:

E = (1− v2)
2a · k(v, a/h)

P
w

(1)

Where v is Poisson’s ratio; a is the indenter radius; k is a scaling factor dependent
on the Poisson’s ratio, indenter radius (4.5 mm), and soft tissue thickness; h is the
soft tissue thickness; P is the force of pressure loading (indentation); w is the depth of
indentation. Generally, 0.45 is set as the Poisson’s ratio for biological soft tissues [20].
The k value was obtained from the information extracted from the publication of Hayes
and colleagues [21].
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2.2 Data Acquisition

A 3 × 2 factorial design, including 3 speeds (1.8 mph, 2.7 mph, and 3.6 mph) and 2
durations (10 and 20 min), was used in this study. A total of 6 walking protocols was
tested in this study. The participant received the 1.8 mph protocol in the first week, the
2.7 mph protocol in the second week, and the 3.6 mph protocol in the third week. The
order of duration (10 and 20 min) was randomly assigned. Each protocol was separated
by 7± 2 days. The tissue strain ratios of plantar foot were then used to quantify plantar
thickness and stiffness.

Each participant completed a provided informed written consent before the study’s
onset. Healthy participants between 18 and 28 were recruited from the student at the
Asia University. The exclusion criteria included active foot ulcers, diabetes, vascular
diseases, hypertension, and inability to walk 20 min independently or walk at the speed
of 3.6 mph independently. Subjects were free from recent lower limb injury or presence
of lower limb pain, as well as any sensitivities to adhesives or gels. All examinations
were performed in the Rehabilitation Engineering Lab at the Asia University. and room
temperature was maintained at 24± 2 °C. Our laboratory has validated the plantar tissue
feasibility of the test plan [11, 22, 23].

2.3 Experimental Procedures

For each participant, all experiment process was done during a single laboratory visit
lasting approximately one hour. Set the plantar postures for control of the foot dorsum
and set relax 15-min by lifting replacing the left foot onto the sit while relaxing, then
neutral for the foot was stand on the ultrasound tube box. The operator adjusts each par-
ticipant’s left plantar position as required to access the necessary plantar sole place test.
All participants were reminded to relax all lower limbmuscles to avoid any confounding
effects of active muscle-mediated skin structural deformation. The same operator per-
formed specific components of the experimental procedure across all subjects to reduce
variability.

2.4 Statistical Analysis Method

The significant differences in each parameter among the three speeds (1.8, 2.7, and
3.6 mph) were tested using one-way analysis of variance (ANOVA). The paired sam-
ple t-test was used to evaluate the variation of two durations (10 and 20 min) and the
between the speeds. It examines the interaction between the speed and duration fac-
tors on macrochambers and microchambers stiffness thickness. All statistical tests were
performed using SPSS 22 (IBM, Somers, NY, USA) at the significance level of 0.05.

3 Results

Among the one-way factors of speed, there were no significant difference exist between
different speeds. However, thickness and stiffness of the macrochamber trend to down-
ward more than that of the microchamber. Including the walking speed rate at the same



Using Ultrasound to Assess Microchambers and Macrochambers Tissue Properties 359

time factor, the thickness of the macrochamber is lower at 2.7 mph than that at 1.8 and
3.6 mph (Table 1). Moreover, the stiffness of the soft tissue continues to decrease with
walking time and speed. Regarding the walking duration, there is a significant difference
in the plantar macrochambers thickness between 10 min and 20 min in 3.6 mph (109 ±
8.4% v.s. 121.7 ± 6.1%, P = 0.047) (Table 2 and Fig. 2).

Table 1. Measure the walking speed of thickness and stiffness.

Duration Speed One-way Fisher LSD

ANOVA Post hoc

1.8 mph
(Mean ± SE)

2.7 mph
(Mean ± SE)

3.6 mph
(Mean ± SE)

P value 1.8
mph
vs.
2.7
mph

1.8
mph
vs.
3.6
mph

2.7
mph
vs.
3.6
mph

Thickness (%)

Macro 10 min 107.5 ± 6.1 95.5 ± 13.2 109.0 ± 8.4 0.576 0.404 0.912 0.348

20 min 116.2 ± 4.6 107.3 ± 9.4 121.7 ± 6.1 0.384 0.395 0.594 0.182

Micro 10 min 92.0 ± 14.5 82.4 ± 10.7 98.4 ± 14.5 0.546 0.370 0.333 0.939

20 min 97.1 ± 9.7 90.8 ± 7.0 92.6 ± 16.7 0.792 0.598 0.928 0.538

Stiffness (%)

Macro 10 min 134.0 ± 35.3 92.9 ± 28.8 89.5 ± 27.7 0.949 0.755 0.843 0.909

20 min 128.0 ± 36.7 84.6 ± 59.8 118.9 ± 56.4 0.827 0.569 0.904 0.652

Micro 10 min 99.1 ± 27.4 76.8 ± 22.2 73.0 ± 35.4 0.694 0.652 0.406 0.695

20 min 110.6 ± 25.6 135.3 ± 48.2 88.0 ± 37.4 0.692 0.659 0.685 0.404

Note: %, normalized with before excise value. Data was presented as mean ± standard errors.

4 Discussion

This study demonstrated that the 3.6mphwalking durations (10 and 20min) significantly
affected plantar tissue thickness and the walking speed of 1.8 and 2.7 mph did not and
walking at 2.7 mph for 10 min resulted in a decreased thickness macrochambers tissue.
It showed a trend that plantar tissue stiffness after walking at 2.7 and 3.6 mph for the
same duration was lower compared to walking at 1.8 mph. This finding is significant
because walking durations of 20 min can increase plantar tissue thickness compared
to slow walking durations of 10 min. This study suggests people at risk for foot ulcers
should walk at the speed (3.6 mph) rather than walk slowly (1.8 mph) and keep more
duration (20 min).

The result of this study found 2.7 mph walking 10 min may decrease the plan-
tar thickness. The thickness decrease represents the macrochambers attenuate to shape
deformation ability [3], this phenomenon might indicate that the soft tissue universal
received more pressure. This phenomenon disappears after 20 min of exercise.
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Table 2. Measure the duration of thickness and stiffness.

Parameter Layer Speed Duration Paired t-test

10 min 20 min P value

(Mean ± SE) (Mean ± SE)

Thickness (%) Macro 1.8 mph 107.5 ± 6.1 116.2 ± 4.6 0.093

2.7 mph 95.5 ± 13.2 107.3 ± 9.4 0.079

3.6 mph 109.0 ± 8.4 121.7 ± 6.1 0.047*

Micro 1.8 mph 92.0 ± 14.5 97.1 ± 9.7 0.655

2.7 mph 92.9 ± 28.8 76.8 ± 22.2 0.686

3.6 mph 89.5 ± 27.7 73.0 ± 35.4 0.690

Stiffness (%) Macro 1.8 mph 134.0 ± 35.3 99.1 ± 27.4 0.167

2.7 mph 92.9 ± 28.8 76.8 ± 22.2 0.686

3.6 mph 89.5 ± 27.7 73.0 ± 35.4 0.690

Micro 1.8 mph 128.0 ± 36.7 110.6 ± 25.6 0.801

2.7 mph 84.6 ± 59.8 135.3 ± 48.2 0.339

3.6 mph 118.9 ± 56.4 88.0 ± 37.4 0.464

Note: %, normalized with before excise value. Data was presented as mean ± standard errors

Our previous study demonstrated that the walking speeds significantly affected plan-
tar tissue stiffness and the walking durations did not [11], combined with the findings
from this study, the trend of stiffness also supports the research. The other study showed
the decreased stiffness macrochambers tissue represents means increased cushioning
capacities [12]. And this study showed that walking duration was significantly affected
plantar tissue thickness at 3.6 mph, this may indicate that in the walking duration (10 and
20 min), the thickness of the soft tissue changed can affect the plantar more significantly
than the stiffness.

Several issues still have to be clarified in the future work. The stress increase caused
by wearing shoes or different shoe-wearing habits is different. In this study, the subjects
themselves are accustomed to walking shoes, which should be limited in the future.
Besides, for the subjects exhibiting different walking posture at 3.6 mph speed, the
walking posture may change the soft tissues’ compression conditions, but this depends
on the subjects’ own exercise habits. It should consider that how to reduce the difference
between the subjects’ moving postures. In this study, we developed a method for quanti-
fying the plantar foot’smechanical properties and analyzed the differences in skin and fat
mechanical properties with speed and duration. This study suggests that the possibility
of the soft tissue buffer capacity attenuation is related to mechanical property changes
in the walking duration time. This study can be used to help preserve healthy plantar
tissues in diabetic patients.
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Fig. 2. Percentage change of soft tissue (A) thickness of macrochambers after walking, (B) thick-
ness of microchambers after walking, (C) stiffness of macrochambers after walking, (D) stiffness
of microchambers after walking.

5 Conclusions

The results of this study demonstrated that the walking duration (10 and 20 min) sig-
nificantly affected plantar macrochambers tissue thickness and the walking speed (1.8,
2.7, and 3.6 mph) did not. Our results showed that the walking duration factor causes
a significant main effect on the macrochambers thickness. In addition, the speed fac-
tor caused a downward trend of the macrochambers stiffness. This study suggests that
people at risk for foot ulcers should walk at speeds at 3.6 mph with duration 20 min.
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Abstract. This article analyzed the factors affecting the mirror drawing ability
through the experimental data collected by the mirror drawing experiment. The
specific research selected the following five aspects for analysis: gender, person-
ality, the intersection of gender and personality, the difficulty degree of skills, and
the influence between left and right hands. Using statistical analysis methods to
analyze the experimental data. Gender and personality have no significant effect
on the formation of skills. The time of mirror drawing and the number of errors
are not significant in the intersection of gender and personality. However, skill
difficulty (the difficulty degree of graphics) has an impact on the formation of
skills. The process of skills formation is a process of skill transfer. Based on this,
mirror-drawing graphicswith different difficulty degrees,which could be as a basis
for evaluating the ability of personnel to transfer skills. Through the analysis of
experimental data, the dominant hand has a certain positive transfer effect on the
non-dominant hand. The process of mirror drawing is a process of representation
training. Participants processed the experience and skills gained in the process of
practicing mirror drawing with the dominant hand in the brain, and then applied
to the process of non-dominant hand mirror drawing, which improved their non-
dominant handmirror drawing ability and realized themigration ofmirror drawing
ability. In fact, the practice process had played the role of representation training.
Therefore, use the method of representation training to promote skill transfer.
For example, we can establish correct technical action representations to improve
the quality of actions and speed up the automation of actions. In addition, in the
post-epidemic era, use network virtual experiments for representation training to
promote the transfer of students’ experimental skills. Moreover, there are some
other applications.

Keywords: Movement skills ·Mirror drawing ability · Influences

1 Introduction

Mirror drawing experiment is a commonly used psychological experiment. D.Starch
pioneered the mirror painting experiment in 1910. The mirror instrument has become
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the most commonly used psychological experimental instrument for studying motion
learning. The device works by asking the subject to look at a figure through a mirror
and draw on the figure with a pen. Reflected by the mirror, compared with the original
figure, the figure in the mirror is upside down but unchanged from left to right, so
the subjects often draw in the opposite direction of the usual upper and lower strokes,
which brings some difficulties to the beginners, but the subjects will quickly adapt to
the original customary drawing method through training. The results demonstrate the
positive transfer effect from one hand to the other.

2 Experimental Data Collection

We collected data include 27 women and 23 men. Before analyzing the influencing
factors of skill formation, it is necessary to consider the relationship between gender and
personality. If there is a strong relationship, use gender to approximate the personality.
If there is no relationship, we cannot approximate a substitute.

2.1 The Correlation Between Personality and Gender

Using the SPSS to analysis data and the analysis results showed in the Table 1.

Table 1. The correlation between gender and personality

The correlation

Gender Character

Gender Pearson correlation 1 .010

Significance (bilateral) .924

N 100 100

Character Pearson correlation .010 1

Significance (bilateral) .924

N 100 100

It can be seen from the table that the correlation between gender and personality is
0.01, indicating that the correlation between personality and gender is very low. Taking
the significance level α = 0.05, 0.924 is far greater than α, which proves that there is no
significant difference between personality and gender factors. Therefore, we can discuss
the influence of gender and personality on skill formation respectively in the following
paragraphs.

2.2 The Impact of Gender on Skill Formation

According to the data, we can know the mean value about male and female on the
complete time and the error time. The results are in the Table 2 and Table 3.
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Table 2. The complete time mean value between gender and skill formation

Time Male Female

I -type 48.57417 53.62514

Flower-type 61.51274 56.53256

Table 3. The error time mean value between gender and skill formation

Error times Male Female

I -type 6.869565 6.148148

Flower-type 15.34783 7.148148

Only in terms of descriptive statistics, personality has some influence on skill forma-
tion, but not much. Extroverts drewmore slowly when drawing simple shapes, and more
quickly when drawing complex shapes. Extroverts made more mistakes than introverts
did.

When personality and graph are controlled unchanged (Note: in SPSS analysis, 1
represents male, extroverted and I-type, and 0 represents female, introverted and flower
type), using the SPSS to analyze the correlation of drawing time and error number, which
the results are as follows in the Table 4.

Table 4. Correlation and significance of gender on drawing time and error number

The correlation

Control variables Gender Time Error times

Character & Graphics Gender Pearson correlation 1.000 −.001 .247

Significance (bilateral) .994 .014

df 0 96 96

Time Pearson correlation −.001 1.000 .066

Significance (bilateral) .994 .517

df 96 0 96

Error times Pearson correlation .247 .066 1.000

Significance (bilateral) .014 .517

df 96 96 0

The correlation between gender and drawing time is -0.001, indicating that the male
painting time is short, but the value is close to 0, indicating that the correlation is small
or even irrelevant. Taking the significance level α = 0.05, 0.994 is far greater than α,
proving that there is no significant difference in drawing time in terms of gender factors.
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Similarly, the correlation between gender and error is 0.247, indicating that the num-
ber of male errors is more, but the value does not reach 0.3, proving that the correlation
is very small. Taking the significance level α = 0.05, 0.014 is greater than α, proving
that the number of errors has no significant difference in gender factors. Conclusion:
Although gender has no significant effect on skill formation, the effect of gender on error
number is greater than that of drawing time.

2.3 The Character Influence on Skill Formation

Take the same methods with above, we can analyze the character influence on skill
formation. The results showed in the Table 5 and Table 6.

Table 5. The complete time mean value between character and skill formation

Time Outgoing Introverted

I -type 52.36204 49.95218

Flower-type 57.45011 60.57132

Table 6. The error time mean value between characterand skill formation

Error times Outgoing Introverted

I -type 6.607143 6.318182

Flower-type 11.25 10.5

Only in terms of descriptive statistics, personality has some influence on skill forma-
tion, but not much. Extroverts drewmore slowly when drawing simple shapes, and more
quickly when drawing complex shapes. Extroverts made more mistakes than introverts
did.

When gender and graphics remain unchanged through SPSS control, the correlation
table of personality to drawing time and number of errors is as follows in the Table 7.

From the table that the correlation between personality and drawing time is -0.008,
indicating that extroverts spend less time drawing, but the correlation is very low. Taking
the significance level α = 0.05, 0.935 is far greater than α, which proves that there is no
significant difference in the drawing time on personality factors.

Similarly, the correlation between personality and the number of errors is 0.026,
indicating that the number of errors in males is more, but the correlation is also very
low. Taking the significance level α = 0.05, 0.801 is greater than α, it proves that there
is no significant difference in the number of errors in gender factors.

Conclusion: Personality has no significant effect on skill formation.
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Table 7. Correlation and significance of personality on drawing time and error number

The correlation

Control variables Time Error times Character

Gender & Graphics Time Pearson correlation 1.000 .068 − .008

Significance (bilateral) .504 .935

df 0 96 96

Error times Pearson correlation .068 1.000 .026

Significance (bilateral) .504 .801

df 96 0 96

Character Pearson correlation − .008 .026 1.000

Significance (bilateral) .935 .801

df 96 96 0

2.4 Skills Migration

Previous research has shown that skill formation has little to do with gender or person-
ality. We analyzed the influence of gender and personality on skills transfer. Use the
following formulas to computer the migration effect.

C = (
(A−B)

/
A

) × 100 (1)

Themigration effect = (
Cx − Cy

)
(2)

Where A and B represent the painting time of the first and second time with the
non-dominant hand respectively.

Controlling the gender and personality respectively to get their correlation and the
skills transfer effect. The results are in the Table 8 and Table 9.

Table 8. The correlation between personality and migration effect

The correlation

Control variables Migration effect Character

Gender Migration effect Pearson correlation 1.000 .096

Significance (bilateral) .512

df 0 47

Character Pearson correlation .096 1.000

Significance (bilateral) .512

df 47 0
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Table 9. The correlation between gender and migration effect

The correlation

Control variables Migration effect Gender

Character Migration effect Pearson correlation 1.000 − .227

Significance (bilateral) .116

df 0 47

Character Pearson correlation − .227 1.000

Significance (bilateral) .116

df 47 0

From the above data, we can see that personality has almost nothing to do with the
effect of skill transfer, while gender has a certain relationship with the effect of skill
transfer, but the relationship is not large enough. Among them, male’s skill transfer
effect is worse than female’s.

Analyzing the skills transfer effect of men and women. Using SPSS data analysis
function, obtained the statistical description of skill transfer effect of male and female.
The dominant hand of male and female has a certain positive transfer effect on the non-
dominant hand, and gender and other factors effected the movement transfer of left and
right hand. For example, the transfer effect of male is worse than that of female.

2.5 Experimental Conclusion

The data in the experiment showed that the difficulty of skills had a great influence on
the formation of skills. The more difficult the skills the subjects had to train, the more
times they made mistakes during the training. Moreover, skill formation has little to do
with gender or personality.

The subjects had the right hand as the dominant hand. In the experiment, due to
the habit of the right hand, the experiment took a long time and made many mistakes.
However, the left hand is not the dominant hand,which has little influence on the drawing.
Moreover, the subjects first experimented with the right hand, then the left hand. The
right hand exerted influence on the left hand through many practices, so that the subjects
could get the learning experience of the right hand in the process of practice. The spatial
position of the image in the mirror is opposite to that of the actual image, which results
in the weakening of the visual control and the enhancement of the motion control.
Meanwhile, the left hand’s habitual low does not affect the left hand’s motion sense, so
the exercise of the right hand has a positive transfer effect on the left hand.

3 Interpretation of the Results of the Mirror Drawing Experiment

3.1 The Conditions Under Which Skills Transfer Occurs

Because there is a common rule between different skills, so in the mirror painting exper-
iment, the dominant hand can transfer the skill to the non-dominant hand. In the mirror
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painting experiment, we need to operate in the same direction as the image inside the
mirror, which is called image training. The purpose of imagery training is to make the
subjects clearly realize and recall that the skills used in the operation with the dominant
hand can be transferred to the non-dominant hand. Continuous reinforcement and repe-
tition of this transfer will improve the operation level and ability of non-dominant hand,
and reduce the difference of operation level between dominant hand and non-dominant
hand.

3.2 Fundamentals of Neurology

Previous studies have shown that the basis of motor task and motor imagery is through
the role of nerves. Action imagery means that there is no obvious body movement,
only the motor imagination in the brain. Action task and action imagery are regarded as
“functional equivalence”. Brain imaging studies show that finger; hand and foot, move-
ments can activate the auxiliary motor area, premotor area and the primary motor cortex
of cerebellum. Due to the functional equivalence of action task and action representa-
tion, it can be considered that the corresponding brain regions are also activated in the
experiment of non-dominant hand mirror painting, which can produce positive transfer
effect.

4 Application of Positive Migration

The transfer of action skills to non-handedness is a very useful transfer in real life.
Taking basketball players as an example, if a right-hander can effectively transfer his
layup and shooting skills from his right hand to his left hand, his personal strength will be
greatly improved. Through the above experimental analysis, we know that the repeated
practice of the dominant hand will have a positive effect on the movement ability of
the non-dominant hand. When athletes improve the athletic ability of the non-dominant
hand, they can train through the above principles, to obtain a substantial improvement
in athletic ability.

4.1 Original Shooting Training

Since the invention of basketball in 1891, the scientific shooting trainingmethod has been
the shortcut for all basketball fans to pursue progress. At the initial stage, basketball-
shooting training was carried out by repeatedly training sharp hand shooting. At that
time, basketball players did not realize the importance of two-hand attack. Therefore,
in the first 30 years of the invention of basketball, basketball fans still use one-handed
attack as the main means of attack.

4.2 The Development of Two-Handed Attack and the Initial Training Method

With the development of basketball, the importance of left and right hand flexible attack
is gradually reflected in the game. The famous player Larry Bird is relying on its strong
court dominance, the left and right hand flexible attack techniques and tactics thoroughly
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written into the training subjects of basketball players. In the initial training of left-hand
and right-hand attack, athletes often use the way of “long time practice of good hand
shooting rest long time practice of non-good hand shooting”, which enables athletes to
develop the offensive ability of non-good hand.With the progress of training, the athletes
and coaches at that time found a problem: the offensive ability of the non-handedness
of the athletes was greatly improved in the first three months of training, and they often
could not make satisfactory progress in the later training.

4.3 Using the Principle of Mirror Painting for Shooting Training

After 1990, basketball players have developed a new training method based on the
positive transfer law of the dominant hand to the non-dominant hand: the dominant hand
and the non-dominant hand cross shooting.Based on the analysis of the experimental data
of mirror painting, we can draw the following conclusions: the repeated training of the
dominant hand will have a positive transfer effect on the non-dominant hand. However,
through the analysis of the experimental data, we can know that this positive transfer
effect cannot make the non-dominant hand’s movement ability completely improve to
the same level as the dominant hand. Through the cross practice of the dominant hand
and the non-dominant hand, we can repeatedly use the positive transfer to improve the
sports ability of the non-dominant hand, and gradually improve the sports ability of the
non-dominant hand.

4.4 Conclusion

From the mirror drawing experiment, we can know that the positive transfer of dominant
hand to non-dominant hand exists objectively, and this positive transfer can be fully
applied in various sports. In addition to basketball, in the process of table tennis, tennis,
badminton and other sports, we can also use the transfer function to strengthen training
and improve the level of athletes’ hands. However, it is difficult for the non-dominant
hand to achieve the same level as the dominant hand. Therefore, in the process of training,
through the “repeated” and “short-term” cross training, we should constantly play the
positive transfer role of the dominant hand to the non-dominant hand, so that the sports
ability of the non-dominant hand tends to the sports ability of the dominant hand.

The trainingofmirror painting ability canbe applied in the related physical education,
especially in basketball. Appearance can promote the formation of non-dominant hand
skills of basketball players, and has a positive effect on the development of inferior
brain. In addition, imagery training can be used to eliminate the interference of negative
transfer.
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Abstract. Severe spine deformations are common among elderly indigenous
women of Ecuadorian highlandsmainly dedicated to agricultural labors. Participa-
toryErgonomics (PE) is used to reduce or eliminate the incidence ofmusculoskele-
tal disorders. Two demanding daily activities of these women were evaluated with
MREBA and 3DSSPP, then the ergonomic recommendations were discussed with
the ERGO group, and their opinions regarding the proposals were used to modify
them according to thewomen traditions and customs. The PE is an effective instru-
ment to adjust the recommendations, in the case of this study to be respectful of
the customs and traditions of the intervened community. However, the ingrained
customs suggest that the modifications should be implemented gradually, espe-
cially for older women who have the most compromised musculoskeletal health.
A major detected problem is the great magnitude of the loads these women lift
and transport, tied to their backs (sacks or children) since they exceeded by far the
recommended levels.

Keywords: Participatory ergonomics · Indigenous women · Spine deformations

1 Introduction

Agriculture is a crucial part of economic growth and poverty reduction. However, it is
one of the activities with the highest rate of health risks, especially in countries where
this activity is not technologically enhanced and is performed with manual tools that
require great physical effort, which leads to important musculoskeletal disorders (MSD)
[1]. Another relevant aspect is that agricultural work requires the frequent adoption
of uncomfortable postures for extended periods of time resulting in pain in different
overexerted parts of the body; reports indicate that pain occurs more frequently in areas,
such as the neck, lumbar area, and knees [2]. In addition to the above, in developing
countries, it is common for agricultural work to be performed by vulnerable groups,
such as children, women, and the elderly, in unfavorable weather conditions [3].

The aim of ergonomic studies is to assess the musculoskeletal risks of different work
activities and to propose improvement measures that can be oriented at changing the
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design of manual handling operations, activities, objects, tools, and the work environ-
ment, so that tasks are adapted to the characteristics of the workers performing them [4].
Interventions, as well as the above-mentioned modifications, can include the redesign
of equipment and tools, the improvement of work practices, and the purchasing of new
equipment that allows workers to perform tasks with reduced physical loads [5].

In Ecuador, specifically in the highland’s region, agricultural work is performed
very rudimentarily and mostly by children and women of all ages, including seniors.
These activities entail forced postures, repetitive movements, carrying high loads on the
back, and long journeys over uneven terrain. All these conditions, along with precarious
healthcare, have resulted in high-risk ergonomic assessments in female workers [6, 7].

Participatory Ergonomics (PE) allows the development of ergonomics intervention
programs with the involvement of all the studied actors in order to improve the work
environment conditions and to reduce safety and health risks [8]. It is based on the
assumption that workers are the experts and that, if they are provided with knowledge,
skills, tools, resources and incentives, they are the most suitable ones to identify and
analyze problems, as well as to propose and apply effective solutions to reduce injury
risk and MSD in work activities [9]. Because of these characteristics, PE is considered
as the most suitable methodology to implement changes with indigenous women, so that
they accept said changes and that their traditions are respected.

There is a growing interest in the development of PE in different countries in the
world. Several companies worldwide are interested implementing PE. For instance, the
National Institute of Occupational Safety and Health (NIOSH) considers PE to be a
useful strategy for preventing musculoskeletal disorders caused by work tasks [10].
Studies show a lack of results on the application of PE in Latin America, a warning
that must be considered, since the region faces big problem-solving challenges when it
comes to ergonomics [11].

Since the main objective of PE is to achieve the direct participation of the involved
individuals with a focus on obtaining favorable results and, therefore, an improvement
in the quality of life of the participants, the additional effect of PE is to favor the empow-
erment of the community by having its members participate in decision-making and in
actions in favor of their health [12]. Since PE involves, among others, improvements
in working stations, it is worth mentioning the difference between its two approaches.
Taylor’s approach is based on the study of the body movements of humans, which are
necessary to perform a task, as well as on measuring the time devoted to each one of
these movements. The macroergonomics approach is based on reducing biomechanical
and cognitive risks, and it considers social, organizational, and psychological factors of
work [13].

In Ecuador, the Ministry of Public Health (MSP, in Spanish Ministerio de Salud
Pública) and the Ministry of Economic and Social Inclusion (MIES, in Spanish Minis-
terio de Inclusión Económica y Social) have quality-of-life improvement policies and
programs in place, addressed to the elderly in rural areas [14]. The aim of this work is
to apply PE via the facilitators of MIES in elderly indigenous women of Quisapincha,
Tungurahua, Ecuador, since this group shows importantMSD [7] that have been assessed
using the modified REBA (MREBA) method for the hard daily work of these women
[15].
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2 Materials and Methods

This study is performed in 6 groups of elderly people from indigenous communities.
The MIES is in charge of creating the groups through its qualified staff, referred to as
facilitators, who are in charge of organizing the groups and performing workshops with
cultural, sport, leisure, and health activities. Each group is assisted by a facilitator that
visits the community twice a week. The main purpose of these groups is to carry out
activities in order to entertain the elderly and keep them active, thus improving their
quality of life.

The ergonomic assessment was carried out using the MREBA method, which is
modified for the specific work carried out by these human groups. From the assessment
of different tasks, it was determined that the most demanding ones are: loading and
transporting sacks containing agricultural products and tasks performed while carrying
a child on the back [6], as well as tasks performed without the collaboration of another
person making them more demanding. One of the characteristics of the two assessed

Fig. 1. Task 1: loading, transfer and unloading the sack of agricultural products a) a standing
woman drags the sack towards her body, b) she surrounds the sack with her shawl and lifts it
with her arms c) she places the sack on a higher area of the terrain by pushing it up with her leg
d) she locates the sack at the level of her back and fastens it with her shawl e) she bends and
accommodates the sack on her back; she then ties the ends of her shawl around her chest f) she
stands up with the sack on her back and keeps her chest tilted forward g) she walks forward with
her chest tilted forward h) she unloads the sack from her back by untying and putting away the
shawl.
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activities is the fact that women use knitted shawls called chalinas to tie things to their
backs. Figure 1 describes the assessed tasks in detail.

The group ERGO was formed to apply EP. It is defined as a working group that
encourages the participation of all actors; at a company level, it is composed of work-
ers [1]. In this study, this group is made up by MIES facilitators. From the results of
task assessments using the MREBA, recommendations were made, and they were ana-
lyzed and improved based on: the experience of facilitators with their elderly groups,
the feasibility of the implementation, the possibility of adaptation to the cultural, social,
economic, and demographic environment of the intervention group. Once the recom-
mendations were adjusted, the facilitators conducted dissemination workshops for the
elderly, focused on minimizing the risks of developing MSD. From a Participatory
Ergonomics perspective, the best way of reaching this objective is by transferring knowl-
edge and ergonomicsmethods from the expert to theworker, so the latter learns to identify
problems before they lead to an accident or injury [4] (Fig. 2).

Fig. 2. Task 2: cutting grass with an infant secured on the back a) a woman in squatting position
places the child against her back and places the shawl around them b) she tilts her torso forward
and accommodates the child on her back c) she stands up and ties the ends of her shawl at chest
level d) she crouches down to cut the grass e) she repeats the cutting movement with her right
hand; she ties the cut grass with her left hand and rotates left to pile the cut grass up. She does all
these movements in a squatting position f) she unloads the child and loads the tied-up grass on
her back, using the same shawl.
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3 Results

The two assessed tasks were selected by considering their precariousness, frequency,
and postural load. Likewise, in order to choose the most critical posture within each
task, the magnitude of the deviation from neutral postures and the weight of the load
were considered. All this is focused on analyzing the woman-task interface based on the
necessary force for executing the task and the way in which the load adjusts to the body.

3.1 Task Analysis Using 3DSSPP

Figure 3 shows a summary of the results from analyses conducted with the 3DSSPP in
order to evaluate the critical postures of each task. This analysis allows the 3D simulation
of postures, as well as of anthropometric parameters and external loads associated with
the critical postures of the assessed tasks. Results show that the L4/L5 disc compression
force is 908 lb for task 1 and 813 lb for task 2; therefore, both exceed the reference value
of 770 lb established by NIOSH. These values indicate that lumbar pain is three times
more likely in women that perform these tasks in the analyzed conditions. In the case
of load transportation (sack/child), frequency, time, and load magnitude are significant
factors; however, analyses indicate that weight is the most determining factor for the
occurrence of musculoskeletal disorders.

Fig. 3. Summary of the results of the 3DSSPP analysis of critical postures in analyzed tasks (a)
Sack loading, transportation, and unloading, (b) Grass cutting with a child tied to the back.

3.2 Task Analysis Using MREBA

The results of applying the MREBA method to the critical postures of the analyzed
tasks show that, for both tasks, the risk level is 4: Very High. It is the result of the
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exposure to inadequate postures, as postural load has extremely harmful effects of the
musculoskeletal system. The main causes of this high risk in the case of both tasks are:
high trunk tilting values, neck flexing and bending, lateral trunk bending, and a very
heavy load on the back; additionally, only for task 1: knee flexing, lateral trunk and neck
bending and other body parts that remain static for over 1 min.

3.3 List of Recommendations Following PE Application

After the meetings with the ERGO group composed of MIES facilitators to discuss the
results of the task analyses and once the corresponding recommendations were made,
the following ones were chosen to be disseminated to the elderly people in the groups:

• Use aids for the transportation of heavy loads, such as wheelbarrows, or perform this
task in pairs.

• Carry children on your backs as few as possible, especially if they can walk.
• If a task demands forced postures, such as crouching down, these postures must be
adopted without loads on the back.

• If you need to carry a child on your back, try to fasten them in a symmetrical manner.
• Loads over 10 kilos must be transported for the shortest time possible and slopes must
be avoided.

• When performing repetitive movements, breaks must be taken to prevent postural
overload.

• Whenever possible, elevate the working area to the waist level in order to minimize
trunk flexing and twisting.

4 Conclusions

PE is a very useful tool to make adjustments to the recommendations that ergonomics
experts propose for improving working conditions and protecting workers from MSD,
especially in cases such as the ones presented in this study, where the affected population
performs tasks according to traditions and knowledge passed down from generation to
generation.

While the proposed adjustments are not aimed at reducing loads and modifying
postures until they no longer pose a health risk, they do allow the reduction of current
negative effects. In addition, once they have been analyzed with and explained to the
workers, there is a greater likelihood that they will be implemented.

The physical health of indigenous women is particularly important, as they use their
physical strength to perform the tasks with which they financially support themselves
and their families; therefore, all the initiatives undertaken in order to protect them are of
great value to the affected communities.
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Abstract. Understanding individuals’ capability of one-handed pull strength is
crucial in manual handling task design as one-handed pulling is frequently con-
ducted in daily life. The present study was designed to develop prediction models
of one-handed pull strength from anthropometrics and body-joint angles. One
hundred Chinese adults were recruited and instructed to provide their maximum
one-handed pull strength in the sagittal plane. Sagittal-plane photographs were
taken for measuring three joint angles (i.e., trunk angle, knee angle, and ankle
angle). T-tests, ANOVAs, and stepwise multiple regression analysis were con-
ducted for data analysis. Five prediction models were developed with the adjusted
R2 values ranging from 0.621 to 0.818 (all ps < 0.001). Significant predictors
were reported and discussed. The findings contribute to physical ergonomics and
human factors by providing prediction models for reference values of one-handed
pull strength of a population, further facilitating safety designs of tasks involved
one-handed pulling (144 words).

Keywords: Physical ergonomics · One-handed pull strength · Prediction ·
Sagittal plane

1 Introduction

Mismatching between individuals’ strength capability and task strength requirement
can lead to musculoskeletal disorders for workers in manual material handlings. It is
of importance to have and use reference strength data when designing the tasks. One-
handed pulling is a frequently performed motion in many jobs and daily activities (e.g.,
pulling luggage out of a car’s trunk or objects from a running conveyor in manufacturing
facilities). To facilitate the design of tasks involved one-handed pulling, some researchers
have conducted attempts to build reference data on one-handed pull strength [1–4]. For
example, Lin and colleagues [2] collected static one-handed pulling strength from 84
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Americans and built a normative dataset on the populational strength capability of one-
handed pulling from four heights (24 inches, 30 inches, waist height, and above-shoulder
height). Or and colleagues [1] utilized the same apparatus and experimental protocol that
Lin et al. used [2] to test a Chinese population and established a normative dataset of
one-handed pulling strength. However, creating a normative strength dataset is time
consuming and costly, especially for population-level data [5]. A prediction model can
be beneficial to the industry community by providing reference strength data for task
design. Previous studies have reported some influencing factors on pull strength, for
example, gender [4], age [6], body mass [7], hand-handle interface [8], friction between
floor [9], and pulling heights and directions [1, 2]. These findings make it possible to
develop prediction models for one-handed pull strength. However, only few prediction
models were published in the literature. For example, Garg and Chaffin [10] established
a biomechanical computerized model of hand forces, but the model was only for seating
posture. Voorbij and Steenbekkers [6] created a prediction model of one-handed pull
strength, but they only had one predictor – ‘age’. To the best of our knowledge, no
prediction model of one-handed pull strength was developed for Chinese population.

Therefore, the present study was designed to develop and validate prediction models
of one-handed pull strength using a Chinese population. In order to well control the
experimental environment, the hand-handle interface, floor friction, and pulling direction
(i.e., the sagittal plane)were all remained unchanged during the experiment. Based on the
literature [4, 6, 7], age, gender, body weight, and stature were selected as the potential
predictors. Moreover, considering potential body twists in the pulling process, three
main body-joint angles (trunk angle, knee angle, and ankle angle) were examined in the
development of prediction models of one-handed pull strength.

2 Methodology

2.1 Participants

One hundred Chinese adults participated in the study, including 10males and 10 females
from each of five age groups (18–24, 25–34, 35–44, 45–54, and 55–64 years old). All
participants self-reported heathy and free of musculoskeletal injuries at the time of
conducting this study. Written consent forms were obtained from each participant.

2.2 Apparatus

Rulers and an electric weight scale were used to measure the participants’ stature and
body weight, respectively. One-handed pull strength was evaluated using the test frame
in Fig. 1. Four load cells (Model AG100, Scaime S.A.S., France) were mounted to
the aluminum cross bar whose height was adjustable. When the participants pulled the
cylindrical aluminum handle (diameter= 4 cm) mounted to the center of the cross bar, a
computer-based application developed using MATLAB recorded the values of the four
load cells and calculate the pull strength as a vector sum of the orthogonal components
[1, 2]. The test framewas placed on a plywood slip-resistant platform (friction coefficient
µ = 0.83). A camera was located on the right side of the participants to capture their
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sagittal-plane photographs. An angle measuring software (Image Tool v3.0) was used
to measure the participants’ trunk angle, knee angle, and ankle angle according to the
published measurement protocol [10].

Fig. 1. Illustration of the test platform and three joint-angles.

2.3 Procedure

Two trained research assistants first explained the study protocol to the participants
and collected their written consent form, following by a questionnaire for demographic
information (e.g., gender and age) and themeasurements of bodyweight and stature using
weight scale and ruler, respectively. In the measurement of one-handed pull strength,
the participants were asked to: 1) stand on the platform facing to the handle in front of
the body (see Fig. 1); 2) pull the handle towards the chest using their domain hand; 3)
build up their strengths, without any jerk, in the first two seconds and hold the maximum
for the following three seconds. Pulling process for each trial was accompanied with a
slogan “ramp up, ramp up, hold, hold, hold, relax”. The greater strength value of the
two replications was used for data analysis. A sagittal-plane photograph was taken at
the time of the second “hold”. A 2-min rest (longer if needed) was given between trials.

2.4 Data Analysis

Descriptive analysis was conducted to analyze the means and standard deviations (SDs)
of anthropometrics. T-tests were used to evaluate the difference between two genders in
anthropometrics and one-handed pull strength. One-way ANOVAs were performed to
examine the effects of age-group and pulling height. The 100 participants were divided
into two subsets: subset-1 comprising 80 participants (8 males and 8 females randomly
selected from each of the 5 age groups) and subset-2 comprising the remaining 20 partic-
ipants (10 males and 10 females). Stepwise multiple regression analysis was conducted
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for each pulling height, with age, gender, body weight, stature, trunk angle, knee angle,
and ankle angle as potential predictor variables. The standard error of the estimate (SEE)
and the mean absolute percentage error (MAPE) were calculated for validating the pre-
dictionmodels through the two equations below [11]. The smaller the SEE and/orMAPE
values, the higher prediction accuracy and better validity [12].

SEE =
√∑(

Y − Ȳ
)2

(n− 2)
(1)

MAPE = 100%

n

∑n

1

∣∣∣∣Y − Ȳ

Y

∣∣∣∣ (2)

where Y is the observed value,
−
Y is the predicted value, and n is the measurements.

3 Results and Discussion

Table 1 lists the means and SDs of age, body weight, and stature of the 100 participants.
The results of t-tests showed significant differences between the two genders in body
mass, t(98)= 6.235, p< 0.001, and stature, t(98)= 9.696, p< 0.001, but not age, t(98)
= 0.035, p = 0.972.

Table 1. Anthropometric information (means and SDs) of the 100 participants.

Characteristics 18–24 25–34 35–44 45–54 55–64

M F M F M F M F M F

Age
(years)

21.5
(2.1)

20.9
(2.1)

27.6
(2.3)

28.0
(2.5)

39.2
(3.0)

39
(2.4)

50.3
(2.9)

50.1
(2.0)

58.5
(3.4)

58.6
(2.9)

Body weight
(kg)

63.7
(7.9)

53.6
(7.4)

69.5
(8.8)

52.6
(6.3)

74.7
(15.9)

58.9
(8.1)

71.8
(7.9)

55.6
(7.1)

62.8
(7.5)

60.3
(13.1)

Stature
(cm)

175.1
(3.7)

163.0
(7.0)

174.6
(5.4)

161.3
(4.7)

172.5
(5.8)

162.0
(6.3)

169.8
(6.6)

158.7
(6.2)

167.7
(5.5)

156.1
(4.4)

Table 2 shows the means and SDs of maximum one-handed pull strength when the
participants pull in the sagittal plane. The difference in one-handed pull strength between
females (172.6 N) and males (241.4 N) was significant, t= -6.704, p< 0.001, consistent
with previous studies [2, 5]. The ANOVA results showed no significant difference in
one-handed pull strength among the five age groups for females (F= 0.421, p= 0.793)
but significant difference was found for males (F = 3.870, p = 0.009). The results
also presented that pulling height significantly affected the one-handed pull strength for
females (F = 46.833, p < 0.001) and males (F = 103.185, p < 0.001), in line with
previous studies [2, 5].

The results of stepwisemultiple regression analysis showed that the predictors varied
for different pulling heights (see Table 3). Age is a negative predictor for one-handed
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Table 2. Means (SDs) of maximum one-handed pull strength (in N) of the 100 participants.

Pulling
height

Age group Female Male

20
inches

18–24 210.8 (36.6) 337.0 (122.1)

25–34 221.3 (50.7) 378.1 (99.6)

35–44 223.5 (67.0) 367.2 (63.9)

45–54 197.3 (59.6) 285.1 (61.3)

55–64 235.82 (95.4) 269.6 (96.5)

Total 217.7 (63.6) 327.4 (98.1)

32
inches

18–24 183.0 (39.7) 302.5 (91.9)

25–34 209.4 (45.1) 312.6 (90.7)

35–44 196.5 (59.9) 327.0 (57.2)

45–54 196.7 (68.2) 258.6 (67.0)

55–64 182.87 (58.4) 229.4 (64.0)

Total 193.7 (53.9) 286.0 (81.2)

44
inches

18–24 151.3 (25.6) 239.0 (37.8)

25–34 168.5 (28.9) 249.4 (51.5)

35–44 175.4 (46.3) 267.2 (51.8)

45–54 157.7 (43.8) 219.4 (57.8)

55–64 162.48 (63.9) 190.0 (54.8)

Total 163.1 (42.9) 233.0 (55.9)

56
inches

18–24 134.8 (29.4) 196.5 (33.6)

25–34 149.0 (44.3) 233.5 (92.3)

35–44 159.2 (35.2) 215.1 (47.5)

45–54 132.9 (24.1) 175.0 (42.0)

55–64 162.06 (63.7) 155.3 (37.6)

Total 147.6 (41.8) 195.1 (59.7)

68
inches

18–24 126.8 (41.4) 162.0 (37.0)

25–34 132.2 (65.3) 200.8 (88.6)

35–44 143.4 (31.5) 173.0 (43.1)

(continued)
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Table 2. (continued)

Pulling
height

Age group Female Male

45–54 142.9 (39.4) 152.3 (64.1)

55–64 158.9 (63.9) 140.5 (31.2)

Total 140.8 (49.4) 165.7 (58.3)

Total 18–24 161.3 (46.2) 247.4 (96.4)

25–34 176.1 (57.8) 274.9 (104.4)

35–44 179.6 (55.6) 269.9 (87.9)

45–54 165.5 (54.7) 218.1 (75.6)

55–64 180.4 (73.5) 197.0 (75.9)

Total 172.6 (58.3) 241.4 (93.0)

pull strength when pulling at the two lower heights, i.e., 20 inches and 32 inches. Stature
is only a negative predictor when pulling at the highest height (68 inches). One possible
reason could be that the higher-stature participants may attempt to pull the handle in
a horizontal direction but cannot make use of their body weight, as compare to those
with lower stature. Trunk angle plays as a positive predictor for the lowest height but
a negative predictor for the two highest heights. For the pulling from a high height, a
smaller trunk angle may denote that the participants bend their body and tried to make
full use of their body weight for the pulling. Weight, ankle angle, and knee angle are
all positive predictors for the one-handed pull strength from the five pulling height. The
adjusted R2 of the five models varied from 0.621 (for 20 inches) to 0.88 (for 44 inches)
with all p values < 0.001.

Table 3. Results of the stepwise multiple regression analysis for maximum one-handed pull
strength (n = 80) for each pulling height (in inches).

Height (Constant) Age Gender Weight Stature KA AA TA Adjusted
R2

F, p-value

20 −913.3 −1.8 0 4.6 0 2.4 5.8 2.4 0.621 26.9, < 0.001

32 −752.7 −0.8 0 3.2 0 3.0 4.2 0 0.772 67.9, < 0.001

44 −643.2 0 0 2.6 0 2.6 3.6 0 0.818 119.2, < 0.001

56 −549.1 0 0 2.0 0 3.1 3.4 −1.2 0.809 84.9, < 0.001

68 77.2 0 0 2.0 −3.4 4.0 3.9 −3.2 0.716 40.8, < 0.001

The subset-2 data (n= 20) were used for themodel validation by calculating the SEE
and MAPE values (see Table 4). The results showed that when predicting one-handed
pull strength for 20 inches, both SEE value and MAPE value were the largest, i.e., 65.2
and 23.5%, respectively; when predicting for 44 inches, both SEE and MAPE were the
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smallest, i.e., 29.0 and 10.8%, respectively. One possible reason could be that pulling
strength from 20 inches is more dependent to body weight and pulling posture (e.g.,
body twisting), which may make the prediction more sensitive.

Table 4. Means (SDs) of the actual strength and predicted strength for the subset-2 (n= 20) and
the validation results (i.e., SEE and MAPE values) for each pulling height (in inches).

Height Actual strength Predicted
strength

SEE MAPE

20 280.8 (118.4) 291.5
(76.9)

65.2 23.5%

32 237.8 (90.0) 224.3
(69.2)

50.3 17.3%

44 195.9 (59.3) 191.4
(46.4)

29.0 10.8%

56 161.7 (41.3) 150.9
(44.2)

35.7 14.5%

68 132.6 (32.0) 141.8
(42.8)

39.4 22.0%

4 Conclusion

A normative dataset of one-handed pull strength was established for designing manual
handling tasks that involve one-handed pulling. Based on the dataset, five prediction
models were developed with the adjusted R2 values ranging from 0.621 to 0.818 (all
ps < 0.001), among which body weight, knee angle, and ankle angle are three positive
predictors regardless of pulling heights. Low SEE values and lowMAPE values denote a
good validity of the models. The findings contribute to physical ergonomics and human
factors by providing prediction models for reference values of one-handed pull strength
of a population, further facilitating safety designs of tasks involved one-handed pulling.

Acknowledgments. The authors would like to thank Dr. Calvin K.L. Or and Dr. J.H. Lin for the
experimental design and data collection.
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Abstract. This study aims to grasp the differences in user characteristics related to
user interface (UI) design from the perspective of cultural differences and examine
how to approach UI design. This study mainly focused on the cultural differences
between the United States and Japan to examine UI design that takes cultural dif-
ferences into account. Based on the following six cultural differences between the
United States and Japan, differences in user characteristics related to UI design
were examined, and how to approach UI design considering cultural differences
was examined: (1) short-term or long-term orientation, (2) individualism or total-
ism, (3) having control of the environment or acceptance of a given environment,
(4) preferring change or being risk-averse and seeking for stability, (5) emphasiz-
ing the value of time or the value of human relation, and (6) low- or high-context
culture.

Keywords: Cultural difference · User characteristics · User interface design

1 Introduction

The recent proliferation of the internet and digital products makes it necessary to think
about user interface (UI) design considering the many users worldwide. It is important
to understand various users’ characteristics within the context of various preferences,
values, and cultural backgrounds, and to localizeUI design appropriately or find standard
solutions among several users. Especially in recent years, there has been an emphasis
on an approach that focuses on users’ subjective experience (Design for user experience
(UX)), rather than just eliminating usability drawbacks for efficient and effective UI
operation. The quality of users’ subjective experience is highly dependent on the values
of each user. It is necessary to design UI with a good understanding of the cultural
background underlying the user’s values to achieve a better UX.

According to Petrie et al. [1], approaches to developing accessible and usable designs
vary based on each cultural context. In terms of design characteristics in different cul-
tures, Cyr and Trevor-Smith [2] and Doi and Murata [3] investigated differences in web
design characteristics in several countries to examine the design direction of localized
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websites. The results showed that websites in these countries were reported to have
some statistically significant differences in terms of several characteristics: Barber and
Badre [4] and Marcus and Gould [5] reported some features of UI design across coun-
tries with different cultural characteristics, such as Alexander et al. [6, 7] who tried to
develop cross-cultural web design guidelines, based on the discovery of cultural differ-
ences between several countries; Zhou and DeSantis [8], Fang and Rau [9], and Doi
and Murata [10] conducted a usability evaluation of websites in countries with differ-
ent cultural backgrounds and compared the results. These studies show that usability
drawbacks may differ from cultural differences.

Thus, different countries, culturally, have different design preferences and web
design characteristics. To design with cultural differences in mind, the designers should
examine how cultural differences relate to user characteristics during UI operations.
The present study aimed to understand the differences in user characteristics related
to UI design from the perspective of cultural differences and examine how to thereby
approach UI design. This study mainly focused on the cultural differences between the
United States and Japan to examine user characteristics based on cultural differences.
Previous studies have shown that values, attitudes, personalities, and behavioral patterns
differ greatly in terms of the cultural differences between countries and regions. In Japan
and the U.S., the focus of this study, various cultural differences have been reported.
This study summarized previous studies and examined how these differences in user
characteristics based on cultural differences between Japan and the U.S. may relate to
UI design.

2 Cultural Differences Between the U.S. and Japan

From past surveys, it is clear that there are differences in values, attitudes, personalities,
and behavioral patterns based on various cultural differences between countries and
regions. It is also said that there are various cultural differences between Japan and the
U.S. As mentioned above, these cultural differences need to be taken into account when
designing UI. Here we focus on Japan and the U.S. and list the cultural differences that
are thought to affect UI interaction (Table 1).

Table 1. Summary of tendency of cultural differences in values, attitudes, way of thinking, and
communication style between the United States and Japan.

United States Japan

(1) Short-term orientation Long-term orientation

(2) Individualism Totalism

(3) Control over the environment Acceptance of a given environment

(4) Preferring change Risk-averse and seeking for stability

(5) Emphasizing the value of time Emphasizing the value of human relation

(6) Low-context communication High-context communication
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2.1 Long-Term or Short-Term Orientation

According to Hofstede [11], Japanese people tend to have a long-term orientation, while
Americans tend to have a short-term orientation. Long-term orientation means that peo-
ple tend to think in the long run and that there is more social pressure for patience,
frugality, and continuity. Conversely, a short-term orientation means that people tend
to think in terms of immediate results, and social pressure for consumption tends to be
stronger. For example, in Japan, which tends to have a strong long-term orientation, it is
said that there is a strong hierarchical relationship based on age and status, that long-term
results are sought, and that patience is considered a virtue. On the other hand, in the U.S.,
where short-term orientation is relatively strong, people are said to be meritocratic, seek
short-term results, and value upward mobility.

2.2 Individualism or Totalism

It is said that the United States tends to be more individualistic than Japan [11–13]. In
individualistic cultures, the interests of the individual take precedence over the interests
of the group. Individual interests take precedence over group interests, and the ties
between individuals are loose, and each individual’s differences tend to be respected.
In contrast, Japan is less individualistic and more totalistic than the United States [11].
In totalism, the interests of the group are given priority, even at the expense of personal
convenience.

In the context of individualism, people tend to be diplomatic, and their duties tend
to be more important than their human relationships in business. Individual opinions
are respected, and each individual’s abilities determine employment and promotion in
business. They also tend to place value on self-actualization. On the other hand, in the
case of totalism, many people are introverted, and human relations tend to be more
important than work. Group harmony is respected more than individual opinions, and
group harmony is important for hiring and promotion in business. They also tend to
value social harmony and consensus.

2.3 Control Over the Environment, or Acceptance of a Given Environment

According to Kohls [12], Americans believe that they can change their environment to
achieve their goals, and they find value in controlling their environment. On the other
hand, Japanese people tend to accept the given environment, partly because they consider
patience a virtue, as described in Sect. 2.1. It is said that even in extremely harsh working
environments and conditions, people do not consider it acceptable to disturb the harmony
with their surroundings and tend to accept it quietly [14].

2.4 Preferring Change or Risk-Averse and Seeking for Stability

According to Hofstede [11], Japan has one of the most “highly uncertainty-averse cul-
tures” globally. In such a culture, people tend to avoid risk, seek for stability, and not
decide on a course of action unless they are sure that the risk is as low as possible.
Because they believe that uncertainty can be avoided by increasing predictability, they
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have many customary rules that they prefer to follow in their daily lives. In contrast, the
U.S. has a relatively low uncertainty-avoidance tendency [11] and is said to find value
in “change” [12]. It tends to encourage people to take risks to succeed, tackle things in
ways that are different from conventional practices, and keep trying even when they fail.

2.5 Emphasizing the Value of Time or Emphasizing the Value of Human Relation

Americans tend to ascribe a high value to time and do not like to waste time [12].
They see the value in increasing productivity without wasting time. They also prefer to
get things done on time rather than build deep human relationships [12]. On the other
hand, the Japanese are punctual and value getting things done on schedule [15], but
tend to place less importance on avoiding time-wasting and productivity. In some cases,
Japanese people work in an unproductive manner, placing more importance on human
relations and group harmony in the workplace than on working efficiently according to
each individual’s duties and abilities [14]. As an example of the emphasis on human
relations rather than productivity, it is said that in Japanese companies there are many
unnecessarymeetings and overtimework tomaintain harmonywithin the group.Besides,
it is said that in business decision-making, not only the context of the job but also personal
relationships formed outside of work hours often have an impact [15].

2.6 Communication Style

According to Hall [16], there is a cultural difference in communication style between
high-context and low-context cultures. In high-context cultures, non-verbalized com-
munication is more important than linguistic expressions and is not always explained
in a strict language. It is not enough for the receiver of information to take the sender’s
intentions literally as they are worded. It is also necessary to infer the sender’s intentions
and emotions, including information other thanwords. That is, the onus is on the receiver
of the information and requires the ability to understand the sender’s intentions.

On the other hand, in low-context cultures, linguistic communication is important,
and rigorous, specific, and clear verbal explanations are preferred. The receiver of infor-
mation does not need to infer the sender’s intentions but receives the information just
as it is worded. The sender of information must convey the information concisely and
concretely to convey everything in verbal information. The United States is classified as
a low-context culture, while Japan is classified as a high-context culture.

3 Differences in Users’ Characteristics Related to UI Design
Between the U.S. And Japan

The cultural differences described so far are expected to affect the way we think and
act toward UI. Indeed, it has been shown that the characteristics of the appearance and
structure of web design are different between Japanese and American websites [3], and
the tendency of usability problems is also different [10]. In this study, we examine below
how the cultural differences described so far affect the user characteristics that should
be taken into account when designing UI.
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3.1 Characteristics of American Users

Americans tend to value their time and seek short-term results. They are not afraid of
change, and sincemany products are returnable, they are quick to give up on products that
are difficult to use or unsatisfactory. In a culture where individual opinions are respected
and self-fulfillment is important, people do not put up with products that are difficult to
use or unsatisfactory but rather, point out the discovered problems. In other words, in
UI design, care should be taken to avoid dissatisfaction based on first impressions and
initial ease of use.

Also, Americans prefer to control their environment rather than just follow the envi-
ronment they are placed in. Thus, they tend to prefer to “search” for information on their
own rather than be “guided” when operating websites. Indeed, American websites often
place a search box in a prominent place on the top page [3].

Besides, it is difficult for users to read designers’ intentions if the UI is difficult to
understand because of the low-context communication culture. It is necessary to think
of a simple screen that is easy to understand and clearly and concisely verbalized in the
UI design.

3.2 Characteristics of Japanese Users

The Japanese tend to be long-term oriented and do not seek short-term results, and
patience is seen as a virtue. Designers need to think about how to improve the value
to users in the long-term. Japanese people tend to accept the environment they are
given and do not like to raise their voices that disturbs their surroundings’ harmony.
Also, because of the high-context communication culture, even if the user interface is
somewhat difficult to understand, the user may be able to guess the designer’s intentions
and continue to operate it. For these reasons, users are unlikely to openly raise their
voices about UI that is difficult to use. Because of this culture, there is a tendency for
users to speak less when they “think-aloud” in usability testing [17].

The Japanese tend to accept their environment and prefer to be guided by a website’s
design rather than search for information. For this reason, many Japanese websites have
a large number of links on the top page [3].

Japan is an uncertainty-averse culture, and people tend to avoid making decisions
until they are sure that the risk is low. For this reason, when making a decision, they
prefer to gather a quantity of reassuring information to reduce uncertainty. Therefore,
they seem to feel more secure with products that have more functions than necessary and
with advertisements that provide more information than just a simple sales proposition.

4 Conclusion

In this study, we introduced six cultural differences between Japan and the United States
that have emerged from previous research: (1) long-term orientation, (2) individualism
or totalism, (3) control of the environment or acceptance of a given environment, (4)
preferring change or being risk-averse and seeking for stability, (5) emphasizing the
value of time or the value of human relation, and (6) low- and high-context culture. As
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a point of view for examining UI design considering cultural differences, differences in
user characteristics related to UI design between Japan and the U.S. were examined, and
how to approach UI design considering cultural differences was examined.
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Abstract. This study aims to examine how human service employees’ positive
and negative emotions affect their task performance. Affective delivery, presenting
positive emotions in the service interaction, is used as a positive emotion, and emo-
tional exhaustion is an employees’ stressful negative emotion. The author tested
hypotheses by using a multiple mediation model. The variables used in this study
are first measured using descriptive statistics and correlation analysis. The author
verified direct and mediator effects between the variables used in this study by
path analysis of covariance-based structural equation modeling (SEM). The result
shows that employees who practice positive emotional expression in service inter-
action can improve job performance and increase job satisfaction. Understanding
this mechanism could also help prevent stress and emotional exhaustion among
employees in the workplace.

Keywords: Human service employees · Emotions · Emotional Exhaustion · Job
performance · Job satisfaction · Airline

1 Introduction

In the aviation industry, many traditional airlines have reduced costs and changed
employment relationships due to deregulation and the intensified competition. Such
an environment allowed LCC carriers (Low-Cost Carriers) to enter the market. Further,
the airlines in the world have continued to operate with as few people as possible. In
other words, the professional role required of modern flight attendants has gradually
changed from the state it was in the past few decades [1, 2].

Role ambiguity occurs when an employee lacks sufficient information to perform a
job and does not know what to do [3]. Therefore, modern flight attendants may perceive
role ambiguity in the workplace. Besides, employee perceived role ambiguity reduces
employee job performance and job satisfaction [4, 5].

In contrast, previous studies have shown that if a company is market-oriented, its per-
formance will improve, and results would be obtained [6]. Ultimately, market-oriented
companies and organizations’ profitability will improve [7]. Additionally, employees’
confidence in the company and their job commitments would increase [8, 9]. Notably,
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many sales representatives consider meeting customer needs imperative for the customer
service provider to help a company succeed.

For service organizations, individual service employees mainly implement market
orientation. In organizations that provide many customer services, individual service
employees practice their basic principles as their duties. A key determinant of customer
satisfaction with a service is the customer-employee interaction that individual service
employees practice in providing the service. Thus, customer orientation is a factor com-
posed at the personal level, and it is a central component due to which service companies
continue to be market-oriented [6].

This study uses recent social psychology research to explain how customer ser-
vice employees’ positive emotions and negative stress emotions affect job performance.
Furthermore, it utilizes customer service employee data to validate a customer service
employee’s job satisfaction result.

2 Literature Review and Hypotheses Construction

2.1 Relationship Between Role Ambiguity, Job Performance, and Job Satisfaction

Many researchers have conducted studies on the relationship between role ambiguity, job
satisfaction, and job performance [10, 11]. For example, a classical Hawthorne study
[12] concluded that productive workers were the most satisfied workers. Locke [13]
believed that high performance resulted in employees feeling job satisfaction. On the
other hand, some researchers said that the employees were satisfied only when their
performance was rewarded correctly [14]. However, other researchers have shown that
job satisfaction is multifaceted [15] and that different job factors lead to job satisfaction
and job performance in different people [16]. Thus, for various reasons, the relationship
between job satisfaction and job performance has been repeatedly studied. However, in
the end, the relationship between role ambiguity, job satisfaction, and job performance
varies from person to person at the professional level. Therefore, individual differences
should affect job satisfaction [17].

2.2 The Basic Mediation Model

The central idea in the mediator model is that the effects of a stimulus (e.g., role conflict)
on behavior (e.g., job performance) are mediated by various transformation processes
internal (e.g., emotion and stress) to the organism. Figure 1 shows this essential causal
chain involved in mediation. This basic model assumes a three-variable system such that
two causal paths feed into the outcome variable (e.g., job satisfaction): the direct impact
of the independent variable (path c) and the impact of the mediator (path b). There is
also a path from the independent variable to the mediator (path a) [18].

Hypotheses 1: The “role ambiguity” perceived by service employees has a negative
relationship (direct effect) that reduces “job performance.”

Hypotheses 2: The “role ambiguity” perceived by service employees has a negative
relationship (direct effect) with the “affective delivery,” which refers to employees’
expressing positive emotion in service interactions.
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Fig. 1. The basic mediation model tested in the study

2.3 Emotions in the Organization: “Affective Delivery” Practiced by Service
Employees

“Affective delivery” refers to express positive emotions in a service interaction to satisfy
customers. Human service employees often practice an affective delivery, for example,
smiling and showing friendliness. Conversely, employees may not always feel positive,
but they may control their emotions to show only positive emotions in their duties
[19]. When service employees practice affective delivery, customers impress that they
have received good service, which improves customer satisfaction [20]. Thus, “affective
delivery” influences the service employee’s behavior and increases job performance.

Hypotheses 3: The “affective delivery” expressed by service employees has a positive
relationship (direct effect) with “job performance.”

Customers satisfied with the employees’ excellent service are more likely to be
repeaters [21]. Affective delivery practices can improve customers’ purchasing behavior
and enhance job performance [22].

Hypotheses 4: The “affective delivery” expressed by service employees has amediating
effect that transforms the negative direct relationship between “role ambiguity” and “job
performance” into a positive one.

2.4 Emotional Exhaustion

Emotional exhaustion refers to a state of chronic physical and mental fatigue due to
excessive work and stress [23]. The employees who perceive role ambiguity can also
experience emotional exhaustion. The employees experiencing emotional exhaustion
due to extreme physical and psychological stress may have reduced job performance
(Fig. 2).

Hypotheses 5: The “role ambiguity” perceived by service employees has a positive
relationship (direct effect) with “emotional exhaustion.”

Hypotheses 6: The “emotional exhaustion” perceived by service employees has a
negative relationship (direct effect) with “job performance”.
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Fig. 2. The multiple mediation model tested in the study

Hypotheses 7: The “emotional exhaustion” perceived by service employees has amedi-
ating effect; nonetheless, it does not transform the negative direct relationship between
“role ambiguity” and “job performance” into a positive one.

Hypotheses 8: The “job performance” of service employees positively affects “job
satisfaction.”

3 Method

In this study, the author distributed a five-point Likert-type questionnaire to 500 flight
attendantsworking forEuropean airlines and received a valid response from414 (82.8%).
In testing the hypotheses, the author first measured the variables used in this study
using descriptive statistics and correlation. Table 1 shows the descriptive statistics of the
variables used in this study, the correlation analysis, and theCronbach’s alpha coefficient.
Next, the author verified the direct effect between the variables and the mediator effect
by path analysis in covariance-based structural equation modeling (SEM).

4 Results

4.1 Direct Effects

Regarding Hypothesis 1, the correlation analysis found a significant negative correlation
between role ambiguity and job performance (r=−.29, p< .01). The results of structural
equation modeling (SEM) also found a negative path coefficient (r = −.23, p < .01)
between role ambiguity and job performance. Hypothesis 1, which predicted a negative
relationship (direct effect) between role ambiguity and job performance, was supported.
The goodness-of-fit summary of the SEMmodel shows χ2/df= 2.467, CFI= .953, GFI
= .922, TLI = .943, RMSEA = .060.
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Regarding Hypothesis 2, the correlation analysis found a significant negative corre-
lation between role ambiguity and affective delivery (r =−.20, p< .01). The results of
structural equation modeling (SEM) also found a negative path coefficient (r =−.23, p
< .01) between role ambiguity and affective delivery. Hypothesis 2, which predicted a
negative relationship (direct effect) between role ambiguity and affective delivery, was
supported.

Regarding hypothesis 3, the correlation analysis found a significant positive corre-
lation between affective delivery and job performance (r = .36, p< .01). The results of
structural equation modeling (SEM) also found a positive path coefficient (r = .40, p<
.01) between affective delivery and job performance. Hypothesis 3, which predicted the
positive relation between affective delivery and job performance, was supported.

Table 1. Descriptive statistics and correlations

4.2 Mediating Effects

Regarding hypothesis 4, Fig. 3 shows that “affective delivery” is a mediator between role
ambiguity and job performance. At the time, the negative direct effect of role ambiguity
on job performance was transformed positively by the moderating effect of “affective
delivery.” Thus, hypothesis 4, which predicted: “affective delivery” expressed by service
employees as having a mediating impact and transforms the negative direct relation
between “role ambiguity” and “job performance” into a positive one, was supported.

Regarding hypothesis 5, the correlation analysis found a significantly positive corre-
lation (r = .25, p < .01) between role ambiguity and emotional exhaustion. The results
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Fig. 3. Result of the multi mediation model

of structural equation modeling (SEM) also found a positive path coefficient (r = .27,
p < .01) between role ambiguity and emotional exhaustion, and hypothesis 5, which
predicted a positive relationship between role ambiguity and emotional exhaustion, was
supported.

Regarding hypothesis 6, the correlation analysis found a significantly negative corre-
lation (r=−.17, p< .01)was found between emotional exhaustion and job performance.
The results of structural equation modeling (SEM) also found a negative path coefficient
(r = −.19, p < .01) between emotional exhaustion and job performance, and hypoth-
esis 6, which predicted a negative relationship between emotional exhaustion and job
performance, was supported.

Regarding hypothesis 7, Fig. 3 shows that emotional exhaustion is a mediator
between role ambiguity and job performance. The negative direct effect of role ambi-
guity on job performance was not transformed positively by the mediating effect due to
emotional exhaustion. Thus, hypothesis 7, which predicted that “emotional exhaustion”
perceived by service employees is having a mediating impact; nonetheless, it does not
transform the negative direct relationship between role ambiguity and job performance
into a positive one, was supported.

Regarding hypothesis 8, the correlation analysis found a significantly positive cor-
relation (r = .10, p < .05) was found between job performance and job satisfaction.
The results of structural equation modeling (SEM) also found a positive coefficient (r
= .30, p < .05) between job performance and job satisfaction, and hypothesis 8, which
predicted the positive relationship between job performance and job satisfaction, was
supported.
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5 Discussion and Implication

“Affective delivery,” or expressing positive emotions in service interactions, helps satisfy
customers. Research has shown that affective delivery has a positive effect on service
interaction with customers. This attitude includes smiling and friendliness that is posi-
tively associated with essential customer outcomes, such as the intention to return, intent
to recommend a service to others, and perception of overall service quality [19–21].

In this study, “affective delivery,” presenting a positive emotional expression during
the service encounter, was used as the “positive emotion,” and “emotional exhaustion” as
the “stressful negative emotion” of human service employees such as flight attendants.

This study’s findings show that service employees who practice “affective delivery”
tend to have better job performance and job satisfaction, even if they perceive role
ambiguity in the workplace. In contrast, service employees who perceive stress and
emotional exhaustion due to role ambiguity tend to have reduced job performance.

Finally, understanding the mechanism by which expressing positive emotion
improves job performance and increases job satisfaction helps service employees prevent
stress and emotional exhaustion.
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Abstract. The change in the real estate market has been rapid, partly due o mort-
gages, partly due to banking regulation and tightening construction control because
of climate change. The importance of the appraisal expertise and correct collateral
value related to mortgage lending has been further emphasized as a means of risk
management. However, mortgage valuation, collateral valuation and calculation
models related to mortgages have not evolved with regulation, because of which
new market risks are emerging in the real estate market, the combined effect of
which may lead to strong market reactions.

Keywords: Real estate · Collateral · Valuation

1 Introduction

The housing market is deeply connected with the mortgage market. The property to be
purchased is almost always utilized as collateral for the loan to be applied for, regardless
of whether the property to be acquired is to be utilized for the personal use or for the
investment purposes. The value of the collateral or the property valuation method is not
regulated by law in Finland, which leads to inequality from the perspective of lending.

This article examines the Finnish mortgages collateral value practices typically uti-
lized by the financial institutions, like first-time buyer privileges, regime guarantee,
collateral, authentic estate appraisal practice, and the tax deductibility of the loan. The
article also introduces European Union member states practices and seeks to initiate a
discussion onmore suitable practices by presenting an alternative to the current approach.

2 Property Valuation

Property valuation has a consequential impact on access to finance, and current legis-
lation does not guide the appraisal process. Acquiring your own house is one of the
greatest investments in human life, and currently, an estimate of the surmised value of
a property for financing can be made without proven qualifications in the field of real
estate evaluation. The resulting estimate is predicated on statistical market value during
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a period and does not consider seasonal variations, property characteristics, or longer-
term development plans of the region. Real estate valuation based on market value has
received a lot of criticism partly due to deficient methodological criteria and due to
evaluators own subjective part.

3 Real Estate Agents

In Finland, an authorized real estate agent does not need to know specific criteria’s
for evaluating a home in practice and understand how to evaluate a home. Regional
differences are mostly identified, but the structural condition, localization, or energy
efficiency between real estate, are not necessarily reflected in the prices. This poses its
own risks to the housing market, especially in situations, where the owner runs into
financial difficulties. Valuation expertise has not been considered as a key risk stabilizer,
but the value of housing has been largely based on market knowledge.

Real Estate is a licensed activity that is supervised by the Finnish authorities. A real
estate company must register in the real estate register. In a real estate agency, half of
the real estate agents must have passed a a formal real estate exam LKV, and they can
be called a legal real estate agent LKV. The LKV test has remained very similar for
decades and its main goal has been to know the real estate-related legislation during
the trial period. In recent years, parts which deal with good real estate practice have
been introduced to the test. However, the test does not actually measure the ability of
a prospective real estate agent in real estate appraisal. The person who has passed the
test has the right to assess the transaction value of the property and issue an appraisal
book on the value of the property. Finland uses international valuation standards and the
related IVS 400, which deals with the determination of the value of the property being
valued [1].

4 Finnish Housing Market

In the early 2000s, there was rapid household indebtedness across Europe. In the Finnish
housing market, prices rose by 84% in relations to consumer prices. For this reason,
the loan ceiling was taken into use in Finland [2]. After this time, the loan ceiling has
largely been canceled due to the overheating of the Finnish housing market. The purpose
of these measures has been to prevent mortgages from overheating. A U.S. study found
thatmortgage lending is just oneway banks get involved in themortgage business. Banks
may have mortgages as part of, or under other names, loans that comply with regulation.
Alongside these, credit limits and loans have been brought in with the help of shadow
banks, increasing, in turn, interest rates [3].

The development of house prices has not taken into account the intensification of
housing in large growth centers, the investor activity and the possibility of price bubbles.
The aging of the population and increasing regulation of banks have contributed to the
change in mortgage lending. In the financial markets, the number of shadow banks is
increasing. In a study conducted in Finland, the variation in the total interest rate on a loan
among five banks was 0.04 per cent [4]. This also shows that there is little competition.
The purpose of the loan ceiling has been to increase stability, when, it enables the shadow
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banking market. The impact of Basel IV on the German capital requirement is as high
as 26%, which is likely to contribute to government funding, as this does not require
capital investment, in their study, Rantala et al. [5] highlighted the rise of shadow banks
as part of funding guarantee deficits.

The loan ceiling was introduced in Finland in 2016, in 2020 the number of new
mortgage borrowers was marginal. At the moment, in Finnish housing market new home
buyer has to fill a 20% to 25% security gap. To fill this gap, home buyers and brokers have
used creativity in the market. In the United States, for example, the tightening of credit in
the housing market has turned lending into a creative measure. A U.S. study found that
mortgage lending is just oneway banks get involved in themortgage business. Banksmay
have mortgages as part of, or under other names, loans that comply with regulation. In
line with the banking advantage, banks have reduced their exposure relative to mortgage
lending. Alongside these, credit limits and loans have been brought in with the help of
shadow banks [6].

5 Practices Outside of Finland

A study executed at EU level showed that the size of the banks, has a particular impact,
including on their credit supply to its customers. The effect of foreign capital on credit
growth varies by type of loan, and in mortgages the effect of bank size was negative
relative to the mortgage [7]. When banks apply for a lower risk of lending from shadow
banks, social benefits do not compensate for the deficit, Basel IV seems to have the great-
est impact on people’s economies [8] A study in the UK found that Basel II contributes
to fixed cost increases in mortgage lending, with all smaller lenders being disadvantaged
in retail mortgages relative to the needs of large banks [9].

In a study conducted in Saka, the separation of Spain, Greece and Ireland from
countries where mortgage lending is growing much faster than house prices, which
means that reliably past the previous periods, housing price bubbles. Finland is the only
Scandinavian country where a significant increase in the number of mortgage loans, is
observed [10]. This can be partly attributed to the shadow banks [5].

The entry of the shadow banks to the mortgage market introduced a high poten-
tial interest rate behavior. Mortgage market is less dynamic than real estate where the
solvency loan is the norm. Mortgage regulation causes an improvement in the position
of large international banks in financial markets [10]. U.S. study in which the role of
shadow banks in mortgage lending increased interest rates as shadow mortgage lenders
weaken the banks’lending channel and thus change housing tips, employment and wage
sensitivity to monetary policy [11].

The share of fast-moving shadow banks in financing is currently 55% in the euro
area and the role of shadow banks as financiers of the real economy is still rising in
2019. Using AI and blockchain thinking, commercial banks seek to produce collateral
valuation, but there are problems with the definition [12].

Heterogeneity and thinness in the housing market affect the definition of fixed value,
which can also affect the relative proportion of property sold by a creditor or a home-
owner. An extensive study by Pennington-Cross revealed the phenomenon that the value
of an apartment sold by a creditor is 22 percent inferior to that of an apartment sold by
a private seller [13].
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6 Value of Real Estate

The value of real estate is demand in relation to the utility function [14]. The value
can be rational cost value, return value, balance sheet value or market / trade value.
The difficulty related to the value is, that the benchmark is only in relation of being
individual. Arbitrage opportunities arise when homogeneous offers differ from each
other by the juxtaposition of home buyers and home sellers. This is not an issue in an
efficient market [13]. In Germany, the mortgage market impact on the bank’s operations
has been affected specifically by the Basel IV capital requirement. Banks providing
mortgages have declined in the German market and banks have focused on providing
municipalities and private customers with other loans that are clearly visible in marginal
operations. The impact of regulation on loan costs has become clear. Gordon’s eternity
problem with the formula becomes when the parties in the environment trade with each
other for amounts that increase the value of real estate throughout the area. The measure
is also possible in the other direction, so identifying market failures from the average is
challenging [15].

In Finland, the statistics on real estate purchase prices are based on the geographical
division provided by the postal codes. However, the regionalization of postal codes
does not reflect the actual factors affecting geographic pricing. The interaction between
geographic area and price on a property has been described by Culley [16]. In the
geographical distribution of the real estate market for sub-markets such as office space,
a method for determining price and geographical area based on the analysis of empirical
data has been proposed as a method [17].

In practice, real estate agents’ estimates of real estate values are mainly based on the
definition of a statistical market value, and the consideration of the specific features of
the property being assessed has generally received little attention. However, the features
and characteristics of the properties have evolved tremendously in recent decades. The
properties of the properties have been affected by the emphasis on ecology and the
ongoing climate change, which has affected the thermal insulation of structures, the
implementation of air conditioning, water and sewage systems and heating systems.

A typical problem is the pricing of the difference in real estate caused by technical
development between new and old buildings, deviating from the statistical definition.
In the case of exceptionally large changes in construction methods and regulations,
the statistical treatment of average prices results in an increase in the variance created
around the average price, thus increasing the significance of the pricing error contained
in the statistical average price. Typically, the difference can be seen in the property
as increased investment costs caused by both modern technical equipment and new
implementations. Repayment of increased construction costs for new properties is most
likely due to reduced energy demand and, in some cases, the sale of surplus energy
production. Similar difference can be seen with older properties, where the value of the
repair does not always go as intended or in full directly to the value of the property.
There are cases where the correction has only affected the liquidity of the property, at
the time of sale. Another example is when only about half of the cost of extensive repairs
to water and sewage pipelines has changed to the value of the dwelling [18].
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7 Trends and Practices in Finnish Housing Market

One of the future driving forces for change in Finland may be tax deductibility of
the loan interest actualized from the previously acquired home. The right to deduct
interest has been linked to the mortgage, and at the same time the government has sought
to regulate mortgage properties such as loan repayment periods and other conditions
such as collateral to loan ratio. In Finland’s neighboring country, Sweden, the mortgage
repayment is linked to the ratio of the value of the home to the amount of themortgage, so
that when the amount of themortgage falls below a certain limit, the loan does not have to
be shortened at all. Typically, Finns take the loan they need to buy their home as a whole
from one bank, and it is rare for a loan for an apartment to come from different sources.
However, after a transitional period, the tax deduction will now disappear completely in
2023.

In Finland, apartment buildings occupied by owner-occupied dwellings are typically
housing companies, where each apartment corresponds to a certain amount of shares,
which creates the right to live in a certain apartment. At the same time, this creates the
responsibility to pay for the maintenance and repair costs related to the apartment. Thus,
the sale of an apartment building is in fact a sale of shares in a limited company. As
a result of the ease of the transaction, the sale of apartments in a housing company is
perceived to be simpler, the number of apartments in the companies is large and the
construction methods and implementations of the buildings are well-established, which
means that the apartments are very similar. A major change in construction methods has
taken place since the generalization of prefabricated construction in the 1970s.

The large number of apartment buildings and a certain degree of periodic similarity
make it easier to determine the values of the apartments in question, as the volume of
statistical data and reasonably small individual variations reduce the error in the statistical
average price. The number of dwellings also contributes to the sale time of individual
dwellings, ie liquidity and thus also to the perceived collateral value.

Changed building regulations due to the climate change are now also affecting the
technical properties of apartment buildings, but they are mainly a result of improved
energy tightness and increased insulation thickness due to the energy efficiency of the
buildings compared to the previous construction method. In the case of detached houses,
the diversity of houses and very different structural and technical characteristics both
between buildings of the same era and between different eras make the use of statistical
data challenging. The lack or absence of reference material increases the difficulty of
determining the price of the property and at the same time affects both the liquidity of
the property, and the determination of the fair value of the collateral.

A housing company is like any independent company with statutory obligations. A
housing company is usually set up by a founding builder who is the sole shareholder to
finance the renovation project, so that the loan is taken over by the company being built.
When a construction company sells the apartments of a completed apartment building,
ie a series of shares, the shares sold are subject to a share of the housing company’s
loans, ie the new shareholder only from those loans through its own shares. According
to the law, in connection with the sale of shares, the buyer must be informed of the sale
price of the apartment, the price of the corporate debt and the share of the apartment in
the loans.
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Depending on the method of calculation of the banks, if the housing company loan
is taken into account in the calculation of the maximum collateral which may result in
a situation where the housing company loan on the apartment prevents the mortgage
from being granted to the buyer. However, the buyer has to obtain (buy) an additional
guarantee that allows him to get a mortgage up to 90% of the debt-free price of the
property.

The ability of traditional banks to respond to changes in collateral values caused
by house prices has traditionally been very schematic, and the regulation of collateral
valuation following banking regulation has further weakened banks’ ability to respond to
rapidmarket changes. The increased rigidity of collateral values underlying themortgage
market will further accelerate the accelerated fall in rural housing prices, especially in
the housing sub-market, for example as a result of rural-urban migration. The market
value, which is almost purely based on demand, reflects the market value of the short-
term market and, at the same time, the development of the short-term collateral value,
however, the maturity of mortgages is several decades. The rigid guidance of mortgage
lending related to the state real estate market, together with the lack of expertise in
assessing the individual features and technical characteristics of real estate properties,
will play a growing role in increasing the uncertainty in the general housing market
an especially in the housing sub-markets. At the market level, the lack of assessment
expertise can be reflected, for example, in the increase in mass-produced and highly
standardized housing solutions such as “house packages”.

8 Changes in the Housing Market

The Finnish housing market is now facing several different forces for change, and the
know-how requirements related to real estate brokerage have become an obvious short-
fall. If, because of banking regulation, some traditional banks in Finland also end up
withdrawing from mortgage financing or decide to limit lending to the housing mar-
ket, the most likely consequence would be a change in the housing financing model so
that purchase financing would consist of different financing sources in the future. This
change may be accelerated in part by the simultaneous removal of the tax deduction on
mortgage interest, as well as the general rise in interest rates. If the change is linked
to the inclusion of new sources of funding and international shadow banks in mortgage
lending, as well as problems with the valuation of housing and the associated collat-
eral valuation, or even the deterioration of collateral value, it is likely that there will be
varying degrees of market disruption based on temporary shortfall of lending.

The major trends underlying the real estate market affecting mortgage lending are
also significantly affected at EU level, as well as a result of banking regulation, so in
practice it is possible to choose to influence the implementation of collateral calculation
as the most effective means of taking into account the locality of the housing market.
The housing market in different countries is not identical due to climatic factors alone,
not to mention the housing culture, in which case special attention should be paid to the
valuation of housing in the local housing market and the collateral calculation methods
used.
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9 Proposed Solutions

To ensure market stability, a component that increases the stability of the collateral value
of a dwelling, typically the part based on the trend of sub-market prices, should be added
to the definition of the collateral value. The move would also protect the homeowner and
buyer from temporary market disruptions and remove some of the short-term risk arising
from the rigidity of collateral regulation, which is likely to accelerate negative price risk.
At the same time, the trend would indicate the direction of possible price development
in the region in the future, when the mortgage bank would be able to anticipate, for
example, a long-term decline in demand in the sub-market, individualization of the
maximum collateral value. Part of a possible negative change in the market price can
always be compensated because of the reduction in the loan ratio included in the loan
repayment plan, in which case the position of the bank that granted the mortgage is also
secured.

There is only one way to increase real estate appraisal skills and understanding
of the overall operation of the market, and that is to increase the skills requirements.
Traditionally, those already working in the field may oppose this thinking, drawing on
the skills already learned in the field, but the accelerating change in the industry and the
critical position of assessment skills as a whole require development and maintenance
of skills by individuals in the field. In practice, the change in the industry’s expertise can
be implemented in the future with a slow change in the industry, which will increase the
qualification requirements and training of new real estate agents entering the industry.
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Abstract. The research includes both the creation of a model included in the
teaching for the needs of teaching economics, as well as the testing of the created
model with the help of students, and the development of activities as the project
progresses. The goal of validating the model is to bring the student into a learning
event at different ages and lower the learning threshold. The ease and attractive-
ness of e-shopping brings constant temptations to a young person’s life, making
understanding how to use money a vital basic skill.

Keywords: Micropayments · Spending · Digitalization

1 Introduction

The digital environment enables children and young adults to usemoney in a easy and fast
manner, therefore forming their view and understanding toward value of money. Change
created by the development of technology and online access, children and young adults
have become part of the consumer society in much earlier age than generations before.
Consumption is associated with the growth of the identity of children and young adults,
as well as it is associated with the construction of the socio-economic space of parents.
The understanding of the value of money in relation to reality has become blurred for
children and young adults, as reflected in young adults’ attitudes towards long-term
savings.

This article presents a study that sought to find out how young people and children
saw money in in-depth interviews with more than 10 young consumers and 4 groups
during the study also observing children’s attitudes towards money in general. The
interviews highlight the perspectives of young consumers on the causes and effects of a
lack of understanding of the values of money.

The article also presents a teaching method to prevent the negative effects associ-
ated with a lack of understanding of money. Utilizing the learning method of learning,
high school-level young consumers educate basic-level consumers related to economic
understanding and value for money.
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2 Consumption as Part of Socio-economic Status

Consumption is a priority in a socio-economic position that has become intrinsically
valued, given its own position vis-à-vis the Community, and which tends to create value
and future prospects. Young people and children are directly exposed to different mar-
kets and exposed to rapid spending. Consumer research has taken a more on ethical and
environmental issues than on morality. Young people and children are increasingly con-
fronted with the values that consumption produces through games, media, education and
the home. They create an idea of what kind of clothing is part of the agency in relation
to the environment. The economic revolution has brought with it rapid consumer credit
and shadow banks into consumer culture [1]. Most often, they focus on teaching interest
rate risks, rather than the need to take credit for consumption. Consumption has become
part of the emphasis on ego and living standards.

Mobile payments, quick levers, one-time credit cards and technical requirements
in the life of a child and young person have increased unobtrusive spending. Rapid
digitalization and the acceleration of consumptionhaveplacedyoungpeople and children
in a new part of consumer society. Today, children have to deal with the economy even
before they reach adulthood [2].

Consumption has become part of the emphasis on socio-economic status and its
impact on the ability of the whole person to assess themselves in relation to the environ-
ment. It has become part of the construction of identity and the functioning of the social
environment. Through consumption, the aim is to find and increase one’s position in
relation to others. In the current worldview, consumption maintains social relations and
places a person in his socioeconomic position. Consumer culture creates the need for
parents to buy as gifts, toys, and technical equipment that a child wants to adapt to their
peer group, while in developing countries, children’s toys are seen as an increase in value
relative to the environment; In a parent, a child’s consumption raises the child’s position
to success so that the parent feels successful as an educator [3]. Childhood conditions
in later life can predispose to impulsive and short-sighted consumption habits [4]. The
history of the UN Convention on the Rights of the Child concerns the child’s ability
to “want”. Young people and children are more vulnerable consumers if their financial
skills and financial management are not up to date [5].

Online stores are part of the hidden advertising and enabler of social media. Social
media and various free applications constantly collect user data and target marketing cor-
rectly. Indeed, mobile platforms have enabled and diversified the concept of e-commerce
[6]. When children and young people get reflections from the online store, it affects the
general consumption behavior of the family. In family purchasing decisions, children
play an important role directly and indirectly in purchasing decisions [7]. In ecommerce,
purchasing decisions were influenced by ease of shopping, social impact and facilitation
[6]. According to a (2003) reaching by Thomas & Lang, young people search for goods
on the Internet because they are more individual and thus more exclusive. The drop in
per capita purchases of more expensive goods increases as the possibility of a quick loan
and low monthly payments allow for higher consumption and thus the importance of
learning financial skills increases [8].
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3 On Micropayments About Consumption Habits

Micropayments are fast payments that are discreetlymade onmobile platforms in general
or as small purchases. The goal of purchasing mobile games can be internal or external
to the game. The goal is to achieve a faster and better position in the community in
the game. The game has become one of the big social medians. In the world of youth
and children, trading platforms are social media, and their learned standard of living
connects youth and children globally. Regardless of the starting point, people should
always strive for an accepted position in relation to the environment, even virtually. In
the virtual world, children and young people are learning to use micropayments, leading
to a habit of rapid consumption. Adults justify small purchases by improving the child’s
socioeconomic status and ethical consumption relative to the good. In reality, the use of
money is thus consumption-centric without buzzing. With the help of mobile phones,
small purchases have increased the total number of bills and thus the use of children
and young people’s money in customs on the subject [3] Problems arise if he does not
understand budgeting, i.e. how to control spending relative to the money spent [2].

Online stores are part of the hidden advertising and enabler of social media. Social
media and various free applications constantly collect user data and target marketing cor-
rectly. Indeed, mobile platforms have enabled and diversified the concept of e-commerce
[6]. When children and young people get reflections from the online store, it affects the
general consumption behavior of the family. Rantala et al. (2020) study also shows the
importance of online stores in general as places to shop and their position in relation to
the economy. In family purchasing decisions, children play an important role in purchas-
ing decisions directly and indirectly [7]. In e-commerce, the purchasing decision was
influenced by the ease of shopping, the social impact and the facilitation of conditions
[6]. According to a 2003 study by Thomas & Lang, young people search for goods on
the Internet because they are more individual and thus more exclusive. The drop in per
capita purchases will increase as the possibility of quick loans and low monthly pay-
ments allow for higher consumption and thus the importance of learning financial skills
will increase [8].

With games being their own social world where everyone spends time, there is a
need for the child to spend time playing. It can be said that games are the television of
modern society. The experiences and opportunities it brings are shared. Within games
Children engage in a changing economy in which the child needs to donate goods,
money or services to create and strengthen social relationships [3]. The purpose of
games is to attach the player to the social environment so that when the player stops
playing, his social environment also disappears [9]. Online social platforms and gaming
platformsnot only sell products, but also create an environmentwhere children andyoung
people can participate in sharing economics in everyday life [3]./renewal, improving
competitiveness, tailoring characters or games, or giving potential gifts [8]. With small
payments, the player improves his own position in relation to others and the low prices
blind the player to the use of money, so the player does not even notice the cash flow.
There may also be virtual betting in games, as in many countries betting on money is
criminalized and virtual objects and currency are used instead of money, allowing the
gaming company to make a profit on the proceeds [9].
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4 Interview

Based on the picture describing the change in the expenditure of young people and chil-
dren, we made precise criteria for the thematic interview of young people and children.
The study found that it was very transparent, with no pressure or challenges in the current
money debate. The aimwas to obtain a research result on how young people and children
experience money and consumption. The emphasis in the study was on the name of your
own under-18s. The young person and the child were given the freedom to talk about
money, and the research was deepened with additional questions from the young people
and thus the young person was allowed to bring an open view to the interviewer. At the
same time, the interviewees were allowed to ask themselves about themoney planned for
things and deepen their own contribution. Discussions also led to insights and informa-
tion mapping. No time pressures or goals were set for the interviewees, but the situation
of discussion and interaction was justified, which made it easier to talk about and reflect
on money in everyday life from an early age. This allowed for an understanding of the
whole and an open conversation with the young person without boundary conditions.

Based on the thematic interview, it can be argued that the use of money by young
people and children, regardless of cultural identity, is highly consumption oriented. The
respondents’ view of the purpose of money was precisely consumption. Everyone was
basically asked what you think about money. Many young people even think that money
is an important part of spending, and the younger people went, the more common the
answer became, “money makes everything nice”. This all-nice thing was a garment, toy
or other consumer good or thing.

In an everyday encounter from the mouth of a pre-school child, the word money
became “BMW is the secret of happiness”. The child had thus reflected the value of
money in relation to the parent’s goals. This also came to the fore in the spending of
young people’s money. The focus of young people on what they get with money came
largely from the atmosphere and goals of the home. About howmoney and the purpose of
money had been taught in the home. The older the respondents went, the more influences
came fromoutside the home, but entry-levelmoralewas tied to the home, like “I’m saving
money on a new phone now because it’s released in the first month and I have it first,
the other mom said you wouldn’t save for independence”.

The results of the interview also clearly show the impact of social media on con-
sumption habits. Interviewees included living standards ideas through social media. In
addition, the attitude towards the environment decided what type and size of things the
young person was willing to spend money on. Just like home values, ecological change
shifted consumption only to different products. On the other hand, many young people
did not consider the money spent on games or other micropayments to be consumption.
“It was just such a small, nice addition.” Together with a few interviewees, we counted
these “little ones” into one whole, which helped young people and children understand
the amount of consumption. However, the reason for the behavior to continue was that
“you understand that my position in the game will not weaken and I will not achieve
my goal.” Among the interviewees, the players considered the use of micropayments
reasonable in relation to the goal. In other social media, pastimes saw glamor as a way
of life and luxury as a more important consumption goal. Likewise, more expensive
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products and glamor were considered ethical and ecological and thus an acceptable way
to consume. Consumption itself was life.

Many socioeconomically weaker participants had the desire and understanding to
learn how to use money if parents had actively sought to teach it to them. For young
people and children whose money was not discussed at home or whose parents were
already in a weak financial situation themselves and were unable to manage the finances,
it was difficult for the interviewees to see their own chance of succeeding in managing
the finances. The interview revealed more that the level of home education in itself did
not affect the young person’s opportunities, but rather the use of money and talking about
it openly.

On the contrary, the financially better off children and young people whowere talked
about money had only worries about their other peers. On the other hand, the typical
economic situation at home was seemingly good at home, but there was not much talk
about money for key consumer and even financial difficulties. This group saw money as
an enabler of the socio-economic status. As an opportunity to be in a better position in
relation to the possible. Those young people, typically talking about money, saw money
again as a possible thirst and future focused. All the young people are ready to learn
from money in the end when they realized their own potential. Motivational learning
and storytelling from the interviewer helped here.

Interviewees see savingmore as goals for higher consumption than owning their own
home. Saving was seen as central to the pursuit of the greater cause. Many people think
that taking out a loan is not a bad decision in relation to a better position in their own
environment.A small loan is only part of a normal economy.Thiswas reflected especially
in young people where the use of money in the home environment was consumption-
oriented and parents had instalments.

Socialmedia and cleavedprices for ads appear as cultures of opportunity and a normal
part of achieving a goal. Some young people understand that hard interest-bearing loans
should not be given, but banks accept the existence of consumer credit as part of the
economy and loans for financial management. Many young people are unable to borrow
car finance, mobile phone payments, billing and other financial arrangements, but are
large financial arrangements because mobile phones can be of a certain type to maintain
their own socio-economic status relative to other young people.

The interviews also revealed the difficulty of talking about money. Talking about
money was originally considered a personal matter. This was also inside them, where
money was talked about at home. Young people and children, in their own words, talk
openly to each other about money, but not with adults. Adults don’t reportedly want to.
Through sharing the interviewer’s experiences, young people and children are able to
open up their own views on the issue. Themost insightful insights made through learning
and discussion happened precisely through reflection. Indeed, the young people inter-
viewed felt able to talk about money and financial openness to experience experiential
expertise. Indeed, young people and children felt that they were taught and talked about
too little about money. Children and young people also felt that education in economics
andmoneywas too theory-based andmaterially old-fashioned. Indeed, the young people
who had been talked about the money had taken the initiative to seek information about
the money and the possibilities for saving.
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Part of the research in the interviews was conducted in a group. In this way, the
young people in the group were allowed to reflect their own skills and knowledge in
relation to each other. Young people found it easier to approach money in terms of
the experience and understanding of another young person. Opportunities in relation to
one’s own possibilities thus arose as an insight into the experiences of another young
person. The discussions were deepened mainly by the solution of key questions from
the interviewer who helped the young people to advance their knowledge skills. Based
on these discussions, the theory was created and strengthened by learning by teaching.

5 Functional Teaching of Money

Research and theory highlight the acquisition of children’s and young people’s knowl-
edge of the socio-economic environment. The young person and the child compare
themselves and their opportunities in relation to other people in the socio-economic
environment. This particular feature is utilized in the teaching of finance. In this way,
the learner is able to compare their own possibility and become better understood when
unnecessary identity scripts brought by age groups are left out. It can be said that this
createsmore topical and reflective learning situations for young people and children. The
Fig. 1 below describes how to teach how to understand and invest the value of money.

Fig. 1. Finance teaching model

The Fig. 1 shows how teaching becomes a process that takes advantage of the growth
of free will and identity, providing an opportunity for natural communication between
student and teacher. In this way, the teacher is not in itself a greater authority but part of
the community, which makes it easier for the student to understand the diverse purpose
of funding through examples. Teaching is thus not too learning-centered but interactive.
Teachingmust not be teacher-led, inwhich case it is not possible for the student to develop
into learning, but the situation becomes performance-based. [12] In this way, the student
can question what has been learned so that he or she gathers extensive knowledge and
understanding of finance. In the next step, the economics student teaches the subject to
high school students. At this point, the teaching student creates value for themselves
and can apply the knowledge to their environment. A high school student will have a
better understanding of learning when there is likely to be a smaller difference between
the pupil and the student using the scripts brought by the socioeconomic environment
and age group. On the other hand, a high school student gathers to question teaching
and teaches high school how to use value for money. In secondary school, it is easier to
position oneself in relation to a high school student and his or her socioeconomic class.
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Figure 2 shows the learning model used in this study. The model serves as a general
frame of reference for learning by teaching method which is used during the project.

Fig. 2. Learning cycle

The figure above demonstrates how a student deepens what he or she has learned
so that he or she can teach knowledge further. After learning, continuous learning is
a must-have in order to be able to teach with current knowledge. By deepening the
learning-after, the student is able to answer questions about the teaching situation. After
theoretical reference development, the student’s ability to equate knowledge with that
around him or her helps both the teacher and the learning student to observe and construct
their learning. In the last stage, the student is able to apply what he or she has learned
to the environment, this stage occurs when the student realizes that he or she is an
expert in relation to what he or she is teaching. The child’s analog reasoning is based on
observations in which the child assimilates new information onto the old data structure
[11].

6 Summary

The change in young people’s and children’s consumption behavior and understanding of
saving is rapid andglobalized. Thepursuit of luxury and the globalization of consumption
have also brought about a rapid change in household indebtedness and thus in the national
economy. Increasing socio-economic status because of the glorification of money has
mademanaging the economymore consumer centric. Outdated textbooks in schools and
a lack of material largely contributed to the loss of interest in the motivation to learn to
save and invest.

The aim of this research and related project is to create and develop a model and
learning method for teaching economics to children and young people. A key approach
to the method is to lower the learning threshold at all levels of education involved in
this research and teaching project. A method in which young people teach young people
lowers the threshold for interaction and exchange of ideas and promotes learning. At the
heart of the implementation is a teaching method in which young people teach young
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people, which lowers the threshold for interaction and promotes exchange of ideas and
learning. Based on the material produced by the practical part to be implemented, it is
possible to further study the possibilities and development of the model and the repro-
ducibility of the created model in different environments. The project, which includes
a practical teaching project, was launched in collaboration with the local chamber of
commerce and its members in early 2021.
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Abstract. In recent years, the cultural and creative industry(CCI) in mainland
China has been developing rapidly. At present, CCI focus more on traditional and
regional culture. However, with the improvement of cultural industry policies,
the future development of CCI should not only realize platform and technology
upgrading, but also realize content upgrading. This paper selects e-sports culture
as the research object. Adopts the research methods of the comparative study,
from the “Image” “Star” “Object” “Field” four dimensions analysis the differ-
ences between traditional and emerging CCI, this research mainly take League of
Legends (LOL) as an example, compared to traditional CCI. In culture mining,
IP creation, product extension, marketing methods and other aspects separately,
compare the similarities and differences between two kinds of CCI.

Keywords: Electronic-sports culture · Traditional culture and innovation · IP ·
League of Legends (LOL)

1 Background

Recent years, China’s CCI industries had developed rapidly. From various surrounding
areas to the game industry, from historical culture to corporate culture, IP exploitation
has gradually formed a set of mature system. It is inevitable that the public will turn to
cultural consumption, and the value of design will have more space to play in the field
of CCI [1].

Therefore, this paper selects e-sports culture as the research object. It is worth men-
tioning that the current development of the entire CCI industry also advocates grafting
cutting-edge cultural and creative industry resources, realizing the coordinated develop-
ment of cultural and creative design, supply chain management and service operation,
thus forming the basic model of integrated development of cultural and creative IP field.
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2 Comparative Study

The contrast point of this paper is the “Image”, “Star”, “Object” and “Field” created
in cultural creation design. Image-making refers to digging the connotation of culture,
keenly sensing the cultural vein of the whole city, and finding some impressive visual
language among the seemingly vast city and cultural materials [2]. Star-making refers to
creating a fitting IP. The core is to activate cultural or historical resources so that IP can
better serve CCI industries. Object-making, relatively easy to understand, is to create a
physical or virtual cultural products. It is the real communication bridge between cultural
creation and our users. Field-making, is the last step of the text and design, is to create
consumer scenarios. Including online and offline, scenic spots or some service contact,
triggered by the user purchase behavior, it is also the most crucial step in CCI market.
A really good design should be good with scene matching products, planning a very
complete interactive chain, make the product and the business community.

3 A Comparative Study of Traditional and Emerging CCI in Four
Dimensions

3.1 Image-Making

Traditional cultural creation is mainly based on a relatively concrete culture. To make
a traditional cultural creation first is to study and analyze the culture it relies on. By
studying the local culture, we can make use of some local specialties or intangible
cultural heritage skills to recreate.

Country revitalization project of Tongji university, for example, through the local
investigation and research, we found “Chongming rice” and “Pole Play” the two break-
through point [3]. One is a local specialty, the other one is a local intangible. We make
the “Rice milk series” food and cosmetics packaging, and refining pole drama characters
and complete a set of VI design. Through the design of this set of visual scheme, expand
the influence of Chongming rice culture and Pole Play (Fig. 1).

Fig. 1. Cultural and creative products of Chongming rural revitalization

There is no culture on this savage planet, because people have created it, it exists.
From the perspective of culture portrait, the development time of e-sports in China is
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not long. However, from the perspective of the development breadth of e-sports culture,
there is no doubt that no other culture can match the speed of it. E-sports culture can
also be divided into two categories:

First, there are the empty heroes and story lines in e-sports. Take LOL for example,
Riot Games created a summoner’s canyon world. He created a complete game back-
ground, and these stories can make you feel that there is a certain interaction between
characters and players in the game universe. The characters in these games like real
people flesh and blood.

Second, the theme of e-sports is people, and the core of e-sports culture is players
[4]. LOL can go so far, not by a person or a team, but by the joint efforts of countless
people who love LOL and love e-sports. This love is worthy of respect. As users said,
because of love, so alliance.

Traditional image-making relies more on the existing specialties of the region and
city. But the image of e-sports is to construct a parallel world with flesh and blood, love
and hate. E-sports culture not only refers to the love and hate of the heroes created, but
also more about the personal character and charm of the players shown in it.

3.2 Star-Making

We have entered an era where IP empowers industries. For example, the series of “The
Glory of Time” of Xinhua Net created five IP images of mythical animals through
the study of Jingdezhen porcelain culture in Jiangxi Province. Each mythical animal
represents a unique personality with its own story and a complete vein of a certain kind of
ceramics. By means of multimedia video exhibitions and cultural and creative derivative
products, the young consumer groups can better pay attention to, know, understand
and perceive porcelain. This IP makes the traditional porcelain making technology,
traditional products and traditional culture re-enter our life through new forms of display
and new IP (Fig. 2).

Fig. 2. The Glory of Time IP creation

E-sports IP can be divided into two categories:One is a virtual character’s IP build:
mention LOL, for example, I might be the first reaction is to Galen’s “man live,the tower
exist”. The hero’s skills and personality have become the game’s star IP.

The other one is a player star IP, mention LPL, had to mention IG the teams, 2018
IG win the S8 LOL finals champion. This is the first in the history of the China division
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champion, is also broke themonopoly of SouthKorea’s EuropeNorthAmerica countries,
during the game attracted many new young people pay attention to the LOL. We this
generation of young people learn from LOL is to constantly learn lessons, continuous
progress, and constantly tamp the foundation, fill up the short board.

The IP building of traditional culture relies on cultural mining, finding the angle
through the characteristics of culture, so as to create an IP tailored to local characteristics.
In e-sports culture, IP not only represents the quality and value of the game itself, but also
the combination and sublimation of the spiritual core of the game and cultural elements.
It is the foundation for a game to maintain long-term vitality. Riot Game has talked more
than once about turning LOL into a Marvel IP, and they’re definitely working on it [5].

3.3 Object-Making

The products of traditional culture can also be divided into two kinds. The first kind is
local specialty. For example, Songxi, Fujian Province is the producing area of sugarcane,
sowe canmakeuse of the advantages of sugarcane origin to build the centenary sugarcane
into a local characteristic brand. The second is the cultural extension products, such as
Dunhuang Museum, which uses the precious treasures left in the Mogao Grottoes to
design a series of derivative products through re-creation. Such as bookmarks, brushes,
iron clasps, refrigerator magnets and so on (Fig. 3).

Fig. 3. Songxi and Dunhuang cultural derivative design

E-sports is a special industry, to say his virtual than entity, therefore, e-sports creation
can also be divided into two kinds: the first is a virtual product, such as customized
game skin, LOL launched every year on the basis of the hero and his story background
architecture design of the skin [6]. The second is the actual product. In the narrow sense,
it is about the handmade games. With the popularity of e-sports, more offline brands
have begun to have joint names with LOL, LV, Nike and other brands have caught up
with this trend, and attracted the attention of countless e-sports fans.

Traditional cultural and creative productsmainly rely on physical output. They attract
the attention of tourists and achieve the effect of cultural promotion and brand building
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through products. On the contrary, the products of e-sports tend to be virtual, but in recent
years, both online and offline have been involved. Take the League of Legends Profes-
sional League (LPL) in mainland China as an example, the income from live matches,
game peripheral goods, broadcasting and other aspects jointly builds the commercial
influence of League of Legends in China and even the world.

3.4 Field-Making

Field-making is to create sales contact points for cultural and creative design, in which
users are the ultimate goal of cultural and creative design, and commercial profit is the
direct goal of field-making. The business model of CCI design mainly relies on the
platform of vertical integration of large cultural tourism industry, such as the Palace
Museum, city museums and so on [7]. They create a scene in the scenic spot, the tourists
just enjoy the charm of traditional culture, and to provide a platform to buy for everyone.
Secondly, relying on platforms such as e-commerce and we-media, traditional cultural
creativity promotes local culture through web celebrity effect, resonates design and
operation, and builds cultural brands and communities (Fig. 4).

Fig. 4. Cultural and creative shop in the Forbidden City scenic spot

The “field-making” created by e-sports literature is mainly to provide players with
a specific buying atmosphere. Combing LOL immersive experience, LOL provide to
each player is not only the experience of the game, but also a comprehensive ecological
system, the hero alliance will event into a scene type stage model. At the same time start
the star plan, in order to attract a large number of e-sports fans, form a different club
“Fan culture” [8]. Under the influence of the top competition, the E-sports ecology, club
ecology exclusive to the LOL have been gradually formed.

In terms of business model, traditional cultural and creative marketing is relatively
simple. It forms a complete closed business loop by integrating supply chain and com-
munity new retail operations. On the contrary, the marketing of e-sports cultural creation
runs through the entire game-related ecosystem. It’s a game, it’s an e-sport, it’s an Asian
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Games event. Like other sports such as football and basketball, Suning and other enter-
prises sponsor the completion of competition operation and surrounding construction,
forming an industrial chain. It is also an important source of income for enterprises and
an inseparable part of enterprises in the new era.

4 Conclusion

To sum up, traditional cultural and creative design is based on cultural insight, accurate
market positioning and design ability to promote the development of tourism and local
industry. At the same time to spread a unique regional cultural image to the public,
to achieve the upgrading of large-scale cultural tourism products, and to embody the
charm of the city. E-sports cultural creation is a product created in the whole ecosystem
with games as the main body and players, competitions and surrounding areas as the
extension. This paper mainly takes LOL as an example, compares traditional cultural
creation, analysis in cultural mining, IP creation, product extension, marketing methods
and other aspects, and compares the similarities and differences between the two kinds of
cultural creation. Along with the development of e-sports and radiating surface expands,
e-sports culture has also been gradually find the breakthrough point of new transmission
relationship between the traditional culture and online games. The rise of online games
has greatly changed people’s ideas and status, providing a virtual way of spreading
traditional culture.

E-sports culture, although it is not an art in itself, but with very strong artistic ele-
ments, and provides the design more opportunities, the image of e-sports in the public
mind is also slowly changing. Game is not only bringing a moment of relaxation, but
wisdom and motivation of the eternal. Every love is worthy of respect, and the future of
e-sports cultural creation is foreseeable.
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Abstract. This study explored the shared values among the emerging Chinese
middle class with List of Value instrument and identifies four of the most impor-
tant shared values: sense of security, sense of accomplishment, self-respect and
well respected. The demographic differences of the Chinese middle class on value
priorities were compared. The impact of dominant values on lifestyles and con-
sumption attitudes was studied as well. The dominant value rankings and demo-
graphic differences on value preference can be a theoretical reference for designers
and marketers.

Keywords: Value ·Middle class · Lifestyle

1 Introduction

China has a high cultural contextwith a longhistorical accumulation ofConfucian culture
[1]. Certain values, beliefs, religions, and culture form the collectivistic characteristics
of Chinese people, which have been stable for a long time. With economic and cultural
globalization occurring in the past 100 years, the value system in China has become a
melting pot, mixing value systems from Chinese and western, traditional and modern
culture [2]. The uneven development of the two forces leads to ever-changing domi-
nant social values. Eastern culture, individualism and collectivism, Confucius traditions
make China unique in marketing and consumer behavior studies. Values are essential in
understanding consumers because of its influences on consumer interests and decision
making. Therefore, this study intends to examine the dominant values shared among the
emerging Chinese middle class.

The studies on value priorities of Chinese consumers are worthy. Furthermore, given
that value priorities and lifestyle preferences have significant impact on consumption
decisions, understanding the shared values, lifestyles, anddesires ofChinesemiddle class
can help marketers precisely position their marketing strategies for potential consumers
and obtain in-depth consumer insights.

2 Theoretical Frameworks

Three key theories are adopted in this study: Kahle and Goff Timmer’s List of Value [3],
Hofstede’s five dimensions of national culture [4] and Schwartz’s theory of basic values
[5].
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List of Value (LOV for abbreviation) is an important value measurement instrument
in culture and consumer studies. Several cross-cultural studies used the LOV instrument
to rank the importance of values. Results indicate that differences exist in value rankings
among different countries. To use LOV instrument in this study enables the researcher
to measure value priorities and compare the results with the value rankings of people in
different countries.

The cultural dimension of collectivism/ individualism from the theory of Hofstede’s
five dimensions of national culture [4] will be adopted in this study as supplementary the-
oretical guide, to explain the value ranking results related to collectivistic/ individualistic
cultures in this study.

The value system proposed by Schwartz contains ten universal values from four
motivational directions: self-enhancement, openness to change, conservation and self-
transcendence [6]. The four motivational directions of values and the characteristics of
each direction will be used to explain the possible reasons for value ranking results in
this study.

3 Research Method

This study examined the dominant values shared among the emerging Chinese middle
class with List of Value instrument (LOV for abbreviation) [3]. The research method
of questionnaire was adopted in this study. The questionnaire contains three parts. The
first part is about demographic information, including career, educational and family
background, and financial situation. The second part includes value ranking; it uses LOV
instrument to rank the nine values according to their importance to the respondents. The
third part contains lifestyle statements, to collect psychographic information from the
respondents.All the questions related to attitudes used a five-point Likert scale to indicate
the extent to which an individual would agree with the statements. The language used
in the questionnaire is Chinese. The English version of this questionnaire was translated
by a Ph.D. candidate student and double-checked by a professional translator. To test
the clarity and total comprehensiveness of the questions, a pilot survey was launched to
100 respondents with snowball sampling strategy through the online survey platform.
Respondents in the pilot study sent feedback to the researcher, thus helping improve the
holistic performance of the questionnaire.

A professional online sampling database was adopted in this research. Potential
respondents in this database who met the criteria received an email inviting them to
join the online survey. stratified random sampling method was used according to certain
stratification criteria, including city of residence, age, income, and educational back-
ground. The respondents were randomly selected from Tier-1 cities in China, including
Beijing, Shanghai, Guangzhou, and Shenzhen, which are the four largest cities with the
largest population base and highest income level and GDP proportions. The age of the
respondents ranged from 25 years to 40 years. Their personal monthly income level
was above 5,000 CNY (about 770 U.S Dollar). The educational background of respon-
dents should be at least college level. These well-educated middle-class respondents
are usually salaried employees who work as white collar, senior managers, IT program-
mers, or engineers in large companies. The respondents are completely anonymous to
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the researcher. In total 753 invitation requests were sent with 400 responses with valid
completed questionnaires. The online survey platform carefully controlled the distribu-
tion of the quota sample volume. Data was processed through SPSS software package
version 22. The sample was composed of 400 respondents, 50% men and 50% women,
35.8% aged between 26–30 and 64.2% aged between 31–40. We purposely chose to
survey only in this age category because they are more likely to be the emerging middle
class. In China, university students usually graduate at the age of 24. All the respondents
hold educational certificate of college or above. 69.3% of the respondents have bachelor
degree. The respondents are equally distributed in four Tier-1 cities.

4 Results and Discussions

4.1 The Value Rankings of Chinese Middle Class

This study uses the LOV instrument to identify the value rankings in urban China to
determine if significant differences are present among the emerging middle class. Nine
values were listed in the question, and respondents were instructed to rate the values
according to the importance in their daily life. For the rating, 1 is the most important
and 9 is the least important. The mean score for each respondent on the nine values was
calculated, and the score for each value was divided by their overall mean to indicate the
relative importance of the value for the respondents. Value ranking is more important
than the mean scores because value priorities, the relative importance of the different
values, can guide people’s behavior and attitudes, not the importance of any one value
[6]. The importance rankings of LOV are shown in Table 1.

Table 1. Important value rankings in everyday life

Important values in everyday life Means Standard deviation Rankings

Sense of security 3.86 2.479 1

Sense of accomplishment 4.21 2.482 2

Self-respect 4.36 2.351 3

Well respected 4.71 2.380 4

Sense of belonging 4.87 2.446 5

Self-fulfillment 4.96 2.371 6

Enjoyment 5.31 2.543 7

Warm relationship 5.47 2.276 8

Excitement 7.25 2.360 9

Valid Number: 400

Note: Scale: 1 = most important; 9 = least important

The middle-class respondents in this study endorse sense of security, accomplish-
ment, and self-respect as three most important values. The bottom 3 important values
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are enjoyment, warm-relationship and excitement. Sense of security is selected as the
most important value by middle-class respondents in urban China. Chinese people show
a strong need for sense of security, and they work hard to acquire enough security. In this
survey, 86.8% of the respondents feel secure in their current life. According toMaslow’s
hierarchy of needs, sense of security is the fundamental need of human being [7]. The
respondents endorsed sense of accomplishment as the second most important value in
life. Self-respect is ranked as the third most important value in life by Chinese respon-
dents. Self-respect is an individualistic value, which implies personal sense of control
and one’s dignity, and being well respected is a collectivistic value because it is about
the perceptions of others [8, 9]. Advertisements with value theme of well-respected
usually depict people being admired and respected by others. Values of self-respect and
being well respected are about the maintenance of “face”. Saving face means maintain-
ing a good image of the self. Losing face means losing dignity, whereas giving face
means paying respect to other people. In China, saving and giving face are important
in social relations. The value of being well respected is related to the sense of belong-
ing, which means being accepted and respected in social groups. Sense of belonging is
found across cultures. Belongingness to social groups and positions in the social groups
likewise help individuals mark their social status. Sense of belonging is one of the most
important human motivations. A strong sense of insecurity arises if people feel they
do not belong. Self-fulfillment refers to achieve personal dreams, mainly endorsed by
young professionals [3]. It shows little difference from sense of accomplishment. Young
people desires for personal success, which can be social recognized success, so called
“accomplishment”, or fulfilling personal dreams, so called “self-fulfillment”. Hedonism
values, including enjoyment and excitement are ranked as the least important values by
middle class respondents, which implies that striving for success, being recognized in
social groups, keeping harmonious social relations are more important than personal
pleasures.

The scores of value ranking among gender categories are similar without significant
differences, except for the mean score of sense of accomplishment. The top 3 most
important values for male and female respondents are the same but the ranking is dif-
ferent. Male respondents rank sense of accomplishment as the second most important
value, while female respondents endorse self-respect as the secondmost important value.
Mass media in China usually shape the images of “successful man” instead of “success-
ful women”, which may form a psychological hint that man should value success over
woman. According to Kahle’s research in U.S., people who endorse sense of accom-
plishment are middle-aged successful, well-educated men [3]. Female respondents care
about personal dignity and are eager to receive respect from society. This result could be
explained as the awakening of female self-perception. Furthermore, female respondents
endorse sense of belonging over male respondents. This phenomenon is also identified
in the U.S. [3].

The mean scores of value ranking among age categories show few significant dif-
ferences. The respondents above age 30 show a stronger desire for the values of accom-
plishment and well-respected by others, while younger respondents show a stronger
need for self-respect and sense of belonging.
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The ranking differences of shared values among city of residence categories are in
the values of sense of security, accomplishment, sense of belonging, self-fulfillment,
and warm relationship. Respondents in Guangzhou and Shenzhen share similar value
preferences. They express their strongest desire on accomplishment and their weakest
interest on enjoyment and excitement. Respondents in Shanghai and Beijing consider
sense of security as the most important value, followed by self-respect and accomplish-
ment. Respondents in Beijing value being well respected more than people in the other
three cities.

The ranking differences of shared values among education level categories are sig-
nificant. Respondents with college degrees prefer collectivistic values. These respon-
dents consider security and being accepted and respected by groups very important. The
respondents with master degree endorse sense of accomplishment as the most important
value. The respondents with doctoral degrees are likely to take individualistic values
as more important. These respondents rate self-fulfillment, self-respect, and accom-
plishment as the most important values in life. After receiving higher education and
cross-cultural knowledge, higher educated people have the chance to reach the top need
of self-actualization, which is identified in Maslow’s hierarchy of needs [7].

The characteristics of professions influence the preferred values. The ranking dif-
ferences of shared values among profession categories are significant. Self-employed
individuals, professional executives, teachers, and engineers place sense of accomplish-
ment as the most important value in life. Their work is usually result-oriented, which
could explain their strong desire for accomplishment. White collar respondents, middle-
level managers, and officers rate sense of security as the most important value. Their
jobs are usually stable without too many changes. Senior managers, programmers, and
IT practitioners consider self-respect as the most important value in life. Salespersons
desire for self-fulfillment most.

4.2 Impact of Dominant Values on Lifestyles of the Middle Class

The emerging Chinese middle class is not similar to the middle class in western coun-
tries because of different government policies. The social safety net, medical insurance
system, and public education services are closely related to the daily life of the middle
class. To some extent, middle-class people are vulnerable to financial freedom issues.
Without financial stability and freedom, maintaining a decent middle-class life will be
difficult. For the new Chinese middle class, maintaining their present social status is not
easy. By contrast, compared with the middle class sticking to their current life, upper-
class people pay more attention to the future. They feel more confident in their financial
situation and are willing to accept high-quality life and invest in stocks, real estate, or
financial products. Meanwhile, lower-class people consider more about the current sit-
uation to survive in the fast-changing society. They prefer saving, which provides the
safest solution and promise for the future. The World Bank China Poverty Assessment
[10] finds that Chinese families save a considerable portion of their income even when
they are near-poor. The middle class is stuck between caring about both security needs
and investment needs. The middle class is saving for house property, medical expenses,
educational expenses for children, and retired living. Hence, the middle class encounter
difficulty in freewheeling consumption. They desire high-quality life, but worry about
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the current status quo at the same time. For instance, 86% of the middle-class respon-
dents in this study express interests in financial and investment activities. Many middle
class are cautious on their daily spending. To some extent, the middle class still comprise
price-sensitive consumers who would be attracted to sales promotions.

Credit card consumption has gained popularity since 2000 in China.Many older con-
sumers are cautious about credit card usage,whereas younger consumerswho are heavily
influenced by American culture use credit cards more frequently. Around 455 million
credit cards were issued as of 2015 in China [11]. Zhou [12] believes that credit cards
are the key stimulus for consumer spending and China’s economic growth. The Chinese
middle class usually use credit cards for convenience rather than borrow money for
advanced consumption. For them, “saving first, spending second” is still applicable.

This study purposely selected the new middle class in urban China as the respon-
dents. Among the respondents, 85% agree that daily consumption reflect social status.
Furthermore, 81.1% of the respondents believe that fortune and social status are the best
criteria to evaluate individual success. The value of accomplishment stimulates strong
materialistic desires and conspicuous consumption. Schor [13] argues that middle-class
consumers are eager to upscale their lifestyles, practice conspicuous consumption, and
compete to acquire status goods. She proposes a new status, which is the disconnection
between consumer desires and incomes. A common phenomenon in urban China is that
a woman may purchase a Prada handbag that costs her salary of two months.

Advertisements with the theme of accomplishment are tempting for themiddle class.
These advertisements depict products as necessities for upper-class lifestyles. Given that
middle-class people are eager for recognition by social groups and realize upward social
mobility, the fast way is to consume and imitate the lifestyle of the upper class. In
fact, the main sources and knowledge of upper-class lifestyles are from mass media and
advertising [14]. Through imitating fashion, home decorations, and leisure activities
of the middle and upper classes depicted in movies, TV series, and advertisements,
consumers strengthen their values of accomplishment and social status.

The Chinese middle class have a strong will to become the leading and fashionable
consumers around the world [15]. An increasing number of Chinese consumers can
afford luxury goods and the latest high-tech products. They show strong interests in
high-end brands. According to Bain and Company [16], the new Chinese middle class
has become more sophisticated and knowledgeable about luxury. They are familiar with
global pricing and overseas channels for purchase. Buying overseas has likewise been
a trend for years. Although, middle-class consumers indulge themselves with luxury
goods, they compare global prices and choose the best deals.

A trend identified in this study is that the Chinese middle class values hedonic
values over pragmatic values. They like hedonic advertisements more than informational
advertisements. Chinese consumers used to be considered as pragmatic consumers who
care for functional needs and best cost performance. However, 81% of the middle-class
respondents agree that enjoying life is very important to them. Furthermore, 83.3% of
the respondents pursue the life of high quality.
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5 Conclusion

Thedominant value rankings and demographic differences on value preference are exam-
ined in this study. Themost important values shared by theChinesemiddle class are sense
of security, sense of accomplishment, self-respect, well respected, and sense of belong-
ing. A trend of dominant social values from collectivism to individualism is identified.
Both male and female respondents show endorsements on individualistic values, such
as accomplishment and self-respect. The younger middle class endorses individualistic
values over collectivistic values, whereas the older middle class endorses collectivistic
values over individualistic values. The respondents with a college degree endorse values
related to fundamental needs. The respondents with higher education levels are likely to
pursue material and spiritual success, instead of security needs.

The impact of dominant values on lifestyles and consumption attitudes is examined,
which shows that the Chinese middle class interests in status and conspicuous consump-
tion. This finding is consistent with the values of accomplishment and social status.
Moreover, hedonic consumption has become popular among the Chinese middle class.
Enjoying life is considered important for the Chinese middle class, a perspective that is
different from tradition. The dominant value rankings and demographic differences on
value preference can then be a theoretical reference for designers and advertisers. Paying
close attention to culture and value changes will be useful in making precise marketing
strategies.
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Abstract. Based on the background of East Asian culture, history and economy,
this paper summarizes the concept and motivation of design poverty alleviation.
Based on the logic and mode of China’s design poverty alleviation action, it shows
rich design poverty alleviation practice cases. From the perspective of sharing
design cultural resources and sustainable development, this paper proposes effec-
tive ways for design to improve the lifestyle and economy of poor areas. Hope
to be able to achieve balanced development of regional economy in the future to
make a contribution to design.

Keywords: Design poverty alleviation · The concept, development, evolution ·
Transformation and upgrading

1 Introduction

The year of 2020 is the end of China’s fight against poverty. The road of poverty alle-
viation in China can be divided into the following four main stages: Firstly, the broad
concept of poverty alleviation was put forward under the planned economic system from
1949 to 1977. Secondly, driven by structural reform, China carried out a large-scale
poverty alleviation from 1978 to 1985. The third is the development-oriented poverty
alleviation during the period of rapid economic growth from 1986 to 2000. The fourth
is the development-oriented poverty alleviation in the process of building a moderately
prosperous society in an all-round way proposed since 2001 [1, 2].

According to the focus of poverty alleviation, it can be summarized as development-
oriented poverty alleviation and targeted poverty alleviation [3]. The former relies on
economic growth to promote poverty reduction, which is agriculture-driven, industrial-
driven and state-led, planned and targeted development-oriented poverty alleviation prac-
tices in rural areas. According to Multidimensional Poverty Theory proposed by Sen,
income is the direct dominant factor of poverty, but is not the cause of poverty [4].

In the latter stage, poverty alleviation cannot be achieved by relying only on economic
growth, so “targeted poverty alleviation” emerges as the times require. Targeted poverty
alleviation is an accumulation of policies in the process of poverty alleviation, rather than
a substitute. At the same time, the original poverty alleviation measures will continue to
play a role.
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Asia is in the midst of the world’s fastest economic and social transformation. Rapid
urbanization and industrialization have brought increasing mobility. At the same time,
developing countries in Asia have gradually developed from poverty and underdevel-
opment in the past decades. Infrastructure, public services and social governance are
far from being able to cope with the various crises caused by the rapid economic and
social transformation. From the perspective of East Asia, the focus of this research on
the design for poverty alleviation is not to increase income, but to provide the path of
industrial transformation through design. Intellectual support is the premise of poverty
alleviation, and then income can be boosted by providing blood transfusion to poor areas
and their own hematopoietic capacity. From the perspective of how to get rid of poverty,
this paper focuses on providing a general framework and effective strategies that can
be duplicated, promoted and achieved, highlighting how design, as a purposeful activ-
ity, provides intellectual support for poverty-stricken areas through service and system
design.

2 Research Status

From the perspective of discipline, domestic research on design poverty alleviation
mainly focuses on agricultural economy, architecture, Party history and Party construc-
tion. Since the theory of design poverty alleviation comes from rural poverty alleviation
work and later targeted poverty alleviation policy, until 2018, the Ministry of industry
and information technology further put forward the concept of design poverty allevi-
ation, combining design activities with poverty alleviation direction, design poverty
alleviation can be divided into the following centralized categories: Macro evaluation
mechanism. Case Study. This kind of works focuses on regional characteristics, but its
universal applicability needs to be considered. The design of poverty alleviation projects
has also been concerned in the international community. Many countries are constantly
trying to find ways suitable for their own countries. Generally speaking, the design of
poverty alleviation projects in the international community are mostly from the per-
spective of environmental protection, personal safety and social vulnerable groups At
the same time, we can find that the poverty alleviation projects in various countries are
carried out in combination with their own national conditions and characteristics. Allen
J. Scott. Cultural-products industries and urban economic development (2004) [5] and
other experts elaborated the design of poverty alleviation from the perspective of market
mechanism; Ann Markusen (2006) [6] and other experts mainly analyzed urban devel-
opment and political policy; Karenjit Clare (2013) elaborated how to use and transform
regional resources [7]. Foreign research on design poverty alleviation mainly focuses on
the renewal of industrialization and post industrialization era, based on the perspective
of urban planning.

Domestic research on poverty alleviation by design started late. We can learn from
foreign experience. At the same time, it should be in line with the national conditions. At
present, we need more industrial upgrading and transformation as a foothold to carry out
poverty alleviation by design. The domestic practices of design for poverty alleviation are
mainly reflected in the following aspects: first, it emphasizes the concept of “co-creation”
of designers and villagers in the process of design for poverty alleviation [8]. The second
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is to emphasize that design provides sustainable support for the industry, deeply excavate
the cultural characteristics of ethnic minorities, and make further design innovation
and empowerment. The third is to emphasize industrial upgrading and transformation
through design, and inte-grate design into regional industrial development plan. For
example, Ding Wei and Cheng Jianxin put forward the concept of building a county by
design, taking the county as a unit, driving the integration and upgrading of the primary,
secondary and tertiary industries through design empowerment, and on this basis, they
further put forward ten models of building a county by design, which has a good guiding
effect on the theory and practice of design poverty alleviation [9].

3 The Concept and Development of Design for Poverty Alleviation
[10]

With the development of poverty alleviation in breadth and depth, higher requirements
are put forward for poverty alleviation. In 2013, the concept of “targeted poverty allevia-
tion”was first introduced. Twoyears later, the Implementation Plan for theEstablishment
of a Targeted Poverty Alleviation Mechanism was formulated, and nationwide targeted
poverty alleviation was launched in an all-round way.

In sorting out the historical context of the development of China’s poverty alleviation
policies, the most basic experience is to formulate policies and measures in accordance
with the national conditions in different historical stages, andfind a path of poverty allevi-
ation and developmentwith Chinese characteristics. Focusing on severe poverty-stricken
areas and aiming at improving product quality, promoting residents’ living conditions,
developing the characteristic cultural industries of rural areas and upgrading character-
istic advantageous industries, Design for Poverty Alleviation fully simulates mobilizes
the enthusiasm, initiative and creativity of organizations in the design sector and enter-
prises in the industry to share design concepts, provide design solutions, cultivate design
talents and stimulate the internal power for development for rural areas. In April 2018,
the United Nations Industrial Development Organization, the Ministry of industry and
information technology of the people’s Republic of China and China Industrial Design
Association jointly launched the “design for poverty alleviation initiative”. TheMinistry
of Industry and Information Technology released a three-year action plan for poverty
alleviation (2018–2020) on August 13, 2018. The plan also put forward a number of
major actions such as regional brand creation, implantation of scientific and technologi-
cal achievements, talent training can assign, intangible reengineering activation, natural
studies education, beautiful rural culture, rural community construction, cultivation of
characteristic industry, love for special groups of people and low-end industry transfor-
mation, to enhance the level of product design in poverty-stricken areas and improve
people’s life quality in poor areas.

4 The Feasibility Principle of Design for Poverty Alleviation

Design is a way of thinking and a set of concept system committed to positively changing
the world. It is also a methodology and a feasible system for innovative exploration.
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Design thinking aims at constantly improving people’s quality of life, and carries out
creative design and practice in accordance with cultural ways and methods. Due to the
characteristics of its methods and thinking, design is destined to play an important role
in poverty alleviation. In the practice of design for poverty alleviation, we should do
a more systematic and in-depth research and exploration in the following aspects, and
integrate resources to help fulfill the expectation of design for poverty alleviation design.

Adjust one’s measures to local conditions. It is necessary to conduct a more detailed
investigation and excavation of the implementation sites, and build a collaborative pro-
motion system of disciplines and industries in different industries, such as design, sociol-
ogy, ethnology, geography, so as to give full play to the role of all parties. The protection
and utilization of regional cultural creative products is not only amatter of economy, spa-
tial commodity or aesthetic taste, but also the interpretation and expression of regional
context [11].

Intelligence input.We should establish the relationship between resource-advantaged
areas and poverty-stricken areas. Design talents working in advanced areas can inject
their own design resources and design thinking into poverty alleviation destinations
through design projects and activities. At the same time, they can also bring the spe-
cial products of poverty-stricken areas to advanced areas for publicity and promotion.
In recent years, with the continuous development of China’s design industry, a large
number of design industries and talents have emerged in the Yangtze River Delta, Pearl
RiverDelta and other places. However, in themore extensive central andwestern regions,
there is a lack of entrepreneurial design talents and correspondingmechanism guarantee.
Due to the numerous ethnic groups and cultural diversity, central and western regions
often put forward higher requirements for cultural development and design for poverty
alleviation. Therefore, it is necessary to continuously organize design forces to conduct
in-depth research in poor areas, and provide corresponding design solutions for their
specific design needs. Some characteristic products in poor areas do not have competi-
tive advantages in physical design, sales channels, advertising and marketing, resulting
in meager profits. Designers can help local poor people to increase their income by
redesigning packaging and formulating feasible marketing plans.

Extensive collaboration. It is advised to strengthen the integration and coordination
of a region’s resources. Core industries will play a role in promoting the development
and upgrading of the whole region. And it is also important to enhance the collabora-
tion between different institutions and departments, give full play to the role of design
enterprises, universities and research institutions to guide local governments and rele-
vant units to fulfill their social responsibilities, and to work with leading enterprises,
e-commerce platforms, logistics and other fields.

5 A Case Study: Design for Poverty Alleviation to Help Regional
Brand Building

Songxi County is located in the north of Fujian Province, with many hills, beautiful envi-
ronment, inconvenient transportation, low agricultural output value and weak industrial
foundation. It is a key county for poverty alleviation and development at the provincial
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level. Green tea, porcelain and sword casting are local specialties, but the green tea mar-
ket is mature and competitive, while porcelain and sword casting are difficult to become
the pillar industries of the region due to their small scale and low output. It is urgent for
Songxi to find a way suitable for its own development and walk out of poverty under
the condition of a lack of abundant products. Through in-depth investigation, we have
learned that there is a rare agricultural species in Songxi, namely the sugarcane field
with a history of 292 years, which has the longest ratoon life of sugarcane in the world,
and is known as the Centennial sugarcane. According to the Institute of Medicine of
Shanghai Academy of Sciences, the brown sugar produced by “Centennial sugarcane”
has strong resistance to stress. Its extract is rich in 28 kinds of nutrients, such as calcium,
iron, riboflavin and nicotinic acid, and contains five times more folic acid than common
brown sugar. The rare polysaccharide components in the Centennial sugarcane have
many special functions, such as anti-Alzheimer’s disease and cancer prevention. They
are not only of great significance in agriculture, but also have broad prospects in food,
health care products, disease prevention and drug development.

It is not realistic for a poor county to invest heavily in mature industries such as tea
and porcelain. It is necessary to find a unique product of Songxi and use it to drive the
regional brand. SongxiCountyGovernment has established a close cooperationwithEast
China University of Science and Technology and Shanghai Institute of Medicine. The
following are what we have done from the perspective of design for poverty alleviation.

The regional brand of Songxi can be established in the form of Cultural Tourism
Festival firstly. The local county government used to be the co-organizer of Guling
science conference. From the perspective of resource integration, the science conference
can be become a part of the tourism festival. The theme of this conference can be
developed from the perspective of combining design and science around the development
of sugarcane in the past century.

The second is to carry out design competition themed by Songxi. The theme design
for Songxi was created by taking advantage of talents from colleges and universities
as well as design institutions in advanced areas. Songxi originally had some regional
characteristic agricultural products, but because of its lack of competitive advantage in
appearance design, sales channels, advertising and marketing, the profit was meager.
Designers can help local poor people to increase their income by redesigning packaging
and formulating feasible marketing plans.

Thirdly, it is necessary to build a space for the centralized display of Songxi products.
Green tea, brown sugar and other bundles appear in this exhibition and sales space, jointly
creating Songxi regional brand of a thousand years of Songxi sugarcane. It only focuses
on the construction of offline entities but also established flagship stores to promote the
sales with the help of new internet media.

The above measures of poverty alleviation have improved Songxi City’s visibility,
and significantly increased the turnover of sugar and other related products. From the
traditional appearance design, such as product packaging, design extension to the cre-
ation of categories and brands, updated production and sales models in related industries
have produced innovative changes in the design field, and provided strong support for
the transformation and upgrading of regional industries and the development of design
services industry.
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Design for poverty alleviation is a systematic project, in which we should grasp the
key links and carry out active and diversified cooperation. Specifically, the first is the role
of the government to actively guides and optimizes the industrial policy; the second is the
industrial positioning: docking with high and new technology and releasing the indus-
trial vitality; the third is the characteristic resources: digging deep into the characteristic
resources and building the regional brand; the fourth is the function construction: empha-
sizing incubation and transformation, and supporting innovation and entrepreneurship;
the fifth is the carrier construction: integrating into the economic transformation and
reshaping the regional image; the sixth is t industrial synergy: improving the industrial
chain and giving full play to the synergy effect; the seventh is new marketing: diversi-
fied investment and financing, new retail formats; the eighth is industry-city integration:
urban-rural integration to form a creative new area.

6 The Future Development Direction of Design for Poverty
Alleviation

Under the strategy of targeted poverty alleviation, design for poverty alleviation will be
deeply integrated with Rural Revitalization Strategy in the future. At present, some pillar
industries serving at the county level can more accurately serve specific villages. The
rural specialties need to be specifically mine to create characteristic industrial villages,
enabling each village to have its own characteristic industry or cultural specialty. explore
its own development path suited to its local conditions and achieve a positive and stable
development, further promoting the economic development of the county. Secondly,
extensive services will be provided for farmers in the future so as to more accurately
increase their benefits, stimulate their initiative and creativity, generate a sustainable
power for economic growth in rural areas and making these areas wealthier.

Finally, in the future, it will serve the industrial development of less developed areas
in amore interconnectedmanner. The platformof regional support projects is jointly built
with the linkage of online and offline, and the design industry, enterprises and regional
economic transformation and development are thought together, so as to explore more
directions and possibilities for the development of design and industry, and provide
strong support for further rural revitalization plan at the theoretical level.

References

1. Chuliang, L.: Economic growth, inequality and poverty in rural china. Econ. Res. J. 2, 15–27
(2012)

2. Shen, Y., Zhan, P., Li, S.: China’s rural multidimensional poverty under the evolution of
poverty alleviation policies. Econ. Perspect. 7, 53–66 (2018)

3. Report of Boao Forum for Asia (2019)
4. Sen, A.: Famines as failures of exchange entitlements. Econ. Polit. Weekly. 11, 1273, 1275,

1277, 1279–1280 (1976)
5. Scott, A.J.: Cultural—products Industries and urban economic develepment: prospects for

growth and market contestation in global context. Urban Affairs Review. 4, 39 (2004)
6. Markusen, A.: Urban development and the politics of a creative class: evidence from the study

of artists. Environ. Plann. A. 10, 1921–1940 (2006)



The Concept, Development, Evolution and Practice of Poverty Alleviation 441

7. The essential role of place within the creative industries: boundaries, networks and play.
Cities. 34, 52—57 (2013)

8. Ying, J.T.P.: Community and network based design and social innovation. Hunan University
(2012)

9. Ding, W., Zhang, Z., Lai, H.: Design and transformation: the development path and the ten
models of the design strategy of the country plan —shanghai-yangtze river delta industrial
design project outsourcing services platforme design county planning as an example. Design.
7, 118–120 (2014)

10. Ben, Z., Disha, S.: to define the concept of designing poverty alleviation in three dimensions.
Art Life – J. Fuzhou Univ. 2, 18–22 (2019)

11. Qiao, Z., Ma, J., Huang, J.: Identification of regional cultural and creative elementsand brand
remolding in rural tourism. Packag. Eng. 40, 95–103 (2019)



Towards Better Working Conditions for Visually
Impaired: A Pilot Study on Occupational Risk
Assessment for Visually Impaired Massage

Workers in China

Linghong Li(B)

Soochow University, Suzhou 215123, Jiangsu, China

Abstract. According to theChinaDisabled Persons’ Federation (CDPF) statistics
report in 2016, the Chinese visually impaired population is around 17.31 million,
in which 23.5% are under age 30. The vast majority of visually impaired in China
are engaged in massage job occupation. The working hours of them are usually
long hours per day, and all the work is done by using both hands continuously.
The visually impaired massage workers are regularly exposed to risks of occu-
pational injuries and work-related hands’ musculoskeletal disorders (WMSDs).
With the aim of assessing the occupational risks of visually impaired massage
workers, this study was conducted in one city region of China. The Cornell Mus-
culoskeletal Discomfort Questionnaire (CMDQ) was used. This paper provides
recommendations according to ergonomics for mitigating the risks identified and
better working conditions for visually impaired by fully considering the working
environment in China.

Keywords: Visually impaired massage workers · Occupational risk · Cornell
Musculoskeletal Discomfort Questionnaire · Hand

1 Introduction

The International Classification of Diseases 11 (2018) classifies vision impairment into
two groups, distance and near presenting vision impairment [1]. Vision impairment is
commonly referred as blindness and low vision. According to the World Health Organi-
zation (WHO) statistics report in 2010,China has the largest visually impaired population
in the world [2]. According to the China Disabled Persons’ Federation (CDPF) statistics
report in 2016, the Chinese visually impaired population is around 17.31 million, in
which 23.5% are under age 30 [3].

InChina, the job occupations that the visually impaired can be recruited are extremely
limited. Massage work is one of the few jobs by which the visually impaired can make a
living in China. The overwhelming majority visually impaired are engaged in massage
occupation in China. Most of the visually impaired are engaged in massage professions
since young age. The China Disabled Persons’ Federation (CDPF) has also vigorously
carried out massage training for the visually impaired. The massage work is a strenuous
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task. The visually impaired massage workers must stay indoors and use both hands for
continuous work all day (Fig. 1 and Fig. 2). The hands’ musculoskeletal is hard to get
enough rest.

Fig. 1. Hands in use I Fig. 2. Hands in use II

However, massage is very popular in China. In addition to the visually impaired,
there are a lot of people with normal vision are engaged in massage work. To compete,
quite many visually impaired masseurs have to work even more harder, such as work
overtime. They often work continuously from 9 a.m. or 10 a.m. till midnight, and work
on weekends and holidays. Thus, they prolong the time of frequent use of hands every
day.

In addition, once the visually impaired masseurs have been engaged in massage
work, even if they feel the severe disorder to their hands, they cannot easily switch jobs
in China. Only extremely limited number of them can switch to another job. For the
most visually impaired massage workers in China, massage job is an occupation they
take from young to old, no matter how hard it is. In contrast, if the masseurs with normal
vision feel disorder to hands, they may easily switch to other jobs.

Therefore, the problem of hands’ musculoskeletal injuries is far more common
among the visually impaired massage workers than among masseurs with normal vision
in China. Due to excessive exertion for a long time, the thumbs of the visually impaired
masseurs are in varying degrees of bending and deformation (Fig. 3).

Fig. 3. One visually impaired masseur’s finger joints deform after years of work.

2 Objectives of the Study

The objectives of the study are to assess the occupational risks of visually impaired
massage workers, and to provides recommendations for mitigating the risks identified
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and better working conditions for visually impaired by fully considering the working
environment in China.

3 Methodology

To determine the factors affecting hands’ musculoskeletal disorders for the visu-
ally impaired massage workers, the Cornell Musculoskeletal Disorder Questionnaire
(CDMQ) was distributed to 40 visually impaired masseurs working in small scale mas-
sage shops located in Shanghai. The questionnaire was read out and explained question
by question inChinese by researchers, and the researchers fill in the questionnaire instead
of the visually impairedmasseurs. The participants consisted of 10 females and 30males
with age ranging from 23 to 38 years (Mean= 25.1 yrs). The working hours andworking
years were collected.

The Cornell Musculoskeletal Disorder Questionnaire (CDMQ) used in this paper
was English version (Fig. 4 and Fig. 5) [4]. In this study, because the respondents who
spoke Chinese did not fill in the questionnaire themselves, so the English version did not
cause obstacles to the questionnaire survey. Meanwhile, the English version of CDMQ
has a positive effect on the presentation of this study.

The hands act as most essential “work tools” of the visually impaired massage
workers. As a pilot study, this paper studied the musculoskeletal disorder of both hands.
No other part of the body was studied in this paper.

Fig. 4. The Cornell Musculoskeletal Disorder
Questionnaire (CDMQ) for right hand used in
this paper.

Fig. 5. The Cornell Musculoskeletal Disorder
Questionnaire (CDMQ) for left hand used in
this paper.

In the study, there are 40 CDMQ questionnaires for the right hand and 40 CDMQ
questionnaires for the left hands were collected. A total of 80 questionnaires were
collected.

In addition to the Cornell Musculoskeletal Disorder Questionnaire (CDMQ), the
basic demographic information, the working related information and the general health
information were also collected. The self-perceived health questions were required to
answer and to give the specific situation if any.
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4 Results

The characteristics of study participants are presented in Table 1. There were 40 visually
impaired massage workers were studied, who worked in small scale massage shops
located in Shanghai. The participants consisted of females (25%) and males (75%) with
age ranging from 23 to 38 years with mean age 25.1 yrs. Overall, they did not suffer
from illnesses, but more than half of them felt unhealthy (57.5%). The Table 1. gave
the demographic and the general health information of the visually impaired massage
workers under this study.

Table 1. Descriptive characteristics statistics of the 40 visually impaired massage workers

Variable % or Mean (N = 40)

Gender

Female 25%

Male 75%

Age (mean) 25.1 yrs

General health

Illnesses (mean, total) 0,0

Self-perceived health (mean, total) 57.5,23

The working related statistics of the 40 visually impaired massage workers under
this study are presented in Table 2. Compared with the daily regular eight-hour working
in China, the 40 visually impaired massage workers had significant higher daily working
hours (Mean = 13.35 h), and the daily working hours with hands were more than 8 h
(Mean= 11.35 h). The break time in working per day was 2.075 h. 92.5% of them need
to work on weekends, which means 7-day working with hands per week. The working
posture was a typical standing posture with high daily standing hours to work (Mean
= 8.75 h). The sitting hours during working included lunch and super time (Mean =
2.275 h). The other posture during working was extremely rare (Mean= 0.325 h), which
meant they hardly had time to relax the muscles and bones during working.

The Cornell musculoskeletal discomfort scores for right hand are presented in Table
3. The Cornell musculoskeletal discomfort scores for left hand are presented in Table 4.
The scores were collected by weighting the rating scores (Never = 0, 1–2 times/week
= 1.5, 3–4 times/week = 3.5, Every day = 5, Several times every day = 10).

Comparison of CMDQ scores between right hand and left hand showed that there
is no significant difference in scores bwtween both hands from Area A to Area F. The
highest discomfort score for right handwasAreaC (score= 315). The highest discomfort
score for left hand was Area C (score = 320). Area C was thumb. The second highest
score for right hand was Area A (score= 280.5). The second highest score for left hand
was Area A (score = 275.5). Area A consisted of index finger, middle finger, and half
of the ring finger (beside the middle finger). The discomfort score for right hand of Area
B was 253. The discomfort score for left hand of Area B was 250. Area B consisted of
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Table 2. Working related statistics of the 40 visually impaired massage workers

Variable % or Mean (N = 40)

Work experience, yrs (mean) 2.8

Working hours

Daily working hours (mean) 13.35

Daily working hours with hands (mean) 11.35

Overtime per day, hrs (mean) 5.35

Overtime per day with hands, hrs (mean) 3.35

Working on weekends (mean, total) 92.5%,37

No work on weekends (mean, total) 7.5%,3

Time spent on other jobs, hrs (mean) 0

Break time in working per day, hrs (mean) 2.075

Working posture and hours

Daily standing hours (mean) 8.75

Daily sitting hours (mean) 2.275

Daily other posture, hrs (mean) 0.325

Table 3. The Cornell musculoskeletal discomfort scores for right hand

Right hand Discomfort score Percentage of a single item total score (%)

Area A 280.5 70.13

Area B 253 63.25

Area C 315 78.75

Area D 199.5 49.88

Area E 198 49.5

Area F 182.5 45.63

half of the ring finger (beside the pinkie finger) and pinkie. Area B was the third highest
score. It identified the most serious discomfort problems of both hands were the fingers.
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Table 4. The Cornell musculoskeletal discomfort scores for left hand

Left hand Discomfort score Percentage of a single item total score (%)

Area A 275.5 68.88

Area B 250 62.5

Area C 320 80

Area D 198 49.5

Area E 208.5 52.13

Area F 179.5 44.88

5 Discussion and Conclusion

TheCornellMusculoskeletal DisorderQuestionnaire (CMDQ) scores are not affected by
gender and employment status [5]. In summary, the study provides novel evidence that
in persistent massage working contribute to hands’ impairments of the visually impaired
massage workers regardless of gender. In this study, the mean working experience of the
subjects was 2.8 years and the mean age was 25.1 yrs. The unhealthy feeling of them
(57.5%) did not obviously relate to the long years working or old age. The identified
similarities in their work were that over 8 h working per day, lack sufficient hand rest
time, overtime work, and over 8 h daily standing hours (Mean= 8.75 h). Fatigue caused
by long-term overtime work, which reduced their feeling of self-perceived health. The
thumbs were the most severely injured parts (78.75%, 80%), and the rest fingers were
injured but less (70.13%, 63.25%, 68.88%, 62.5%). It should be noted that these pro-
portions were all higher than 50%. This means highest potential of occupational risks
of visually impaired massage workers. These occupational risks include pain, strain,
bending and deformation of the finger joints, and constant muscle tension and pain, and
the risk of causing more disabilities in the long run.

Musculoskeletal disease is the leading cause of disability worldwide. Further mea-
sures should be implemented to mitigate the occupational risks identified of the visually
impaired massage workers.

In this study,musculoskeletal discomforts and symptoms related to visually impaired
massage workers’ work are largely due to excessive exertion and long-term use of hands
without enough rest. The working environment and the social factors in China should be
taken into account. Therefore, according to ergonomics, (1) improveworking conditions,
implement ergonomic interventions in the workplace, design ergonomic chairs that can
be switched between sitting and lying at any time for the workplace, to increase the
random break time and relieve fatigue, allow visually impaired massage workers to lie
down and rest at any time no customers, (2) ensure no more than 8-h daily workload,
shifts are suggested to carry out to meet more hours workload, (3) design hand massage
equipment for the visually impaired massage workers, set minimum daily use time, help
them to relax hand muscles and reduce injury risks, the equipment should be adapted to
both the workplace and the home environment.



448 L. Li

In future studies, musculoskeletal studies on the sitting and standing positions of
visually impairedmassageworkerswill be added. Findings from this studywould inform
the next stage of research.

Acknowledgments. We would like to thank all the visually impaired masseurs as participants
and the volunteer research assistants, for this study would not have been possible without their
participation.
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Abstract. This study investigated game momentum, strategy, and jinx related to
baseball games. Based on such investigations, cognitive biases underlying such
phenomenon were extracted to show the irrationality and biased thinking in base-
ball games. We discussed countermeasures for removing cognitive biases in base-
ball games in order to view, plan, and manage a baseball game rationally, scien-
tifically, and without cognitive biases so that higher achievements are acquired in
a game.

Keywords: Game momentum · Strategy · Jinx · Cognitive bias · Irrationality

1 Introduction

InNipponProfessional Baseball (NPB) andMajor LeagueBaseball (MLB), a lot of game
strategies or tactics seem to exist and widespread among commentators, coaches, and
players. In other words, it is believed by baseball commentators, coaches, and players
that such strategies or tactics are scientifically valid and effective to acquire higher
achievements in a game. Therefore, a lot of teams in NPB andMLB are affected by such
strategies or tactics in managing and planning a game. These strategies or tactics seem
to be generally accepted by baseball commentators and coaches. However, it seems
that there is no rationale to judge that the generally accepted strategies or tactics are
reasonable and rational ones.

Our biased mind of random sequences that is believed to occur in basketball games
is called as the myth of hot hand [1, 2, 3, 4, 5, 6, 7, 8]. The hot hand myth represents our
misunderstood thinking that the percentage shoot success of a particular player increases
due to the momentum shift of the game. However, this was scientifically and statistically
proved to be wrong. We mistakenly use the phrase “momentum shift.” This represents
one of our irrational minds (cognitive biases). As well as the myth of hot hand, there are
many cognitive biases in baseball games. The following phenomenon are examples of
cognitive biases in game momentum or game strategy.
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(a) Giving a lead-off batter a walk turns a tide of game worse than permitting a base
hit,

(b) A pinch after a chance,
(c) Bases loaded with no outs scores few, and
(d) Mistakes in offenses turn a tide of game worse and give impetus to opponents.

The aim of this study was to explore cognitive biases in baseball games from the
following three perspectives: (1) game momentum, (2) winning strategy or tactics, and
(3) jinx.

First, we briefly summarized what cognitive biases are. We tend to get trapped into
a cognitive bias such as availability bias or representativeness bias. For example, we
generally tend to be affected by gambler’s fallacy as follows.When a batter with a batting
average more than .300 goes down at bat two times in a row, a baseball commentator
states that it is time for this batter to make a hit. This is apparently wrong, and a batting
average more than .300 merely means that independent of former at bat, the probability
of a batter making a hit is about 1/3 (.300). This phenomenon represents an irrational
way of thinking and corresponds to a cognitive bias.

Next, cognitive biases [9, 10, 11] in understanding game momentum were discussed
to examine whether well-recognized game momentum such as “a pinch after a chance”,
“an error or mistake induces game momentum shift”, and “a fine play induces game
momentum shift.”We also examinedwhether the well-recognizedwinning strategy such
as “sacrifice bunt is an effective tactic”, “Wait one pitch at a three-nothing situation”,
“a left-handed pitcher for a left-handed hitter is effective.” is actually rational or not.
Finally, a cognitive bias in a jinx in baseball such as “Seventh inning is a lucky one”
or “the situation of bases loaded with no outcounts does not lead to large scores.” was
discussed.

In this manner, this study attempted to demonstrate that there are many irrational
ways of thinking, that is, cognitive biases in many situations of baseball such as game
planning and management. Based on such discussion, countermeasures for removing
cognitive biases in baseball games in order to view, plan, andmanage the game rationally,
scientifically, and without cognitive biases so that higher achievements are effectively
and certainly acquired in a game.

2 Cognitive Biases [9, 10, 11]

Heuristics, such as availability, representativeness, or affect, cause biases, including con-
firmation biases, anchoring and adjustment, hindsight, availability bias and conjunction
fallacy. An event easily imaginable is more available than an event that is difficult to
imagine. For example, the availability of the vividness of imaginable events biases our
perception of the occurrence frequency of similar events. This might lead to wrong
decision making on the frequency of such events. Managers predict a salesperson’s
performance based on an established category of salespeople. This corresponds to the
representativeness heuristic. While this heuristic offers a proper approximation of sales-
people in some cases, it can induce a biased understanding of salespeople and lead to
serious errors in other cases. Such errors include ignorance of base rate or insensitivity
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to sample size. People naturally tend to seek information that confirms their expectations
and hypotheses, even though information disconfirming their expectations and hypothe-
ses is more useful. This induces a biased recognition of causality and leads to serious
errors.

Not only heuristics, but also overconfidence and framing causes a variety of biases.
Bounded awareness prevents one from focusing on useful, observable and relevant infor-
mation. Due to such bounded awareness, it is valid to assume that we occasionally cannot
behave rationally. Moreover, it is assumed that our bounded awareness and uncertain
(risky) situations form the basis of heuristics, overconfidence and framing.

3 Cognitive Biases in Baseball Game

The data in the following subsections (Sect. 3.1–3.3) were derived from Katoh and
Yamasaki [12] who used data in 2007 of NPB.

3.1 Game Momentum

3.1.1 A Walk to a Lead-off Batter Leads to Bad Game Momentum

Baseball commentators and coaches frequently state that a walk to a lead-off batter
makes game momentum bad. If this is the case, the percentage of loss or mean runs
allowed at the corresponding inning must be larger for the walk to a lead-off batter than
for the hit to a lead-off batter. The percentage of loss and mean runs allowed did not
differ am among the walk and the hit: 39% and 0.83 for the walk and 40.5% and 0.83
for the hit. Moreover, the percentage of gain or mean runs gained at the next inning were
compared between the walk and the hit to a lead-off batter. No significant difference
of the percentage of gain or mean runs gained at the next inning was detected between
the two situations. In short, no game momentum was observed as a result of statistical
comparisons.

3.1.2 Opportunity Brings Tough Time

The percentage of loss or mean runs allowed at the next inning were compared between
the two situations: when the advantage of the opportunity was taken and when it was
not taken. The percentage of loss or mean runs allowed at the next inning for the former
were 26% and 0.49, respectively. The same indices for the latter were 26% and 0.49,
respectively. These statistics show that no such game momentum is observed.

3.1.3 An Offensive Error Leads to Bad Game Momentum

We calculated the percentage of loss and mean runs allowed after the inning in which an
offensive error occurred. Those data at the next inning (defense) were 22.8% and 0.436,
respectively. These values were not different significantly from the mean of all innings.
The percentage of gain (score) and mean runs at the next, next inning (offense) were
26.2% and 0.476, respectively. These values were also not different from the mean of all
innings. These statistics are not affirmative to the game momentum “An offensive error
leads to bad game momentum.”
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3.1.4 Long Defensive Time Leads to Bad Game Momentum

The duration of defensive inningwas classified by the number of pitches in each inning as
follows: (1) short: 10 or less, (2) medium: between 11 and 20, and (3) long: more than 20.
Aa a result of calculating the percentage innings scored and themean score, these data did
not differ significantly among three categories (1)-(3). It seems that long defensive time
does not necessarily lead to bad game momentum as baseball commentators express.

3.1.5 Summary

Basedon the statistics inSect. 3.1.1–3.1.4, it seems that generally accepted gamemomen-
tum is not observed at all. Availability bias, which forces people to judge based on few
experiences, ease of recollection, and ambiguity in memory, must have caused such
illusion in interpretation of game momentum.

3.2 Game Strategy

3.2.1 Frequent use of Stolen Bases and Hit-And-Run is an Effective Strategy

The percentage score and the mean score were compared between the case where a
stolen base was tried and that where a stolen base was not tried. The percentage score
and the mean score were (41%, 0.87) and (37.3%, 0.74), respectively. It must be noted
that the percentage score and the mean score were different between the success and the
failure of a stolen base ((50.2%, 0.98) and (14%, 0.31)).

The percentage score and the mean score were compared between the case where a
hit-and-run was tried and that where a hit-and-run base was not tried. The percentage
score and the mean score were (40.5%, 0.86) and (43.3%, 0.84), respectively. The per-
centage score and the mean score were different between the success and the failure of
a hit-and-run ((72.1%, 1.53) and (28.6%, 0.48)).

Although it seems that the hit-and-run is an effective strategy so long as it is suc-
cessful. However, we must also pay attention to the failure of a hit-and-run. Taking into
account the failure of a hit-and-run, this strategy does not seem to be effective as coaches
or commentators state.

3.2.2 Sacrifice Bunt is an Effective Strategy

As a result of comparing the percentage score and themean score between the casewhere
a sacrifice bunt was tried and that where a sacrifice bunt was not tried, the percentage
score and the mean score were (40.6%, 0.89) and (40.4%, 0.76), respectively.

The percentage score and the mean score were different between the success and
the failure of a stolen base ((44.0%, 0.82) and (28.4%, 0.55)). It seems that a sacrifice
bunt is an effective strategy so long as it is successful. However, taking into account the
failure of a sacrifice bunt, that is, the risk of a sacrifice bunt, this strategy does not seem
to be effective as recognized by coaches or commentators.
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3.2.3 ALeft-handedBatter for aRight-handed Pitcher and aRight-handedBatter
for a Left-handed Pitcher

For a right-handed pitcher, a right-handed and a left-handed batter batted in as a pinch
hitter 696 and 1,075 times, respectively. In case of a left-handed pitcher, a right-handed
and a left-handed batter batted in as a pinch hitter 961 and 76 times, respectively. It seems,
from these data, that coaches pay more importance on the match of a right-handed batter
with a left-handed pitcher.

The batting averages of left-handed hitters were .272 and .283 for a left-handed and a
right-handed pitcher, respectively. The batting averages of right-handed hitters were .277
and .264 for a left-handed and a right-handed pitcher, respectively. These data show that
coachesmust consider the low batting average of a right-handed batter for a right-handed
pitcher, which means that a right-handed hitter should be replaced with a left-handed
hitter when a right-handed pitcher is on the mound. In this manner, the game strategy “a
left-handed hitter for a right-handed pitcher” should be more enhanced. Coaches seem
to be too cautious about the strategy “a right-handed batter for a left-handed pitcher.”

3.2.4 Summary

Based on the statistics in Sect. 3.2.1–3.2.3 it seems that generally accepted game strategy
is not effective as coaches or baseball commentators think. This must represent status
quo bias in baseball strategies. Coaches or baseball commentators irrationally follow a
precedent or follow suit with a generally accepted precedent without analyzing statistics
appropriately.

3.3 Jinx

3.3.1 Home Team Gains Ground at Extra Innings

The data (win, loss, draw, percentage win) of the home team were (404, 365, 0, 0.525)
except for extra innings and (28, 31, 18, 0.475) for extra innings. The data definitely
demonstrates that there is no home team advantage.

3.3.2 AWalk-off GameMakes a Team Ride on the Crest of Winning more Games

The percentages win at the next game were 28 wins (50%) and 28 losses (50%) when
the team won an extra inning game. When the team lost an extra inning game, the
corresponding data were 26 wins (46%) and 30 losses (54%), and 1 draw. This data does
not prove that a walk-off game makes a team ride on the crest of winning steaks. This
can be further confirmed by the following data. When there was no extra inning, the
percentages win at the next game were 433 (54%) wins and 371 losses (46%) when a
team won the game. When the team lost a game, the corresponding data were 372 wins
(54%) and 435 losses (46%), respectively. The data does not show the validity of the
jinx “A walk-off game makes a team ride on the crest of winning more games.”
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3.3.3 Situation of Bases Loaded with no Outs Does not Necessarily Lead to Large
Scores

Baseball commentators often mention that the situation of bases loaded with no outs
does not necessarily lead to a score. We will show whether the jinx is true or not. For the
no-out situation, the percentage score and the mean score were (26.4%, 0.49), (40.7%,
0.86), and (84.5%, 2.40) for the situations of no runner on the base, the runner on the
1st base, and the bases loaded, respectively. For the one-out situation, the percentage
score and the mean score were (15.7%, 0.27), (27.5%, 0.56), and (66.4%, 1.64) for the
situations of no runner on the base, the runner on the 1st base, and the bases loaded,
respectively. For the two-out situation, the percentage score and the mean score were
(6.8%, 0.11), (13.4%, 0.25), and (32.8%, 0.78) for the situations of no runner on the base,
the runner on the 1st base, and the bases loaded, respectively. These data apparently show
that the situation of bases loaded with no outs has high likelihood to lead to a score than
other situations. Therefore, the jinx does not seem to be true.

3.3.4 Luck Seven (7th Inning is a Lucky One that Leads to more Scores)

Announcers oftenmentions the lucky 7th inning. Is this jinx true? The following statistics
were used to investigate the validity of this jinx. The percentage score and the mean
score at 6th and 7th inning in NPB were (26%, 0.53) and (24%, 0.45), respectively. The
corresponding data at 6th and 7th inning in MLB were (26.5%, 0.49) and (24%, 0.41),
respectively. The data definitely show that there is no advantage of 7th inning over other
innings.

3.3.5 Summary

Section 3.3.1–3.3.4 seem to show that generally accepted jinx is not true as announcers
or baseball commentators state. Such a jinx must stem from availability bias, under the
effect of which people tend to judge based on few experiences, ease of recollection, and
ambiguity in memory.

4 Discussion

Baseball umpires are more reluctant to call the fourth ball. People tend to avoid behav-
ing and committing an error (error of commission) rather than missing an opportunity
(omission). While we are blamed for committing an error, we are rarely blamed for
not acting. This is an irrational act of umpires called omission bias. Umpires, due to
omission bias, do not want to issue a walk or strikeout, because they want to let batters
determine the outcome by prolonging the at-bat.

The curse of Billy’s goat or curse of Bambino in a famous jinx in MLB. The longer
Chicago Cubs and Boston Red Sox are away from their world championship, the more
often the reason is attributed to the curse. Such a curse stems from a self-attribution bias.
When got trapped into this bias, people attribute a success to their skill and competence
and a failure to a luck. People tend to attribute the cause that they don’t want to explain
to a luck.
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Myth of hot hand insists that streaks of success can predict future performance. This
myth predicts that recent performance directly influences immediate future performance.
In short, a team or player currently riding the wave fare better in the next game than one
who is not. However, there was no evidence that the streaks had any carryover effect
and streaks could predict future performance. This is one of cognitive biases called
representativeness bias. What players did on their previous free throws didn’t affect
what they did on the next free throw. In short, streaks of success were not an accurate
predicter of future performance.

Why people believe in “game momentum” in spite of no evidence of hot hand is
discussed. People generally ascribe patterns to events. Gamblers fallacy means that
gamblers on losing streaks mistakenly think they keep gambling, hoping that their luck
would balance out. People are not good at thinking rationally based on probability (risk).
Therefore, it is difficult to understand luck or chance (randomness) causes streaks for
both the best and the worst players. People cannot understand that the true performance
of teams or players can be measured best in large samples and that small samples ruled
by randomness are unreliable.

Based on such discussion, we unconsciously experience cognitive biases in game
momentum, game strategy, or jinx described in Sect. 3.

5 Conclusions

As demonstrated in this paper, there exist many cognitive biases in game momentum,
game strategy, and jinx in baseball. Such cognitive biases hinder establishing a rational
and effective game strategy or management. Such biases must be removed based on
accurate statistics in order to establish an effective game strategy and management and
increase the winning probability as high as possible. The strategy or game momentum
spoken by coaches or baseball commentators should be carefully verified using available
baseball statistics. Unbiased and rational game strategy would lead to an effective game
management with a high probability of winning the game.
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Abstract. Digital technology adoption is not new; however, digital transforma-
tion in industrial organization is recognized as a contemporary phenomenon.
Extant literature, however, offers limited guidance on how the socio-technical sys-
tem could culturally evolve during the digital transformation. Our limited research
focused on the exploration of cultural preparedness in the traditional large-scale
organizations with a global footprint. With a multi-case study research design, we
collected data from three industrial organizations, and perform data analysis with
a grounded theory approach. Our results are a collected set of values, assumptions,
and artifacts pertinent to the cultural preparedness of industrial organizations.

Keywords: Digital transformation · Culture · Values · Assumption · Case study ·
Industrial organization

1 Introduction

Advancement in digital technologies underline the unprecedented integration of cyber
and physical worlds [1]. Most commonly cited digital technology options fuel the digi-
tizing and digitalizing trends e.g. advanced algorithms and artificial intelligence-aspired
data science, machine learning, self-learning systems, AI engineering and industrialized
AI, API gateways, cybersecurity mesh, industrial automations, cloud computing and
5G-enabled distributed cloud for industrial/ smart factory applications, SaaS to PaaS,
industrial internet of things (IIoT), robotic process automations (RPA), cognitive science,
internet of behaviors (IoB) etc. [2, 3]. Only considered as limitation, however, technol-
ogy is bringing multiplex opportunities for businesses. Not only businesses; excited by
plethora options and evolution speed, the predominant focus of research community
remained to digital technology adoptions [4, 32]. This excitement to capitalize on digital
technology advancements has led to tiring efforts on digitizing businesses at an unprece-
dented pace [5]. Unambiguously and arguably technology is transforming value chains,
business operations, and the whole competitive spectrum [4, 6].
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Certainly, digital transformation is a socio-technical phenomenon [1, 29]. Social
embeddedness of the deployed technologies impacts value generation and business trans-
actions [7]. Because large changes, like digital transformation, consequence in prudent
design updates to the social and technical systems of an organization [8]. These updates
involve organizations’ goals, people, infrastructure, processes, technology, and their cul-
ture [9, 32]. Socio-technical perspective therefore strives to delineate best-fit between
aspired technological adoptions and the people [10, 11]. Bringing socio-technical per-
spective to digital transformation enables collective attention to organizations’ structures,
people in these structures, the strategic goal-setting and the delivery of goals (as tasks),
and the technology as an enabler for desired business performance [12, 13]. Enabling
congruence in socio-technical system drive cultural preparedness for digital future of its
people, structures, and the tasks [14, 32].

An organization’ culture covers all aspects of its “learned response” to business chal-
lenges and value integration activities of its people [15]. Culture operationalizes macro
and micro level organizational mechanisms of change [16], thus it holds regulating
role during transformations [17]. Organizational culture furnishes a system of accepted
meanings for the employees to interpret a change situation and the response actions [18].
Nurturing organization’s culture enables innovativeness, flexibility & agility, engage-
ment, superior financial performance, and hence sustained competitive advantage [19].
Whereas stagnated culture becomes a liability, a source of resistance and increased
inertia, and leads to loss-making business [19]. For example, in Kodak’s (the film com-
pany) sluggish cultural response to digital filming technologies led to loss of market
share, 80% decline in its workforce, and stalled the futureproofing of the company [20].
Despite such recorded cases in literature, limited literature on cultural preparedness for
digital transformation is a known dilemma [6, 12].

In the current research, our focus is on “how” [21] of the cultural changes can foster
the digital transformation of industrial organizations [22, 23, 32].Our aim is not to predict
a universal model of cultural change however to explore its emergence [23] within a
single context of digital transformation. Accordingly, this study attempts to answer the
main research questions:How industrial organizations prepare their culture for digital
transformation? Herein this research excludes devising cultural diagnostics tool [24].
Rather discusses the cultural preparedness for organizational values, assumptions, and
artifacts [15] that propel the digital transformation.

2 Methodology

Culture ties distinctive characteristics of an organizational system; each organization has
its own culture. While the social mechanisms of change embedded in the context relay
cultural preparedness digitally transforming organization, a contemporary phenomenon.
We deployed qualitative case studywhich is an accepted research approach to investigate
a phenomenon embedded in its context wherein the phenomenon and the context are
inseparable [25]. We interviewed digital transformation experts and business executives
of three (3)multinational industrial organizationswith rich history and collective revenue
of over eighteen (18) billion euro. For the results presented in this short paper,we included
the analysis of sixteen (16) semi-structured interviews from the case companies (see
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Table 1). All these interviews were conducted in 2019 and during Q1 of 2020 (prior to
the pandemic).

Table 1. Research data context

Research Data origin Case_Alpha Case_Bravo Case_ Charlie

Business focus Offshore & Onshore
Energy OEM

Wood processing and
Energy production

HVAC & Electric
Power OEM

Footprint & revenue Global; multi-billion
e

Global; multi-billion
e

Global; multi-billion
e

History +120 years history as
engineering &
manufacturing; Nordic
company

+20 years history as
process &
manufacturing; Nordic
company

+80 years old
engineering &
manufacturing; Nordic
company

Interviewee profiles • VP Digital
Transformation

• VP Open Innovation
• Director Digital
Culture

• Director business
development

• GM Business OD
• GM Open
Innovation

• VP IT & Digital
Transformation

• VP SCM
• Director SCM
• Director IT
(business unit)

• Director IT &
Digitalization
(business unit)

• VP/Head of a
Business-unit

• VP Services
Business

• Director Enterprise
Architecture

• Director IOT
Platform
Architecture

• Director/ Head of
Digital Product
Management

Weperformed grounded theory-based data analysis of the data [26]. The data analysis
led to a compilation of organizational culture values, assumptions, and artifacts [15]
the leaders in our case organizations are prioritizing to focus for digital tranformation.
Interview transcriptions and data analysis results are captured in NVivo.

3 Results and Discussion

All the three cases have had history of successfully futureproofing their businesses since
decades. Our initial analysis guides that the stated cultural preparedness in the strategy
(published) materials appear quite similar, however, there were quite some peculiarities
in practice [19]. Still, there were few common however implicit values revealed dur-
ing the data analysis process. These commonalities could have been the consequent of
successful survival over several decades in a similar industry i.e. engineering, manufac-
turing, and process. All our case companies value code of conduct based on: precision;
accuracy; and,authentic knowledge. This led to open communication culturewhere peo-
ple have built-in assumptions on what matter an individual can speak to get appreciated,
and in whichmatters not to participate. In most parts of these organizations, the foremost
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reason for technology adoption is given to operational efficiency – their business model
evolved at considerably slow, however, at a consistent rate. It is noted that disruptive
ideas for technology adoption are appreciated when communicated from higher-ups in
the business hierarchy. However, it is accepted that the adoption of technologies for
improving technical efficiency in lieu of cost effectiveness [27] are promoted by indi-
viduals or a team with authentic knowledge. Another, commonality in these cultures
is assumptions related to customer reach and collaboration. Customer collaboration is
meant to be the discretion of sales and marketing team.

Our case companies are undertaking digital technology adoption seriously with
program-like initiatives on corporate, business division or functional teams’ level. All
the three companies approach digital transformation as a big opportunity to bring cus-
tomers and business operations closer, not just a business imperative. Our analysis led
to three common purposes as the targeted outcomes of digital transformation: agility,
customer-centricity, and collaboration. We note these three outcomes are ubiquitous as
global trends of digital transformation across all industries, however, with our collected
data couldn’t specify the cause of this commonality.

Our data analysis results show that all three case companies are approaching cultural
transformation in a discernable manner. The Case Alpha, deployed cultural preparation
by updating values on corporation level with a top down approach. The cultural pre-
paredness in Case_Bravo is taken a top-down route however with focus on developing
new artifacts mainly the work procedures, modern systems & tools, and ways to manage
development and operational projects. In Case_Charlie, the responsibility of cultural
change predominantly remained with individual business units and support functions,
herein the top leadership encouraged the middle management to take responsibility for
enabling cultural-drive in their respective business lines.

Hereunder, Fig. 1 presents the collective focus cultural preparedness learned from
the interview experts of our three cases.

Organizational values are enduring beliefs that guides the preferablemode of conduct
its people apply to get things done [16]. Living both in implicit and explicit fabric of
organizational culture, the values are acceptable behaviors in pursuit of “a roadmap for
future action” [15]. Our case organization are very much focusing to build & reinforce
values of experimentation, problem sharing, team learning, together, transparency &
openness, as well as user validation to be first step of developing new products. All these
values promote service mindset. To be at service-of-customers drives towards agility
and promote beyond formal-hierarchy collaborations to integrate expert knowledge, and
seek for externals’ involvement. It is not typical in traditional formalized organizations.
These values originate from deeply held assumptions validated during the organizational
experimenting and learning in response to environmental challenges [23].

Cultural values in their manifestation are explicitly discussed while assumptions
remain as tacit believes to interpret day-to-day situations and response behaviors of
people as individuals and in a group [17]. Discussed in the introduction section, prior
focus on digitizing and digitalization alone has led to job insecurity due to assumptions
that automation and artificial intelligence is competing with human competence and
workforce. With the insecurity about jobs in a precision-liking culture, people tend to
assume that they do not have “good enough idea” to share and collaborate on with other
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Fig. 1. Focus of cultural preparedness in the case industrial organizations.

colleagues. One expert directed their focus on correcting this assumption by involving
people while “an idea is going through different phases”. Ideation and implementation
of ideas involves “a lot of uncertainty”. By involving people during different phases
help to accept uncertainties and discussion of the conflicts. The conflicts are between
either different ideas (customer/business problemcan be solved bymultipleways) or idea
implementation approach. In both cases, the leaders have strong role [30, 31] in updating
the assumption that “conflicts are necessarily bad” rather constructive conflicts can
simplify the solution and its implementation tasks. This shall include validating that “we
make sure it’s actually something the customer wants”.Another, relevant assumption the
leaders in our case organizations are targeting is business success versus profitability.
The cost-conscious culture inherits that successful business are profitable because of
cost efficient operations. Such related assumptions trigger most economical responses
in within formal hierarchies. While integrating tasks done with cost on top agenda
though result in low-cost solutions, which however offer low customer value; result is
loss of business and low profitability. Another related assumption in the adoption of new
innovations to the business operations: if the tools, systems, and way of working is not
based on the existing processes then those are thought to not align to work with our old
processes and tools.

Most apparent layer of organization culture is formed from numerous artifacts. The
artifacts are workable solutions tested over the course of group actions. Artifacts covers
all e.g. dress code, tools, work procedures, methods, business processes, rituals of reward
and punishment, IT platforms, as well as the governance structures. In their seminal
work, Schein [15] remarked that the first things a new entrant/employee in organization
observes and feels are its artifacts. Our exploratory research reveals that case companies
are working on developing rituals for celebration, renewal of performance matrices, new
role descriptions, office layouts & facilities upgradations, renewing way-of- working for
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agile-mindset and experimentation, ideamanagement and incubation hubs, new business
processes, and restructuring the organizations. However, expect in case Alpha, we could
not specify a sizable restructuring to support digital transformation. Meanwhile, all the
case organizations deployed new structures functions and teams) in this regard.

Insofar, analyzed data analysis does not specify which company’s approach is best
working, neither it is purpose herein. Result however reveal that targeted cultural values
and assumptions – what to cease and what to instill – remained with leadership-assumed
role and competencies to deploy transformative urgency [28].

4 Conclusions and Limitations

Although digital transformation is the new normal for business organization. However,
cultural preparedness is response to the need for speed for futureproofing business orga-
nizations. Our limited data analysis of the three industrial organizations resulted in
compilation of assumptions, values, and artifacts being focused by their leadership.
The findings are promising and need further investigation. The future extension of their
research will include more data from the case organizations as well we shall explicate on
the role of leadership competences and needed role in preparing organizational culture.
Alongside the importance of formalization, hierarchy, and integration of organizational
structures shall be discussion.
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Abstract. The aim of this research is to compare differences in language learn-
ing and affective factor outcomes, and to contrast the experiences of students in
two types of study abroad destinations—one where English is used as the lingua
franca, a common language usedmostly by non-native speakers of English, and the
other where English is used mostly by native speakers of English. To achieve this
aim, this research compares two previously published mixed methods evaluation
studies, one of 21 Japanese university students who studied in the Philippines and
another of 29 Japanese university students who studied in Canada. Outcome mea-
sures and qualitative experiences data addressed language proficiency gains and
changes in attitudes and affect such as motivation, willingness to communicate,
and language anxiety. An integrated mixed methods analysis highlights similar-
ities and differences of the mixed data findings between the two study abroad
destinations.

Keywords: Study Abroad · Outcomes · Canada · Philippines ·Mixed Methods
Research

1 Introduction

As reported by the Japan Ministry of Education, Japanese university students studying
abroad in traditional destinations such as the US and Canada have been decreasing while
undergraduates studying abroad in untraditional destinations such as the Philippines have
been increasing [1]. However, research comparing differences in learning outcomes and
experiences for these two types of study abroad (SA) contexts are lacking. To fill this
gap, this research aims to compare outcomes and experiences of university students on
short-term SA in the non-English speaking country of the Philippines, and a traditional
SA destination in the English-speaking country of Canada.

This research represents “stage three” of a body of research. In “stage one”, the
outcomes of 21 Japanese undergraduate students from short- term SA in the Philippines
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were reported based on amixedmethods design incorporating both quantitative (QUAN)
and qualitative (QUAL) data [2]. “Stage two” involved reporting of QUAN outcomes of
29 Japanese university students after short-term SA in Canada [3], as well as a mixed
methods case study design conducted by the additional integration with QUAL data [4].
As stage three, this analysis examines findings from stages one and two to clarify the
SA outcomes and experiences for the differing contexts of the Philippines and Canada.

2 Methods

2.1 Design, Research Purpose, and Questions

The study utilizes a pre- and post-experience comparative mixed methods design. The
purpose is to compare and contrast second language (L2) proficiency test scores from
survey data collected at pre- and post-short-term SA, as well as post-SA interview data
from students in the two destinations. This study had four research questions: (1) Does
short-term SA in the Philippines and Canada improve learners’ L2 proficiency similarly?
(2) Does short-term SA in the Philippines and Canada develop learners’ affective factors
of L2 willingness to communicate (WTC), L2 motivation, and L2 anxiety similarly? (3)
Based on post-SA semi-structured interview data, how do the SA experiences compare
between the Philippines and Canada? (4) What can be understood about L2 learning in
the different SA contexts by integrating the QUAN and QUAL data?

2.2 Situating Two Study Abroad Contexts

Philippines. For five weeks in the city of Bacold, 21 female Japanese students from a
single university in Tokyo studied English from Monday through Friday based on four
hours a day of one-to-one instruction and two hours a day of classroom instruction.While
speaking in their second language of English, Filipino instructors provided instruction
to SA students. Participating students stayed in a dormitory located next to the language
school with many SA Korean students. Participants used English in common areas. The
participants visited two orphanages and other activities organized by the program.

Canada. For four weeks in the Province of Alberta and British Columbia, 29 female
Japanese university students from two universities in Tokyo studied English Monday
through Friday for four to six hours a day. Mainly native speakers of English taught
them in classroom settings. All students participated in a homestay. Students who chose
to do so could participate in activities and trips organized by the program, e.g., visiting
museums and going on a ski trip.

2.3 Mixed Data Collection

All participants provided written informed consent to participate. For both SA destina-
tions, QUAN and QUAL data were collected with the same timing, pre-departure and
post-return. Table 1 lists the four measurement instruments used to collect QUAN data at
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Table 1. Data collected at pre-departure and post-return for the Philippines and Canada study
abroad programs

Measurement Instruments

1. English proficiency test (Computerized Assessment System of English Communication:
CASEC)

2. Willingness to communicate questionnaire
3. Language anxiety questionnaire
4. Motivation questionnaire

pre-departure and at post-return. For details of the instruments used, see the previously
published article of “stage one” of this program of research [2].

QUAL data for this research consisted of the interviews collected from all partici-
pants’ post-return. Each interview lasted approximately 20 to 30 min. Interview guide
questions were developed to match the four QUAN domains listed in Table 1. The inter-
views were conducted in Japanese, transcribed, then translated by the author to English
for dissemination. The interview guide is available upon request.

3 Results

Research question one was to investigate whether the short-term SA in the Philippines
and Canada improved learners’ L2 proficiency similarly. As shown in Table 2, both
groups made gains in language proficiency. Students going to the Philippines had lower
baseline proficiency, but made greater gains than Canada-bound students.

Research question two concerned whether short-term SA in the Philippines and
Canada develop learners’ affective factors of L2 WTC, L2 motivation, and L2 anxiety
similarly. Tables 3, 4, and 5 show that both groups made improvements in all domains.
As also shown in these tables, participants in the Philippines had greater gains for all
of the affective factors. In terms of L2 motivation, the Philippines group had higher
baseline and higher post-SA scores (Table 3). For L2 WTC, the Philippines group had
lower baseline scores and higher post-SA scores (Table 4). For L2 anxiety, participants
going to the Philippines had higher baseline scores and greater reduction in post-SA
scores than those who went to Canada.

Research question three was intended to compare differences qualitatively between
learners in the Philippines and Canada. For both groups, a variety of speaking practices
outside of the classroom was an important explanation for gains in English as shown
in Table 2. As in Tables 3, 4, and 5, students in the Philippines group strongly valued
individualized feedback during one-to-one instruction, and greatly benefited from seeing
active and natural L2 use in the lingua franca environment.

Research question four sought an overarching understanding about L2 learning in the
two different SA contexts by integrating theQUANandQUALdata. For both groups, the
measured increase in proficiency and decrease in L2 anxiety derives from opportunities
to speak English outside of class, though one-on-one lessons in the Philippines provided
notable benefit. Higher gains in scoring onWTC andmotivation to speak English for SA
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in the Philippines were largely attributable to having non-native speakers as role models
for SA in the L2 lingua franca setting.

Table 2. English Proficiency: Pre- and Post- Comparison of Language Proficiency and
Experiences of Japanese Female Undergraduate Students for Study Abroad in the Philippines
and Canada

Table 3. Second Language Motivation: Pre- and Post- Comparison of Language Proficiency and
Experiences of Japanese Female Undergraduate Students for Study Abroad in the Philippines and
Canada
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Table 4. SecondLanguageWillingness toCommunicate: Pre- andPost- Comparison ofLanguage
Proficiency and Experiences of Japanese Female Undergraduate Students for Study Abroad in the
Philippines and Canada

evidenced by

Table 5. Second Language Anxiety: Pre- and Post- Comparison of Language Proficiency and
Experiences of Japanese Female Undergraduate Students for Study Abroad in the Philippines and
Canada
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4 Conclusion

This research shows that short-term SA in a non-traditional destination like the Philip-
pines and a traditional destination like Canada effectively improved L2 proficiency, as
well as affective factors such as L2 WTC, L2 motivation, and lowered L2 anxiety. Use
of mixed methods joint display analysis [5] as seen in Tables 2, 3, 4 and 5 revealed that
the Philippine group had higher gains on outcomes for all 4 measurements. In addition,
by comparing the interview data from both SA destinations, one-on-one instruction,
instruction by a second language speakers of English, and living in a lingua franca SA
environment catalyzed improvement of affective factors for the SA participants in the
Philippines. These novel findings illustrating the benefits of SA in a lingua franca context
have not been reported previously. Methodologically this highlights the value of using a
mixedmethods research approach. As for study limitations, all participants in the Philip-
pines and Canada were female. Incremental advances in WTC and reduced L2 anxiety
in the Philippines appear attributable to living in a lingua franca SA environment, but
could also be influenced by the one-on-one instruction. The SA period in the Phillipines
was slightly longer. Caution should be used in extrapolating the results.
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Abstract. This paper aims to cross concepts and analytical approaches in culture,
strategy and urban tribes to provide a process that can diagnose brand communi-
cation pieces and larger campaigns within a specific cultural landscape or larger
contexts. With a mix of qualitative methods, this articulated critical approach
allows for the understanding of branding and strategic communication objects.
Within a scope of cultural analysis, it is possible to activate a textual reading that
highlights both visible and invisible webs of meaning. These impact the way we
read brand texts and can be made to inspire urban tribes and activate identification
mechanisms that inhibit collective mindsets. This cultural diagnosis process of
brand objects can generate important strategic insights for brand communication
and management.

Keywords: Cultural analysis · Strategy · Branding · Urban Tribes · Cool

1 Introduction

This research aims to contribute to the conceptual-methodological debate between
approaches that cross strategy and cultural analysis in terms of a strategic cultural anal-
ysis and management. We highlight the proposals of Cultural Branding [1], Cultural
Strategy [2] and Tribal Marketing [3] to see possible contributions of the latest to the
first two.

This is a diagnosis process and model to generate strategic guidelines. We start the
model with a review andmapping of methods, like semiotics, to understand the analyzed
cultural objects and their contexts. This is followed by an articulation with social groups
and the shared tribal link and bonds that objects may enclosure and manifest. This model
enables a solid diagnosis of brand communication and allows us to understand (i) the
construction and signs of brand cultural expressions and their possible associations with
urban tribes and (ii) deconstruct the applied cultural formula.With this, we gain strategic

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
R. S. Goonetilleke et al. (Eds.): AHFE 2021, LNNS 273, pp. 470–476, 2021.
https://doi.org/10.1007/978-3-030-80713-9_60

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-80713-9_60&domain=pdf
https://doi.org/10.1007/978-3-030-80713-9_60


Cultural Mediations Between Branding and Lifestyles 471

insights and generate better future solutions. To test the analytical component of our
model, we will apply it to a case study. Namely, an Instagram object of Nintendo Switch,
in an in-depth hermeneutical analysis of themix between brandDNAand lifestylesDNA.

2 Strategic Cultural Analysis for Brand Communication

In 2019,Gomes articulated conceptual andmethodological approaches of cultural brand-
ing and strategywith that of tribalmarketing. This suggested that applied cultural analysis
at the strategic level is gaining attention. We can see this mainly through the works of
Douglas Holt, Douglas Cameron, Bernard Cova and Véronique Cova [1–3]. These con-
textualized the proposal for a strategic management of culture with said approaches. The
proposed methodological roadmap can be applied in the development of communication
strategies and brand management, considering their relationship with the various audi-
ences and an attention to emerging changes in collective mentalities [4]. We take this
research as a starting point for our literary review and discussion. Here, cultural analysis
practices - from a critical perspective to field work or semiotic based hermeneutical read-
ings - take the form of an instrument that unveils sociocultural dimensions, dynamics
and shared meanings capable of generating strategic insights. The context for this work
starts with cultural branding [1] and strategy [2] and is followed by tribal marketing [3].

In 2004, Holt was already looking into cultural branding and the importance of
looking at culture as a source. The objective of this perspective is to create iconic brands.
According to Holt, “they have distinctive and favorable associations, they generate buzz,
and they have core consumers with deep emotional attachments” [1, p.35] but these are
to be understood as the result of successful mythmaking [1]. This way, we harness myth
to “commercial purposes” [5, p. 101]. “Customers buy the product to experience these
stories” [1, p. 36], so the main objective is to connect with narratives and meanings,
an identification process that is promoted by communication instruments. For this, the
author underlines the importance of having the right cultural expression: “the particular
cultural contents of the brand’smyth and the particular expression of these contents in the
communication. […] detail the brand’s stakes in the transformation of culture and society
and the particular cultural expressions the brand uses to achieve these transformations”
[1, p. 36–37].

In terms of cultural strategies, Holt and Cameron underline the concept of cultural
innovation as “a brand that delivers an innovative cultural expression” [2, p. 173]. The
authors largely elaborate on this idea, suggesting that cultural innovations have the right
ideology (a concept) expressed via cultural codes (a composition of elements that allow
a correct interpretation of meanings) that build a myth, which is built upon source mate-
rials (subcultures, media myths and brand assets) that delve outside a mainstream view
[2]. There is a link between this idea of cultural innovation and emerging socio-cultural
trends. As the authors underline, “the engine of cultural innovation is historical change
in society that is significant enough to destabilize the category´s cultural orthodoxy, cre-
ating latent demand for new cultural expressions” [2, p. 185]. Schroeder adds, “brands
are not only mediators of cultural meaning; they themselves have become ideological
referents that shape cultural rituals, economic activities and social norms” [6, p. 1523].
As representations of change, these expressions act as signals of socio-cultural move-
ments and trends. Thus, cultural innovations can also be understood as a creative/cool
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signal, the translation of socio-cultural changes and ideas emerging in the construction
and dissemination of certain objects (artifacts, practices, and representations). Cultural
innovations, resulting from an innovative cultural expression, are narratives and objects
that reveal disruptions and changes in socio-cultural orthodoxy [2], an understanding
close to the concept of “cool” [7–9]. To build cultural innovations and a cultural strat-
egy, Holt and Cameron underline six steps: “Map the Category’s Cultural Orthodoxy”;
“Identify the Social disruption that can Dislodge the Orthodoxy”; “Unearth the Ideologi-
cal Opportunity”; “Cull Appropriate Source Material”; “Apply Cultural Tactics”; “Craft
the Cultural Strategy” [2, p. 196–199]. In our diagnosis process, it is important to con-
sider the cultural orthodoxy and mainly the social disruption, the change. This will give
us an insight into the socio-cultural context and the nature of the emerging elements.
Also, understanding the source material will give us an insight into the used cultural
codes, the construction of the cultural innovation (via a cultural formula), and how the
elements were articulated to construct a narrative. We use a mainly hermeneutical app-
roach because, as O’Reilly states, “given the symbolic dimensions of culture, and given
that branding is a symbolic enterprise, a discursive-analytical treatment of branding as
discursive practice would open to way to a critical appraisal of the relationships between
business and culture” [10, p. 585].

Taking the highlighted role of identities and subcultures, and adding to this
conceptual-methodological roadmap, it is also important to consider the role of tribal
marketing. Again, we follow the review and articulation already established by Gomes
[4]. The perspective of Torelli [11] that an iconic brand symbolizes an abstract image
that can be valued by a subculture opens this discussion. But we underline the concept
of tribe as a gathering of a heterogeneous group of people connected by a strong link, a
shared passion/interest [3]. Or, as Canniford suggests, a group based on emotions that
have a diffused structure, “who, through the features of a hybrid, affectual, performative
and changeable tribal network, enter into productive, democratic and symbiotic dialogue
with market offerings. In so doing, they foster and nurture linking value” [12, p.70]. In
this sense, our analytical process must identify elements that may call out for urban
tribes. The cultural expression construction can take place in articulation with the tribes
or with tribes in mind, to generate identification processes and facilitate connections.
Tribes can be an active agent in the construction of objects, including communication.

3 Analytical Model and Methodological Process

This analytical process is built upon a model that allows us to define socio-cultural sig-
nals as cool [8] phenomena and as cultural innovations [2]. Its objective is to understand
the hidden cultural formula. It encompasses (i) the analytical perspective of cool signals
proposed by Rohde [7] and Dragt [13] in the description and decoding of cool charac-
teristics and trends associations; (ii) semiotics and ethnographic practices to understand
cultural objects and contexts as well as social groupings; followed by (iii) an understand-
ing of the shared tribal links [3] and bonds that objects enclosure andmanifest. This work
highlights the diagnosis case of brand communication. Registration and analysis should
follow the described process:
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1. Title, the illustrative visual element and source(s) for additional information. Fol-
lowing the scheme of Rohde [7] and Dragt [13], after presenting a title, the analyst
should add a visual element that illustrates the signal along with sources and links
that provide additional information and the date of the analysis.

2. Description of the main signal characteristics and context. Again, following the
scheme ofRohde [7], the analystmust highlight themain characteristics of the signal,
its visible elements, physical and functional attributes, creation date, production and
display contexts, among others that can give a clear description of the object. In a
communication piece it may also be relevant to highlight participants.

3. Connotative and denotative analysis, with the possible identification of myth(s). In
terms of cultural branding [1], it is important to be on the lookout for myths. For this
specific exercise, we follow the analytical procedure of Barthes [14, 15] and Volli
[16]. We start with a denotative reading (the more descriptive, immediate and almost
dictionary like meanings) of the signs (considering the signifier and the signified),
followed by a connotative reading (further associations) [14, 16, 17]. After this,
we unveil the possible myth that inhabits the narrative. As Barthes states, “it is
constructed from a semiological chain which existed before it: it is a second-order
semiological system” [15, p. 113]. Myths provide a more complex reading and a
wider network of association on top of the first reading, which only becomes a new
signifier. There is a parallel between this conception of myth and the advertising
sign proposed by Volli, as a process of mythical construction where there is a direct
connection between the (denotative) sign and the brand/product [16].

4. Interviews, inquiries and focus groups on the object. Only when pertinent, the ana-
lyst may choose to conduct interviews, inquiries or focus groups regarding the
brand/product and the reception of the communication object.

5. Cool DNA analysis. The analyst must go through the characteristics of cool, like
Rohde [7] suggests, to define the signal/object as cool or not. The Trends and Culture
Management Lab proposes a definition of cool, having followed an extensive literary
research of the concept [8], as something “relevant”, “viral”, “current”, “irreverent”,
“instigating”, and with a proposal of “discontinuity” [8].

6. Articulations with urban lifestyles and tribes. Following our literary research on the
topics [3], this specific exercise entails identifying if the narrative calls out to one
or more tribes by (i) identifying elements that may address identities and shared
passion/interests and (ii) finding the links between these elements.

7. Definition of the formula and cultural innovation based on emerging mindsets. The
analyst defines if there is a cultural innovation by identifying the change in the
cultural orthodoxy that the object addresses and the proposed solution [2].We review
the cultural codes [2] of this object, and we take into consideration the cultural
formula, the way in which the advert was constructed and the elements present in
the composition. We follow here the revision made by Gomes [18] of the Marlboro
case study developed by Holt and Cameron [2]: we cannot just copy and paste
cultural elements in communication pieces, “it is necessary to generate the right
context (characters, scripts, dialogues, music, among others) capable of managing
and articulating cultural codes […] and give rise to cultural expressions that meet
the expectations and emerging mindsets of consumers” [18, p. 63]. So, the focus is
on the formula presentation and articulation of cultural elements.
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8. Strategic Insights. Based on the results of the former exercises (from 1 to 7), the
analyst tries to understand (i) the creative germ(s) behind the object that may be
translated to others, (ii) the main strategic topic and (iii) the major socio-cultural
changes being addressed.

9. Articulation with identify[]ed socio-cultural trends. The final exercise, based mainly
on the results of exercises 5, 7 and 8, is to associate the signal/object with an already
identified socio-cultural trend(s) from the analyst’s chosen trend map/bank.

4 Case Study: Nintendo Switch, Mario Kart Live

1. “Mario Kart Live: the veil between the physical and the digital”.
Visual Element (video) in www.instagram.com/p/CF2U1wdDTu5, and additional
information in mklive.nintendo.com. The analysis took place on the 31st December
2020.

2. The object is a promotional trailer video for the “Mario Kart Live”, a game for the
Nintendo Switch console. Following the former Mario Kart(s), this game provides a
physical kart (with Mario or Luigi) equipped with a camera and cardboard gates that
can be placed in one or more divisions of a person’s home. When we play the game
on Nintendo Switch, the physical car reacts to our commands and the race starts in
the physical space and the console. The game generates other characters, and the
physical space is transformed in the screen adding visual elements of the game.

3. From a car to house elements (sofa, table, closets), plants, cardboard objects, and
game elements like bananas, shells, bullets, among symbolic characters, all com-
pose a list of signs that provide denotative readings. As a whole, the connotative
reading is one where Mario related elements mix with our personal physical reality:
“Mario Kart/World can be anywhere, including your living room; Mario world is
your world”.

4. Following other games that blend the physical and the digital world, this is another
cool signal that shatters that division of realities. Also, considering the current con-
text of pandemic and social confinement, it provides means to transform our home
into a new space adding to (i) the important ways in which we are transforming
our relationship with our personal spaces and (ii) the way we define home and its
dynamics.

5. There is a connection to gamers, although it is not exclusive and can enroll new
players in family/friends’ dynamics and Nintendo lovers in general. It highlights a
Super Mario symbolic world, elements we recognize (images and sounds) from the
former games, and it appeals to a competitive spirit, among other gaming elements.

6. The trailer is created to have a descriptive and explanatory nature. Narrative takes
place at two levels enacted simultaneously: (i) it explains how to set the game in the
space and console and how play it - a simple how to assemble and do it; (ii) also, the
trailer takes you to the Mario Kart symbolic world, starting with Super Mario to take
you further into race sets and their elements, among other characters. In general, the
formula is assembled by mixing the physical and game elements so that we see the
transformation of our home into a new world filled with the characters/elements of
Mario Kart in an increasingly immersive story.

http://www.instagram.com/p/CF2U1wdDTu5
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7. Strategic Insights. Considering the increasing time we spend in the digital world,
there is much to do in terms of articulating the physical reality with the digital one. It
is more than providing augmented reality, it is about changing spaces, functionalities
and adding experiences taking the familiar spaces to new places: create realities!

8. Considering the Trend Map of the Trends and Culture Management Lab [19], an
academic and scientific project, we can associate this signal mainly to the “Anchored
Narratives” and “Lifestyle Redesign” macro trends.

5 Final Considerations

The proposed model articulates concepts, practices and perspectives from cultural anal-
ysis, cultural branding and strategy, and tribal marketing into an approach of strategic
cultural analysis and management. The model has a mainly hermeneutical process that
calls to semiotics readings and also the reading of creative/cool signals that comes from
Trend Studies. It allows us to go deep into the meanings of a signal, in this case a
strategic communication object, to understand its cultural context and to generate strate-
gic insights. It can be applied as a diagnosis tool in the final stage of approval of a
communication piece; or it can be a benchmark exercise for new objects.
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Abstract. Factors common to past accidents and incidents were identified by
analyzing and summarizing background factors related to accidents and incidents
caused by vehicle and equipment inspection and maintenance errors. As a result,
measures for improving railway safety were classified. Reports on railway and
aircraft accidents and serious incidents in Japan were analyzed, and their back-
ground factors were identified. Then, these factors were classified using the m-
SHEL model. The results indicated that work environment-related factors were
observed in 80% of the cases.

Keywords: Accident · Incident · Railways · Background factors · m-SHEL

1 Introduction

On August 8th, 2015, aWest Japan Railway Company’s (JRWest) eight-car Shinkansen
was traveling from Shin-Osaka to Kagoshima-Chuo Station at approximately 295km per
hour through the Shiroumaru Tunnel. Then, the side closure plate installed on the left
corner of the second car fell off and collided with the left side of the third car and injured
passengers. The increased torque on the bolt attaching to the side closure plate, which
did not have the specified torque value, caused this accident. As a result, the bolt fell
off because of the moving train’s vibration. After conducting tests, the Japan Transport
Safety Board (JTSB) reported that maintenance errors when installing the closure plate
caused the accident. Inspection workers did not identify this fault, even though regular
inspections had been conducted before the accident [1].

Regular inspections and maintenance ensure the safety of public transportation,
including railways. JR West is conducting inspections of Shinkansen cars every two
days, regular inspections every 30 days or every 30,000 km, bogie inspections every
18 months or every 600,000 km, and general inspections every 36 months, or 1,200,000
km. Accidents might happen if there are specific errors during these inspections. It is the
essential task of every worker to reduce human errors and conduct accurate inspections.
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This study identified factors common to past accidents and incidents by analyzing
and summarizing background factors resulting from equipment maintenance and vehicle
inspection errors and clarified measures to improve railway safety.

2 Method

The present study analyzed ten cases [3–11] based on reports by JTSB. These cases were
accidents and serious incidents caused byhuman errors during inspections ormaintaining
railway vehicles or large aircraft. Regular inspections are conducted on railway vehicles
and aircraft based on the distance they have traveled or the number of days. Much of this
work and inspections are conducted by humans, which might result in human errors.
Human errors are caused by individual workers and by different background factors.
This study used the m-SHEL model [2] for analyzing background factors in human
errors (Fig. 1). The m-SHEL model classifies human error factors into five categories;
Management, Software, Hardware, Environment, and Live-ware, or the people that work
and related others. People are at the center of the model, and problems occur when there
is disharmony between these people and their surroundings.

Fig. 1. m-SHEL model.

The “L” at the center of the m-SHEL model is the person conducting inspections
or maintenance. To extract the background factors, two workers with on-site work
experience conducted an analysis using the “Why-Why” analysis (or the 5Whymethod).

Figure 2 shows the results of analyzing faulty vehicle parts that were not detected
during inspections, which caused the personal injury accident because a side closure
plate separated (JTSB, RI2016-5). We repeated “Why?” for the events described in the
report and visualized their background factors. The last item at the end of a branch was
classified into the m-SHEL model.

3 Results

Table 1 shows 15 background factors of ten cases that were classified according to the
m-SHEL model and the percentage that each factor was observed. “L1: insufficient
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Fig. 2. An example of “Why-Why” analysis

understanding and experience” was observed in five cases because of factors related to
the person making errors, including “Not understanding why the rule was made”, “Not
understanding the characteristics of electric wires or flux, or points to note when using
them”, and “Doing the work for the first time”, among others.

“E4: problems in the work environment” was observed in eight cases caused by
factors related to the dark and small space that is difficult to check or work, among
others. Inspection and maintenance work of railway vehicles and aircraft is sometimes
conducted in small and dark places, including under inspection covers, which could have
caused such problems (As shown in Fig. 3).

“L-H: structural problems,” including “vehicles of the same model sometimes have
different structures” or “clear signs are not posted,” was detected in six cases, and “L-S:
problems in manuals and checklists”, including “there are no manuals” or “checkpoints
are unclear”, was also observed in six cases.

Regarding management-related problems, “m4: call for attention” was detected in
two cases, including attending too closely to the items that were identified as priority
checking items based on previous cases and not attending to surrounding items, which
resulted in overlooking faults.

4 Discussion

The results indicated eight cases included background factors related to the work envi-
ronment. The darkness in thework areawas observed in five cases, and locations difficult
to work or check were observed in three cases. Several areas of a large structure, such as
railway vehicles, cannot be properly illuminated for inspection andmaintenancework by
only using general lighting. Ensuring good visibility is an important factor for successful
visual inspection. More careful work or local lighting is required to ensure visibility.

The background factors of the two cases was a call for attention to similar cases
causing inspection errors.Notificationmethods should be improvedwhen adding priority
checkpoints to prevent such errors.
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Fig. 3. An example of working in small and dark space

We plan to contribute to further improving railway safety by increasing the number
of cases that we analyze.
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Abstract. The postmodern, ambiguous and ambivalent social and cultural reality,
undergoing never-ending fluctuations, leads to a radical social change expressed as
permanent self-creation. The driving force behind it is the desire for equilibrium
on the one hand and conflict and tension in the social structure on the other.
The multidimensional global changes which affect the modern world and touch
nearly all aspects of social existence seem unavoidable, and their complexity hard
to grasp. This world’s globalist tendencies have deprived today’s society of the
stability which was taken for granted in the modern industrial society era. All
the same, the dialectic character of the globalization phenomenon determines
the ability of societies to anticipate hazards and handle them on the individual,
social, and global level. New opportunities and new possibilities arise on micro
and macro scale, accompanied by anxieties and fears which form the outlines
of the society of the future. The strictly global discourse on contextual theory of
reality, determinants of change in the social system, and the situation of themodern
man who lives in a random global structure and is made to find their place in the
constantly changing reality, is one of the most important ones for the discussion of
the phenomenon of “borderless careers”. The qualitative aspects of the evolution of
relations between globality and locality, society and the individual, and their links,
are not without consequence for the multicontextual changes in the labor market,
which present new challenges to employees. This vision implies a completely
new perception of reality, the methods of interpreting the world and the quality of
opinions on the situation of the modern man – including man as the manager of
their owncareer. This vision implies completely newways of interpreting theworld
in which “a career makes a career” – they are problems of “a borderless career”,
“a varied career”, “a post-corporate career” as a novum, of sorts, in the planning
of a broadly understood career, the rise in importance of having a career and the
ability to plan, manage and monitor one’s own career in the perspective of one’s
whole life. The most important to an individual – internal – meaning of a career
must be juxtaposed with its external characteristics. The co-existence of cognitive,
normative, emotional and behavioral components is accompanied by the objective
of achieving things that are desirable for the individual in their career. Engaging
in a career is characterized by the development of personal career objectives,
attachment and identificationwith these objectives and, finally, becoming engaged
in them. Changes in the world of “borderless” careers shine a new light on the
problem of individual proactivity – an individual’s proactive behaviors in their
career. A distinguishing feature of proactive career planning, development and
management is the awareness of being an agent who takes steps in the direction
they themselves desire, and shapes the surrounding reality by initiating changes.
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Proactivity understood as an individual’s attitude is revealed in the processes of
striving for goals and objectives, which in effect turns the individual into the
creator of reality rather than a mere forecaster. Proactive persons will explore their
environment in search for opportunities for change, think outside the limitations
of a situation and handle it in such a way as to mine it for benefits resulting
from changing it. Career development in the world of “borderless careers”, in the
reality of a globalizingworld, affords to an individual amultitude of ways to create
themselves and foster their inherent potential.

Keywords: Globalization · Career · Professional identity · Boundaryless career

1 Introduction

The transformations of the contemporary world and the attempts aimed at characterizing
the broad context of processes related to globalization leadus to seek answers to questions
concerning the origins and the scope of the concept of globalization. The notion of
“globalization” is one of the terms bearing ambiguity and is sometimes interpreted
in various ways in the literature. The following theoretical considerations on what the
concept of globalization denotes and connotes present an attempt to bring this commonly
used and ambiguous term closer to the reader by reviewing themost important definitions
and aiming to identify some of the most frequently occurring elements of meaning to
define the phenomenon of globalization that interests us.

2 Origin and Scope of the Concept of Globalization

The issue of globalization as a description of a common denominator for the peculiarity
of processes taking place in the world has been the focus of interest of various sci-
entific disciplines (philosophy, sociology, political science, cultural studies, pedagogy,
economics) quite recently, so it does not have an established and rich tradition. The
first sociological article in which the term “globalization” appeared in its title was the
text by R. Robertson (1985), entitled The Relativization of Societies: Modern Religion
and Globalization [1]. It is only in the 1990s that we notice - as M. Waters states -
the globalization of the use of this concept, which becomes ubiquitous and may consti-
tute a basic category of humanist discourse and as a less controversial term, it replaces
the concept of “post-modernism” to describe the transformations of the contemporary
world [2]. The term has become a part of the “global consciousness”, a concept capturing
“global” aspects. Although the adjective “global” was in use much earlier (to denote the
“world-wide range” and “totality”), it is symptomatic of contemporary empirical interest
in globalization to focus on describing global interdependencies [3].

The starting point for considering the broad spectrum of the issue under discussion
is the recognition of globalization as a phenomenon. In those terms, globalization is
understood as the fact that “can be observed, perceived with the senses, as something
unique” [4], “occurring in some field” [5] or fields. Considering globalization only as
a process, i.e., a course of causally related, successive changes constituting stages of
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development, transformation of something [6], only partially brings this phenomenon
closer. An inherent feature of considerations concerning the globalization is to pay
attention to the structure and function of this phenomenon. Thus, in the analyses of many
authors it will be possible to see a qualitative diversity of approaches to globalization, in
process-related, structural and functional terms, interpreted as a phenomenon that plays
specific roles, contributing to the image of the complexity of the contemporary world.
Moreover, as R. Robertson points out, the diversity of “responses” to globalization has
an impact on the quality, direction and outcome of this process, allowing us to conclude
that the shape of the “global field” is to a large extent “dependent on ourselves” [7].

According to M. Albrow, globalization refers to all those problems by which the
nations of the world are integrated into a single world society, the global society [8].
The direction of similarly understood transformations which cover the entire globe, is
illustrated byR.Robertson, claiming that globalization is a set of processes that create one
common world [9]. The position of R. Robertson, referred to as “voluntaristic theory”, is
based on the belief that individuals, societies, “systems” of societies as well as humanity
as a whole should be treated as a single, coherent analytical framework. The avoidance
of reductionism, with its overtly functionalist, utilitarian and materialist forms, is an
equally important issue in this regard. “The global field”, as a whole, is a socio-cultural
“system”, which on the one hand is the result of “world compression” but on the other
hand -makes cultures, civilizations, ethnic groups, national societies, “intra-” and “cross-
” national movements and organizations independent [10]. Processes coupled with the
phenomenon of globalization are often treated as diffusions of cultural patterns and
referred to as westernization, macdonaldization (G. Ritzer) or Americanization, which
is emphasized in their analyses by H.P. Martin and H. Schumann, when they write that
America admittedly is not everything, but without America everything has been nothing
so far [11]. M. Golka adds that nowadays the world watches the mythical America, and
America shows themythologized, crafted world [12], contributing to the development of
widely understood consumption. The views presented are linked by the attempt to define
globalization as a phenomenon or process aiming at the creation of a homogeneousworld
and a single common society - the world society. From the perspective of the approach
discussed, all transformations of the contemporary world are recognized as cultural or
civilization influences, covering the area of the entire globe. It is difficult to answer
unequivocally whether globalization is simply a process of homogenization, since the
forces of fragmentation and hybridization are equally strong. More convincing is the
interpretation of globalization that emphasizes its heterogeneous nature [13].

3 Globalization as a Phenomenon Arising from the Process
of Diversification and Cultural Pluralism in the Contemporary
World

Out of opposition to conventional theories of social modernization (and in particular
their “western-centrism”) and lack of interest in civilization and cultural diversity, the
perspective of recognizing the world as a whole evolving in “globally” suggested direc-
tions was born. According to M. Golka, globalization has not created a homogeneous
world and it is not clear whether this vision will ever materialize. An echo of this opinion
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can be found in Featherstone’s statement claiming that the current process of global-
ization, which contradicts earlier expectations of an increasingly homogeneous world,
leads to an increasing sensitivity to difference, is a consequence of the fact that the flows
of information, knowledge, money, goods, people and ideas have intensified to such an
extent that the sense of spatial distances that separated and isolated people from the
need to take into account all the other social actors that make up humanity has been
destroyed. As a consequence, we are all in each other’s backyard [14]. Globalization as
a phenomenon arising from the process of diversification and cultural pluralism in the
contemporary world is situated in the context of L. Roniger’s considerations. According
to the author, globalization is both the diffusion of specific models of economic devel-
opment, growth, market development and the corresponding adaptation or rejection of
cultural patterns of westernization [15]. In this context, globalization should rather be
understood as a worldwide web of interdependencies, affecting individual societies and
states, so that they are a part of a certain entirety [16]. The best-known representatives
of the approach under discussion: A. Giddens, A. McGrew and P. Streeten, argue that
globalization seen as interdependence, interaction, intensification of relations between
states is an expression of perceiving the world as a web of connections and only in this
context can globalization be treated holistically and its civilization-related implications
indicated. Underlying A. Giddens’ considerations is the assumption that globalization is
the intensification of social relations with a worldwide scope, which connects different
localities in such a way that local events are shaped by events occurring many thousand
miles away and influence them themselves [2]. In specifying the scope of this concept,
it should be recognized, following A. McGrew’s reasoning, that globalization consists
in the multiplicity of connections and interactions of states and societies that make up
the current world system [17]. Consequently, as L. Roniger points out, globalization
is characterized by: “transnationalization of cultural patterns, continentalization of eco-
nomic exchanges, regional transnationalization and the growing role of localism” [15]. P.
Streeten also draws attention to the aspect of deepening world connections in almost all
spheres of the contemporary socio-cultural, economic and political life, defining glob-
alization as intensification of economic, political and cultural relations across borders
[18].

At the root of the above statements, there is no resolution as to whether the term
globalization refers to global consequences or global undertakings. The answer to this
question is provided by Z. Bauman, emphasizing that the ubiquitous concept of glob-
alization most often refers to global effects, still unintended and unforeseen rather than
global initiatives and undertakings. A consequence of this view is the recognition of
globalization as a largely uncontrollable, spontaneous and also irreversible process,
where it is simultaneously difficult to determine the state of globalization in the con-
temporary world, whose fate depends largely on chance at the level of global activities,
dependencies and interests. Perspectives of viewing the globalizing world are therefore
difficult to grasp due to their dynamic and always in the process of becoming nature.
This view finds contemporary confirmation in the deliberations of Z. Bauman, accord-
ing to whom the notion of globalization conveys the indeterminate, unpredictable and
autonomous character of the world and its affairs, the absence of the center, the absence
of the desktop, the team of directors, the board office. Globalization is another name
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for the “new world disorder” [19] and refers directly to G.H. von Wright’s “anonymous
forces”; forces operating in the void, in a foggy, sinuous and untraversable “no man’s
land”, stretching beyond the reach of anyone’s capacity for concrete planning and action
[20].

The above considerations indicate that the nature of the concept of globalization
is complex and that it is difficult to determine its basic meaning. However, it can be
concluded that the problematic scope of this term has the character of a historical and
social construction taking into account the temporal dynamics of many socio-cultural
and civilization processes that constitute the image of the contemporary world, which
indicates the relative novelty of the concept of globalization.

4 The World of “Infinite Careers”

The contemporary globalizing society in the world of rapid economic fluctuations tries
to respond adequately to the inevitability of the updated fourth wave in economics, to
which J. G. Maree and Z. Pollard pay special attention [21]. Contemporary processes of
globalization of the global economy, its reorganization and restructuring, foster consid-
erations on the specific nature and predominance of the global economic transformation
[22, 23]. Undoubtedly, a constituent element of the phenomenon of economic global-
ization and in particular the development of free market economy, are the changes in
the occupational environment, the structure of work, the perception of work and also
in the sphere of characteristics, meanings and values attributed to work. It is difficult
to overestimate the significance of these changes for the quality of career construction,
career progression and the modification of its tailored paths.

The world of careers is a world of numerous micro-transitions. In the “portfolio”
of micro-change, the time between them is shortened - after a period of stability, re-
separation occursmore andmore quickly.Moreover,multiple career transitions canoccur
simultaneously [24]. The conceptualization of a qualitatively new approach to the issue
of career as a “property” of an individual, points to the multidimensional nature of the
contemporary discourse, which combines the implications of interdisciplinary dialogue
and creates the need to review theoretical reflections on the ways of understanding the
career and the conditions and determinants of its formation. There is no doubt that active
coping in the reality undergoing permanent change requires adaptation to the constantly
changing context of individual career creation, while the new way of thinking about it
means, as W. Lanthaler has put it, being a manager of knowledge in your own case [25]
and constructing a specific career “portfolio”. In career capital, as opposed to social or
cultural capital, special attention is paid to personality as: a) a commercial value being the
object of potential transactions for other forms of capital; b) reproducible, i.e. modified
value from the point of view of preconceived assumptions; c) deliberately constructed
value developed by the subject taking into account temporal dynamics [26]. Hence the
conclusion that the contribution of the theory of development in the recognition and
interpretation of the peculiarities in the human life cycle and personality development
in relation to the definition of the cognitive field of human career development (whether
it refers to the whole, the most important part or most of the components of the object
of cognition), as well as the phenomenon of investment and renewal of career capital
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is difficult to overestimate. The immanent property of career capital renewal is the
continuous development.

The image of an individual as a causal agent is an important theoretical construction.
This problem is outlined by Herr (1992), stating that it is individuals who are capable
of creating careers. Careers do not exist, just like professions or jobs [27]. This specific,
as K. Obuchowski notes, shift of orientation of an individual from external conditions
of being to internal conditions [28] inclines to consider the career in connection with
the individual as an individual being whose property is the individual career [29]. At
this point it is important to recall a fragment of Collin and Watts’ (1996) discussion in
which the authors assume the need to re-evaluate career thinking. They state that it is
necessary to focus more on career as a subjective construction of the individual rather
than on career as an objective construction [27]. Accordingly, the subject develops a
career on the basis of perceptions and attitudes towards it, which means, as Patton and
McMahon (1999) emphasize, that a career is a pattern of influences that coexist in an
individual’s life [27]. This view represents the individualistic tendency of the individ-
ual (ambition, sense of empowerment, motivation to act), which finds its legitimacy in
economic theories that promote investment in human resource potential within organi-
zations [30]. This view is a framework for thinking about careers as a “property” of
an individual, taking into account individual career choices, individual career planning
strategies or individual stages of career development. For the evaluation of this position,
a critical aspect is to emphasize that while individuals, to a large extent, exercise control
over their careers, their management must also take into account the stream of intra-
organizational experience that forms the mechanisms of the career system. Recognizing
a career as “a property of an individual” (Y. Baruch - 2004, A. Bańka - 2005), is based
on an individualistic assumption about the unique quality of each person’s career, as it
is the accumulation by an individual of a series of unique workplaces, jobs, positions
and professional experiences [31] and the responsibility of the subject for constructing
his/her career. In the foregoing approach to the career, several varieties of its recognition
can be distinguished, which is classified by A. Bańka, indicating the selected distinctive
criteria of career: the criterion of promotion, the criterion of profession, the criterion of
stability, the criterion of practicing work. The contemporary approach to the definition of
career is not limited to aspects related to the practice of promotions, the possession of a
specific profession, the satisfactory professional situation of an individual or the stability
of the internal links of the content of the profession practiced. A much broader scope
of what is denoted and connoted by the notion of “career” contains in addition to the
purely professional situation, also the level of psychological well-being, understood as
the absence of tensions disorganizing the activity of the individual, economic and social
prosperity, and a successful family situation [32]. Contemporary approaches to careers
also emphasize the importance of activities that are not directly related to work, such
as leisure activities, recreation, education and family roles which are associated with
employment [33]. This less restrictive approach to defining the “career” emphasizes the
importance of constructing (rather than choosing) a career for designing the quality of
life [34]. A career understood in such a way, as D. T. Hall puts it, means a sequence
of experiences of an individual (understood as shaping of internal processes of an indi-
vidual, such as: ambitions and aspirations, satisfaction, self-image, attitudes towards



Globalization, Cultural Pluralism and the Space of the Human 489

work under the influence of changing roles) [35] related to the professional role fulfilled
by him/her, constituting his/her professional life history. As A. S. King (1999) states,
the psychological strength of one’s own identity, insight into oneself and endurance in
pursuit of career goals represent the main components of motivation and “commitment”
understood as engagement in the career as well as cooperation, cohesiveness in an orga-
nization [36]. A single person, as an individual, assigns specific individual meanings to
selected elements of reality thanks to his/her ability to read cultural codes, creates his/her
own individual record and has a history ahead of him/her. He/she constructs his/her own
life, and thus his/her personal career by identifying (assigning meanings to) his/her own
professional behavior and numerous workplace experiences [37], also assigning mean-
ing to the context in which these experiences occur. The assumption of responsibility
by an individual for seeking the meaning of his/her role in the practiced profession, the
source of which Ch. Handy, author of the work entitled The Age of Paradox, attributes
to: direction (the individual’s feeling of acting for a legitimate cause), continuity (the
subject’s belief in the survival and continuation of the products of his/her work) and
connectivity (participation in a community with which one identifies oneself and co-
creates), is a lifelong process and a lifelong learning task [38]. The British scholar adds
that themeaning will come to those who develop their own sense of direction, continuity,
and connectivity [39] in what they practice professionally.

The broad view of the career as a “property of an individual”, the cognitive attitude
dictates looking for a set of elements constituting this position. This seems to be neces-
sary to determine the scope of the properties of constructing a career “portfolio” within
the theoretical tradition chosen. An important element of the distinguished definitions
of “career” is their clear subjective, personal shape. The career is always attached to a
specific individual, it is a state of his/her possession and this is what gives it its specific
individual meaning. We do not turn to emphasize the practiced profession (e.g.: I have a
profession…) but “being” a representative of the practiced profession (e.g.: I am…). The
occupation is only the context within which one’s own career develops, which is shared
by everyone who works or even (as in the case of the unemployed), seeks work [40]. In
this sense, each subjective career has a unique nature. Based on these assumptions, D.
T. Hall emphasizes that the career is an arrangement, a sequence of work-related expe-
riences of a particular individual, it is a unique arrangement, imposed by autonomous
choices [41]. This is not surprising, since individual dreams, desires, longings and images
constitute one’s own, most personal model of a life ideal [42]. Another element in the
subjective approach is the attention paid to the existence of determinants in developing
the individual’s career. Both objective and subjective factors, considered in isolation,
do not exhaust the scope of the concept in question. The holistic approach to the issue
of career development takes into account both objective elements (e.g., responsibilities,
positions, activities, roles, career decisions) and subjective elements (values, aspirations,
attitudes, expectations, needs, orientations, emotional and feeling aspect of work expe-
riences). An individual managing his/her career can change either objective elements
of the career development environment (e.g.: change of job) or subjective elements
(e.g.: change of expectations). Moreover, in the case of a career similarly developed and
revealed by individuals, systematic changes occur in both the objective events associated
with labor market dynamics and the subjective reactions of the subject to these events
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[40]. The subjective perception and feeling of the career means that what is a career for
one individual is a minor distinction for another one [43]. The career process, as D. T.
Hall recognizes, is therefore the resultant of two dimensions: what is observable (the
objective dimension) and what is not observable (the subjective dimension), which are
closely interrelated [44].

Adaptation to an amorphous environment takes place through the practice of learn-
ing the new context in which one participates, also contributing to its change. The power
of influence on the current situation, or on the social environment, is of tailored nature
and depends on the subject’s inclination to take active measures that indirectly trigger
these changes in the environment. Contemporary studies on school quality should take
into account its broadly defined pro-developmental dimension referring in essence to
the level of what T. S. Bateman and J. M. Crant have called the shaping of individuals’
proactivity. Initiality, as a distinguishing component of proactive behavior, understood
as the ability to initiate action and gather resources and support for the change process
whose essence is not narrowed down to the initiation of change, but extends to the feature
of involvement in the process of achieving the goal of bringing change to completion
[45], seems too important at the educational level to be omitted. The space of education
fosters and increases the chances of assigning meaning to the subject’s right decision
for the future. A temporal orientation towards the future will allow the individual to
better focus on the “choice” rather than on the “fate” or “randomness”. This thinking is
closer to the promotion of autonomous causal subjectivity than to adaptation to existing
conditions. A path of subjective activity is facilitated by an educational impact that is
oriented towards openness to new possibilities and situations rather than uncritically
anchoring traditional homogeneous assumptions and rules. The proactive behavior, as
intentional actions by a subject, has been the focus of interest of Z. King, (2004); R. A.
Noe (1996); C. Orpen (1994). The studies allowed to distinguish two groups of proactive
behavior components which can be described as: cognitive components and behavioral
components [46]. The main characteristic feature of proactivity is undertaking the ini-
tiative to change the environment, which means that the individual has the ability to
shape the environment to an extent that exceeds the ability of the environment to shape
behavior [47]. The pro-development approach as a cognitive practice and implemented
in a continuous way, recognized as a turn towards the development of a proactive per-
sonality, will be the “foundation” for the constitution of the following qualities: seeking
change, seeing opportunities, creating situations, taking initiative, taking action [48].
The way we think about proactivity as a personality feature and proactivity as an atti-
tude of commitment resulting from contextual conditions, needs and circumstances has
been significantly affected by the views of T. Bateman and J. M. Crant. According to
the authors, proactive individuals are distinguished by seven interrelated characteristics.
Emphasizing the personalistic dimension in the culture of school reality and embarking
on the path of (self-)education means concentrating on the creation of the following
qualities: seeking opportunities for change, setting effective and change-oriented goals,
anticipating problems and taking countermeasures, searching for ways to achieve goals,
embarking on the path of action with the awareness of risk and assuming responsibility,
persistence in the pursuit of the goal and achieving the goal, demonstrating achievements
and implementing changes by affecting the environment [49]. An important aspect of
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the proactive status and conditions, a personality feature highlighted by E. W. Morrison
and C. C. Phelps is the “responsible commitment”. This construction is defined as a
meaningful effort by a subject targeted at negating the status quo in order to introduce
functional changes in the scope of the tasks performed [50]. Similarly, the concept of
Frese, Kring, Soose and Zempel (1996) emphasizes the problem of personal initiative
of the subject. It defines proactivity as the behavior oriented towards taking the initia-
tive (doing something when no one tells them to and when the role does not require
it; long-term focus, anticipation of future problems or opportunities), and persistence
(overcoming limitations so that changes can occur) [51].

While looking at the issue of career development as a problem in the “boundaryless”
career world, the emphasis is placed on the fact that the responsibility for shaping
careers is shifting from the organization to the individual and the basic feature of the
post-organizational era is the orientation towards knowledge which, being appreciated
on the labor market, is becoming the basis for the subject’s mobility within the career
[52]. The classification of careers of international itinerants developed by M. Banai and
H. Harry can be considered as a continuation of the foregoing typology. In the world
of “boundaryless” careers, eight types of managers can be distinguished. The career
models proposed by the authors are not mutually exclusive which means that a subject in
a career can belong to several types within the systematization. The self-managed career
of international itinerants can be systematized by indicating: a) “failed” expatriates
from international business organizations, b) managers with exceptional expertise, c)
cosmopolitan professionals, d) individualists, e) returning citizens and f) innovation
seekers [53].

“Failed expatriates” are international itinerants who have chosen to settle abroad
as a result of “failure” in relation to their employing organization but not necessarily
in relation to the development of their career prospects. It is not uncommon for peo-
ple who choose autonomy and independence to orient themselves towards the style
of an international itinerant. The ability to freely construct a career (which a traditional
employer is unlikely to offer) is the driving force behind action in the career. Exceptional
professionals are international itinerants who have learned their craft well. Constantly
updating their knowledge and developing their talents in an international market where
they can sell their knowledge, they move from one contract to another, doing work for
the company that won a tender for the project. Cosmopolitan professionals are interna-
tional itinerants with professional knowledge, skills and abilities that are updated in a
cross-cultural environment. They highly appreciate the opportunity to work in an inter-
national environment and career mobility. Emphasizing the role of early socialization, it
is stressed that in these people the lifestyle they lead during childhood, adolescence or
early adulthood often allows them to multiply their circles of identification with foreign-
ers or other international itinerants rather than with their compatriots [54]. Individualists
are international itinerants with the professional knowledge and skills to perform a spe-
cific task or project. Each project is treated as a stopover “for a while”, after which they
continue their journey. The difference between individualists and exceptional profes-
sionals is that in their case “self-direction” (the employer does not guide them, but only
gives instructions and specifies the time and budget) is more important than expertise.
Returning compatriots are international itinerants who, as valuable workers, decided to
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return to their homeland. These are usually students andmanagers who have gone abroad
(usually from a developing country to a developed country) to acquire education, plan
their prospects and develop their careers. However, it happens (this practice is prevalent
in South-East Asia and China) that when they return to their home country they have
a lower salary (with the same qualifications and experience) than expatriates simply
because they are compatriots. Innovation seekers as international itinerants do not feel
a close bond with their homeland. Despite having formal attributes of being assigned to
their country (having a passport and a citizenship) they feel part of a larger community
and even a world community. The global village allows them to seek employment in
the global labor market. It is not uncommon that having a partner of a different race,
religion or nationality, on the one hand, opens the “wandering” to other communities
and on the other hand, cuts them off from the community in which they grew up [55].
To a certain extent, the international career of itinerants is like a product that one has to
keep investing in and keeping on the market. Career self-management is about making
sense of the multitude of opportunities found in the world.

5 Conclusion

Summing up, it should be stressed that the vision of the world of constant fluctuation,
ideas that undermine the existence of “once and for all” career competence, emphasize
the need to focus on the issue of “proactivity”. The development of career competence
is a kind of postulate concerning the human condition, which is not without significance
for the shape of the social order. It is a continuous process of the subject acquiring
new skills and improving existing ones. The multiplicity, fragmentation, variability and
complexity of forms of social life organization influence changes in the perception of
career development and overcoming the tension between the experience of the past and
the opportunities of the future. The individual as a conscious creator of his/her own
biography participates in the process of “investing” in the career capital.
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Abstract. Chile is recognized as a highly centralized country, the literature in
general and organizations such as the OECD identify Chile with a strong eco-
nomic dependence on a few regions, where in addition, the OECD itself points out
that this centralization and concentration limits Chile’s capacity for increase. The
main objective of the following research is to analyze the degree of incidence of
macroeconomic, social, territorial and political variables that influence the foreign
trade of the political-administrative regions of Chile with the World. Evaluating
the impact of trade liberalization policies on the development of productive activ-
ity in the political-administrative regions of Chile. Regarding the methodology, a
formulation of a commercial gravity model will be carried out applying the anal-
ysis methodology of panel data, considering for this the regionalized import and
export figures, extracted from the customs databases, comprised between the years
2010 and 2019 and information from different national and foreign data sources
published as open sources. Thus, it seeks to obtain a regional econometric analy-
sis instrument that identifies the main variables that influence the flow of regional
trade in Chile, and consequently measure the degree of territorial deconcentrating
achieved from the international trade of Chile’s regions as a percentage.

Keywords: International trade · Latin America · Gravity model · Econometric
modeling

1 Introduction

At present, Chile and its trade policy are proclaimed as the country with the great-
est access to part of world trade (88% of World GDP), data from the Organization
for Economic Cooperation and Development (OECD) for 2019, record 29 Free Trade
Agreements (FTA), facilitating access to 65 world economies with a total of more than
4.9 billion people. This commercial dynamism made Chile stand out that same year as
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the largest exporter of various products, for example: fresh plums, sea urchins, algae,
salmon fillet, iodine and lithium, coniferous cellulose and copper cathodes. Evidence of
a diversity of products beyond traditional mining [1], also sensing a productive export
dynamic throughout the national territory.

Chile is recognized as a highly centralized country, the literature in general [2–5] and
organizations such as the OECD identify Chile as having a strong economic dependence
on a few regions, where the OECD itself also points out that this centralization and
concentration limits Chile’s ability to growth [6].

Chile has an economic model open to the world that favors trade and investment
[7], this country economic model has generated in recent decades a growing network of
trade agreements and free trade agreements with countries and trade blocs throughout
the world, with a total of 29 trade agreements in force [8], and according to the Organiza-
tion for Economic Cooperation and Development (OECD) Chile has the most powerful
network of Free Trade agreements in the world, with access to more than 60% of world
GDP [9]. Adding to this, Chile presents a diversity of its exports oriented to Goods and
Services with increasing dynamism and according to the Ministry of Foreign Affairs it
is one of the keys to the success of our country.

The commercial model implemented in Chile translates into a high degree of depen-
dence on the economy of international trade, showing the dynamism of exports of goods
and services through GDP, in 1960 Chilean exports represented 13% of national GDP
and in the year 2019 corresponded to 28%.

Considering the export variety of Chile and taking the year 2019 as an example,
the productive mining sector corresponded to 51% of the country’s total exports, the
rest is mainly made up of fruits and fruits, sea products, forestry and their derivatives,
viticulture, meats edible oils, cereals, compost and other foods [10].

The 10 main exports made in 2019 and corresponding to 56.7% of all national
exports, copper products stand out in general with 45.4% of exports, followed by the
export of forestry production 3.6%, of salmon with 2.9% and fruit products with 2.0%
of exports. The same document indicates that the main means of outbound transport for
national production is by sea, moving 96.5% of cargo and the main destination countries
are China with 31.3%, United States 14.9% and Japan 8.7%. Regarding imports from
Chile, they mainly involve fuels such as oil, liquefied natural gas and coal, imports of
cars, mobile phones and bovine meat also stand out.

The 10 main products imported by Chile and which correspond to 22.4% of total
purchases abroad, mainly marked by fuels such as oil, liquefied natural gas and coal,
representing 13.9%, then the main import of non-fuel products, cars stand out, repre-
senting 5.2%, cell phones 2.0%, and bovine meats with 1.5%. From the same yearbook,
it is highlighted that the means of transport for accessing merchandise from abroad is
by sea 88.1%, with origins mainly from the American continent 33.3%, from Asia and
Europe 17.9%.

All this commercial flow to and from Chile with various economies in the world,
has generated economic growth that has been highlighted by different organizations
specialized in finance, in this context the World Bank explains about Chile: “Chile has
been one of the economies of more rapid growth in Latin America in recent decades,
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which has allowed the country to significantly reduce poverty. However, more than 30%
of the population is economically vulnerable and income inequality remains high” [11].

In addition to the above, Chile is among the most centralized countries in the OECD
and inSouthAmerica [12–14], territorial inequality inChile has been growing, especially
since the 19th century. Its main manifestation is the concentration of the population in
the Metropolitan Region [15].

The inequality of income and spatial economic distribution of these throughout
the national territory has been a constant occupation of the State of Chile, which for
many years has tried to decentralize the administration in processes of powers and
resources from a central government to the administrations sub-nacionales o unidades
más pequeñas, entregándoles autonomía en la toma de decisiones y poder decisorio
local acerca de materias delimitadas por la misma autoridad central, consecuente con lo
anterior, Chile está suscrito junto a otros 192 países al programa de la ONU 2015–2030
“Agenda 2030 para el Desarrollo Sostenible”, esta agenda entre sus lineamientos de
acción plantea que “La dimensión territorial es clave en las trayectorias de desarrollo
de los países, es el eje de la organización político - administrativa del Estado y la base
material de la actividad económica” [16].

Uniting the country policies that Chile has planted, an economic model opens to
the world and decentralization as country development, it seems interesting to evaluate
the joint impact of these State policies. [2] affirm that authors such as [17, 18] have
pointed out that trade liberalization policies favor territorial deconcentrating, [2] state
“because the Export-oriented companies that depend on imports for the purchase of
inputs will not have incentives to locate in the national center, where their chains are
weak and they face diseconomies of agglomeration. The commercial opening would
therefore lead to a deconcentrating process that reduces the primacy and generates more
balanced urban systems”. In accordance with the above, the idea of analyzing the effect
of the commercial liberalization applied by the State and the effects of the economic
model in the national territory is proposed, investigating the commercial flow of each
of the political-administrative regions of the country. For this, it is proposed to use a
trade gravity model that characterizes the impact of Chile’s trade policies at the level of
Chile’s regions and the territorial impact that it could have stimulated.

Thus, Chile has become one of the most active countries in international trade agree-
ment policies, [19] identifies the identity of Chile since its founding has had what he
calls “multilateral intuition”, the author that has developed a set of principles and values
that have facilitated an involvement in the international community and have guided
our multilateral action in different contexts, has participated in negotiations and per-
sists in the search for convergence with other countries to generate dynamics that allow
multidimensional advancement.

In an inclusive and globalized social context, the trade agreements made by Chile as
a whole, based on social connections that provide dynamism and commercial liberation,
play a role in human development, poverty reduction, the reduction of inequalities and
inclusion. social.

“International trade does not take place in a vacuum, but the possibilities of taking full
advantage of its benefits depend not only on the internal policies adopted by a country,
but very fundamentally on those adopted by the countries with which it trades” [20].
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This open policy has resulted in a commercial liberalization, expanding and facilitating
transactions of goods and services with the whole world. According to information from
the Undersecretary of International Foreign Relations, the trade opening strategy has
evolved from the unilateral reduction of tariffs, towards a wide network of bilateral,
as well as plurilateral and multilateral trade agreements, thus establishing a model of
growth and development. country based on imports of goods and services and at the
same time, an increase in foreign investment in the national territory and the investment
of Chilean companies abroad.

Considering the unilateral opening of Chile, a sample of the actions taken is theMFN
(Most Favored Nation) tariff, which has remained constant since 2003 at 6%, this has
allowed to build the basis of international trade opening. For a small country like Chile,
unilateral opening contributes to a more adequate resource allocation and consequently,
maximizes the general welfare of the entire country [21–23]. In the same way, Chile’s
trade policy does not discriminate, there are no protectionist policies that restrict trade,
not applying, for example, import licenses, nor subsidies for the export of agricultural
products.

The Bilateral and Plulateral agreements signed and updated over time by Chile have
complemented the unilateral opening and covered the aspects in which it cannot resolve
or intervene, this considers preferential Free Trade Agreements, first in In the 1990s,
free trade agreements were achieved with geographically close and Spanish-speaking
countries, such as Mexico, Argentina, Bolivia, Venezuela, Colombia, Ecuador, Peru, to
later reach agreements with Mercosur, as well as geographically distant economies and
different languages, such as Canada, United States, Block P4, Japan, China, Turkey,
Australia, Hong Kong, Vietnam, among others.

For Chile and its trade policy, the fact of belonging to plurilateral trade blocs allows
achieving substantial trade flow results in shorter terms than is feasible at the level ofmul-
tilateral treaties. In the Multilateral context, Chile is one of the founding members of the
World Trade Organization (WTO for its acronym in English), belongs to the Asia-Pacific
Economic Cooperation Forum (APEC) and a member of the Organization for Coopera-
tion and Development. Economic (OECD). This multinational context in which Chile is
inserted requires reliable external and internal policies, given globalization, regimes are
assumed that must be guarantees of peace, development and cooperation, in addition to
being subject to rules and agreements established by multinational organizations.

One aspect to consider in Chile’s trade policy is its ease of trade integration, it is
considered that successful trade integration begins with the ability of a country to move
goods across borders reliably, quickly and at low costs [24], given Chile’s territorial
disposition and active participation in a multilateral context, allows commercial ease,
considering that in 2014 an agreement was signed between member countries of the
Mundial Trade Organization, which advances in trade facilitation, and on the other
hand [25] based on the guidelines of the Asia-Pacific Economic Cooperation Forum,
identifying three general aspects for success in trade integration: physical connectivity,
institutional connectivity and connectivity between towns.

The main objective of the following research is to analyze the degree of incidence
of macroeconomic, social, territorial and political variables that influence the foreign
trade of the political-administrative regions of Chile with the World. Evaluating the
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impact of trade liberalization policies on the development of productive activity in the
political-administrative regions of Chile.

The proposed research raises the following specific objectives: to formulate a foreign
trade gravity model that identifies Chile’s regional trade relations with the World; to
empirically validate the macroeconomic, social, territorial and political variables that
are statistically significant in the foreign trade of the Chilean regions; to characterize
the effect of the trade agreements applied by the State of Chile in the foreign trade flow
of the regions; measure the impact represented by the geographical distance of Chile’s
regions on the flow of international trade; relate the foreign trade flow and the existence
of maritime ports in the regions of Chile; estimate spatial migrations and population
redistribution in the political-administrative regions of the country based on regional
trade flows and their effect on territorial deconcentrating.

To comply with these proposed objectives, a commercial gravity model will be
formulated applying the analysis methodology in panel data, considering for this the
regionalized import and export figures, extracted from Customs databases, comprised
between the years 2010 and 2019 and information from different national and foreign
data sources published as open sources.

2 Methodology

Regarding gravity models, these have been widely used in the literature to predict inter-
national trade flows [26–32], this type of methodology has normally been used for trade
flows between countries, although there are few investigations carried out at the Latin
American and regional level, this work is expected to have an analytical instrument that
quantifies the flows of foreign trade and the possible impact on the regions of Chile, con-
tributing to the economic decentralization of the country, a consequence of the economic
opening in force for more than two decades in the country.

Since theworks of Jan Timbergen [33–35], economic science uses the gravitymodel,
which is an analytical tool for the study and prediction of trade flow. This economet-
ric model is based on the analogy from a model of theoretical physics and classical
mechanics to economics, particularly econometrics, using Isaac Newton’s Law of Uni-
versal Gravitation, as a trade model that predicts flows. of trade between two economies
as gravitational forces in direct function of their mass (GDP, economic income of the
country or its population) and inversely proportional to the square of the distance between
them.

Anderson [27], made one of the first theoretical explanations to the gravity equation
for trade flows based on economic theory, showing that it can be derived from the prop-
erties of expenditure models in a context of differentiated goods, using the assumption
of Armington [36], differentiating unique goods by country of origin. From the theo-
retical definition proposed by Anderson, a series of theoretical approaches to economic
gravity models followed one another based on international trade specifications, relying
on the summary of works that have contributed to the theoretical foundation applied to
trade models, carried out by [37], a brief summary of the methodological milestones of
the theoretical evolution of the model is presented. [38], based his approach on models
of monopolistic competition, [23], they developed their theory of the gravity model on
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assumptions of product differentiation and economies of scale, [39] showed that differ-
ent theories of standard trade converge on the general gravity equation and [40] specify
the multilateral resistance to coefficients, which helps to interpret the results from the
trade gravity equation, regarding the adequacy and improvement of the gravity equation
as a modeling tool for trade flows, over time econometric specifications have been made
to the gravity equation and the inclusion of new variables such as, [41].

The gravity equation applied to international trade is documented in summaries and
guides of organizations such as the WTO, which cover theoretical aspects of the model,
analysis and techniques of application of the model, mentioning some [42].

On the other hand, in the Latin American context, the application of the gravity
model according to [24], has increased in recent years the articles that use the gravity
model to explain the export behavior of Latin American countries, these include Chile in
an indirect and significant way, but there are no specific publications on Chile’s foreign
trade applying a gravity model.

From the literature review carried out considering the last 10 years, the following
works that include Chile and apply a gravitational trade model are recognized: [43] eval-
uate the effects of trade facilitation among a set of countries including Chile, estimating
the main variables associated with trade facilitation and the pattern of trade, estimating
a gravitational model for the period 2003–2006 using Panel data with fixed effects. [44]
analyze the effect of internationalization and technology in the Mercosur block relative
to trade, estimating the impact of direct foreign investment and the internal variables of
the countries through a gravity model, applying a joint regression model for the period
1992–2008 by estimation of Ordinary Least Squares (OLS). [45] analyzes the export-
ing and regionalist behavior as an enhancer of the industrialization of Latin American
countries during the period 1996–2005, estimating the influence of certain variables that
facilitate the Latin American bilateral trade flow, applying a gravitational model with an
OLS estimation. [46] estimate variables that characterize bilateral trade between Latin
American economies, using a triple severity model indexed and estimated by OLS with
fixed effects over time. Consider the period 1990–2014 for 20 countries.

It is estimated [24] as the first specific study forChile that applies a gravitymodel, this
analyzes the effects of trade facilitation on Chilean exports using a gravitational model
expanded by pool and data static panel effects with fixed, random and dynamic effects.
Among the results obtained by the applied gravitational model, geographic distance,
common border, common language, and real exchange rate are not significant in the
model. The study suggests increasing the size of the ports and number of ports in Chile
to reduce freight costs, access more adequate logistics chains according to products, also
considering that the ports of southernChile have bettermaritime accessibility conditions,
being able to attract more number of shipping companies to the southern areas of the
country.

Then, [47] study the Chilean production of molybdenum, influence and export
behavior through a gravitational model expanded to export behavior according to the
Chilean reality and the world molybdenum market, the results of the model indicate
that the geographic distance variable positively influences the flow of trade as well as
the model makes up the direct relationship between the GDP of the importing country
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and the export, and that the common border variable presents a negative coefficient, not
contributing to trade.

3 Conclusions

The main results of the research will be able to respond with the proposed objectives, in
addition, it seeks to obtain a regional econometric analysis instrument that identifies the
main variables that influence the flow of regional trade in Chile, and thus measure the
degree of territorial deconcentrating achieved from the international trade of the regions,
to generate an instrument that is useful for regional governments in decision-making.

To meet the objectives of the study, the volume of bilateral international trade of the
Chilean regionswill bemodeledwith the countries that generate the flowof exporting and
importing trade in a period of time, for this an econometric analysis is proposed through
a gravitational model of trade that contains the main variables that explain trade, it is
intended to estimate the effect of these variables on the volume of trade in the regions
of Chile. The panel data method will be used as an analysis tool, considering that the
gravity models are based on the exporter and importer data characterized in time and
these are generically represented in a panel data structure.
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Abstract. Objective. In order to improve the color comfort of economy class
seats and reduce the dependence of seat color design scheme on designers’ sen-
sory experience, the perceptual demand is quantified to obtain a color design
scheme more in line with users’ perceptual needs. Method. A design method
combining kansei engineering and NCS color quantization system is proposed.
Cluster analysis and gray correlation analysis are used to screen out the optimal
color design scheme. Firstly, the semantic difference method (SD method) was
used to construct the economy class color image vocabulary and the mapping
model of a single color. Secondly, the NCS color system is used to quantify and
classify each color. Then, the image value of each group of color design schemes
is obtained according to the relationship between color design schemes and color
image positioning vocabulary. Finally, based onMATLAB grey correlation analy-
sis, the correlation degree analysis is carried out on the image evaluation matrix of
color design scheme, and the correlation coefficient and correlation degree of each
color design scheme’s evaluation on passenger image are obtained, so as to obtain
the priority of color design scheme of economy class seat. Conclusion. By quan-
tifying the emotional value of passengers, this method prioritizes the final color
design scheme and obtains the color design scheme of economy class seats that
better meets the emotional needs of passengers, which provides a good theoretical
basis for the follow-up research.

Keywords: Perceptual image · Economy class seat · Comfort · NCS color
quantification · Gray correlation analysis

1 Introduction

With the rapid development of the civil aviation transportation industry, aircraft cabin
comfort has gradually received more attention. The cabin comfort is affected by many
factors such as the size of the cabin space, the color of the cabin facilities, the size of the
leg space, the comfort of the seats, and the cabin environment noise. The cabin interior
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and facility color design are the main components of the cabin comfort of civil aviation
aircraft [1]. Color is one of the influencing factors of passengers’ psychological comfort,
and its brightness, chroma, and chromaticity configuration have a significant impact on
the human space perception system and cabin comfort [2]. Colors are transmitted to the
brain through the human visual system and produce perception of things. In order to
reduce operating costs, some low-cost airlines continue to increase the number of seats
in economy class and reduce the distance between seats, resulting in a sharp decline
in the comfort of economy class. Based on this, this article quantifies the passenger’s
perception of the color image of economy class seats from the perspective of perceptual
engineering, and uses cluster analysis and gray theory to further refine color design
schemes with higher comfort to meet passengers’ perceptual needs to a greater extent
and improve cabin comfort.

2 Color Quantification Method System

Color quantification refers to the premise that the color performance is consistent with
the human perception, that is, the combination of “visual”, “physical”, and “conscious”,
and is guided by human needs to achieve the consistency of color design and human
sensory needs mapping results. The economy class seat of a civil aviation aircraft is not
only an intermediary for passengers to obtain the flight experience, but also the subject
of passenger perception, the existence of “consciousness” and the “phenomenon” itself
[3]. Combining “awareness” with “phenomenon” canmaximize the comfort of economy
class.

2.1 Semantic Difference

The Semantic Difference Method (SD Method) is a method based on user surveys to
understand the real perceptual needs of users, and is a commonly used research method
in Kansei Engineering. Firstly, the representative color design plan of economy class
seats and the collected perceptual image vocabulary are used to construct a semantic
difference scale; secondly, a mapping model between the color design plan and the
semantic difference scale is established, and the sensibility of each color design plan
is obtained using the questionnaire Evaluation, and finally get the perception space of
perceptual image of color design of economy class seat.

2.2 NCS Color Quantization System

A survey conducted by the American Popular Color Research Center shows that when
people choose a dazzling array of products, they only need 7 s to determine whether
they are interested in these products, and in this short 7 s, color plays a role in 67%
[4]. It can be seen that color has a great influence on the perceptual value of products.
The aircraft cabin facilities are composed of seats, luggage compartments, ceilings, etc.
The difference in color combination also affects people’s mood changes. Therefore, the
color design of the cabin is particularly important.
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The color of the economy class has many effects on passengers. The color, contrast,
and brightness of the color itself have different degrees of influence on the cabin’s sense
of space, passengers’ mood and seat comfort [5]. This article uses the NCS color system
to systematically quantify the three elements of color, and obtain a visual color design
plan. It mainly includes 6 reference colors: white (W), black (S), yellow (Y), red (R),
blue (B), and green (G). The hue, lightness, Saturation, which allows each color to be
quantitatively described and analyzed in the NCS system [6].

2.3 Grey Correlation Method

Gray system theory analyzes the gray correlation degree between various factors, and
finds the correlation relationship between the factors through a certain method. There-
fore, the gray correlation degree analysis can measure the development and change trend
of a system and conduct dynamic analysis [7]. This paper uses MATLAB analysis soft-
ware to perform gray correlation analysis on the color design scheme of economy class
seats obtained by the SD method, obtain the degree of relevance and sort, and finally
obtain the optimal solution of the color design scheme. The modeling method of grey
relational system is as follows:

According to the SD method, the semantic difference component table is obtained.
After the subjects are scored and evaluated, a decision matrix is established with the
collected data:

V = [
vi(j)

]
p×q (1)

In the formula: p – the number of color design schemes.
q – he number of image words.
Vi(j) – the evaluation value of the i-th color design scheme for the j-th image

vocabulary, I = 1, 2, ..., p, j = 1, 2, ..., q.

(1) Standardization of decision matrix
For the image vocabulary matched by each color design scheme, the higher the
evaluation value of each image, the better, and it is standardized by the following
formula:

xi(j) = vi(j) − min1≤t≤p
[
vt(j)

]

max1≤t≤p
[
vt(j)

] − min1≤t≤p
[
vt(j)

] (2)

The standardized decision matrix is X = [
xi(j)

]
p×q

(2) Determine the ideal solution
There are p image vocabularies, and the ideal solution for the maximum evaluation
value of q color design schemes by users is:

x∗ = [
x∗(1)x∗(2) · · · x∗(p)

]
(3)

Among them:x∗(j) = max
[
xi(j)

]
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(3) Calculate the gray correlation coefficient
According to the ideal solution obtained in the previous step, calculate the corre-
lation coefficient of the i-th color design scheme to the ideal solution on the j-th
image vocabulary, as follows:

μ
(
x∗(j), xi(j)

) = miniminj|x∗(j) − xi(j)| + β maximaxj|x∗(j) − xi(j)|
|x∗(j) − xi(j)| + β maximaxj|x∗(j) − xi(j)| (4)

β-- resolution coefficient, used to reduce the influence of distortion caused by
the maximum absolute value difference, and to improve the significance of the
difference between the correlation coefficients, generally β = 0.5.

(4) Calculate the degree of gray correlation
Suppose the weight vector of m image vocabulary is M= (m1, m2,…, mz), accord-
ing to the gray correlation coefficient equation, the gray correlation degree of the
i-th color design scheme to the ideal solution is:

μ
(
X ∗,Xi

) =
∑q

j=1
mj · μ

(
x∗(j), xi(j)

)
(5)

The result obtained is the optimal ranking order of the popularity of the color design
scheme of economy class seats [7].

3 NCS Color Quantification Design of Aircraft Economy Class
Seats

3.1 Analysis on the Location of Color Image Vocabulary of Economy Class Seats

Each airline has its own visual characteristics and target passenger groups, and the color
design of aircraft cabin interiors and facilities shouldmeet passenger preferences asmuch
as possible. Through the collection of perceptual image vocabulary and positioning
analysis, the color image positioning vocabulary can be obtained, so as to meet the
perceptual needs of passengers to the greatest extent.

Collect 230 color image vocabularies from the Internet, periodicals, magazine
advertisements and literature, and select expert groups and investigative team mem-
bers who have experience in flying and engaged in the design industry, of which 5
experts form an expert group to initially screen and remove irrelevant color images
Vocabulary: A survey team composed of designers, economy class passengers, crew
members, etc., conducted an experimental investigation on the color image vocab-
ulary selected, and selected color image vocabulary with a frequency of more than
60%. The final 10 sets of color image vocabulary are: crowded-loose, bright-simple,
tedious-concise, vulgar-technological, irritable-calm, depressive-relaxed, cold-warm,
Tired-relaxed, hyperactive-gentle, sleepy-awake.

After multiple rounds of analysis and selection by the expert group and survey group,
10 groups of color image vocabulary were clustered and analyzed. This paper selects the
K-means clustering algorithm based on partition and takes the color comfort of econ-
omy class seats as a measurement standard, and finally obtains 3 sets of representative
economy class seat color image positioning vocabulary, as shown in Table 1 below.
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Table 1. Vocabulary of color image of economy class seat

Cabin environment Psychological state Physiological state

Crowded-relaxed Depressed-relaxed Sleepy-sober

3.2 Construction and Classification of Sample Library of Color Design Schemes
for Economy Class Seats

In order to better meet the psychological needs of passengers, 15 passengers and 15
designers were selected for perceptual testing. Among them, passengers and designers
have experience of flying in economy class. According to the three sets of color image
positioning vocabulary in Table 1 above, 10 relevant color combinations are selected on
the NCS color circle, a total of 30, and the number of colors selected by each passenger
for each set of image vocabulary shall not be less than 1 and no more than 10, a total of
427, as shown in Fig. 1 below.

Fig. 1. Schematic diagram of NCS color design scheme sample base

Invite 5 design-related experts to discuss in groups and use the KJ method for selec-
tion. The 3 sets of color image vocabulary correspond to 9 sets of NCS color design
schemes for aircraft economy class seats, as shown in Fig. 2 below.

Fig. 2. Color image positioning vocabulary corresponds to NCS color design scheme
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3.3 Grey Relational Sorting of Color Design Schemes of Economy Class Seats

(1) Iteratively optimize the color design of the economy class seats of the aircraft to
better meet the intended needs of target passengers
The 9 color design scheme samples and 3 pairs of color image semantics were
combined to form a likert 5-level scale. The evaluation value is set between 1 and 5,
and the perceptual evaluation scale of the subject’s color design scheme is expressed
according to the numerical value.

(2) Perform average processing on the collected scores to form the decision matrix
shown in Table 2 below.

Table 2. Image evaluation decision matrix of color design scheme

Sample Image score

Crowded-relaxed Depressed-relaxed Sleepy-sober

Group 1 4.35 3.26 3.17

Group 2 3.82 3.97 4.01

Group 3 3.14 3.05 3.92

Group 4 3.56 4.01 3.91

Group 5 2.99 2.59 2.98

Group 6 3.52 3.34 3.47

Group 7 4.15 4.23 3.64

Group 8 3.81 3.92 3.67

Group 9 3.50 3.08 3.11

(3) Grey Relational Analysis of Color Design Scheme
The above Table 2 color design scheme image evaluation decision matrix is sys-
tematically modeled, and the popularity of 9 groups of color design schemes is
analyzed. According to the Matlab algorithm, the gray correlation coefficient is
ranked as: Group4>Group6>Group5>Group9>Group7>Group1>Group2
> Group3 > Group8. According to the sorting results of the color design schemes,
it can be seen that Group4, Group5, and Group6 have a higher degree of correlation
with the evaluation values of the passenger user’s images. Where Group4 for the
best color scheme.

4 Application of Color Design for Economy Class Seats
of Widebody Passenger Aircraft CR929

CR929 is a long-range wide-body passenger aircraft jointly developed by China and
Russia. It is China’s first large passenger aircraft after the narrow-body medium-sized
passenger aircraft C919. The color design of CR929 economy class seats should fully tap
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the potential needs of passengers and enhance passengers’ satisfaction with the comfort
of the aircraft cabin [8].

According to the test flight regulations, adjust the color matching of the aircraft cabin
and facilities, and use the optical illusion to increase the sense of space in the economy
class [9]. The CR929 cabin interior and lighting system uses white as the main color,
and the optical illusion brings passengers a sense of space extension. The light color of
Group4 is used as the main color block of the seat, which complements and integrates
with the cabin environment, as shown in Fig. 3 below. Using emerald as a secondary
color and reducing the purity can effectively relieve the mood of passengers and improve
the comfort of passengers on long-distance flights, as shown in Fig. 4 below.

Fig. 3. Color evolution and matching

Fig. 4. Overall rendering of the cabin

5 Conclusion

This article combines perception and rationality to discuss the color design of passenger
seats in economy class of long-distance large-scale civil aviation aircraft, which makes
up for the lack of quantitative color in perceptual engineering, and perfects the lack
of passenger perceptual needs in the qualitative analysis process, so as to obtain more
precise satisfaction. The color design scheme for passengers’ perceptual needs provides
method support for the subsequent color design of economy class seats. The research
also has some shortcomings. There are many influencing factors in perceptual testing,
and there is a certain degree of randomness, which affects the analysis results.
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Abstract. According toPatientsBeyondBorders (2012),Mexico takes the second
place in Medical Tourism, due to its geographical location and the dynamics of
services between Mexico and the United States, making it the busiest border in
the world.

The Tijuana-SanDiego border region has been characterized as a development
pole for the health traveler’s medical services industry sector, with the added value
of enjoying the variety of tourism and recreation options in combination with high
quality and low cost medical care.

ProMéxico (2014) refers that Mexico in the border cities is a world center of
health care that offers a complete range of specialties and procedures that compete
directly with those offered in other developed countries, taking in consideration
the quality, doctor’s professionalism and in the first place, the price.

As part of the emerging actions that the medical tourism industry in Tijuana
has developed, we find the world class value chain that goes from transportation,
highly qualified health professionals, the hotel and restaurant industry, hospitals,
laboratories and cabinets, pharmacies and suppliers of supplies and equipment,
which together with strategic alliances with the Medical Tourism Cluster and the
support of the government with its public policy in this area, allow us to offer
comprehensive services for the smooth crossing of the border.

The results of this research are based on a systemic methodology with the
purpose of articulating all sectors of the Medical Tourism industry in Tijuana
to develop databases and indicators, as well as applicable local, regional and
international regulations, the catalog and statistics of specialized service teams
with supply and demand as a promotion strategy at the national and international
level for the patients.

This scientific research study is based on the comparative academic infor-
mation between countries that lead this type of service and productive chains
mentioned before.

Keywords: Medical tourism · Innovation · Value chain
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1 Introduction

Patients from countries around the world are exercising increasing degrees of autonomy
over their health care options by obtaining information from sources other than their
regular health care providers and, in some cases, by electing to pursue care alternatives
outside their domestic medical system [1].

It is important to determine the difference between health tourism and medical
tourism. Health tourism covers all forms in which patients travel to other countries
in search of an improvement in health. [2] [mentioned by Arias et al., 2012] Almost
the same, Ross [2] [mentioned by Arias et al., 2012] argues that health tourism occurs
when people travel from their place of residence for health reasons. Health tourism is
a fortunate concept that describes the phenomenology associated with travel, which for
health or wellness reasons people perform abroad or outside the place where they live.
The international definition of health tourism says that it is the process in which a person
travels outside his place of residence with the aim of receiving health or wellness ser-
vices. The concept of medical tourism is more useful for distinguishing the realization
of certain medical-surgical interventions.

Mexico’s medical tourism industry represents for about 5.6% of the world, with an
income of between $4.1 and $4.5 billion dollar, with the economic spill of $2.7 billion
to the health sector and between $1.4 and $1.8 billion dollar to the tourism industry [3].

Many countries around the world have opened their health systems for greater cross-
border patient circulation. High costs of surgeries and long waiting lists, new medical
technologies and skills in destination countries, alongwith lower transportation costs and
internet marketing have played an important role [2]. Mexico is the second most prefer-
able destination as medical tourism place, attracting over one million foreign patients
annually from the United States; many of these medical tourists are of Hispanic origin,
mostly from the states of California, Arizona and Texas. Today, “tourism on its present
international scale could not occur without the existence of a large and sophisticated
‘industry’ which enables people to be tourists.” For the medical tourist experience, the
majority of people also require accommodation, transportation, entertainment, and other
essential support [4]. In the study market opportunities and health prospects in Mexico
[3] Delloite referred to that Health Tourism in Mexico has grown at an average annual
rate of 33.7% between 2013 and 2018, hoping that by 2023 it will reach a value of $10
billion dollar. Currently, the Mexican government has made efforts to develop nine clus-
ters, including Tijuana’s Baja Health Cluster, made up of doctors, hospitals, auxiliary
services such as laboratories and radiology services, as well as hotels, restaurants and
transportation.

Health is an important element to be taken into account when planning for cross-
border tourism. Infrastructure and health services are to be integratedwith constant atten-
tion to the traveler. The concept is based on tourism recreation and leisure spas. Among
establishments offering such services are health spas, meditation centers, hospitals, etc.
Different types of health care systems are likely to produce different configurations of
demand for medical tourism, which influences the range of policy instruments avail-
able to governments and other actors seeking to influence decision-making and behavior
within their particular context [1].



514 A. L. Bonilla-Hernández and R. Martínez-Gutiérrez

As economic positive influences,medical tourismgenerates rising incomes (exports),
investments in modern equipment and technology conducting to less pollution, sav-
ing energy and protection of natural resources (in many situations the prime factor for
the medical recovery or rehabilitation in medical tourism). Cultural and social positive
impact focus on inter cultural changes, tolerance or preservation of local authenticity.
Generating new possibilities of employment, the medical tourism offers the opportunity
of getting back home the brains emigrated years ago in west developed countries. Ori-
ented to research and permanent education, medical tourism develops the entire society
in the spirit of acceptance [5]. Mexico must seek to increase its productivity through
knowledge, based on integration of global value chains and take steps to advance the
construction of an innovation system consistent with a more active role of the private
sector, and strengthen stronger industrial academic ties [6] (World Bank, 2006).

A cluster can be defined as the initiative to consolidate the supply of services and/or
goods competitively in a geographical region, articulating the socio-product organiza-
tion of the different public, private and knowledge-generating actors through links of
cooperation and competence in the long term. One of the ways to strengthen the compet-
itiveness of health tourism for export is by forming clusters [7]. TheMinistry of Tourism
in México, refers that the main destinations for medical tourism are: Tijuana, Mexicali,
Ensenada, Rosarito, Tecate, Ciudad Juárez, Navojoa, Hermosillo, Reynosa, Matamoros,
Nuevo Laredo, México City, Monterrey, Cancún, Guadalajara, San Luis Potosí, Puebla
and Querétaro [6].

Because of its Latin American nature and being the benchmark in the range of
savings, it brings for patients from developed countries such as the United States, the
Health Tourism Cluster in Medellin needs to be highlighted, as it presents a number of
important actors that generate value in the productive efficiency of the resources used
and the amount of products or services developed Fig. 1 [6].

Fig. 1. Source: own elaboration [2021]. Information from Casolco [2015].
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Colombia is part of the top five wellness destinations in Latin America along with
Mexico, Argentina, Brazil and Puerto Rico. Since 2007, Colombia’s Ministry of Trade
industry and tourism has been developing the Productive Transformation Program,
focused on strengthening health tourism as a world-class sector; also, within the frame-
work of public policy, it is established as a sectoral policy to positioned Colombia as a
world-class health tourism destination [7].

In Tijuana, Baja California, México. Postgraduate research has generated contribu-
tions to the state of the art in research methodologies on the frontier of innovation, for
the benefit of society, such as the case of the Fifth Systemic Helix (FSH) in Spanish
known as Quinta Hélice Sistémica (QHS), based on focus group techniques for sector
integration studies and evaluation of public policies [8–10].

The influence of the leadership of SMB in the hospital sector reflects the success of
the image of quality services and care in Tijuana, Baja California, Mexico [11].

In order to understanding about the Tijuana´s successful in Medical Tourism, this
investigation question is: What is the value chain in medical tourism industry in Tijuana,
Baja California?

2 Methodology

To test these investigation question, a qualitative research approach was utilized. Two in
depth interviewswere carried out onOctober, 2020,whichwere recorder and transcribed.
The first one, was made on to the Baja Health Cluster´s Director and the second was
carried out to the Health and Wellness Tourism ex coordinator of the Baja California
Tourism Ministry.

This is a qualitative approach in phenomenological design and pretended to know,
in depth, how the value chain that leads to leadership in medical tourism to the city of
Tijuana was put together.

3 Results

In order to answer our research question: What is the value chain in medical tourism
industry inTijuana,BajaCalifornia?Beloware the results obtained from the two in-depth
interviews conducted, which will be shown according to the chronological sequence of
the creation of the value chain.

2010 is the beginning year in the history of clusters in Baja California,Mexico, which
have been accompanied since its creation of a promotion and advertising company. Baja
California is the leader in health tourism inMexico, so in 2015 public policy is developed
to formalize the exercise of health tourism.

The initial strategy was to improve the arrival infrastructure of the city, providing
to the visitors with an affordable ecosystem, offering high-level health services with
quality and dignified treatment of the patient, as well as certified and bilingual staff.

The project was based on models of Colombia, Spain and Chile and is tropicalized
to the State, because there are different micro regions, each with different strengths and
experience in the care of health tourism.
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Public policy is designed based on experience, not the promotion of a tourist destina-
tion, hence the concept “The Baja Experience”, linking the entire value chain, strength-
ening from the perspective of each sector its needs and integrating them into a single
project to achieve the unique experience for the visitor.

For the integration of each actor in the value chain, a recognition in health and
well-being is designed, issued by the Secretary of Economy of Baja California, which
is granted to service providers that fulfill four parameters: minimum experience of two
years providing the service, bilingual receptionist, compliance with the corresponding
regulations in infrastructure and facilities and certified staff in their specialty.

BajaHealth cluster is a private initiative agency thatworks hand in handwith theGov-
ernment of Baja California in the safe and responsible promotion of Health Tourism, a
situation that made it a creditor to the European Secretariat for Cluster Analysis (ESCA).

One of the great innovations in the health tourism value chain in Baja California is
the design of a digital platform in which all providers that fulfill the requirements in
regulations are integrated, which is promoted in the United States and Canada with the
aim of the visitor conducting the search for reliable and accredited services, in addition
to finding recommendations and packages of all services at the best price and with the
security of care with a certified staff.

The challenge for 2021 is the post-pandemic COVID 19 economic revival whose
first objective is to support and certify that service providers fulfill with all established
anti-COVID measures, to give certainty and safety to the visitor of health tourism, and
start with an outward promotion through social media, offering our reactivation with all
anti-COVID prevention measures.

Once the U.S.-Canada border is re-established, a tour will be held to 21 consulates
in Nevada, Arizona, California and Southern Canada in collaboration with the Baja
California government to promote health tourism with the entire value chain ecosystem.

4 Conclusions

Health tourism is an industry with an annual growth rate between 8 and 10% and an
economic spill for Mexico between $1.4 and $1.8 billion dollar [3].

It is important to mention that part of the success of Tijuana’s industry leadership
is due to joint work with the Baja California government and the cluster’s alliance with
the promotion and marketing company.

In the research study Market Opportunities and Perspectives of Health Tourism in
Mexico, a cluster maturation scheme is proposed to realize assessments and roadmaps
that contribute to the professionalization and development of the industry, whose objec-
tive is to achieve phase four, where the cluster generates synergies, activities are inno-
vative, support regional development and anticipate the Market [3], finding an area
of opportunity in the creation and development of scientific and academic research to
support the growth and leadership of the Baja Health cluster.

Mexico publishes 1% of the world’s production in tourism, contributing academic
bodies by 21.5% [12].

The proposal derived from this scientific research is precisely to integrate a research
observatory for innovation and development that collaborates together with educational
institutions hand in hand with their academic bodies.
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