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Foreword

Human-computer interaction (HCI) is acquiring an ever-increasing scientific and
industrial importance, as well as having more impact on people’s everyday lives, as
an ever-growing number of human activities are progressively moving from the phys-
ical to the digital world. This process, which has been ongoing for some time now,
was further accelerated during the acute period of the COVID-19 pandemic. The HCI
International (HCII) conference series, held annually, aims to respond to the compelling
need to advance the exchange of knowledge and research and development efforts on
the human aspects of design and use of computing systems.

The 25th International Conference on Human-Computer Interaction, HCI Interna-
tional 2023 (HCII 2023), was held in the emerging post-pandemic era as a ‘hybrid’ event
at the AC Bella Sky Hotel and Bella Center, Copenhagen, Denmark, during July 23–28,
2023. It incorporated the 21 thematic areas and affiliated conferences listed below.

A total of 7472 individuals from academia, research institutes, industry, and
government agencies from 85 countries submitted contributions, and 1578 papers and
396 posters were included in the volumes of the proceedings that were published just
before the start of the conference, these are listed below. The contributions thoroughly
cover the entire field of human-computer interaction, addressing major advances in
knowledge and effective use of computers in a variety of application areas. These papers
provide academics, researchers, engineers, scientists, practitioners and students with
state-of-the-art information on the most recent advances in HCI.

The HCI International (HCII) conference also offers the option of presenting ‘Late
Breaking Work’, and this applies both for papers and posters, with corresponding
volumes of proceedings that will be published after the conference. Full papers will be
included in the ‘HCII 2023 - Late Breaking Work - Papers’ volumes of the proceedings
to be published in the Springer LNCS series, while ‘Poster Extended Abstracts’ will be
included as short research papers in the ‘HCII 2023 - Late Breaking Work - Posters’
volumes to be published in the Springer CCIS series.

I would like to thank the Program Board Chairs and the members of the Program
Boards of all thematic areas and affiliated conferences for their contribution towards
the high scientific quality and overall success of the HCI International 2023 conference.
Their manifold support in terms of paper reviewing (single-blind review process, with a
minimum of two reviews per submission), session organization and their willingness to
act as goodwill ambassadors for the conference is most highly appreciated.

This conference would not have been possible without the continuous and
unwavering support and advice of Gavriel Salvendy, founder, General Chair Emeritus,
and Scientific Advisor. For his outstanding efforts, I would like to express my
sincere appreciation to Abbas Moallem, Communications Chair and Editor of HCI
International News.

July 2023 Constantine Stephanidis



HCI International 2023 Thematic Areas
and Affiliated Conferences

Thematic Areas

• HCI: Human-Computer Interaction
• HIMI: Human Interface and the Management of Information

Affiliated Conferences

• EPCE: 20th International Conference on Engineering Psychology and Cognitive
Ergonomics

• AC: 17th International Conference on Augmented Cognition
• UAHCI: 17th International Conference on Universal Access in Human-Computer

Interaction
• CCD: 15th International Conference on Cross-Cultural Design
• SCSM: 15th International Conference on Social Computing and Social Media
• VAMR: 15th International Conference on Virtual, Augmented and Mixed Reality
• DHM: 14th International Conference on Digital Human Modeling and Applications

in Health, Safety, Ergonomics and Risk Management
• DUXU: 12th International Conference on Design, User Experience and Usability
• C&C: 11th International Conference on Culture and Computing
• DAPI: 11th International Conference on Distributed, Ambient and Pervasive

Interactions
• HCIBGO: 10th International Conference on HCI in Business, Government and

Organizations
• LCT: 10th International Conference on Learning and Collaboration Technologies
• ITAP: 9th International Conference on Human Aspects of IT for the Aged Population
• AIS: 5th International Conference on Adaptive Instructional Systems
• HCI-CPT: 5th International Conference on HCI for Cybersecurity, Privacy and Trust
• HCI-Games: 5th International Conference on HCI in Games
• MobiTAS: 5th International Conference on HCI in Mobility, Transport and

Automotive Systems
• AI-HCI: 4th International Conference on Artificial Intelligence in HCI
• MOBILE: 4th International Conference on Design, Operation and Evaluation of

Mobile Communications



List of Conference Proceedings Volumes Appearing
Before the Conference

1. LNCS 14011, Human-Computer Interaction: Part I, edited by Masaaki Kurosu and
Ayako Hashizume

2. LNCS 14012, Human-Computer Interaction: Part II, edited by Masaaki Kurosu and
Ayako Hashizume

3. LNCS 14013, Human-Computer Interaction: Part III, edited byMasaaki Kurosu and
Ayako Hashizume

4. LNCS 14014, Human-Computer Interaction: Part IV, edited byMasaaki Kurosu and
Ayako Hashizume

5. LNCS 14015, Human Interface and the Management of Information: Part I, edited
by Hirohiko Mori and Yumi Asahi

6. LNCS 14016, Human Interface and the Management of Information: Part II, edited
by Hirohiko Mori and Yumi Asahi

7. LNAI 14017, Engineering Psychology and Cognitive Ergonomics: Part I, edited by
Don Harris and Wen-Chin Li

8. LNAI 14018, Engineering Psychology and Cognitive Ergonomics: Part II, edited by
Don Harris and Wen-Chin Li

9. LNAI 14019, Augmented Cognition, edited by Dylan D. Schmorrow and Cali M.
Fidopiastis

10. LNCS 14020, Universal Access in Human-Computer Interaction: Part I, edited by
Margherita Antona and Constantine Stephanidis

11. LNCS 14021, Universal Access in Human-Computer Interaction: Part II, edited by
Margherita Antona and Constantine Stephanidis

12. LNCS 14022, Cross-Cultural Design: Part I, edited by Pei-Luen Patrick Rau
13. LNCS 14023, Cross-Cultural Design: Part II, edited by Pei-Luen Patrick Rau
14. LNCS 14024, Cross-Cultural Design: Part III, edited by Pei-Luen Patrick Rau
15. LNCS 14025, Social Computing and Social Media: Part I, edited by Adela Coman

and Simona Vasilache
16. LNCS 14026, Social Computing and Social Media: Part II, edited by Adela Coman

and Simona Vasilache
17. LNCS 14027, Virtual, Augmented and Mixed Reality, edited by Jessie Y. C. Chen

and Gino Fragomeni
18. LNCS 14028, Digital Human Modeling and Applications in Health, Safety,

Ergonomics and Risk Management: Part I, edited by Vincent G. Duffy
19. LNCS 14029, Digital Human Modeling and Applications in Health, Safety,

Ergonomics and Risk Management: Part II, edited by Vincent G. Duffy
20. LNCS 14030, Design, User Experience, and Usability: Part I, edited by Aaron

Marcus, Elizabeth Rosenzweig and Marcelo Soares
21. LNCS 14031, Design, User Experience, and Usability: Part II, edited by Aaron

Marcus, Elizabeth Rosenzweig and Marcelo Soares



x List of Conference Proceedings Volumes Appearing Before the Conference

22. LNCS 14032, Design, User Experience, and Usability: Part III, edited by Aaron
Marcus, Elizabeth Rosenzweig and Marcelo Soares

23. LNCS 14033, Design, User Experience, and Usability: Part IV, edited by Aaron
Marcus, Elizabeth Rosenzweig and Marcelo Soares

24. LNCS 14034, Design, User Experience, and Usability: Part V, edited by Aaron
Marcus, Elizabeth Rosenzweig and Marcelo Soares

25. LNCS 14035, Culture and Computing, edited by Matthias Rauterberg
26. LNCS 14036, Distributed, Ambient and Pervasive Interactions: Part I, edited by

Norbert Streitz and Shin’ichi Konomi
27. LNCS 14037, Distributed, Ambient and Pervasive Interactions: Part II, edited by

Norbert Streitz and Shin’ichi Konomi
28. LNCS 14038, HCI in Business, Government and Organizations: Part I, edited by

Fiona Fui-Hoon Nah and Keng Siau
29. LNCS 14039, HCI in Business, Government and Organizations: Part II, edited by

Fiona Fui-Hoon Nah and Keng Siau
30. LNCS 14040, Learning and Collaboration Technologies: Part I, edited by Panayiotis

Zaphiris and Andri Ioannou
31. LNCS14041,Learning andCollaborationTechnologies: Part II, edited byPanayiotis

Zaphiris and Andri Ioannou
32. LNCS 14042, Human Aspects of IT for the Aged Population: Part I, edited by Qin

Gao and Jia Zhou
33. LNCS 14043, Human Aspects of IT for the Aged Population: Part II, edited by Qin

Gao and Jia Zhou
34. LNCS 14044, Adaptive Instructional Systems, edited by Robert A. Sottilare and

Jessica Schwarz
35. LNCS 14045, HCI for Cybersecurity, Privacy and Trust, edited by Abbas Moallem
36. LNCS 14046, HCI in Games: Part I, edited by Xiaowen Fang
37. LNCS 14047, HCI in Games: Part II, edited by Xiaowen Fang
38. LNCS 14048, HCI in Mobility, Transport and Automotive Systems: Part I, edited

by Heidi Krömker
39. LNCS 14049, HCI in Mobility, Transport and Automotive Systems: Part II, edited

by Heidi Krömker
40. LNAI 14050, Artificial Intelligence in HCI: Part I, edited by Helmut Degen and

Stavroula Ntoa
41. LNAI 14051, Artificial Intelligence in HCI: Part II, edited by Helmut Degen and

Stavroula Ntoa
42. LNCS 14052, Design, Operation and Evaluation ofMobile Communications, edited

by Gavriel Salvendy and June Wei
43. CCIS 1832, HCI International 2023 Posters - Part I, edited by Constantine

Stephanidis, Margherita Antona, Stavroula Ntoa and Gavriel Salvendy
44. CCIS 1833, HCI International 2023 Posters - Part II, edited by Constantine

Stephanidis, Margherita Antona, Stavroula Ntoa and Gavriel Salvendy
45. CCIS 1834, HCI International 2023 Posters - Part III, edited by Constantine

Stephanidis, Margherita Antona, Stavroula Ntoa and Gavriel Salvendy
46. CCIS 1835, HCI International 2023 Posters - Part IV, edited by Constantine

Stephanidis, Margherita Antona, Stavroula Ntoa and Gavriel Salvendy



List of Conference Proceedings Volumes Appearing Before the Conference xi

47. CCIS 1836, HCI International 2023 Posters - Part V, edited by Constantine
Stephanidis, Margherita Antona, Stavroula Ntoa and Gavriel Salvendy

https://2023.hci.international/proceedings



Preface

Software representations of humans, including aspects of anthropometry, biometrics,
motion capture and prediction, as well as cognition modeling, are known as Digital
HumanModels (DHM), and are widely used in a variety of complex application domains
where it is important to foresee and simulate human behavior, performance, safety, health
and comfort. Automation depicting human emotion, social interaction and functional
capabilities can also be modeled to support and assist in predicting human response
in real-world settings. Such domains include medical and nursing applications, work,
education and learning, ergonomics and design, as well as safety and risk management.

The 14th Digital Human Modeling & Applications in Health, Safety, Ergonomics &
Risk Management (DHM) Conference, an affiliated conference of the HCI International
Conference 2023, encouraged papers from academics, researchers, industry and pro-
fessionals, on a broad range of theoretical and applied issues related to Digital Human
Modeling and its applications.

The research papers contributed to this year’s volumes span across different fields
that fall within the scope of the DHM Conference. The study of DHM issues in various
application domains has yielded works emphasizing human factors and ergonomics
based on humanmodels, novel approaches in healthcare, and the application of Artificial
Intelligence in medicine. Applications of interest are shown across many industries.
Job design and productivity, robotics and intelligent systems are among the human-
technology modeling and results reporting efforts this year.

Two volumes of the HCII 2023 proceedings are dedicated to this year’s edition of
the DHM Conference. The first volume focuses on topics related to human factors and
ergonomics, job design and human productivity, as well as interaction with robots and
exoskeletons. The second volume focuses on topics related to digital health, IoT andAI in
medicine and healthcare, as well as modeling complex human behavior and phenomena.

Papers of these volumes are included for publication after a minimum of two single–
blind reviews from the members of the DHM Program Board or, in some cases, from
members of the Program Boards of other affiliated conferences. I would like to thank all
of them for their invaluable contribution, support and efforts.

July 2023 Vincent G. Duffy
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HCI International 2024 Conference

The 26th International Conference on Human-Computer Interaction, HCI International
2024, will be held jointly with the affiliated conferences at the Washington Hilton
Hotel, Washington, DC, USA, June 29 – July 4, 2024. It will cover a broad
spectrum of themes related to Human-Computer Interaction, including theoretical
issues, methods, tools, processes, and case studies in HCI design, as well as novel
interaction techniques, interfaces, and applications. The proceedings will be published
by Springer. More information will be made available on the conference website:
http://2024.hci.international/.

General Chair
Prof. Constantine Stephanidis
University of Crete and ICS-FORTH
Heraklion, Crete, Greece
Email: general_chair@hcii2024.org

https://2024.hci.international/
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Abstract. The state of emergency caused byCovid19 increased the risk of biome-
chanical and psychological problems among healthcare workers and assumed the
need to implement a strategy to prevent these. Adopting tools for monitoring
parameters related to the previously mentioned risks can be a valid solution to
avoid or reduce work-related physical disorders and stress level. The present work
describes the design of a multiparameter system for the hospital environment
aimed to monitor the musculoskeletal effort and estimate the stress level required
to the healthcare workers. The main challenge was to design a wearable system
that does not obstacle or disturb the healthcare worker in his/her work activities.
The final set-up is the result of a structured co-design in which doctors, nurses and
therapists were involved in a focus group, in order to identify the user requirements
considering the needs of each profession. The focus group also served to analyze
the activities performed by each category of operators selected (nurse, physical
therapist and doctors). An emerging key point was that the final device has to adapt
to the healthcare operators’ work routinewithout changing it or adding other tasks.
In conclusion, the focus group allowed to collect user requirements to design a
multicomponent wearable to monitor physical and mental wellbeing in healthcare
workers.

Keywords: Healthcare workers · mental wellbeing · physical strain

1 Introduction

The prevention of both biomechanical and psychological risk and the health of the health-
care workers are an essential and priority element also in light of the episodes of burnout
and overload that occurred during the pandemic emergency [1]. Health professionals are
indeed more likely to experience mental health problems than the general population;
in particular, pediatric nurses, physicians and physiotherapists show burnout, anxiety
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and moderate/severe depression as common mental conditions [2, 3]. The COVID-19
pandemic has exacerbated this trend, with 22% of healthcare workers experiencing
moderate depression, anxiety, and post-traumatic stress disorder during its peak [4].
Extensive evidence suggests that the healthcare quality and safety strongly depend on
workers wellbeing [5]. Tackling mental health problems of the working-age population
is crucial because of their negative impact on individuals, families and societies [6].

For what concerns musculoskeletal disorders, they are frequent health disorders and
with a great potential for production losses in healthcare professionals [7]. Nurses and
physical therapists are the professionals most afflicted by these health issues due to
the frequent physical contact with patients [8, 9]. These practices are indeed physically
demanding, involving repetitive tasks, high forcemanual techniques for treating patients,
techniques that exert direct pressure on certain joints during the treatment, awkward
positioning of joints during certain maneuvers and prolonged constrained postures [9].

In this context, it is mandatory to prepare appropriate tools for assessing and
monitoring the health of healthcare workers, even in their various functions.

For the biomechanical factors, the MAPO index has been proposed as a useful tool
to assess the risk of work-related musculoskeletal disorders [10], but few applications
are shown in the literature findings. About stress and psychological effort, the basic
noninvasive techniques for monitoring these conditions are based on Heart Rate Vari-
ability analysis (HRV) [11] or Electrodermal activity, with several limitations due to the
difficult data processing and calibration of the signals with respect to emotional state
detection. Recently some methodologies using wearable systems (wristbands, smart-
watches or armbands) and artificial intelligence techniques showed promising results
[12]. No integrated approaches are presented.

On these premises, we have identified the need of designing a wearable system
that could provide a set of quantitative measurements of different aspects of workplace
ergonomics for the main involved clinical operators: medical doctors, nurses and phys-
ical therapists. The system requirements were defined by means of a codesign session
conducted with a Focus Group (FG).

FG, compared to other qualitative group interview techniques, allow to collect,within
the group dynamics, in-depth and enriched opinions that often remain unexplored using
other data collection methods, such as individual interviews [13]. In this facilitating
environment, the people recruited are encouraged to discuss different experiences and
points of view to gather not only "what you think" or "what you feel", but also the
underlying reasons for that behavior/thought. Participants are encouraged to talk to
each other, asking questions, exchanging anecdotes and generating comments on other
people’s points of view and experiences; this facilitates the elaboration of ideas [14, 15].
The purpose of a FG is to investigate themotivation that influences feelings, attitudes and
behaviors on a given topic; its peculiarity consists in generating in a short time a large
amount of data based on the synergy of group interaction [16]. The FG methodology,
formulated by Merton et al. in 1946 [17], was originally applied in the advertising and
marketing field, but in recent years it has also become very popular in the healthcare
field [18, 19], using group discussion to generate and collect data on a specific topic.

This paper aims at describing the co-design of a multiparameter monitoring system
for the hospital environment able to monitor in real-time the time needed by each patient
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for her/his assistance/care, the musculoskeletal and physiological effort of the clinical
operators, and the estimation of the stress level/mental effort of the health professional.

2 Materials and Methods

Participatory design was the methodology adopted for the system design in a codesign
session to define the system requirements. In fact, in particular in the clinical setting
where the acceptance of innovations by operators is crucial for their deployment into the
clinical practice, co-design results to be awin-winmodel and an appropriate development
strategy.

2.1 Study Setting

The authors conducted the study at IRCCS E. Medea, that is the research section of
the Association “La Nostra Famiglia”, a no-profit organization of social utility whose
purpose is to promote and safeguard health care, education and services for people with
special needs. The Medea Institute, Placed in Bosisio Parini (Lecco, Italy), Creates syn-
ergies between scientific research and clinical activity through innovative rehabilitation
interventions for people with disabilities, especially in the developmental age.

The extensive experience in the rehabilitation of pediatric patients takes advantage
of a close cooperation among clinicians, physiotherapists, engineers and psychologists,
bridging the gap between a human centered vision and technical applications. AtMedea,
which is the main rehabilitation center of Association La Nostra Famiglia, there are
46 clinicians, 24 physical therapists, 55 nurses, divided into two clinical areas: the
neuro-rehabilitation Unit and Psychopathology Unit.

2.2 Participants and Recruitment

The recruitment was done at the neuro-rehabilitation Unit of the Scientific Institute
IRCCS E. Medea on a voluntary basis. physiatrists, nurses and physical therapists were
enrolled in the study.

2.3 Data Collection and Analysis

A data collection protocol was prepared through a consultative process among three
researchers. The protocol was set-up as a structured presentation (Fig. 1) and after
showing a short introduction about the project and the goals, it presented the main
factors, elements, component of the system: at the end of each phase the suitable tools
(free interviews, think aloud, charts with bodymap - for the design of sensors placement,
device positioning and to identify existing discomfort issues in the current situation -
questionnaire with Likert scale scoring) were administered to the participants for data
collection.

The protocol focused on the following specific themes:

– The expected functions and features of the wearable device, both from a design
point of view, such as sizes, comfort, and aesthetics, and from a more technical one
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Fig. 1. Example from the presentation shared during the focus group for the mental effort
recognition.

concerning the positioning of the sensors for monitoring various parameters such as
heart rate, respiratory rate, and motion detection;

– A focus on technologies useful for the collection and monitoring of data about
the interaction between healthcare workers and patients, like Radio Frequency
Identification (RFID) or Beacon systems;

– An indirect task analysis for each professional role involved regarding the discomfort
and physical and psychological stress due to the environment, the type of work, and
the procedures performed.

The FG was conducted by four researchers, one senior researcher in Design and
Technology, one senior researcher in technological innovations in rehabilitation, mental
health and human factors and two junior researchers with an expertise in Design.

The FGwas videorecorded. Subsequently, the salient contents of the discussion were
extracted according to a classical qualitative methodology of thematic analysis. Three
researchers independently listened to the recordings in order to note the main themes
verbalized by the focus group participants. Subsequently, the themes were discussed
collectively in order to identify the qualitative dimensions capable of summarizing the
themes that emerged.

At the end of the FG, each participant was asked to identify a general discom-
fort/fatigue rating and, on a body map, the location and intensity (on a scale from 0 to
–10) of physical strain. Due to the small sample size, these data were analyzed only
qualitatively.
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3 Results

3.1 Participants

In the first FG, we enrolled 4 participants, 1 physiatrist, 1 nurse and 2 physical therapists.
Table 1 shows demographic characteristics of the participants.

Table 1. Demographic data of the participant

Subject Job title Gender Age

S1 Clinician F 60

S2 Nurse F 47

S3 Physical Therapist M 37

S4 Physical Therapist M 40

3.2 End Users’ Point of View

The first outcomes of the FG consisted of the identification of three main topics that the
design of such a system should consider: (1) work organization, (2) caregiver-patients
interaction, and (3) caregiver-parent interaction. Figure 2 shows a map of the topic and
sub-topics that emerged during the FG. Table 2 presents also some quotes related to
discussed topics thanks to the think aloud process.

Work Organization. The first topic that the personnel highlighted was organization,
considering several aspects: environment, time, and people. The discussion revealed
that today spaces and the environment are affecting working conditions. The working
environment and the climatic conditions inside cause stress. From the focus group, it
emerged that bad conditions such as excessive heat or cold, and lack of natural light
can affect the stress of the healthcare worker. By spaces we mean all those areas used
to carry out the various medical procedures and, from the focus group, it emerged that
they contribute to the discomfort of the medical staff. One of the spaces that create the
most cognitive stress is the double room. Nurses complain of this type of organization
because it is necessary to frequently transfer one of the two patients during routine
procedures or, simply, when one of the two is sick. Other Causes of Cognitive Stress
Are shared spaces during physical therapy which can lead to patient distraction and
make the physiotherapy session difficult. About this factor a request for a system able
to monitor environmental conditions or stress related to these conditions, or a garment
with thermoregulation properties should be well considered.

Another issue that emerged during FG was the distribution of nurses during the
different shifts (morning, afternoon, and evening) in relation to the number of patients
they have to manage. This is another cause of both cognitive and physical stress.
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Fig. 2. Map of topics and sub-topics that emerged during the FG. Yellow boxes represent physical
stress while blue boxes represent cognitive stress. The colors of the dots represent the caregiver
category: purple = nurse, green = physical therapists, and blue = doctor.

Caregivers also discussed about bureaucracy and administration, that was defined
as a boring task that takes up a lot of time. Due to this particular theme, caregivers
concluded in the FG that they not to want a very demanding additional device.

Another aspect that affects physical and cognitive stress is related to the uniforms.
During the focus group, it emerged that while Personal Protective Equipment (PPE) is
provided to both nurses and physical therapists, the latter are not given uniforms.Another
element of discomfort is the fabric and the shape of the uniform, both of the previously
mentioned users find the uniform uncomfortable, some due to lack of pockets and some
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Table 2. Identified themes and sub-theme after FG discussion

Themes Sub-themes Aspects Quotes

Organization Spaces Double rooms Intolerance has
increased, also towards
double rooms. It was
already present before,
now it has increased
exponentially

Shared spaces for
rehabilitation

There are peaks of
crowding. From 10.30
am to 2.00 pm, it may be
difficult finding a room
where to do the
rehabilitation activity

Personnel Number of
operators and patients
during shifts

The night for some is
considered a quiet
moment, for others,
instead, a source of stress
because they are alone
with 28 patients

Bureaucracy /
administration

The stress associated
with bureaucracy. Covid
has accentuated this
aspect. Minutes lost
recording

Uniform Quantity Not provided

Discomfort The uniforms were not
elastic, there were no
pockets in the scrub
trousers but only in the
scrub top

Sanification
procedures

Hand washing Matter of rolling up your
sleeves

Dressing /
Undressing

We wear single use coat
to be changed for each
patient, over our uniform

Caregiver-patient
interaction

Care processes Awkward
postures

When a medication lasts
45 min, in the end, even
the body has been
affected, perhaps even
just for the position held

(continued)
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Table 2. (continued)

Themes Sub-themes Aspects Quotes

Handling low loads at
high
frequency

In the pediatric sector,
physical effort in moving
patients is not very
relevant because they are
lightweight

Procedures
requiring high physical
effort

Physical restraint: I have
several colleagues who at
the end of the blood
sampling say that even
their shoulders hurt

Critical
conditions of
patient

Severe patient with
critical clinical
conditions

There is cognitive stress
in clinical treatment of
transferred patient
because their therapy
may be complex to
manage

Chronic patient with
low expectation of
improvement

Boredom especially in
patients who arrive in
very chronic conditions

Non collaborative
patient

A child never stands still
during sampling blood

Caregiver-Parents
interaction

Caregiver - >
Parents

Language
understanding

Not knowing the
patient’s language

Explanation and
perception of disease

A child with a rare
disease may not be as
difficult to clinically
manage as a child with
acquired brain damage,
but it is not easy to make
the concept
understandable to parents

Parents - >
Caregiver

Requests during
medical
procedure

During the blood
sampling, I heard the
parent say: - I
recommend only one
hole!

Demanding
parents

Managing the parent, his
needs and his difficulties,
sometimes causes some
stress
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due to too rigid materials that limit movement. Finally, sanification procedures were also
described as cause of mental effort. The nurse described the procedure of hand sanifica-
tion, which has also some implication on uniform (that must be comfortable enough to
roll up the sleeves) and the duty of not wearing rings and bracelets. Furthermore, all the
caregivers underlined the need of dressing different clothes before entering the patient’s
room, depending on the bacterial/viral contamination of each patient and undressing at
the end of the visit/procedure/rehabilitation. This was described as a cause of mental
effort.

Caregiver-Patient Interaction. Secondly, the FG focused on the interaction between
caregiver (clinician, physical therapist or nurse) and patient. This topic was sub-divided
in two macro areas: “care process” and “clinical condition of patient”.

“Care process” refers to activities and tasks requiring physical effort to health-
care operators. Researchers proposed to assess the interaction between the caregiver
and the patient’s bed, but it emerged the needs of assessing the interaction with the
patient him/herself. The suggestion to use RFID technology was highlighted by the dis-
cussion among FG participants. Maintaining awkward postures, handling low loads at
high frequency were identified as the most physically demanding activities. Hygiene,
medications and containment are other activities identified as causes of physical stress.

In particular, the nurse and physical therapists involved in the focus group agreed
that the lumbar and back region was the most physically stressed; for physical therapists
interacting with children, the knees are also stressed because rehabilitation activities
are usually performed on the floor. The overall physical strain rating scale confirmed
the location of major effort (Fig. 3). Concerning the intensity of the physical strain, the
physical therapists rated with –1 and –6 the knees and both with –3 the back region.
The nurse indicated also the shoulders and wrists but did not rate the intensity of the
strain. Finally, the clinician said they usually do not suffer from physical effort. This
topic, as shown in Fig. 3, is not so relevant for the clinicians who do not experience
much physical effort with patients but are more mentally/ emotionally stressed by their
health condition. “Clinical condition” refers to the health condition and behavior of the
patient involved in the therapy. A chronic pathology makes the clinical process more
difficult to manage and requires a lot of mental effort from doctors and nurses who have
to control the situation avoiding worsening of patient’s condition. On the other side, a
patient who does not improve or who is not cooperative can become a source of stress
for the physical therapist.

Caregiver-Parents Interaction. The last theme touched during the focus group is
related to the interaction between caregiver and the patient’s family.

The first point debated is the caregiver’s problem in relating to the parents. One
problem that raised concerns is the correct explanation of the disease to the family
members. Indeed, being emotionally involved, caregivers declared that they tend to
perceive some diseases as more severe than they are. This problem is common to figures
such as clinicians and nurses causing them cognitive stress. This situation is aggravated
by the linguistic difficulty in communicating with relatives. In addition to the previously
mentioned problems, there are some relational and communication problems of the
relatives towards the caregiver. One of the causes of cognitive stress is due to demanding
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parents who continuously ask for clarifications/explanations. On the other hand, there
are parents who are very demanding during some medical procedures such as blood
sampling.

Fig. 3. The body map to investigate the level of physical discomfort/fatigue. The participant has
to indicate in the image the zone afflicted by the disease, specifying the intensity (on a scale from 0
to –10). The colors of the dots represent the caregiver category: purple= nurse, green= physical
therapists, and blue = doctor.

3.3 Definition of Technical Requirements

The topics emerged during the FG were used- when possible - to define the system
requirements, the first outcome of the codesign activity.

Considering that all the caregivers declared to suffer from both mental and physical
effort, the first requirement was to have a set of sensors to monitor physical strain and
another one to measure physiological data related to mental wellbeing.

Considering the theme related to the uniform and to the environmental discomfort,
the second requirement was to have a breathable garment having the following features:

– It must support the monitoring of the caring effort for the operators though an embed-
ded RFID system (passive on patient, active on caregivers) which evaluates the
average time-per-patient;

– It must support the assessment of the biomechanical load of the healthcare worker
both daily and related to each single patient (triggered by RFID) using a set of inertial
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units in the wearable garment and corresponding to simplified biomechanical model
(e.g. by MAPO index or similar);

– It has to integrate the assessment of the operator’s stress level through the recording of
parameters from the Autonomous Nervous System like Heart Rate Variability (HRV)
and respiratory rate. This implies the adoption of 1 ECG lead by means of at least two
textile electrodes embedded in the smart garment. Measuring the HRV will provide
an index for mental wellbeing assessment. Time-domain parameters will be used as
main indicators of the effort/arousal status for short term analysis and feedback, while
a more complete data processing adding also frequency domain parameters could be
done on the off-line downloaded data.

The sensorized garment can be integrated by a wearable bracelet for clinicians and
physical therapists. Figure 4 shows possible configurations for each healthcare workers.

Fig. 4. Possible configurations of themonitoring systemdivided by healthcare operator. Each con-
figuration is proposed taking into consideration the needs expressedby the focus groupparticipants.
The common element among these three set-ups is the sensorized t-shirt.

4 Discussion

In this work, we present the definition of the requirements phase through a codesign
methodology to develop a smart solution for monitoring the physical, cognitive and
organizational effort of caregivers in a rehabilitation hospital setting. In addition, the
user’s preferences about a data presentation interface (online for the wearable or linked
app, or webapp for a remote PC connection) that can display collected data and provide
some services. Codesign method (that we exploited in the form of the FG) allowed to
highlight three main categories of working conditions: organization, relationship with
the patient, and relationship with the patient’s relatives.

Among the participants in the FG, the major interest was dedicated to the assess-
ment of cognitive stress, which turn out to be the predominant aspect for the working
environment and conditions. The stress level can be obtained through the acquisition of
HRV. Another solution could have been the measurement of the electrodermal activity
(EDA), but, in our case, this latter would be not applicable because of the positioning
of the sensors onto the fingers. Environmental conditions certainly have impact on the
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work experience: FG participants identify environmental temperature as an important
aspect to be added in the sensors set.

Starting from the expressed needs, the main system configuration should include
sensors to monitor the cognitive stress more than the physical effort. The physical com-
ponent of the work analysis is important for the nurse about the upper limbs and for
the physical therapists focusing on both upper and lower limbs. To this purpose, the
system could also embed some EMG sensors for the main muscles of the corresponding
anatomical districts of the body (biceps and triceps for the upper limbs, rectus femuri and
anterior tibialis together with gastrocnemii and soleus for the lower limbs - the gluteus
maximus could be interesting but its measurement was considered too obtrusive); this
datum would integrate the kinematic measures so improving the overall reliability, but it
is would be worth of consideration during the development phase that it would imply a
very complex hardware configuration thus affecting the ecological monitoring required
by the application. For this reason, at first decision in requirement definition, this option
was left only for future improvements.

About data displaying, the wearable system is not expected to have a dedicated UI.
Data logging is the preferred option so that data download at the end of the working time
and offline data processing and visualization is to be done.

During the FG also the issue related to how this systemwill be provided and the effort
required to its introduction and functioning into the care practice. The healthcareworkers
showed some hesitation towards the adoption of the device, therefore it was agreed that
joining this project will be voluntary. Another aspect that the users underlined was about
the effort needed: it is mandatory to have a very unobtrusive system that requires low
effort and works autonomously without requiring further actions/inputs.

Finally, data protection and privacy issues were discussed at the end of the FG: all
users agreed in the anonymous data sharing to monitor the working conditions at general
level and to highlight possible problems. The possibility to have a personal dashboard
was considered interesting.

5 Conclusions

This paper discusses the first results from a Codesign activity to develop a wearable
system for monitoring health and wellbeing condition of healthcare worker in a rehabil-
itation hospital setting. From a methodological point of view, we have reached a further
demonstration of the validity of the participatory design approach to define reliable and
precise product-system specifications. The next steps are the development of two further
FGs, one targeted to the UX/UI for the visualization mode and related applications, and
the second focused on the development of possible corporate welfare services.

The current activity has two limitations: the first one is the low number of participants
and the second is the specificity of the hospital. In fact, the analyzed context is a pediatric
rehabilitation hospital, so attention for results generalization has to be considered.
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Ćwiek, Aleksandra II-402

D
De Marco, Doriana I-205
de Oliveira Vargas, Vitor I-344
de Souza, Marcelo I-24
Dei, Carla I-35, I-444
Deng, Ou II-378
Despins, Laurel I-344
Delle Fave, Antonella I-444

© The Editor(s) (if applicable) and The Author(s), under exclusive license
to Springer Nature Switzerland AG 2023
V. G. Duffy (Ed.): HCII 2023, LNCS 14028, pp. 653–657, 2023.
https://doi.org/10.1007/978-3-031-35741-1

https://doi.org/10.1007/978-3-031-35741-1


654 Author Index

Ding, Lin I-14
Ding, Lv II-77
Dong, Ziyan I-290, II-169
Doyle, Julie II-123
Du, Hongyu II-392
Duan, Runlin I-70
Duffy, Vincent G. I-58, I-70, I-87, I-102,

II-490, II-531

E
El Khoury, Tracy II-531
Ellegast, Rolf I-48, II-298
Engel, Juliane I-539
Escorcia-Charris, Sulay II-272
Espeleta-Aris, Andrea II-104
Ewald, Tim-Oliver II-461

F
Fabbri Destro, Maddalena I-205
Fauerbach, Tim II-461
Favacho Queiroz, Vinicius II-3
Feng, Yuan I-632
Fico, Giuseppe II-260
Folkvord, Frans II-260
Fonseca, Almir I-24
Frank, Carolin I-609
Franke, Thomas I-368, II-306
Friemert, Daniel I-48, I-162
Fritzsche, Lennart II-402
Fruhling, Ann II-138
Fuchs, Susanne II-402

G
Gaikwad, Nandini I-58
Ganser, Rachel II-20
García-Constantino, Matías II-272, II-503
Garofalo, Fabio I-355
Garza, Kimberly B. II-562
Ge, Chang I-525
George, Micah Wilson I-58
Gilbert, Kristin I-383
Graham, Sarah II-88
Greenwood, Allen G. I-58
Gregori, Alina II-402
Gruner, Marthe I-368, II-306
Gruppioni, Emanuele I-566
Guda, V. K I-497
Guo, Wenbin I-632

H
Haase, Germaine I-383
Hafner, Florian I-609
Halbach, Patrick II-439
Hamilton, Jane I-330
Hanning, Nina I-609
Harth, Volker I-48
Hartmann, Ulrich I-48, II-298
Hashimoto, Nagisa I-175
Hawkins, Gary II-562
Hebri, Aref I-120
Henlein, Alexander I-539, II-402, II-461
Herbort, Oliver I-510, II-402
Hernández Palma, Hugo II-236
Hernandez, Leonel II-236
Hernández-Palma, Hugo I-395
Hoffmann, Sven I-317
Hou, Jingming I-642
Hu, Xiangjun II-590
Hu, Xiuying I-642
Hu, Xiyun I-70
Hu, Zhe II-38
Huang, Xu I-632
Huang, Yingjie II-77
Hussain, Muzammil II-49

I
Islam, Md Tariqul I-87
Iyer, Krittika J. I-102
Izdebski, Krzysztof I-162

J
Jacobs, An II-123
Jaiswal, Ashish I-120
Jiang, Yue II-65
Jiménez-Delgado, Genett I-395, II-104
Jin, Kevin I-135
Jin, Qun II-154, II-378
Jonnalagadda, Soundarya II-138
Joshi, Ravindra II-562

K
Kahl, Anke I-609
Kasaie Sharifi, Alireza I-344
Karamanidis, Kiros I-48, II-298
Kaufmann, Mirko II-298
Kaufman-Ortiz, Kevin J. I-413
Kerdvibulvech, Chutisant II-480
Kett, Attila II-461



Author Index 655

Khan, Tazrin I-330
Khan, Yasir Imtiaz II-503
Kim, Byeongmok II-490
Kim, Jung Hyup I-344
Kim, Mingyeong II-185
Kim, Sean II-562
Kim, Yonggab II-490
Kluge, Annette II-298
Kluth, Karsten I-317
Konca, Maxim I-539
Konios, Alexandros II-104, II-503
Krause, Lisa-Marie I-510
Krishnaswamy, Nikhil I-592
Kügler, Frank II-402

L
Laguardia, Luis I-24
Lai, Kenneth I-578
Laohakangvalvit, Tipporn II-211
Laun, Martin I-48
Leban, Bruno I-194
Lee, Kevin I-135
Lemanski, Jens II-402
Leuthner, Nicolai I-48
Li, Qingchen I-147
Li, Tiantian I-413
Li, Yi II-38
Li, Yuxi II-154
Liebal, Katja II-402
Liu, Long II-65
Liu, Qing I-303
Liu, Weilin II-392
Liu, Xiangyu I-290, II-77, II-169
Liu, Xinran I-290, II-169
Liu, Yang I-525
Liu, Yu II-590
Liu, Ziyi I-70
Loitsch, Claudia II-341
Londoño-Lara, Luz I-395
López-Meza, Pedro II-272
Lopez-Nava, Irvin Hussein II-503
Lopomo, Nicola Francesco I-35, I-205
Lu, Jiayuan II-77
Lücking, Andy I-539, II-402
Luebke, Andre I-87
Lungfiel, Andy I-276
Luo, Jing II-197
Lupiáñez-Villanueva, Francisco II-260
Lusta, Majdi II-562

M
Ma, Liang I-478
Majumdar, Neelakshi II-531
Makedon, Fillia I-120
Maletz, Lucia I-609
Marais, Karen II-531
Mashika, Mpho II-250
Masny, Patrick II-461
Mayat, Nils I-162
McGuckin, Lily II-562
Meenakshi, Sindhu I-429
Mehler, Alexander I-539, II-402, II-461
Meixner, Gerrit I-256
Mekata, Yuki I-175
Mende, Julian II-461
Merino-Barbancho, Beatriz II-260
Miao, Chongchong I-14
Miao, Ke II-77
Misran, II-357
Molinares-Ramirez, Estefany II-272
Molina-Romero, Jainer Enrique II-236
Montero-Bula, Carlos I-395
Mugisha, S. I-497

N
Nakanishi, Miwa I-175, II-548
Nakayama, Johannes II-368
Narula, Nandini I-102
Navarro-Jimenez, Eduardo II-104
Negri, Luca I-444
Nguyen, Kim Tien II-402
Nickel, Peter I-184, I-276
Nishimura, Shoji II-154
Nunner, Hendrik II-368
Nurmandi, Achmad II-357

O
Ogihara, Atsushi II-154
Oh, Yunmin II-88
Ono, Mako II-548
Orrante-Weber-Burque, Fernando II-284
Ortiz-Barrios, Miguel II-104, II-272, II-284

P
Pancardo, Pablo II-284
Pannasch, Sebastian II-341
Pau, Massimiliano I-194
Perego, Paolo I-35, I-566
Pérez-Aguilar, Armando II-272, II-284



656 Author Index

Peuscher, Heiko II-306
Peña Fernández, Alberto I-444
Pietrzyk, Ulrike I-383
Pinatti De Carvalho, Aparecido Fabiano

I-317
Polak, Sara II-123
Porta, Micaela I-194
Pouw, Wim II-402
Prasetya, Aji II-236
Prieto, Pilar II-402
Puangseree, Passawit I-355
Pustejovsky, James I-578

Q
Qiu, Jing I-642
Quintero-Ariza, Iván I-395
Quintino, Marc I-539

R
Ramesh Babu, Ashwin I-120
Reisher, Elizabeth II-138
Rhee, Danniel I-330
Richards, Mackenzie I-135
Richardson, Alexicia II-562
Roca-Umbert Würth, Ana II-260
Rohrer, Patrick Louis II-402
Rojas-Castro, Edgar I-395
Romero-Gómez, Jeremy I-395
Ruiz Ariza, Jose II-236
Rujas, Miguel II-260

S
Sá, José Carlos I-395
Sánchez-Ramón, Paula G. II-402
Santana-de Oliveira, Jonas II-104
Santos, Gilberto I-395
Sarfraz, Isra II-49
Saukel, Kevin I-539
Savas, Lara S. I-330
Scalona, Emilia I-205
Schaub, Meike I-242
Schiefer, Christoph I-48
Schlenz, Anna I-215
Schmidt, Kerstin I-215
Schmidt, Paul I-215
Schneider, Moritz II-298
Schnüre, Paul II-461
Schreiber, Jakob I-539

Schrills, Tim I-368, II-306
Schrottenbacher, Patrick I-539
Schüler, Thomas I-162
Schulte-Rüther, Martin II-402
Schumacher, Petra B. II-402
Schwarz, Mario I-256
Schweinberger, Stefan R. II-402
Schweitzer, Marcus I-317
Seals, Cheryl D. II-562
Sepanloo, Kamelia I-87
Serique Meiguins, Bianchi II-3
Seth, Deep I-3
Sharma, Abhishek II-49
Sheng, Qinqin II-576
Shi, Bin II-77
Shi, Liangliang I-303
Sierra-Urbina, Gisell II-272
Sillevis Smitt, Myriam II-123
Siriborvornratanakul, Thitirat II-329
Sironi, Roberto I-566
Soares de Sousa, Thiago Augusto II-3
Spiekermann, Christian I-539
Sripian, Peeraya II-211
Stevanoni, Giulia I-35
Storm, Fabio Alexander I-444
Storm, Fabio I-35
Striegl, Julian II-341
Struckmeier, Volker II-402
Subekti, Dimas II-357
Sugaya, Midori II-211
Sun, Guoqiang I-14
Sun, Xiang II-392

T
Tago, Kiichi II-154
Tam, Christopher I-578
Tang, Hao II-77
Tang, Lu I-330
Tao, Cui I-330
Tegtmeier, Patricia I-459
Terhoeven, Jan I-459
Terschüren, Claudia I-48
Torres-Mercado, Alina II-272
Trettenbrein, Patrick C. II-402

V
Vale Pinheiro, Kelly II-3
van der Haar, Dustin II-250



Author Index 657

van Leeuwen, Cora II-123
VanderHoeven, Hannah I-592
Vargas, Manuela I-242
Vásquez Avendaño, Emilse María II-236
Velluvakkandy, Ronak I-87
Vervier, Luisa II-20, II-368
Vicente, Diego I-256
Viel, Marc II-461
von Eiff, Celina I. II-402
Vox, Jan P. I-162

W
Waldorf, Julia I-609
Walther, Alexander II-341
Wang, Chen I-478
Wang, Hong I-632
Wang, Peicheng II-392
Wang, Yilin I-642
Weber, Anika I-162, II-298
Weber, Gerhard II-341
Westfal, Lucas I-24
Wetzel, Christoph I-276
Wischniewski, Sascha I-459
Wolf, Karen Insa I-162
Wu, Jianlun II-154
Wu, Lei II-576
Wu, Xiang I-290, II-169
Wu, Xu I-14
Wu, Yeqi I-290, II-169

Wu, Yongxin I-147
Wulf, Volker I-317

X
Xie, Hongqin I-642
Xiong, Wei I-478
Xu, Li I-290, II-169
Xu, Peng I-642
Xu, Tianfeng I-290, II-169
Xue, Yanmin I-303, I-525

Y
Yan, Wen I-525
Yan, Yuqing II-197
Ye, Yaping II-154
Yi, Jae Sun II-185
Yokoyama, Kayo I-24
Yu, Suihuai I-303

Z
Zaki Zadeh, Mohammad I-120
Zhang, Di II-77
Zhang, Wenping II-392
Zhang, Yi II-590
Zheng, Kaiqiao II-197
Zhou, Yihui I-525
Ziaratnia, Sayyedjavad II-211
Ziefle, Martina II-20, II-368, II-439
Zlatkin-Troitschanskaia, Olga I-539


	 Foreword
	 HCI International 2023 Thematic Areas and Affiliated Conferences
	 List of Conference Proceedings Volumes Appearing Before the Conference
	 Preface
	 14th International Conference on Digital Human Modeling and Applications in Health, Safety, Ergonomics and Risk Management (DHM 2023)
	 HCI International 2024 Conference
	 Contents – Part I
	 Contents – Part II
	Human Factors and Ergonomics
	Simulation of Cable Driven Elbow Exosuit in Matlab
	1 Introduction
	2 Objectives
	3 Methodology and Model
	4 Results
	5 Discussion
	6 Conclusion
	References

	Experimental Research on Ergonomics Evaluation of HMDs
	1 Introduction
	2 Research Reviews
	3 Methods
	3.1 Experiment Design
	3.2 Experiment Task

	4 Results
	5 Conclusions
	References

	A Platform for Long-Term Analysis and Reporting of Sitting Posture
	1 Introduction
	2 Related Work
	2.1 Postural Classifiers
	2.2 Design and Evaluation of Sensors

	3 Building the IoT Platform
	3.1 IoT Device Prototype
	3.2 The IoT Infrastructure for Data Collection

	4 Postural Data Visualization
	4.1 Pressure Heat Map
	4.2 Pressure Comparison by Location
	4.3 Asymmetry

	5 Conclusion and Future Work
	References

	Design and Development of a Novel Wearable System for Assessing the Biomechanical and Psychological Risk of the Healthcare Worker
	1 Introduction
	2 Materials and Methods
	2.1 Study Setting
	2.2 Participants and Recruitment
	2.3 Data Collection and Analysis

	3 Results
	3.1 Participants
	3.2 End Users’ Point of View
	3.3 Definition of Technical Requirements

	4 Discussion
	5 Conclusions
	References

	The Impact of Smart Glasses on Commissioning Efficiency Depends on the Display Device Used
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Experimental Design and Task Description
	2.3 Data Analysis
	2.4 Statistics

	3 Results
	3.1 Errors
	3.2 Times

	4 Discussion
	5 Conclusion
	References

	Digital Twin Modelling for Human-Centered Ergonomic Design
	1 Introduction
	1.1 A Subsection Sample

	2 Bibliometric Analysis
	3 Applications
	3.1 Implementation of Digital Twin
	3.2 Implementation of FlexSim
	3.3 Digital Twin in FlexSim

	4 Methodology
	5 Case Study
	5.1 Material Handling System (Uniform Material Type)
	5.2 Material Handling System (Different Material Types)
	5.3 Queuing System

	6 Discussion
	7 Conclusion
	References

	Wearables and Mixed Reality in Applied Ergonomics: A Literature Review
	1 Introduction
	2 Purpose of Study
	3 Research Methodology
	3.1 Data Mining
	3.2 Engagement Measure
	3.3 Trend Analysis

	4 Results
	4.1 Co-citation Analysis
	4.2 Content Analysis
	4.3 Regression Analysis

	5 Discussion
	6 Conclusion
	7 Future Work
	References

	Enhancing Ergonomic Design Process with Digital Human Models for Improved Driver Comfort in Space Environment
	1 Introduction and Background
	2 Problem Statement
	3 Procedure
	3.1 Boundary Manikin Creation
	3.2 Placement of the Manikin in the Seat
	3.3 Comfortability Assessment
	3.4 Proposed Design Changes

	4 Discussion
	5 Future Work
	References

	Improving Facility Layout Using an Ergonomics and Simulation-Based Approach
	1 Introduction and Background
	1.1 Literature Review
	1.2 Ergonomics and Its Importance
	1.3 What is Simulation?
	1.4 FlexSim
	1.5 Bibliometric Analysis

	2 Objectives
	3 Problem Definition
	4 Facility Layout
	4.1 Introduction
	4.2 Characteristics of Good Facility Layout
	4.3 Factors Affecting the Facility Layout

	5 Methodology
	5.1 Basic Data Collection
	5.2 Experimental Framework

	6 Results and Discussions
	6.1 Iteration 1
	6.2 Iteration 2

	7 Conclusion
	8 Future Scope
	References

	A Smart Sensor Suit (SSS) to Assess Cognitive and Physical Fatigue with Machine Learning
	1 Introduction
	2 Related Work
	3 Data Collection
	4 Data Processing
	4.1 EEG
	4.2 ECG, EDA, and EMG

	5 Experimentation and Results
	6 Conclusion
	References

	Application of Ramsis Digital Human Modeling to Human Factors in Space
	1 Introduction
	1.1 Ramsis Introduction

	2 Overview of Report Contents
	2.1 Problem Statement
	2.2 Procedure
	2.3 Results
	2.4 Bibliometric Analysis
	2.5 Discussion
	2.6 Future Work
	2.7 Experience

	References s

	Ergonomics Research of Domestic Vehicle Cab Central Control System Based on Entropy Method
	1 Overview
	1.1 Automotive Ergonomics
	1.2 Ergonomics of Vehicle Cab Central Control System
	1.3 The Entropy Value Method
	1.4 Related Research

	2 Evaluation Index System
	2.1 Index Design
	2.2 Survey Form and Scoring Value Design
	2.3 Evaluation Steps
	2.4 Evaluation Results

	3 Discuss
	3.1 Combination Instrument
	3.2 The Dashboard
	3.3 The Steering Wheel
	3.4 Auxiliary Instrument Panel

	4 Conclusion
	References

	Investigating the Time Dependency of Elbow Flexion Angle Variations in Real and Virtual Grabbing Tasks Using Statistical Parametric Mapping
	1 Introduction
	2 Methods
	2.1 Subjects
	2.2 Experimental Setup and Procedures
	2.3 Data Analysis and Statistics

	3 Results
	4 Discussion
	5 Limitations
	6 Conclusion
	References

	An Experimental Study of the Psychological Effects of Vision Loss for Practical Application to Windowless Cockpits
	1 Introduction
	2 Method
	2.1 Experimental Task
	2.2 Experimental System and Environment
	2.3 Experimental Conditions
	2.4 Measurements
	2.5 Procedure
	2.6 Participants

	3 Results
	3.1 Evaluation by Physiological Indices
	3.2 Subjective Assessment
	3.3 Task Performance

	4 Discussion
	5 Conclusion
	References

	Human Factors in Interface Design of Electronic Control Systems for Mechanical Equipment in Stage and Studio Automation
	1 Introduction
	2 From Generic to Specific Design Requirements in Human Factors and Ergonomics
	3 Task, Interaction, and Information Interface Design Requirements in Stage and Studio Automatization
	4 Discussion and Conclusions
	References

	Quantitative Characterization of Upper Limb Intensity and Symmetry of Use in Healthcare Workers Using Wrist-Worn Accelerometers
	1 Introduction
	2 Materials and Methods
	2.1 Participants
	2.2 Experimental Protocol
	2.3 Statistical Analysis

	3 Results
	4 Discussion and Conclusion
	References

	Human Ergonomic Assessment Within “Industry 5.0” Workplace: Do Standard Observational Methods Correlate with Kinematic-Based Index in Reaching Tasks?
	1 Introduction
	2 Materials and Methods
	2.1 Participants
	2.2 Experimental Setup
	2.3 Testing Procedure
	2.4 Motion Tracking
	2.5 Data Analysis

	3 Results and Discussion
	4 Conclusions
	References

	Challenges for Standardized Ergonomic Assessments by Digital Human Modeling
	1 Introduction
	2 Methods
	2.1 Definition of the Research Question
	2.2 Systematic Search for Relevant Studies
	2.3 Study Selection According to Predefined Inclusion/Exclusion Criteria
	2.4 Data Extraction and Processing
	2.5 Compilation, Synopsis, and Report of the Results

	3 Results
	3.1 Digital Human Models DHM
	3.2 Anthropometry
	3.3 Motion Capture Systems
	3.4 Ergonomic Assessment Procedures
	3.5 Data Formats
	3.6 Interfaces
	3.7 Standards

	4 Conclusions
	References

	Assessing Ergonomics on IPS IMMA Family of Manikins
	1 Introduction
	2 DHM Tool and Use Case 
	3 Results and Discussion
	4 Conclusions
	References

	Improving Ergonomic Training Using Augmented Reality Feedback
	1 Introduction
	2 Methods
	2.1 AR Pose Estimation Prototype
	2.2 Post-Study System Usability Questionnaire and Bipolar Laddering (BL)
	2.3 Study Design
	2.4 Data Acquisition, and Processing

	3 Results
	3.1 Data from Video Processing
	3.2 Within Participant Pre-intervention Vs Post-intervention Comparison
	3.3 Post-Study System Usability Questionnaire
	3.4 Bipolar Laddering (BL)

	4 Discussion
	4.1 Future Works

	References

	BGHW Warehouse Simulation – Virtual Reality Supports Prevention of Slip, Trip and Fall (STF) Accidents
	1 Introduction
	1.1 STF Prevention
	1.2 VR in OSH and in STF Prevention

	2 Application Requirements and Concept Development
	3 Technical Conversion and VR Application Design
	3.1 Definition
	3.2 Requirement Analysis
	3.3 Specification and Integration of Human-System Interaction
	3.4 Development of the VR Simulation Environment
	3.5 Implementation of the Instructional Environment
	3.6 Evaluation of Goals

	4 Discussion and Conclusions
	References

	The Low Back Fatigue Research Based on Controlled Sedentary Driving Tasks
	1 Introduction
	2 Material and Methods
	2.1 Participants
	2.2 Experimental Procedure
	2.3 EMG Recording
	2.4 Data Analysis

	3 Result
	4 Product Design Expectation
	4.1 Relevant Product Design
	4.2 Product Design

	5 Conclusion
	References

	An Experimental Study of the Comfort of Stroke Rehabilitation Gloves Based on ANSYS
	1 Introduction
	2 Overview of Rehabilitation Gloves
	3 The Comfort Study of Rehabilitation Gloves
	3.1 Analysis of the Hand Characteristics of Stroke Patients
	3.2 Factors Affecting the Comfort of Rehabilitation Gloves

	4 Based on the Tendon Drive Mechanism Finite Element
	4.1 Pre-model Construction
	4.2 ANSYS Workbench Finite Element Analysis
	4.3 Analysis of Simulation Results

	5 Discussion
	6 Conclusion
	References

	Job Design and Human Productivity
	Development and Evaluation of a Knowledge-Based Cyber-Physical Production System to Support Industrial Set-Up Processes Considering Ergonomic and User-Centered Aspects
	1 Introduction
	2 Related Work
	2.1 Technology Development Within Industrial Processes
	2.2 Design of Practical and Knowledge-Based Support Systems
	2.3 Ergonomics in the Industrial (Set-Up) Context

	3 Methodology
	4 Results
	5 Discussion and Conclusion
	References

	Evaluating Domain-Independent Small Talk Conversations to Improve Clinical Communication Interaction for Human and Machine
	1 Introduction
	1.1 Small Talk in Clinical Care
	1.2 Research Objective

	2 Methods
	2.1 Big Five Personality Model
	2.2 Survey Instrument on Conversation Quality
	2.3 Data Collection
	2.4 Results

	3 Discussion
	3.1 Limitations and Future Direction

	4 Conclusion
	References

	The Impacts of Covid-19 Pandemic on Nursing Workflow in a Medical ICU
	1 Introduction
	2 Methodology
	2.1 Data Collection
	2.2 Task Frequency and Sequence Comparisons

	3 Results
	4 Discussion
	5 Conclusion
	References

	Human Factors in Manufacturing: A Systematic Literature Review
	1 Introduction
	2 Purpose of Study
	3 Research Methodology
	3.1 Data Collection
	3.2 Engagement Measure
	3.3 Trend Analysis

	4 Results
	4.1 Co-citation Analysis
	4.2 Pivot Table
	4.3 Cluster Analysis
	4.4 Content Analysis Using MAXQDA

	5 Discussion
	6 Conclusion
	7 Future Work
	References

	Pre-defined Emergencies on Demand: Simulation-Based Analysis of Information Processing in Emergency Dispatching
	1 Introduction
	2 Knowledge Elicitation in Safety-Critical Systems
	3 Literature Review
	3.1 Search and Selection Process 
	3.2 Synthesis
	3.3 Review Discussion

	4 Methodology Design
	4.1 Experimental Setup
	4.2 Example Scenario
	4.3 CDM Interviews

	5 Discussion
	5.1 Implications
	5.2 Limitations and Further Research

	6 Conclusion
	References

	Design Requirements for Working with Mobile Smart Devices—a Scoping Review
	1 Background
	2 Objectives
	3 Method
	4 Results
	5 Conclusion
	References

	Implementation of Lean Six Sigma to Improve the Quality and Productivity in Textile Sector: A Case Study
	1 Introduction
	2 Literature Review
	3 Methodology
	4 Results
	4.1 Define Phase
	4.2 Measure Phase
	4.3 Analyze Phase
	4.4 Improvement Phase
	4.5 Control Phase

	5 Conclusions and Future Work
	References

	Simulation-Based Training in the Manufacturing Industry: A Suggested Quick Assessment
	1 Introduction and Background
	1.1 History of Simulation-Based Training
	1.2 Types of Simulation-Based Training

	2 Overview of Report Contents
	2.1 Problem Statement
	2.2 Subtopics Covered Within the Report

	3 Procedure
	4 Results and Discussion
	4.1 Existing Simulation-Based Training in Manufacturing
	4.2 Training Example Using FlexSim
	4.3 Current Assessments for Simulation-Based Training
	4.4 Assessment/Learning Objective Example of FlexSim

	5 Future Work
	References

	Analysis of Work-Flow Design Related to Aspects of Productivity and Ergonomics
	1 Introduction and Background
	1.1 Factors Considered to Develop Effective Workplace Design

	2 Literature Survey
	3 Bibliometric Analysis: Productivity, Ergonomics, and Simulation
	4 Flexsim
	4.1 Installation
	4.2 Version of Flexsim
	4.3 Working of Flexsim - Procedure

	5 Discussion
	6 Results and Conclusion
	References

	Quality of Experience and Mental Energy Use of Cobot Workers in Manufacturing Enterprises
	1 Introduction
	1.1 Mental Health and Work-Related Risks
	1.2 Industry 4.0 and Collaborative Robotics
	1.3 Flow as an Optimal Experience 
	1.4 Estimation of Physical and Mental Energy Expenditure Using Wearables
	1.5 Aim

	2 Methods
	2.1 Recruitment and Participants
	2.2 ESM Procedure
	2.3 Real-Time Estimation of Mental Energy Use
	2.4 Data Handling and Analyses

	3 Results and Discussion
	3.1 Workers’ Quality of Daily Experience: ESM Results
	3.2 Workers’ Mental Energy Use

	4 Discussion
	5 Conclusion
	References

	Something Old, Something New, Something Inspired by Deep Blue?
	1 Introduction
	2 Study Design
	2.1 Search Criteria
	2.2 Publication Selection
	2.3 Data Charting and Synthesis

	3 Results
	3.1 General Characteristics of Included Studies
	3.2 Research Topics

	4 Discussion
	4.1 Implications for Further Research
	4.2 Strengths and Limitations

	5 Conclusions
	References

	Description of Sequential Risky Decision-Making Choices in Human-Machine Teams Using Eye-Tracking and Decision Tree
	1 Introduction
	2 Method
	2.1 Participants
	2.2 Sequential Risky Decision-Making Task
	2.3 Human-Machine Team Collaboration Mode
	2.4 Equipment and Data Collection
	2.5 Data Analysis
	2.6 Procedure
	2.7 Decision Tree

	3 Results
	3.1 Task Performance
	3.2 Attentional Behaviors
	3.3 Results of Decision Tree

	4 Discussion
	5 Conclusions
	References

	Interacting with Robots and Exoskeletons
	Introduction of a Cobot as Intermittent Haptic Contact Interfaces in Virtual Reality
	1 Introduction
	2 Description of Context
	3 Applications of ICIs
	4 Challenges
	5 Roadmap for the Introduction of Cobots
	6 Conclusions and Future Work
	References

	The Efficiency of Augmented Pointing with and Without Speech in a Collaborative Virtual Environment
	1 Introduction
	1.1 Pointing Accuracy
	1.2 Pointing and Speech
	1.3 The Current Experiment

	2 Methods
	2.1 Participants
	2.2 Stimuli and Apparatus
	2.3 Procedure
	2.4 Data Analysis and Reduction

	3 Results
	3.1 Errors and Reaction Times
	3.2 Relationship Between Errors and Reaction Time
	3.3 Speech Content

	4 Discussion
	4.1 Implications for Augmenting Pointing
	4.2 Integration of Speech and Pointing
	4.3 Conclusion

	References

	Does the Form of Attachment Have an Impact on Occupational Thermal Comfort? A Study on the Spinal Exoskeleton
	1 Introduction
	2 Method
	2.1 Subjects and Environment
	2.2 Test Procedure
	2.3 Exoskeleton
	2.4 Physiological and Subjective Measurements

	3 Statistical Analysis
	3.1 Result
	3.2 Results of MR
	3.3 Results of Skin Temperature
	3.4 Results of TSV and TCV

	4 Discussion
	4.1 MR, Temperature Steps and Workloads
	4.2 Thermoregulatory
	4.3 Combined Effects of Workloads and Ambient Temperature on TSV and TCV

	5 Conclusion
	References

	A Multimodal Data Model for Simulation-Based Learning with Va.Si.Li-Lab
	1 Introduction
	2 Formalizing Interactive Multimodal Semantics
	3 Three Usage Scenarios
	3.1 Interactive Critical Online Reasoning
	3.2 Simulation-based Learning
	3.3 Visual Communication

	4 Conclusion
	References

	TWINMED T-SHIRT, a Smart Wearable System for ECG and EMG Monitoring for Rehabilitation with Exoskeletons
	1 The Twinmed System
	1.1 The System

	2 Design the T-shirt
	2.1 Comfort Design
	2.2 Smart T-shirt Design

	3 System Test
	4 Conclusion
	References

	Evaluating Multimodal Behavior Schemas with VoxWorld
	1 Introduction
	2 Related Work
	3 Method
	3.1 Source Data: The Shared Weights Task
	3.2 Data Collection
	3.3 Annotation Schema
	3.4 Environment Modeling
	3.5 Annotation Import and Execution

	4 Discussion and Future Work
	4.1 Annotation Score Validation
	4.2 Annotation Schema
	4.3 IVA Expression

	5 Conclusion
	References

	Robust Motion Recognition Using Gesture Phase Annotation
	1 Introduction
	2 Related Work
	2.1 History of Gesture Semantics
	2.2 Real World Applications

	3 Methodology
	3.1 MediaPipe
	3.2 Datasets
	3.3 Static Classification Model
	3.4 Movement Segmentation
	3.5 Phase Breakdown

	4 Evaluation
	5 Results and Discussion
	6 Conclusion and Future Work
	References

	Short Intervention of Self-study-Videos in a Safety Engineering Learning Arrangement: An Investigation of Effects on Learning Performance and Motivation
	1 Introduction
	2 Theoretical Background and State of Research
	2.1 Occupational Safety
	2.2 Learning Media Background

	3 Research Questions
	4 Methods
	4.1 Study Design and Experimental Procedure
	4.2 Material
	4.3 Data Collection Methods
	4.4 Evaluation Methods

	5 Results
	5.1 Sample Description
	5.2 Design of Learning Materials
	5.3 Motivation and Interest
	5.4 Learning Performance

	6 Discussion
	7 Conclusion and Outlook
	References

	An AI-Based Action Detection UAV System to Improve Firefighter Safety
	1 Introduction
	2 Related Works
	2.1 AI Applications in Firefighting
	2.2 UAV Assistance in Firefighting
	2.3 AI-Based UAV Applications

	3 Methods
	4 Results
	5 Discussion and Conclusion
	6 Future Work
	References

	The Effect of Transparency on Human-Exoskeleton Interaction
	1 Introduction
	2 Method
	2.1 Subjects
	2.2 Material and Devices
	2.3 Experiment Design
	2.4 Data Analysis

	3 Results
	4 Conclusion
	5 Discussion
	References

	Author Index

