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Foreword

Human-Computer Interaction (HCI) is acquiring an ever-increasing scientific and
industrial importance, and having more impact on people’s everyday life, as an
ever-growing number of human activities are progressively moving from the physical
to the digital world. This process, which has been ongoing for some time now, has been
dramatically accelerated by the COVID-19 pandemic. The HCI International (HCII)
conference series, held yearly, 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 23rd International Conference on Human-Computer Interaction, HCI Interna-
tional 2021 (HCII 2021), was planned to be held at the Washington Hilton Hotel,
Washington DC, USA, during July 24–29, 2021. Due to the COVID-19 pandemic and
with everyone’s health and safety in mind, HCII 2021 was organized and run as a
virtual conference. It incorporated the 21 thematic areas and affiliated conferences
listed on the following page.

A total of 5222 individuals from academia, research institutes, industry, and gov-
ernmental agencies from 81 countries submitted contributions, and 1276 papers and
241 posters were included in the proceedings to appear just before the start of the
conference. The contributions thoroughly cover the entire field of HCI, 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
volumes constituting the set of proceedings to appear before the start of the conference
are listed in the following pages.

The HCI International (HCII) conference also offers the option of ‘Late Breaking
Work’ which applies both for papers and posters, and the corresponding volume(s)
of the proceedings will appear after the conference. Full papers will be included in the
‘HCII 2021 - Late Breaking 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 2021 - Late Breaking Posters’ volumes to be published in
the Springer CCIS series.

The present volume contains papers submitted and presented in the context of the
12th International Conference on Digital Human Modeling and Applications in Health,
Safety, Ergonomics and Risk Management (DHM 2021), an affiliated conference to
HCII 2021. I would like to thank the Chair, Vincent G. Duffy, for his invaluable
contribution to its organization and the preparation of the proceedings, as well as the
members of the Program Board for their contributions and support. This year, the DHM
affiliated conference has focused on topics related to ergonomics, human factors and
occupational health, human body and motion modeling, language, communication and
behavior modeling, healthcare applications, and digital human models in product and
service design, as well as AI applications.



I would also 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 highest scientific quality and overall success of the HCI International 2021
conference.

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
appreciation to Abbas Moallem, Communications Chair and Editor of HCI Interna-
tional News.

July 2021 Constantine Stephanidis

vi Foreword



HCI International 2021 Thematic Areas
and Affiliated Conferences

Thematic Areas

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

Affiliated Conferences

• EPCE: 18th International Conference on Engineering Psychology and Cognitive
Ergonomics

• UAHCI: 15th International Conference on Universal Access in Human-Computer
Interaction

• VAMR: 13th International Conference on Virtual, Augmented and Mixed Reality
• CCD: 13th International Conference on Cross-Cultural Design
• SCSM: 13th International Conference on Social Computing and Social Media
• AC: 15th International Conference on Augmented Cognition
• DHM: 12th International Conference on Digital Human Modeling and Applications

in Health, Safety, Ergonomics and Risk Management
• DUXU: 10th International Conference on Design, User Experience, and Usability
• DAPI: 9th International Conference on Distributed, Ambient and Pervasive

Interactions
• HCIBGO: 8th International Conference on HCI in Business, Government and

Organizations
• LCT: 8th International Conference on Learning and Collaboration Technologies
• ITAP: 7th International Conference on Human Aspects of IT for the Aged

Population
• HCI-CPT: 3rd International Conference on HCI for Cybersecurity, Privacy and

Trust
• HCI-Games: 3rd International Conference on HCI in Games
• MobiTAS: 3rd International Conference on HCI in Mobility, Transport and

Automotive Systems
• AIS: 3rd International Conference on Adaptive Instructional Systems
• C&C: 9th International Conference on Culture and Computing
• MOBILE: 2nd International Conference on Design, Operation and Evaluation of

Mobile Communications
• AI-HCI: 2nd International Conference on Artificial Intelligence in HCI



List of Conference Proceedings Volumes Appearing
Before the Conference

1. LNCS 12762, Human-Computer Interaction: Theory, Methods and Tools (Part I),
edited by Masaaki Kurosu

2. LNCS 12763, Human-Computer Interaction: Interaction Techniques and Novel
Applications (Part II), edited by Masaaki Kurosu

3. LNCS 12764, Human-Computer Interaction: Design and User Experience Case
Studies (Part III), edited by Masaaki Kurosu

4. LNCS 12765, Human Interface and the Management of Information: Information
Presentation and Visualization (Part I), edited by Sakae Yamamoto and Hirohiko
Mori

5. LNCS 12766, Human Interface and the Management of Information:
Information-rich and Intelligent Environments (Part II), edited by Sakae
Yamamoto and Hirohiko Mori

6. LNAI 12767, Engineering Psychology and Cognitive Ergonomics, edited by Don
Harris and Wen-Chin Li

7. LNCS 12768, Universal Access in Human-Computer Interaction: Design Methods
and User Experience (Part I), edited by Margherita Antona and Constantine
Stephanidis

8. LNCS 12769, Universal Access in Human-Computer Interaction: Access to Media,
Learning and Assistive Environments (Part II), edited by Margherita Antona and
Constantine Stephanidis

9. LNCS 12770, Virtual, Augmented and Mixed Reality, edited by Jessie Y. C. Chen
and Gino Fragomeni

10. LNCS 12771, Cross-Cultural Design: Experience and Product Design Across
Cultures (Part I), edited by P. L. Patrick Rau

11. LNCS 12772, Cross-Cultural Design: Applications in Arts, Learning, Well-being,
and Social Development (Part II), edited by P. L. Patrick Rau

12. LNCS 12773, Cross-Cultural Design: Applications in Cultural Heritage, Tourism,
Autonomous Vehicles, and Intelligent Agents (Part III), edited by P. L. Patrick Rau

13. LNCS 12774, Social Computing and Social Media: Experience Design and Social
Network Analysis (Part I), edited by Gabriele Meiselwitz

14. LNCS 12775, Social Computing and Social Media: Applications in Marketing,
Learning, and Health (Part II), edited by Gabriele Meiselwitz

15. LNAI 12776, Augmented Cognition, edited by Dylan D. Schmorrow and Cali M.
Fidopiastis

16. LNCS 12777, Digital Human Modeling and Applications in Health, Safety,
Ergonomics and Risk Management: Human Body, Motion and Behavior (Part I),
edited by Vincent G. Duffy

17. LNCS 12778, Digital Human Modeling and Applications in Health, Safety,
Ergonomics and Risk Management: AI, Product and Service (Part II), edited by
Vincent G. Duffy



18. LNCS 12779, Design, User Experience, and Usability: UX Research and Design
(Part I), edited by Marcelo Soares, Elizabeth Rosenzweig, and Aaron Marcus

19. LNCS 12780, Design, User Experience, and Usability: Design for Diversity,
Well-being, and Social Development (Part II), edited by Marcelo M. Soares,
Elizabeth Rosenzweig, and Aaron Marcus

20. LNCS 12781, Design, User Experience, and Usability: Design for Contemporary
Technological Environments (Part III), edited by Marcelo M. Soares, Elizabeth
Rosenzweig, and Aaron Marcus

21. LNCS 12782, Distributed, Ambient and Pervasive Interactions, edited by Norbert
Streitz and Shin’ichi Konomi

22. LNCS 12783, HCI in Business, Government and Organizations, edited by Fiona
Fui-Hoon Nah and Keng Siau

23. LNCS 12784, Learning and Collaboration Technologies: New Challenges and
Learning Experiences (Part I), edited by Panayiotis Zaphiris and Andri Ioannou

24. LNCS 12785, Learning and Collaboration Technologies: Games and Virtual
Environments for Learning (Part II), edited by Panayiotis Zaphiris and Andri
Ioannou

25. LNCS 12786, Human Aspects of IT for the Aged Population: Technology Design
and Acceptance (Part I), edited by Qin Gao and Jia Zhou

26. LNCS 12787, Human Aspects of IT for the Aged Population: Supporting Everyday
Life Activities (Part II), edited by Qin Gao and Jia Zhou

27. LNCS 12788, HCI for Cybersecurity, Privacy and Trust, edited by Abbas Moallem
28. LNCS 12789, HCI in Games: Experience Design and Game Mechanics (Part I),

edited by Xiaowen Fang
29. LNCS 12790, HCI in Games: Serious and Immersive Games (Part II), edited by

Xiaowen Fang
30. LNCS 12791, HCI in Mobility, Transport and Automotive Systems, edited by

Heidi Krömker
31. LNCS 12792, Adaptive Instructional Systems: Design and Evaluation (Part I),

edited by Robert A. Sottilare and Jessica Schwarz
32. LNCS 12793, Adaptive Instructional Systems: Adaptation Strategies and Methods

(Part II), edited by Robert A. Sottilare and Jessica Schwarz
33. LNCS 12794, Culture and Computing: Interactive Cultural Heritage and Arts

(Part I), edited by Matthias Rauterberg
34. LNCS 12795, Culture and Computing: Design Thinking and Cultural Computing

(Part II), edited by Matthias Rauterberg
35. LNCS 12796, Design, Operation and Evaluation of Mobile Communications,

edited by Gavriel Salvendy and June Wei
36. LNAI 12797, Artificial Intelligence in HCI, edited by Helmut Degen and Stavroula

Ntoa
37. CCIS 1419, HCI International 2021 Posters - Part I, edited by Constantine

Stephanidis, Margherita Antona, and Stavroula Ntoa

x List of Conference Proceedings Volumes Appearing Before the Conference



38. CCIS 1420, HCI International 2021 Posters - Part II, edited by Constantine
Stephanidis, Margherita Antona, and Stavroula Ntoa

39. CCIS 1421, HCI International 2021 Posters - Part III, edited by Constantine
Stephanidis, Margherita Antona, and Stavroula Ntoa

http://2021.hci.international/proceedings 
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HCI International 2022

The 24th International Conference on Human-Computer Interaction, HCI International
2022, will be held jointly with the affiliated conferences at the Gothia Towers Hotel and
Swedish Exhibition & Congress Centre, Gothenburg, Sweden, June 26 – July 1, 2022.
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 available on the conference
website: http://2022.hci.international/:

General Chair
Prof. Constantine Stephanidis
University of Crete and ICS-FORTH
Heraklion, Crete, Greece
Email: general_chair@hcii2022.org

http://2022.hci.international/ 
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Abstract. The last few decades have seen the hospital environment becomemore
and more technologically advanced with the development of advanced diagnostic
and surgical tools. Thebeds have also undergone a radical transformation, thanks to
the integration of electrical and electronic components, that have allowed the birth
of the modern widespread electric beds. This work presents a checklist developed
to test the usability of the pushbutton panels that control their movements, which
could be useful in designing a controller capable of considering the needs of users
such as caregivers and patients. The checklist items were created starting from
the usability guidelines and then placed within an appropriate Nielsen heuristic.
The tool thus designed was tested in a usability expert evaluation session with
five experts. The data collected were the responses to the checklist, the experts’
comments, the notes collected during the procedure, the time to complete, and
the severity and frequency of the problems detected. The results showed that the
checklist could detect a substantial series of significant usability problems in a
short time, which makes it an easily usable tool in the industrial field for rapid and
valuable tests for future interfaces design. The usage of this developed checklist
could be useful to design better control panels to facilitate both caregivers’ work
and patients’ stay.

Keywords: Electrical medical beds · Usability checklist · Usability expert
evaluation · Push-button panels · HCI

1 Introduction

Healthcare and eldercare facilities are currently struggling to cope with patients’ needs
all over the world. Among others, the problem of staff shortage is very well known in this
field, and caregivers found themselves faced with increasingly high workload and stress
levels, characterized by risks, precarious working conditions, long and irregular shifts,
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and emotional pressures [1]. A recent and extensive study carried out in Switzerland in
2018 [2] described a surveywith 1840 respondents in the hospital sector showing how the
physical, mental, and emotional workload play fundamental roles in developing burnout
and intention to leave the profession. The study showed that work stress accounts for
40 to 43% of burnout cases, while for 22–29% of the cases of intention to leave. These
data, therefore, show how the health system is greatly affected by the problems deriving
from the ageing of the population and the contemporary demographic increment which,
combined with the lack of personnel, set hospitals and nursing homes in a difficult
condition. Besides, the COVID-19 pandemic and the health crisis have revealed a new
set of weaknesses of the sanitary systems, such as the insufficient number of beds in
intensive care units [3], and have exacerbated the lack of personnel. Moreover, the large
number of patients who needed regular or long-term hospitalization [4] has highlighted
the relevance of specific facilities that help caregivers to reduce their workload.

All these issues that in different manner concern both eldercare and healthcare, affect
the quality of life andworking environment of caregivers, but they also impact the quality
of care delivered to guests and patients. Therefore, helping health workers and nurses
will allow all categories to improve care quality, given and received. This paper addresses
how to help hospital staff workmore efficientlywithout having negative repercussions on
work stress.One of themost common solutions and one of themost valuable aids could be
the intervention of increasingly sophisticated technologies, capable of making hospital
procedures easier or less tiring. These innovations certainly provide proper support, but,
at the same time, they can introduce complex tools into the caregivers’ work practice,
which require to be studied and understood, especially when it comes into contact also
with patients. It is crucial to ensure that these technologies are designed according to
principles that make them effective, efficient, and satisfying. These characteristics fall
within the concept of Usability, defined as “the extent to which a system, product or
service can be used by specified users to achieve specified goals with effectiveness,
efficiency and satisfaction in a specified context of use” [5]. Given the strong influence
that usability exerts on the increase of work well-being, the reduction of time pressure
and other aspects of the work of doctors and the rest of the hospital staff [6], the point
is, therefore to make more usable the instruments used in these environments.

This work was born from these concepts and from the intention to create an easy and
rapid assessment tool to evaluate hospital bed control panels. To this end, a checklist
was devised, and the control panel (Fig. 1.a) present in the Delta4 model (Fig. 1.b) of
the beds produced by the Malvestio Spa. was evaluated. The study examined a patient’s
push-button panel considering a specific tool that could be potentially exploited to assess
any type of bed controller.

1.1 Electrical Medical Beds

The modern history of hospital beds and related innovations has been explored in some
recent reviews by Ghersi [7, 8]. In its older work, he tackles the evolution of hospital
beds from the 1940s to 2000, identifying three macro stages, starting with the era of
electric beds, passing through mechatronic beds up to intelligent mechatronic beds.
He identified the origin of the electrical beds when the adjustable sides were invented,
between1815and1825 [9]. Following technologydevelopment, these supports gradually
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Fig. 1. a) Patient’s control panel; b) Delta4 bed

acquire greater intelligence and automatisms, transforming themselves into what he
defines as Intelligent Mechatronic Beds. In modern electric hospital beds, software, and
hardware work together to allow the bed and its components to move in a concerted
manner, thus integrating mechanics with electronics and computer science.

The most advanced versions of these tools are equipped with an electrical engine,
capable of moving some of their parts (e.g., backrest) to meet people’s needs in terms
of personalization and comfort. The modern bed is usually divided into four different
sections. This configuration, with 3 articulated parts (back, thighs or upper leg, calves
or lower leg) and a central part fixed, prevents the mattress from deforming and at
the same time guarantees an equal pressure distribution even if the movement of each
section reaches its limit. The leg and the torso sections can also be moved thanks to
electric or other actuators. Moreover, thanks to the double-section configuration of the
leg section, subdivided in thighs (upper leg) and calves (lower leg), the former allows
a slight elevation in its central part, at the knees level. This allows reaching a position
similar to an armchair (chair position). A scheme of this structure is shown in Fig. 2.

Subsequently, another extensive work by Ghersi [8] highlighted how the hospi-
tal bed market is increasingly evolving towards their smart forms. These bed features
cutting-edge technologies and are designed to have high functionality and advanced
user interfaces. Nowadays, therefore, in the hospital environment, product efficiency
is fundamental and has become one of the discriminating factors that will lead to its
success [10]. Control panels represent the physical interfaces that allow patients and
professional caregivers to control the beds’ movements. Therefore, it would be desirable
that the design and development of the control interfaces will consider usability aspects,
such as efficacy and efficiency.

1.2 Human Factors on Medical Beds

Despite the increasingly urgent and well-recognised need to study human factors related
to hospital beds. The research in this field has mainly focused on technical aspects,
such as algorithms for patient monitoring systems to reduce false alarms [11], pressure-
sensing mat to optimize repositioning of the patients [12] and pressure sensors to predict
falling accidents and bedsores [13].
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Fig. 2. Scheme of the structure of the bed. 1 – backrest; 2 – central fixed section; 3 – thighs or
upper leg; 4 – calves or lower leg.

Studies investigating usability in healthcare environment are less frequent, even
though there are a few exceptions. For example, a recent study [14] used semi-structured
interviews and a usability questionnaire to define design guidelines for instruments in
operating room. A recent review [15] sought to summarize and organize the studies
carried out so far in the general field of medical devices, demonstrating the interest of
human factors in hospital technologies.

However, pertaining to hospital beds, some investigations concerning their usabil-
ity are present in the literature. First of all, it is interesting to know that the electric
hospital bed has been tested to verify its effectiveness as a technological advance com-
pared to previous versions, such as the hydraulic one. A video analysis study [16] has
demonstrated their superiority by analyzing tasks carried out by couples of nurses who
had to deal with problems relating to bed hygiene and the transfer of a patient from it
to a wheelchair. In this study, the outcomes of a survey administered to 63 caregivers
highlighted a high level of usability for the electric bed.

Regarding the design of the bed, an extensive study by Wiggerman [17] has shown
how manufacturers are increasingly interested in the human-centric approach, in which
users are involved in the development process. This work presents many usability tests
(over 20 studies with more than 130 caregivers) that were carried out to identify the
interfaces’ potential usability problems. Again, this design approach is then concretized,
in the final stages, with tests in a real environment. Regarding this last point, an example
of a test is the one carried out by Cai and colleagues [18]. In their study, a smart bed, and
the associated functions and technologies, was tested for 12 months in a hospital. The
nurses involved were then interviewed to define any technical and usability problems.
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Going more specifically to particular parts of the bed, one of the issues most encoun-
tered by hospital staff concerned the effort required to move a bed, with a patient on it,
from one place to another in the hospital. In this sense, the innovations sought by the
manufacturers, such as the 5th motorized wheel and alternative brake positions, have
been studied to understand which solution could be the least tiring to use [19]. Thanks
to quantitative and qualitative measures, these studies have shown how the 5th wheel
drastically reduces perceived fatigue and the need to have the brake pedals particularly
accessible to the operators, both for the patient’s safety and any operators’ back pain.

As for the bed controls, the attention to the usability associated with them is more
recent, although, even in this field, they are often addressed to new emerging technolo-
gies, such as gestures. In a study of 2017 [20], some interviews showed how this control
method (i.e., gestures) was recognized by caregivers as potentially suitable, given the
possibility of hands-free control and reduced infection ability due to the reduced use
of physical interfaces. Despite the advent of these innovations, the physical interface
currently remains the golden standard for beds worldwide. In Lin and colleagues [21],
they tested the usability of 6 different types of controllers with 20 nurses. Finally, even in
one of the aforementioned studies [18], an electronic push-button panel was also tested,
defined by the users interviewed as very useful and often used.

1.3 Usability Checklist

Usability checklist is a well-established methodology in Human-Computer Interaction
that allow to evaluate the usability of a user interface in a rapid and cost-effective man-
ner. Generally speaking, a usability checklist consists of a set of rules or guidelines
that the user interface is expected to meet, and that a number of participants is asked
to evaluate [22]. One of the main advantages of usability checklists is that they pro-
vide reliable results even with very small samples of evaluators, namely five, thereby
being extremely convenient [22]. Initially, usability checklists were developed around
the usability heuristics proposed by Nielsen [23]. While still being a seminal reference,
such guidelines need to be adapted to the very specific case of study.

Over the years, usability checklists have been deployed to evaluate a variety of dif-
ferent interfaces, including websites [24], Augmented Reality applications [25], virtual
environments [26], just to mention a few.

Several studies employed checklists to investigate the usability of mobile apps
addressing patient monitoring of specific health issues [27] or to evaluate software for
doctors’ appointment management [28]. However, the user interfaces with which health-
care professionals directly interact on a daily basis have rarely been assessed using such
method.

The aim of the present work is to apply a purposefully devised usability checklist
for the evaluation of the control panel of an electric hospital bed.
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2 Materials and Methods

2.1 Checklist Development

The checklist’s creation was divided into three phases: the selection of the usability
guidelines, the distribution of the same within the ten Nielsen heuristics, a first pilot to
test their effectiveness, and the removal of the unsuitable ones.

• Usability Guidelines Selection. During the creation of usability questionnaires or
checklists, one of the main limitations is forgetting some critical elements to analyze.
To overcome this problem, it was decided to start from the guidelines to ensure the
greatest number of controlled features. The Checklist items were elaborated based
on the usability guidelines for design technology hospital settings [29]. Each guide-
line consistent with the purpose of the experiment was rephrased to be suitable as a
checklist item and translated into Italian.

• Items Distribution. The ten Nielsen heuristics [30] were used to firstly define the
dimensions and general usability principles of the Checklist. Subsequently, they were
slightly modified and adapted, when necessary, to the context and to the evaluation
of a physical interface to permit the insertion of items generated from the guidelines.
The dimensions used were:

1. Visibility of system status. The system should provide clear and rapid feedbacks
to inform the user about its current status.

2. Match between system and the real world. The system should use a familiar
language to the user, following conventions and logical order. Possible user
actions should match the real-world effects.

3. Give the user control with comfort. The user should be free to use the interface
without impediments that facilitate errors or make the interaction less pleasant.

4. Consistency and standard. The user should not worry about finding conflicting
elements within the system, which should follow platform conventions.

5. Error prevention. The system should be designed to prevent errors. In case of
errors or dangerous situations, it must provide quick and punctual help for its
resolution.

6. Recognition rather than recall. It is important to minimize the memory load
elicited by the system by making the information easily accessible and intuitive.

7. Flexibility, accessibility, and efficiency of use. Experienced users should be able
to use shortcuts to reduce system usage time. This should also be flexible and
accessible enough to allow use by all types of users.

8. Aesthetic and minimalist design. The system should not present information that
is irrelevant or infrequently used. The aesthetics should also be nice.

9. Help users recognize, diagnose, and recover from errors. The error messages
should be clear and precise, indicating their resolutions.

10. Help and documentation. The system should be usable without the instructions.
When a system could not achieve this objective, the information should be easy
to find and centered on the user’s needed actions, with step-by-step guides. The
documentation should not be too long.
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• Pilot Study. After inserting the items based on the guidelines into the most suitable
usability principles categories, a first pilot experiment was carried out with some
usability experts (N = 4). The purposes were to test the experimental procedure,
refine the items statements eventually, remove the unsuitable items, and potentially
add missing ones, according to the expert’s comments. The final checklist (fundable
in the Appendix section) integrated items adapted from specific guidelines and from
the usability experts’ comments. The total number of items created is 34.

2.2 Scoring and Measures

Participants’ responses to the checklist items could bepositive, negative, or not applicable
(Yes; No;N.A.). Since the itemswere formulated to be in accordancewith the guidelines,
the single items score was obtained by calculating the percentage of positive responses,
and as regards the dimensions, the averagewas then extracted. The only exceptionwas the
item 34 (“The documentation material is necessary for the use of the bed control panel”),
inwhich the itemwas negatively formulated, and it was reversed. In addition, users’ notes
were collected in the checklist, togetherwith any behaviour or comments that participants
made during the experience. Moreover, the time spent to complete the checklist was
considered. After the first analysis of the checklist, the participants fill a questionnaire to
assess the level of severity of the problem detected. This Severity Questionnaire follows
the scoring scale stated by Nielsen [31] that assign to every problem a score from 0 to
4: 0 = I don’t agree that this is a usability problem at all; 1 = Cosmetic problem only:
need not be fixed unless extra time is available on project; 2=Minor usability problem:
fixing this should be given low priority; 3 = Major usability problem: important to
fix, so should be given high priority; 4 = Usability catastrophe: imperative to fix this
before product can be released. Finally, the frequency in which they were reported on the
Checklist or identified by users during the procedure was calculated for each problem.

2.3 Experimental Procedure

The experiment involved 5 usability experts (F = 3, Mean age = 31, SD = 5.8) and
took place in a laboratory setting where a hospital bed featuring a cabled control-panel
was placed. The bed presents two push-button control panels, one for patients and one
for operators. The latter can lock the patient’s one, to deprive people at risk of bed
control. Before the participant’s arrival, the experimenter blocked the control-panel to
activate the LED associate with this state and permits its visualization to participants
who did not have previous experience with the bed. In fact, they did not receive specific
instructions on the control panel to test the intuitiveness of the system. They were asked
to perform a series of actions to explore all the bed functions: turning on/off the key
panel, reaching the minimum/maximum of the backrest, leg section, and bed height,
finally setting the chair and safe exit positions. They could freely explore these features
in the preferred order as many times as they deem necessary and in every preferred
positions. Due to the starting blocked state, participants initially tried to use the panel,
but it was blocked, as the experimenter explained. He unlocked the control panel only
after they asked for it. After participants decided that they have completed their free
exploration of the bed functions, they were administered with the Checklist. Finally, the
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researcher provided the control panel user manual to enable participants to fill the items
of the heuristics Help and Documentation. Following the regulations for the limitations
of the COVID-19 spreading, the bed was then sanitized after each use.

3 Results

This procedure has allowed the collection of different types of data, starting from the
results of the items. The average percentage of positive responses showed the strengths
of the control panel, while the percentage of negative responses showed the weaknesses.
The results of these data analyses follow within the dimensions of the checklist. The
results are shown below according to the order of dimensions and are summarized in
Fig. 3.

Fig. 3. The graph shows the mean percentage obtained for each heuristic. Vis = Visibility of
system status;Mat=Match between system and the real world; UseF=User control and freedom;
Con = Consistency and standards; Err= Error prevention; Rec= Recognition rather than recall;
Flex = Flexibility and efficiency of use; Aes = Aesthetic and minimalist design; Help = Help
users recognize, diagnose, and recover from errors; Doc = Help and documentation

– Visibility of System Status. The control panel was found to comply with the usability
guidelines in 70% of the cases. In particular, the participants highlighted that there
should be more feedback types and a faster bed’s response to clarify the activation
of the button. The lack of different types of feedback, other than the movements
of the bed, was also highlighted by the experts’ comments. For example: “Lack of
visual feedback that indicates to continue pressing the button.”; “Differences in the
delay of the response to the key by the movement of the bed”; “At the beginning, it is
natural to press shortly the buttons and this does not affect the bed”; “The answer is not
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always immediate”. However, it has been noted that the materials used for the creation
of the keys could create an adequate tactile sensation (“holding the button down, it
became concave and gave a feeling of feedback”). The notes were also consistent,
highlighting the lack of feedback, especially of a visual type (“the number of LEDs
should be increased”). The participants highlight an issue regarding the backrest lifting
function, which stops in correspondence of 30° without giving any indication to the
user (“apart for the backrest that stops halfway”).

– Match Between System and the Real World. 60% of responses complying with
guidelines. Most of the participants noticed the same problem about the cardiologic
chair button (Fig. 4), which appears to be the same both for the upper and for the
lower position (“the cardiac chair should be clearer”).

Fig. 4. Cardiologic chair buttons highlighted by the oval shape.

– User Control and Freedom. 80% of responses complying with guidelines. The
experts highlighted issues regarding the cable that connects the control panel to the
bed (e.g., “if the cable were longer it would be more comfortable”), also confirmed by
the experimental notes (“too short cable”). Despite this, the checklist highlighted this
problem in the comments but met all participants’ approval. Moreover, the control
buttons panel cannot be used with only one hand most of the times (“It would be
difficult to reach all the buttons without moving the hand holding the remote control”;
“Especially for the higher keys it was more comfortable to hold it with one hand and
press them with the other”). The questions also highlighted that it is not clear which
one is a safe position button (“It is not so intuitive what the safety positions are”).

– Consistency and Standards. Despite the majority of responses comply with the
guidelines (80%), question 11 once again highlighted the problems concerning the
chair’s cardiology button which, unlike the sour buttons, do not have up and down
arrows (“Chair buttons do not have up or down”).
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– Error Prevention. The responses were generally positive and in according with the
guidelines (71.5%). The buttons for the lowest height (Fig. 5.a) also lack a textual
part to clarify its function and the only one present, the word “low” (Fig. 5.b), is in
English (“English label”). It is not very clear to the participants why the backrest stop
at a certain point and one of them also notice that the buttons may be pressed twice
or more to reach the end of the movement due to button slippery (“No, and it is not
clear that the movement has not reached the end of its travel and can continue with a
further pressure of the key (30°); it is possible to lose pressure in a few moments, and
the desired movement is interrupted”). The score is also significantly lowered by the
absence of visibility in dark conditions.

Fig. 5. (a) The left image shows the button to set the bed at the lowest height; (b) the image on
the right shows the “low” label.

– Recognition Rather than Recall. 70% of responses complying with guidelines. The
cardiologic chair button (Fig. 4) was mentioned as the major usability problem of
the control panel. Three out of five participants have remarked this problem in the
comments and during the procedure (“therapeutic chair not understandable”; “not all
icons are understandable, the therapeutic chair is not “).

– Flexibility and Efficiency of Use.Despite a good average of responses in accordance
with the guidelines (80%), the participants did not highlight major problems regarding
visibility and accessibility of the control panel. Although, the score is lowered because
of the problem with the English label “low”.

– Aesthetic and Minimalist Design. No problems founded in this dimension (100%).
Materials seem to be very well accepted and liked by all the usability experts.
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– Help Users Recognize, Diagnose, and Recover from Errors. In general, this
dimension achieved excellent compliance with the guidelines (100%).

– Help and Documentation. 80% of responses complying with guidelines. Two of the
experts highlights that the arrows in the instruction (Fig. 6) should provide information
and point to all the buttons present (“Attention to the arrows of the backrest, lower
and upper legs, they should point both directions, up and down”; “they should be
indicated for columns”). Also, one of the participants point out that instructions would
be necessary to understand the LEDs meaning.

Fig. 6. Graphic part of the instructions

Concluding, the mean completion time of the Checklist was 502 s (i.e., ~9 min).
The total mean percentage score of all the Checklist dimensions was 79.2% of positive
answers. The analysis of the checklist results and the following administration of the
Severity questionnaire are described in Table 1.
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Table 1. The table shows the median of the participants’ score for the severity of the usability
problems found on a scale of 0 to 4. 0 = I do not agree that this is a usability problem at all; 1
= Cosmetic problem only: need not be fixed unless extra time is available on project; 2 =Minor
usability problem: fixing this should be given low priority; 3=Major usability problem: important
to fix, so should be given high priority; 4 = Usability catastrophe: imperative to fix this before
product can be released.

4 Discussion

The objective of this study was to create a quick, easy to use and efficient tool (i.e.,
Usability Checklist), able to allow an in-depth analysis of the usability problems of the
pushbutton panels of modern hospital beds. The motivation was to fill the absence in
literature, as far as we know, of tools that evaluate hospital beds’ control panel design.
During the study, this instrument was then tested to assess its ability to highlight usability
problems. Consistently, the Checklist devised proved to be able to highlight some critical
usability issues in a reasonable time (i.e., about 9 min).

The analyses results and the subsequent categorization of the problems according to
their severity have highlighted some critical issues. Firstly, theChecklist showed a lack of
multiple feedback (Mdn= 2) provided to the user to assist him/her in understanding how
s/he is interacting with the system. The bed itself, with the movement and noises of the
actuators, is the primary feedback. Additional feedbacks, such as haptic and visual, were
suggested by the experts as possible solutions. The absence of visual feedback underlined
a low level of accessibility of the control panel for people in a dark environment or
with visual impairment/blindness (Mdn = 3). Combined with the fact that it does not
present backlights or LEDs, the checklist results suggest their implementation or the
development of a surface, perhaps with elements in relief, which will enable to recognize
the buttons without necessarily using the view. Therefore, this attention is necessary to
allow everyone to use the control panel correctly and easily and permit an improved
accessibility.
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Another problem reported by the experts was the “chair position” button (Mdn= 3).
To reach this position, one would need to press the button located above the man’s figure
while returning to the horizontal position requires to press the lower one. However, since
the two icons on the buttons are the same, it was considered not very intuitive. Again,
regarding the icons, users have shown how the ones indicating potentially safer positions
for the patient (safe exit and minimum height) are not well highlighted (Mdn = 3).

Regarding the ease of access and use of the control panel, the checklist highlighted
that the push-button panel is difficult to use with only one hand (Mdn = 2) and that it is
not always sufficient to press the button once to get to the end of the movement (Mdn=
2). The latter issue could both due to the loss of grip during the pressure of the button,
which is annoying when dealing with the system for a long time, and to the stop of the
backrest at 30° by default without a comprehensible feedback (Mdn = 3).

Lastly, the results obtained by the observations of the “low” LED indicate the
necessity to use labels in the native language (Mdn = 2).

On the other hand, the checklist was also able to highlight the strengths of the control
panel. This last obtained 79.1% of positive responses in according to the guidelines,
thus achieving a good degree of general usability. Furthermore, excluding the button of
therapeutic chair, the icons used were clear and intuitive. The last four dimensions of
the Checklist also showed how the aesthetics, the flexibility of use in terms of ease of
grip and recovery from any errors, and, finally, the information materials, represent the
panels’ strengths.

5 Conclusions

The usability checklist and the experimental procedure showed the possibility of ana-
lyzing the usability aspects of an electric bed button panel in detail, highlighting the
strengths and weaknesses of the devised tool. The ease of use and analysis of the col-
lected data, combined with its rapidity, makes it a valid tool for improving these essential
control interfaces for hospital beds quickly and at reasonable costs. A possible limita-
tion of the present study is to use the heuristics defined by Nielsen [22], which represent
rules for interfaces in general. During the development phase, the items created were
then included in the usability heuristic that seemed most suitable to accommodate them.
In some cases, not all the items appeared to fit perfectly with the specific heuristics
definition. Future work may be necessary to redefine some of these Nielsen’s heuristics,
as already accessed in other areas [32, 33], to adapt them to these particular devices to
improve the usability checklist. Finally, future studies could consider different versions
of the checklist for assessing various types of control interfaces, such as touchscreens
that start to be used in the most advanced hospital beds.
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Appendix

The complete list of the Checklist items is provided.

Visibility of system status

1. Pressing a key corresponds to immediate feedback from the push-button panel.
2. If present, the feedback provided is easily identifiable.
3. If present, the feedback provided takes place in multiple ways.
4. When a key is pressed, it provides tactile feedback.
5. It is easy to tell if the push of a button affects the bed.
6. Understanding when the movement has ended is easy.

Match between system and the real world

7. The movements that the bed can make are represented understandably by the buttons
on the control panel.

Give the user control with comfort

8. Pushing the buttons does not require excessive physical effort.
9. It is always possible to use the push button panel while remaining in a comfortable

position.
10. The push button panel can always be used with one hand.

Consistency and standard

11. The icons used are consistent with each other.

Error prevention

12. A single push of the button is enough to perform the desired movement until it
ends.

13. The positioning of the push-button panel prevents accidental actions from being
performed.

14. The keys for the safety positions are well identifiable.
15. The buttons are adequately spaced from each other.
16. The buttons have a surface that facilitates pressing.
17. The buttons are clearly visible even in darkness.
18. In case the wrong key is pressed, it is easy to return to the previous position.

Recognition rather than recall

19. The meaning of the icons is intuitive.
20. The icons have understandable symbols.
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Flexibility, accessibility, and efficiency of use

21. The push-button panel is easily accessible.
22. The push-button panel is always visible.
23. The push-button panel can be easily grasped with both hands.
24. The travel of the buttons, i.e., the space between pressing the button and its

activation, is adequate.
25. The height of the buttons is adequate.
26. The icons have both graphic and textual elements where needed.

Aesthetic and minimalist design

27. The icons used are aesthetically pleasing.
28. The icons used are large enough.
29. The materials used for the buttons are pleasant to the touch.
30. The materials used for the buttons are aesthetically pleasing.

Help users recognize, diagnose, and recover from errors

31. It is easy to understand when the hand control is locked.
32. It is easy to understand when the hand control is off.

Help and documentation

33. The documentation material is easily understandable.
34. The documentation material is necessary for the use of the bed control panel.
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Abstract. This work aimed at proposing the development of novel products that
provide a better transition for patients who suffered lower limb amputation. The
aim is to provide more support during the transition between pre- and post-
prosthetic phases in patients with lower limb (transtibial) amputations. A proposal
was made for special care multifunctional kits aimed at improving the quality of
life of the transtibial prosthesis user.

Keywords: Transtibial amputation · Prosthetization · Product design · Brazilian
culture

1 Introduction

Patientswhoundergo the process of a limb’s amputation,which is typically then followed
by a prostheses fitting, need a certain informational support regarding the correct use of
this type of assistive technology. Although they may have a prosthesis suitable for their
specific need, there are cases in which patients do not have the correct support when
adapting to the new equipment or in preparation for the first fitting. (Baraúna et al. 2006).

This lack of support in monitoring can cause difficulties in the use of the prosthesis,
stemming, among other reasons, from lack of information and access to the most appro-
priate means of preparation and adaptation to the new physical situation. In addition to
this initial post-amputation scenario, there is also the rehabilitation stage of using the
prosthesis for the first time, where there has also been reported a lack of support that
would otherwise avoid a physically uncomfortable experience, which in turn may make
the use of the prosthesis temporarily or permanently unfeasible.

Benedetto et al. (2002) andVidal et al. (2004) found that, although the use of prosthe-
ses is considered to have a good prognosis, the amputee may present important difficul-
ties in mobility, transfer and postural changes. In addition, there may be the presence of
stump pain or phantom pain, low self-esteem, fear and depression, as well as difficulties
in maintaining static balance, which can lead to falls and, in more severe cases, fractures
(Baraúna et al. 2006).

Within the rehabilitation team, Pullin (2009) highlights a specific role for the
designer, capable of creating solutions for improving daily tasks and overall usabil-
ity of prostheses more effectively than that approached by doctors, physiotherapists,
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psychologists and technicians responsible for the production of said prostheses, among
others, that normally work with low interprofessional interaction.

According to Skrabe (2010), the complexity of the healthcare sector opens oppor-
tunities for multidisciplinary incorporation, in which design can propose solutions in
various applications, producing effective results. Thus arises the relevance of associat-
ing the subject of prostheseswith certain design concepts, which includesmethodologies
developed to solve problems of the most varied origins related to product use contexts.
Thus, the designer is an active participant in the continuous search for the improvement
of the currently available solutions, making it possible for the daily problems faced by
people who have had lower limb amputations to be solved in an innovative and practical
way.

In this study, the focus is on patients who have suffered lower limb amputation
(transtibial) and have difficulty adhering to the use of the prosthesis in the context of
the Unified Health System (SUS) in Brazil. In this context, the objective of this work
is to present a proposal for special care kits aimed at improving the quality of life of
users of transtibial prostheses by increasing adherence to the use of the prosthesis by the
amputee.

2 Special Care of the Lower Limb Amputee in the Pre-
and Post-prosthetic Phases

An amputation causes sudden changes in amputees’ daily lives, directly affecting their
behavior and the way they act (Botelho et al. 2003). The great challenge is the psy-
chological adaptation to the loss of the amputated limb and the resulting condition of
physical disability, which can be potentially disabling and affect health and well-being
(Ephraim et al. 2003).

According to Crenshaw (1996), there are several clinical complications that can arise
after an amputation, regardless of the cause, such as the formation of bruises due to the
surgical procedure, which can delay wound healing and cause bacterial infection. To
prevent this situation, the hematoma must be cleaned, and then solid compression is
applied to the stump, or residual limb. Such compression also prevents and treats edema,
benefits blood circulation and can be done with elastic bands (Boccolini 2001).

According to Carvalho et al. (2005), the infectious process must be removed, and
appropriate antibiotics must be administered. Serious infections can cause complete
disorganization of the wound, eventually requiring a new amputation at a more proximal
level. Necrosis is another complication and, when it is of low intensity at the edges of
the skin, it can be treated conservatively, but it can delay healing. The most severe cases
of necrosis, however, indicate insufficient circulation at the amputation level, requiring
immediate wedge resection or reamputation at a more proximal level.

Carvalho et al. (2005) also state that contractures are common in amputees and, in
order for this not to happen, it is necessary to correctly position the patient on the bed
immediately after the surgery, preventing the amputated limb from being in a position
where the muscles are shortened. Mild contractures can be treated with positioning
exercises, stretching, strengthening and mobilization, while severe ones are treated with
plaster castings or the surgical release of shortened structures.



22 I. Carvalho et al.

After twenty-four hours of the amputation surgery, thework ofmoving the stump and
other parts of the body should be started to improve circulation and venous return. Thus,
the patient must be referred to rehabilitation and advised on the care of the stump, so that
it has good healing, avoiding infections and having correct hygienic procedures, in order
to prevent further amputation. Physiotherapy is important in the postoperative period
to treat edema, to benefit the circulatory system, to work on hypertrophy, to prevent
adhesions and to accustom the region in contact with the prosthesis to the pressure that
it will be put under. When patients start physical therapy treatment to prepare the stump
for prosthesis, they must be evaluated individually, as the characteristics of the stump
influence the duration and effectiveness of the treatment (Carvalho 2003).

In this context, prostheses are devices designed to complement the absence of a limb
(upper or lower) or part of it. Complementation aims to replace function, composition
and body support, both in gait, depending on the level of amputation, the components
used and the alignment of the prosthesis during confection and training, and the gait can
be completely normal (Lianza 1995).

The use of a prosthesis assists the individual in carrying out certain activities (Carmeli
and Imam2014) and in supporting functional limitations,working in the correction, reha-
bilitation or modification of the structure or function of the human body (WHO 2011),
in addition to contributing with the development of greater confidence, improving their
quality of life. Even with the prosthesis, the amputee can present important difficulties
in mobility, transfer and postural changes, and still get a feeling of pain in the stump,
low self-esteem, fear and depression (Benedetto et al. 2002; Vidal et al. 2004).

Thus, amputation should not be seen as the end of a therapeutic procedure, but as
a new stage to be understood, assimilated and overcome. It is necessary to incorporate
a series of medical, social, educational, psychological and economic measures so that
patients are reincorporated into society using their own residual resources so that they
may have quality of life (Carvalho 2003).

3 Quality of Life of Amputees

According to Minayo (2000), the relationship between health and quality of live exists
since the birth of social medicine, in the 18th and 19th centuries, when systematic
investigations began to subsidize public policies and social movements. The expression
health-related quality of life means the value attributed to life, pondered through the
lens of functional deterioration, perception, and social conditions induced by sickness,
aggravation, and treatments, as well as the political and economic organization of the
healthcare system. It can also indicate if the measured or estimated health condition is
relatively desirable. In other cases, the fundamental concepts of quality of life would
likewise be the perception of health, social, psychological, and physical functions, as
well as the problems related to them (Minayo 2000).

Quality of life assessment has been used as a tool in the area of healthcare to mea-
sure people’s health condition. Thus, different healthcare practitioners determine their
patients’ quality of life through the study of the results of medical interventions, as well
as the perceptions of patients themselves regarding their health condition and related
quality of life (Demet et al. 2002).
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The quality of life assessments used for amputeeswere limited to themeasurement of
their functional status; however, this approachmaybe deemed insufficient, since function
must not be assessed in isolation from general quality of life aspects (Demet et al. 2002).
The quality of life of people who undergo lower limb amputations is characterized be
abrupt changes in their routine. Thus, these people may present considerable changes;
the conditions of the stump (or residual limb) or alterations in the patient’s general health
status can worsen the condition of their quality of life.

Patients who have undergone amputations can present psychological complications,
such as conflicts, anxiety, and greater difficulties in integrating to their new condition
and facing the changes in body image after the amputation (Carvalho 2003). Studies
reveal that the prosthesis is fundamental to the health of the amputee, and that the better
the adaptation in the use of the prosthesis, the greater the freedom and confidence to
conduct activities of daily living at home and to participate in social events (Carvalho
2003).

After the amputation the use of a prosthesis enables a normal body image, helping
individuals develop greater confidence and physical skills, as well as improving their
quality of life (Bilodeau 2000). According to studies conducted with amputees, some
authors discuss factors that influence quality of life in some way, counting among those
the age of individuals, the time span from the amputation until the placement of the
prosthesis, and the level of amputation (Demet et al. 2002; Carvalho et al. 2005).

Therefore, the quality of life and health of lower limb amputees includes the human-
ization of patient care. In the current practices of several healthcare institutions, it is a
matter of a better interaction with amputated patients so as to identify what satisfies them
and their rights as consumers of healthcare services, bringing to the fore their opinions
as to the care received from a multidisciplinary team of healthcare professionals and
those from other areas of knowledge, such as designers, with concepts of a professional
action that is systemic and focused on the patient’s quality of life.

In this context, the object of this study is integration between the concept of a
product and the promotion of given aspects that involve quality of life. In this case,
the development of a multifunctional kit with the purpose of caring for patients with
transtibial amputations, to be used in the pre- and post-prosthetic phases.

4 Materials and Methods

This paper intentds to propose a practical solution, with the development of multifunc-
tional kits that can train amputated patients on the necessary general care, before and
after being fitted with a prosthesis.

According to Pazmino (2015), design methods are sets of procedures aiming to
achieve a project objective; the design processmodel is the plan containing the sequences
of operations or chains of phases and stages in a project. Therefore, the aim of the
process model is to guide the designer, with a series of predefined stages and guides to
aid development, in order to maximize results and minimize the chances of failure and
interference in the process.

For this project, it was first sought to establish concise project requirements for
innovation. Thus were defined the elements that would guide the design of the kits for
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this project. Afterwards, prototypes were constructed so as to understand how design
solutions may work, as well as test to perceive the experiences of users. Like any process
model, it serves as support and guide, and must never be seen as a process that hampers
development.

Two kit proposals were created to satisfy demands detected in two different and
crucial phases of the rehabilitation process for amputee patients: 1) Pre-prosthetic phase
and 2) Post-prosthetic phase.

After the analysis, some shape requirements were defined among them for the pre-
prosthetic kit: Removable lid; material with a durable and non-toxic finish; low profile
and internal dividers that accommodate the contents; tissue paper wrapping for the
contents. As for the post-prosthetic kits, the requirements established were: waterproof
material; easy cleaning; shape that enables easy access to the contents.

5 Results

5.1 Pre-prosthetic Kit

The first kit was idealized to be delivered to patients at the time of their investigation
for orthoses and prostheses. The kit will then serve as a complementary element to the
maintenance of patients’ good health for the prosthesis, because it will contain the basic
and indispensable items for the postoperative period, with guidance on the patients’
correct daily conduct for the preparation of the stump and useful information so that
they feel more supported and better prepared to understand the new situation in which
they find themselves.

The intention is that amputees begin to think of themselves less as victims of what
befell them, and that they begin to feel like they are owners of their own bodies again.

The pre-prosthetic kit (Fig. 1) is a container in the shape of a rectangular box con-
taining a lining made of plastic material so as to better accommodate the products inside,
wrapped in tissue paper whose tips are positioned on top of the products, so that, to reach
them, one must raise the tips, with the intention of creating a feeling of opening a gift or
something important. This kit contains: elastic bandage for compression; hypoallergenic
moisturizer; oil-based lotion for the prevention and treatment of pressure ulcers, lesions,
and dermatitis; gel for hand sanitizing; hypoallergenic adhesive tape for bandages; soap;
cotton; and an illustrated booklet.

Furthermore, the aesthetic care with the kit aims to elicit a pleasurable sensation
and propose a positive relation in a life situation filled with uncertainty and a future
with many opportunities, such as the opportunity to be able to walk on one’s own again.
The kits should be durable for future use with different purposes, after the patients’ full
adaptation to their new reality and to their prosthesis, with the intention that they also
develop positive feelings for the kit, due to it having provided a sense of security and
having been useful in the difficult moments during rehabilitation.
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Fig. 1. Pre-prosthetic kit prototype.

5.2 Post-prosthetic Kit

The purpose of post-prosthetic kits (Fig. 2) is supporting and reinforcing the guidance
received by patients in their first fitting. These kits contain: microfiber sports towel; 2
white socks; empty containers of various shapes for pills; moisturizing lotion; talcum
powder; and an illustrated booklet.

Fig. 2. Post-prosthetic kit prototype.

Given that the patients will be in a moment of transition, which is important for the
rehabilitation process and that requires a certain adaptation period, maybe lasting for
months, during which the patients must be persistent and confident to successfully adapt
to the use of the prosthesis and not abandon it, these kits can serve as an incentive to
patients, so that they continue to follow the correct guidance for their full rehabilitation.

So as to fulfill this need, the kits include an information manual, with the guidelines
for a good use of the prosthesis, guidance supplied by professionals in the area, as well
as a way for easy handling and transport, because, in this stage, patients are beginning
to walk on their own again more independently.

6 Discussion

Amputee patients undergo variable recovery periods, because rehabilitation depends on
a series of factors, such as age, cause of amputation, and the patient’s physical and



26 I. Carvalho et al.

clinical status. In the absence of various complications, a prosthesis can be fitted in the
period between eight to ten weeks, which can be longer depending on the patient’s case
or the city’s specialized network for prosthetics.

The solution proposed to minimize this problem was the creation of kits containing
the necessary items for care and a guidance manual on the preparation of the patient’s
stump for the prosthesis and the general information on the adaptation phases. The
recommendations for the moment before the first fitting are the use of elastic bandages
and the guidance for positioning, such as: not allowing the stump to hang or folding
it, and not placing pillows under one’s back or as a support for the stump. In the case
of transtibial amputations, the patient must bandage the stump, conduct desensitization,
follow the postural guidance, not sit for too long, move with the stump.

The appropriate guidance presented in the special care manual, as well as the effec-
tive use of the multifunctional kits, can stimulate patients’ proactive adhesion and thus
prevent injury to the residual limb and complications stemming from the inadequate use
of the prosthesis, as well as enabling better adhesion to the correct use of the prosthesis,
preventing its abandonment and thus enabling an improvement in the quality of life of
lower limb amputee patients.

Patients with prostheses may also carry something of their own and personal daily,
which can be simple towel or a variety of items. Therefore, these kits can provide a
practical way of carrying these personal items, stimulating patients to be more careful
with their prostheses, preventing misuse and abandonment.

7 Conclusion

All patients who have undergone amputations must adapt to a new lifestyle, both before
and after their first fitting. One of the difficulties in the process of adapting to any new
situation is learning all of the new rules ofwhat should and should not be done.Generally,
when there is no easy access to instructions, one runs the risk of making mistakes or
giving up out of frustration.

From that point, a solution was presented to assist in the transition process, based on
two multifunctional kits containing basic materials necessary for the daily care before
the prosthesis, as well as in the period of adaptation to the use of the prosthesis, in
addition to a printed manual containing the basic special care guidance, to be delivered
to patients in their first appointment before the fitting.

One hopes that this study can be useful both for amputee patients and for the profes-
sionals in charge of their rehabilitation, and that the use ofmultifunctional kits stimulates
patients’ proactive adhesion to the use of the prosthesis, improving quality of life for
those patients. One also hopes that the final result of the comprehensive care for amputees
is the maintenance of their physical and mental health, as well as the development of
their autonomy and social inclusion, and that, ultimately, it materializes into a full life.
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Abstract. This paper analyzes and summarizes the products in the current emer-
gency market, and in view of the fact that there are few emergency products for
sudden cardiac death in the market, and the mainstream emergency products have
different degrees of disadvantages, such as poor timeliness, inconvenient trans-
portation, difficult to use, high limitations, etc. Taking emergency equipment such
as AED and automatic compression devices as examples, discuss the feasibility,
necessity and specific methods of applying IoT technology to pre-hospital emer-
gency equipment. Through the product design case, this paper puts forward the
solution of the application of IoT technology in the pre-hospital emergency equip-
ment for patients with sudden cardiac death.At present, medical emergency is an
important social problem, the traditional first aid process and specific operation
obviously can’t deal with emergencies very well. However, it takes a long time
to improve public awareness, skills training and operation process innovation,
and the effect is very little. In contrast, it will be more effective and faster to
make breakthroughs in the technical innovation, function improvement and social
innovation design of emergency equipment. This study adheres to the concept of
innovating the industry and designing to serve the society. It aims to compare
the application of the existing pre-hospital emergency equipment, form a modern
WITMED emergency mode through the combination of IoT and medical treat-
ment, create perfect user experience, provide auxiliary equipment for pre-hospital
emergency care, improve the survival rate of patients and improve the status of
pre hospital first aid.

Keywords: Internet of Things · SCD · First aid equipment

1 Preface

The novel coronavirus epidemic situation in 2020 makes the medical and health industry
get the global attention, coupled with the increase of sudden death news in recent years,
how to deal with sudden illness has become a hot topic. It is an important aspect of
improving medical level to ensure the sound medical emergency equipment in public
places and improve the success rate of pre-hospital first aid [1].
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The death caused by cardiac arrest is sudden cardiac death (SCD). There is a saying
of “golden four minutes” in emergency treatment. The first 4 min after critical illness is
the most valuable and effective golden treatment time for rescuing their lives. If the first
aid is implemented within 4 min of golden rescue, the success rate of first aid can reach
40%. The probability of successful rescue can be reduced by 20% for every extended 1
min, and the survival rate of more than 6 min is only 4%. The probability of successful
rescue for patients with more than 10 min is almost zero [2]. For the rescue of patients
with sudden cardiac arrest, it greatly depends on rapid cardiopulmonary resuscitation
and defibrillation [3].

Modern people are under great pressure ofwork and life, and the frequency of sudden
death is increasing year by year. However, the success rate of CPR in public places in
developed countries is 38%, while that in most developing countries such as China is
less than 1%. The first reason for this phenomenon is that the public’s knowledge of
cardiopulmonary resuscitation is insufficient. In many developed countries, the public’s
first aid training rate reaches 60%–92%, while in most developing countries it is less
than 1%. The second reason is that the first-aid equipment in public places is insufficient,
and there are few existing products on the market. For example, the popularity rate of
AED, the recognized equipment for sudden cardiac death, is far from enough. Third, the
time interval between different links in the life chain is too long. Take the ambulance
call as an example. The average time from call to ambulance arrival is more than 10 min,
which is even slower in crowded cities. The golden rescue time of 10 min has already
been missed, and the survival rate is basically 0 [4].

In the era of digital economy, Wise Information Technology of Med (WITMED) has
become a trend, and themedical industry also needs to be combinedwith the Internet.The
core of WITMED is “patient-centered”, giving patients a comprehensive, professional
and personalized medical experience. First aid should no longer rely on human oper-
ation. With the most advanced Internet of things (IoT) technology, we can realize the
interaction among patients, medical staff, medical institutions and medical equipment,
so as to gradually achieve informatization. In the post-pandemic era, WITMED is an
important way to solve the public’s lack of emergency awareness and skills, and also
a reliable method to improve the success rate of first aid. Medical information online
connection, medical equipment linkage and real-time human-computer interaction can
help the medical industry to move towards a scientific and intelligent future [5].

2 Background

The COVID-19 epidemic in 2020 is a systematic general examination. In terms of
medical level, on the one hand, it tests the basic medical system and medical conditions;
on the other hand, it tests the ability, style and responsibility of medical systems in
various countries; in terms of the global situation, the epidemic situation tests everyone’s
feelings, theories and laws; in terms of the country, it also tests the governance ability
and image of a big country. Calm thinking can also find some problems and room for
improvement from the epidemic prevention and control [6].

Frankly speaking, the epidemic prevention and control is effective in the short term,
relying on more human factors. It seems that there is still a lot of room for improvement
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to use scientific, intelligent and information-based means to help the epidemic preven-
tion and control. In order to improve the precision construction of smart city, we should
pay full attention to the problems and needs of epidemic situation inspection, effectively
use information means in block renewal and community governance, rely on the big
data function, improve the regional “people, places, things, organizations” information
database, realize the accurate statistics, analysis and judgment of all kinds of data, and
provide efficient support for dealing with public emergencies Convenient and scientific
decision support. For example, the daily monitoring and early warning of the disabled
elderly group, and the normalized non sensitive monitoring in sensitive key areas. We
should infiltrate high-tech and information technology into all aspects of social gover-
nance, build an intelligent, diversified and three-dimensional social governance system,
and effectively improve the efficiency of social governance [7].

In recent years, the incidence rate of sudden death has increased year by year. Taking
China as an example, the number of sudden deaths more than 10 years ago is about 545
thousand, and by 2018, this figure has increased to about 1 million. At the same time, the
population of sudden death is becoming younger and younger. In the past, sudden death
mostly concentrated in the group of 45–50 years old, but now, more and more young
people become the high-risk group of sudden death [8].

In emergencymedicine, the process of emergency treatment for patients with sudden
death can be divided into three stages: prehospital emergency stage, emergency treatment
stage and ICU observation stage. Prehospital first aid is the first step in the emergency
medical service system, which can also be said to be the key to save the lives of patients
with sudden death.

When the heart of a sudden death patient stops beating, the blood flow to the brain
is suddenly interrupted, and the patient will lose consciousness. Dizziness occurs when
the patient’s heart stops beating for 3 s. Stop beating 20 s, there will be syncope; stop
beating 40 s, there will be convulsions. When the patient’s heart stops beating for more
than 6 min, the brain tissue will be irreversibly damaged. Studies have found that if
the sudden death of patients with cardiac arrest time more than 6 min, and did not get
timely and effective emergency treatment, the success rate of emergency treatment is
only 4%. Therefore, within 5 min after cardiac arrest is the golden time for prehospital
emergency treatment of patients with sudden death. Relevant data show that there are
about 400000 patients with cardiac arrest in the United States every year, the success rate
of rescue is about 10%, and the success rate of individual big cities can reach 30%. Since
1961, cardiopulmonary resuscitation (CPR) and some on-site first aid training have been
included in the compulsory courses of schools in Norway. According to statistics, the
public CPR rate of out of hospital cardiac arrest in Norway is as high as 70.7%. But at
the same time, in most developing countries, such as China, the figure is less than 1%.

For the rescue of patients with sudden cardiac arrest, it greatly depends on rapid
cardiopulmonary resuscitation and defibrillation, and puts forward requirements for
emergency knowledge and professional equipment. Prehospital first aid highlights the
importance of medical resource allocation, but in many developing countries, the lack
of first aid equipment in public places, or although equipped with equipment, no one
can use it at the critical moment, no one dares to use it, lack of basic first aid knowledge,
and incorrect implementation of first aid are common problems for the public [9].
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3 Current Situation of First Aid Equipment

3.1 Medical Stretcher

In general, if the public does not have sufficient first-aid knowledge, the identification
of sudden death is poor, and there is no targeted first-aid equipment, medical stretcher
plays an important role in pre hospital first aid. However, as an emergency equipment, it
does not fully consider the practicability and pertinence, and there are some problems in
rescuing patients with cardiac arrest: in order to save storage space, most stretchers on
the market use folding storage structure which is too complex to be used in the first time
in emergency; the load-bearing fabric is easy to be affected by patients in the process
of transfer or emergency Most of them only have the function of transferring patients,
and are configured in hospitals, and lack of relevant configuration in social public places
(Fig. 1).

Fig. 1. Medical stretcher and AED.

3.2 AED

Electric defibrillation is the most effective first aid method to stop the heart of patients
with sudden death and ventricular fibrillation (manifested as loss of consciousness,
convulsion, pulse disappearance, etc.). According to relevant research reports, 70%–80%
of respiratory cardiac arrest occurs in the family, public places and on the road. Before
the arrival of professional rescue personnel, timely chest compressions and artificial
respiration can temporarily maintain the heart and brain function of patients and buy
time for the treatment of electric defibrillation. This part of the work often needs non
professional witnesses to complete, and the auxiliary first aid equipment will play a key
role [10].

InMarch 2015, the photo ofDr. TangZiren, deputy director of emergency department
of Chaoyang Hospital, rescuing American tourists in Ocean Park of San Diego became
popular on the Internet, and netizens reprinted and praised him as “a good Chinese
tourist” and “a good Chinese doctor”. Dr. Tang recalled that the reason why he was able
to save the old man’s life in the end was because of the AED, or automatic external
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defibrillator, which was placed everywhere in American parks. AED came out in 1979.
It is easy to operate and can be used skillfully with a little training. It provides a “new
weapon” for medical staff and even non-medical staff to carry out early defibrillation
for patients with cardiac arrest. The success rate can be greatly improved if the rescue
is carried out within 3 min in the place where AED is configured [11].

In foreign countries, the configuration rate ofAED in public places is also high. In the
1990s, the United States passed relevant laws and implemented the “publicly available
defibrillators” program. At present, there are 50000AEDs in the United States according
to the preliminary statistics. To install AED in public places in the United States, it is
required that the automatic external defibrillator can be obtained within 10min. Through
training for non professionals such as ordinary people, the on-site defibrillation can be
carried out as soon as possible in case of cardiac arrest. Japan started to promote and
install them in 2004, with an average of 234.8 units per 100000 people [12].

In most other countries, the picture is less optimistic. In China, the development of
AED is unbalanced, inadequate and non-standard. Except for a few big cities, such as
Hangzhou, Shenzhen, Shanghai and Haikou, which focus on improving the construction
of medical emergency system, issuing relevant emergency medical service regulations,
and publishing the specific layout and map of AED, most cities are still in the initial
stage. In 2006, capital airport installed 11 sets of AED first aid equipment in terminal
2, which is the first time to install AED first aid equipment in public places in China.
However, these limited life-saving AEDs are not only not recognized by the public,
but also ignored for many years. On August 16, 2015, Zhang Yonggang, director of
spine surgery of 301 Hospital of Chinese PLA, died of cardiac arrest at Beijing Capital
Airport. Although the life-saving artifact AED installed at Beijing Capital Airport is
close at hand, it has become a decoration and has not played its due role. In a first tier
city like Beijing, we can imagine the situation in other underdeveloped areas.

However, evenmature emergency equipment like AED still has some problems. First
of all, there are many taboos in the use of AED. For example, you can’t touch the patient
in the process of use, and the energy released by AED is great. You should stay away
from the patient, and you can’t move the patient. You can’t use it when the patient has
water, such as beach and swimming pool, including many SCD patients who have sweat
on their body because of strenuous exercise, and the chest hair ratio More patients will
also affect the rescue effect. Secondly, AED can only be used alone, can not be used in
the process of patient transport and more professional rescue. Because the movement of
vehicles may cause noise, it will interfere with the correct rhythm analysis. The problem
of long time interval in different links of the survival chain has not been solved [13].

4 User Research

In developed countries, emergency rescue knowledge is very popular. In western devel-
oped countries, the normal rate is about 50% to 60%. In some European countries, the
SOS level of citizens is 60–70%, and some have reached 92%. In Sweden, 45% of the
public have participated in CPR skills training. In France, the popularization rate of
emergency rescue is 40%, and in Germany, 80%. The problems such as which groups
of people must receive first aid training, what proportion of enterprise employees must
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receive first aid training, and what rights should be protected for first-aid personnel are
still fixed in the form of law. In the United States, the law stipulates that before the age
of 18, any citizen must master all the basic knowledge of first aid, and receive first aid
courses from kindergarten.

As early as the 1960s, the American Heart Association began to promote the popu-
larization of primary first aid skills of cardiopulmonary resuscitation among the public.
In the 1970s, it began to pay attention to the important role of “first witness” in first aid,
and set up on-site first aid knowledge learning courses for the public, such as police,
firefighters, drivers and other professionals. A study on the training and use of cardiopul-
monary resuscitation in the United States shows that the training rate and use rate of
cardiopulmonary resuscitation increased significantly from 2007 to 2009 compared with
1980 to 1982.

But at the same time, most countries in the world have no perfect first aid training
system for the public. Although there is a large demand for public first aid technology
training, training institutions and training resources are limited, and the public access to
first aid knowledge is generally lack of standardization, systematization, scientization
and normalization. In 2013, the relevant research results of police and college freshmen
(high school graduates) in Shaanxi Province showed that 93.18% of high school gradu-
ates and 84.51% of police had strong willingness to first aid on the spot, but 49.4% of
police and 51.4% of high school graduates were unable to help because of lack of first
aid skills.

When Beijing hosted the 2008 Olympic Games, BOCOG promised the IOC that it
would increase the primary ambulance training by one percentage point to 1% in 2008.
In other words, before that, the level of emergency rescue training for Chinese citizens
was less than 1%. Today, although the figure has increased to 3%, it is far from the level
of 50% to 60% in developed countries.

5 Design Examples

5.1 Design Direction

At present, there are few emergency products for cardiac arrest in the market, and the
mainstream emergency products still have some disadvantages, such as poor timeli-
ness, inconvenient transportation, not easy to use and high limitations. After in-depth
study and conception of this social phenomenon, the author hopes to design a portable,
easy-to-use, professional emergency equipment for cardiac arrest, which can popularize
cardiopulmonary resuscitation knowledge to the public at the same time. The portable
cardiopulmonary resuscitation stretcher is designed for the three pain points: the fre-
quency of artificial cardiopulmonary resuscitation is unstable and easy to fatigue; the
operation of emergency first aid products should be simple and clear, not too complex;
the time interval of different links in the survival chain should be shortened as far as
possible; the patients should be transported at the same time of rescue, and the rescue
time should be strived for.
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5.2 Design Description

This stretcher is positioned as an emergency first aid equipment in public places, which
is used to deal with sudden cardiac death in public places. It is placed in a prominent
place in public places, and is equipped with strong contrast color matching, which is
convenient for the public to find, and the clear operation steps are printed on the cabinet
and stretcher. When a patient has cardiac arrest, open the stretcher, lift the patient to the
stretcher, adjust the height and position of the air cushion on the patient’s sternum, turn
on the switch, the motor will drive the air cushion, and press the patient’s chest. The
pressing frequency is 120 times / min by default, and the frequency can be adjusted by
turning the knob of the power key. At the same time, the motor will send out a sound
reminder every 30 times of pressing, and use the pager The inspiratory valve can assist
the patient to breathe twice, cooperate with the first aid, and at the same time, the witness
can immediately transfer the patient. On the stretcher board and the cabinet where the
stretcher is placed, there are simple and easy to understand steps for use, as well as
two-dimensional code links for watching the use video (Figs. 2 and 3).

Fig. 2. Portable cardiopulmonary resuscitation stretcher.

Fig. 3. Instructions.
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5.3 Detail Design

In the process of use, when the stretcher is folded, the two stretcher plates will form
two handles, which are convenient to carry. The handles of the stretcher will become
supporting feet, and are equipped with wheels for convenient transportation. The back
board of stretcher is designed according to the size of professional CPR board, with an
angle of about 8° with the horizontal plane. And the head position has depression, which
will make the patient’s spine stand up, head down, so that the chest and respiratory tract
open, conducive to rescue. The side uses hinge structure to retract and store. When in
use, press the middle button to start pressing, and rotate the Yellow knob to adjust the
pressing frequency (Fig. 4).

Fig. 4. Details display.

This CPR stretcher is suitable for most public places, including railway stations,
subway stations, parks, etc. At the same time, we will combine with app to scan the code
or directly view the exact location of the nearby CPR stretcher in the map, and click the
rescue button to automatically navigate.This CPR stretcher is suitable for most public
places, including railway stations, subway stations, parks, etc. At the same time, we will
combine with app to scan the code or directly view the exact location of the nearby CPR
stretcher in the map, and click the rescue button to automatically navigate (Fig. 5).
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Fig. 5. Use environment.

5.4 Humanistic Design

In the CPR stretcher cabinet and the product itself are printed with Huiwen and Fang-
sheng patterns, as decoration, and can increase the friction between the product and the
patient to prevent slipping. At the same time, through the design of traditional patterns,
the aesthetic feeling of art is integrated into science and technology, and humanistic
care is conveyed to give patients a high affinity user experience. It contains the design
elements of exorcising evil spirits, eliminating diseases and protecting health in tradi-
tional culture, and also has a certain regional and humanistic color. It is more conducive
to the spread of health concept to the public through this product to create the first aid
equipment with Oriental design elements, bid farewell to the inherent poor and cold
design of first aid equipment and convey the sense of distance to users (Fig. 6).

Fig. 6. Pattern design.

5.5 Technical Support

CPRcardiopulmonary resuscitation stretcher adopts high impact cardiopulmonary resus-
citation device, which promotes the chest movement and blood circulation of patients
to form resonance effect under the drive of external force, ensures the cardiopulmonary
blood flow of patients at the most active level, and helps to restore the cardiopulmonary
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function of patients. Compared with the pneumatic electronic control cardiac compres-
sion resuscitator, this electric control chest compression resuscitator has the advantages
of simple structure, easy to use and economic and practical.

5.6 Business Model

The portable CPR stretcher makes it clear that the customer is the management depart-
ment of public places at the g-end, and the services provided aremainly divided into three
dimensions: first, Internet of things+medical care: using Internet of things technology
to realize the interaction among patients, equipment, medical institutions and medical
staff. When SCD occurs, the nearest first aid equipment is known by positioning. At
the same time, the hospital gets the information in real time and sends an ambulance
to prepare for receiving patients. Realize intelligent medical treatment and strive for
rescue time to the greatest extent. Second, the popularization of emergency knowledge:
popularizing first aid knowledge, raising awareness of public emergency and playing
soft advertising role through public poster, APP publicity and opening of network cloud
classroom on official account. Third, through a comprehensive social innovation design
to track the user’s entire use process, analyze the user’s service contacts, create a perfect
user experience.

5.7 Innovation Advantage

Portability: the hinge structure is used for expansion and folding, which can be held
by one hand, and is equipped with wheels, so the transportation is very convenient.
Compared with similar rescue products, it doesn’t need too complex adjustment steps,
and can quickly start the first aid.

Professionalism: compared with artificial cardiopulmonary resuscitation, it is more
scientific and reasonable. At the same time, it can avoid professional errors, too fast or
too slow frequency, and fatigue.

Timeliness: cardiopulmonary resuscitation can be carried out while transporting
patients, and the golden time of rescue can be achieved by saving the time interval of
different links in the survival chain.

Sociality: the introduction of CPR stretcher can increase the allocation of emergency
equipment in public places. At the same time, the product strengthens the concept of
service design and social innovation design, and systematically and comprehensively
designs the user experience of patients of all ages, witnesses and rescuers.

6 Epilogue

Under the background of digital economy, the advantage of portable CPR stretcher is
that it is more professional than manual CPR, and changes the role of the public from the
former rescuer to the rescue helper. Through the combination of Internet of things and
medical care, it forms a new mode of modern intelligent medical emergency, tracks the
user’s use process, finds service contacts, and provides a perfect user service experience.
At the same time, through the public welfare, it can provide a wide range of services First
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aid knowledge and skills should be popularized to the public by means of interaction
with app. In politics, we should actively respond to the modernization reform of public
health governance, form a tripartite collaborative pattern of government market society,
reformhealth publicity andhealth education, improvepublic awareness, and reflect social
care. In the social sense, after the popularization of products, it will provide auxiliary
equipment for pre hospital first aid, improve the first aid conditions, significantly improve
the survival rate of patients, relieve the first aid pressure of professional medical team
caused by traffic congestion in big cities, improve the status quo of pre hospital first
aid, comply with the trend of medical modernization with the help of innovative service
design, and achieve the goal of people’s life safety The ultimate medical purpose.

In a sense, CPR cardiopulmonary resuscitation stretcher is not only a kind of first
aid equipment, but also a new concept of first aid. In the process of promoting the
use and improving the success rate of rescue of patients with sudden death, the whole
society needs to make joint efforts to popularize the knowledge of first aid, improve
the awareness of first aid, and help each other in the first time. What the public on-
site first aid lacks is not only the equipment, but also the concept, consciousness and
first aid skills. “Design foresight” said: “human nature of the design and innovation of
scientific control and correction will face unprecedented crisis and challenge.” With the
rapid development of emergency critical medicine, the socialization of emergency has
become an inevitable trend of emergency medicine. We must fully understand the role
and significance of public on-site emergency in the emergency network, and straighten
out the relationship between public on-site emergency and pre hospital emergency. In
the old concept, prehospital first aid is regarded as the starting point of the first aid
chain, emphasizing the professional first aid activities of professional first-aid personnel.
However, under the existing pre hospital emergency mode, it has become a serious
shortcoming that the first aid can not be carried out within “platinum 10 min”. The
public on the scene can rescue the injured within the first five minutes, so the starting
end of the first aid chain should be the public on-site first aid rather than pre hospital first
aid. Making improvements in both hardware and software to make the public become
an effective force in on-site first aid is bound to reduce more tragedies of sudden death.
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Abstract. Wheelchair users are at great risk of pressure ulcers, which are costly
to treat and can seriously affect an individual’s quality of life. To reduce the risk
of pressure ulcers, Clinical Practice Guidelines (CPGs) recommend that manual
wheelchair users perform repositioning activities, i.e., vertical pushups, lateral
and forward leans, every 15 to 30 min. Despite the effectiveness of such pressure
relief activities, the incidences of pressure ulcers among manual wheelchair users
do not decline. Researchers hypothesize that poor compliance with CPGs could
be the reason. However, no widely adopted applications are available to quanti-
tatively evaluate whether a manual wheelchair user follows CPGs in their daily
life. To fill in the gap, we have developed an iOS app that can communicate with
an Apple Watch to collect the activity data of a manual wheelchair user. Based on
the characteristics of sensor data specific to the iOS platform, we have developed
a threshold-based algorithm to facilitate training data preparation and a neural-
network-based approach to classify sensor data. Experimental results showed that
our approach achieved a high classification accuracy. The outcome of this prelim-
inary study lays a foundation for a nonintrusive and easy-to-use tool to assess a
manual wheelchair user’s daily pressure relief activity.

Keywords: Accelerometer · Apple watch · Firebase ·Manual wheelchair ·
Pressure relief · Pressure ulcer

1 Introduction

There are over 1.5 million manual wheelchair users in the United States [1]. Meanwhile,
the number of manual wheelchair users continues to increase substantially every year
owing to the fast growth of the aging population [2, 3]. Due to their sensory or mobility
impairments, wheelchair users are vulnerable to pressure ulcers [2]. Pressure ulcers can
lead to pain, infection, and account for about 60,000 deaths every year in the U.S. [2, 4].
The treatments for pressure ulcers can also be costly, ranging from $20,000 to $150,000
for a single wound depending on its severity [2].
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Research has shown that pressure ulcers are mostly preventable [5]. Particularly,
periodic pressure relief through repositioning is a commonly used strategy for pres-
sure ulcer prevention. Clinical Practice Guidelines (CPGs) recommend that manual
wheelchair users perform repositioning activities, i.e., vertical pushups, lateral and for-
ward leans, every 15 to 30 min [6, 7]. Such pressure relief activities incur no costs and
are easy to perform in daily life. Several studies have demonstrated the effectiveness of
pressure relief activities, which can reduce seating pressure and increase blood flow to
tissues around the ischial tuberosity and sacral regions [5, 8].

Despite the effectiveness of pressure relief activities, existing research found that the
majority of manual wheelchair users did not adhere to CPGs [5, 9]. One study showed
that on average manual wheelchair users sat in an uninterrupted position for 97 min [5],
which significantly exceeded the defined periods in CPGs. Another study illustrated that
the uninterrupted sitting periods could be even longer if a pressure redistributing cushion
was used [10]. Researchers hypothesize that low compliance with CPGs may contribute
to the high occurrence of pressure ulcers among the population of wheelchair users. The
rationale is that prolonged unrelieved seating pressure has been recognized as a major
causative factor of pressure ulcers [11], and the tissue breakdown may happen within an
hour or even less [2].

Unfortunately, few studies are available to provide evidence to support this hypoth-
esis. Some studies relied on qualitative approaches, e.g., questionnaires or phone calls
[12]. Self-reports, however, tend to be inaccurate and biased. For example, manual
wheelchair users may have false positive perceptions of their pressure relief activities.
One study indicated that although wheelchair users claimed “regularly” repositioning
themselves, the truth was that they might still sit for prolonged and uninterrupted time
periods [8]. Hence, it is desirable to make manual wheelchair users aware of their accu-
rate pressure relief activity rhythm and performance. To quantitatively evaluate pressure
relief activities, existing research typically uses pressure sensing systems, e.g., placing
sensors under cushions [8, 13], to monitor a manual wheelchair user’s pressure relief
activities. Besides their high cost, these systems are mostly used in controlled environ-
ments with limited lengths of use [14]. Although approaches such as SENSIMAT [15]
attempt to monitor pressure reliefs in everyday life, the extra efforts required to install
and maintain the data loggers for quantitative data assessments have become a barrier
that prevents such systems from being widely adopted in manual wheelchair users’ daily
life.

To address the aforementioned challenges, we are developing a mobile-cloud system
to collect amanualwheelchair user’s daily activity data, which allows us to quantitatively
assess the individual’s repositioning activities for pressure relief. Specifically, we have
developed an iOS app that can communicate with an Apple Watch to non-intrusively
collect the data of forearm movements, which can be strong indicators of pressure relief
activities. The app transmits the collected data to a cloud database, Firebase [16]. By
analyzing the patterns intrinsic to pressure relief activities on the iOS platform, we
have developed a threshold-based approach for training data preparation and a neural
network-based approach for pressure relief activity identification. We have conducted
experiments to evaluate the proposed approach. Experimental results showed that it is
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promising to use the proposed mobile-cloud approach to achieve a timely and accurate
assessment of pressure relief activities.

2 Method

We propose to employ the mobile-cloud computing technique to achieve a quantitative
assessment of pressure relief activities in manual wheelchair users’ daily life. On the
mobile side, we have developed an iOS app for Apple Watch to collect the fine-grained
forearm movement data. The goal was to use the forearm movement data to recognize
pressure relief activities, i.e., lateral (i.e., left and right) and forward leans and vertical
pushups. The forward lean relieves pressure on the back and upper buttocks. The vertical
pushup relieves all pressure from the buttocks. And the left/right leans remove pressure
from the right/left half of the buttocks, respectively.

2.1 Mobile-End Specification

One of the challenges in our study was that the forearm movements associated with
purposeful repositioning activities were slight, which made them difficult to detect. We
observed that therewas a pattern associatedwith repositioning activities,which consisted
of a similar series of motions, i.e., people (1) adjusting their body position by leaning
forward or to one side, or pushing up using the armrests to lift the buttocks off the seat;
(2) holding that position for a certain duration (e.g., 30 s); and (3) moving back to their
original position.

In addition, we have observed a unique pattern in the data collected by the accelerom-
eter in the Apple Watch. An accelerometer can measure accelerations along three axes
in space, namely, X, Y, and Z, as shown in Fig. 1. The total acceleration in each axis
is the sum of the gravity and user accelerations imposed on the device. In this study,
we only recorded the user accelerations, which was provided by the iOS SDK with the
gravity being filtered out.

Fig. 1. Three Axes of an Apple Watch1

1 Image source: https://www.21c-learning.com/my-apple-watch-dopamine-and-me-2.

https://www.21c-learning.com/my-apple-watch-dopamine-and-me-2
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Figure 2 shows an example of the patterns demonstrated by user accelerations when
a left and a right lean were performed. When a repositioning activity stabilizes to a
position, i.e., the user holds that position for 30 s, the accelerations along the three axes
also remain unchanged.

Fig. 2. Patterns demonstrated in the left and right leans

2.2 A Threshold-Based Approach to Facilitate Data Collection

These strong patterns demonstrated in accelerometer data suggest that a machine-
learning approach should be suitable to accurately detect a pressure relief activity and
identify its type. However, it is very time consuming to prepare and label training data to
establish an intelligent model. Hence, we have developed a threshold-based algorithm
to analyze and label accelerometer data. The thresholds were determined empirically
through a series of experiments, which recorded user accelerations associated with pres-
sure relief activities, i.e., forward, left, and right leans as well as vertical pushups. Along
every dimension,we had identified thresholds and segments for each of the pressure relief
activities. The combination of the thresholds and segments supports accurate extraction
and labeling of the training data. To help other researchers explore along this direction,
we have presented the thresholds for pressure relief activities in Table 1. As shown in
the table, accelerations along Z need not to be considered except for pushups.

Table 1. Thresholds for pressure relief activates

Type X Y Z

Left lean [0.5, 0.7] [−0.33, 0] –

Right
lean

[0.37, 0.7] [0.6, 0.98] –

Forward
lean

[0.92, 1.06] [0.25, 0.6] –

Vertical
pushup

[0.9, 0.99] [0.07, 0.2] [−0.5, −.0.2]
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The threshold-based algorithm largely improved the efficiency for training data
preparation. Whenever a piece of sensor data falls into a range defined in Table 1, the
algorithm will label the data item accordingly. As a result, when an experiment finishes,
the training data set is also extracted and ready to be used.

Although it is possible to use the threshold-based algorithm to classify new sensor
data, it may not generalize well as people may wear the Apple Watch in different ways,
e.g., on a different hand or with the face of the watch oriented differently, etc. Rather,
we have developed an intelligent model to learn the patterns intrinsic to pressure relief
activities.

2.3 Using Convolutional Neural Network to Classify Sensor Data

We have developed a convolutional neural network to classify the accelerometer data.
The reasons for which we chose a convolution neural network rather than a traditional
fully connected network are two-folds. First, the sensor data is multi-dimensional. The
data items collected at each time interval consist of 3 elements, i.e., accelerations along
X, Y, and Z. Hence, the input to the convolutional neural network is a N × 3 matrix,
representing N data items collected within a predefined time window (e.g., 5 s). Second,
the convolutional neutral network is amature technique that has achieved state-of-the-art
performance in deep learning research and medical data processing [17, 18].

The label of each training example is encoded as a one-hot vector of size 5. A one-hot
vector is a sequence of 0’s and 1’s, in which there is only one “1” value. The specification
of the one-hot vectors is shown in Table 2. For example, an output of 01000 represents
a left lean according to the definition.

Table 2. Output specification of the convolution neural network

1 2 3 4 5

Position Forward Left Right Pushup Other

Besides the input layer, our convolutional neural network consists of 4 additional
layers, namely, two convolutional layers, one flatten layer, which converts the data from
the previous layer into a single dimension, and one softmax layer, which calculates the
probability distribution over the five position types as specified in Table 2.

2.4 Data Storage

In this study, we stored the collected accelerometer data into a Firebase [16], which
is a cloud-based platform for unified app development. Firebase is featured to support
mobile and web applications and real-time data storage. Therefore, our iOS app can
directly store the collected accelerometer data into the Firebase system in real-time, thus
offloading the storage burden of the smartphone. In this pilot study, the Firebase mainly
serves a role for data storage. The data analysis and classificationwere conducted offline.
In the next step, we will move data processing and the convolutional neural network to



Towards a Practical Approach for Assessing Pressure Relief Activities 45

the cloud to automate the assessment of pressure relief activities for manual wheelchair
users.

2.5 Experiments

In this pilot study, the subject was a researcher, who performed the activities of all the
experiments. The subject wore the AppleWatch on the wrist of his left hand. The devices
we usedwere iPhone 11with iOS version 14.3 and iWatch series 5, 40mmwithWatchOS
7.2. The programming environment was the Xcode 12.3 IDE running on a MacBook
Pro with macOS Catalina 10.15.7.

As the sensor data demonstrates strong patterns, we were able to set the frequency
of data collection at once per second. The low frequency was chosen for less battery
power consumption since an Apple Watch typically has a much shorter battery life than
a smartphone. We chose a time window of 5 s to determine the amount of data as input
to the convolution neural network. As a result, the dimension of each data point is 5 ×
3 as discussed in Sect. 2.3.

Following the instructions of CPGs, four major activities were studied: pushup,
forward lean, left lean, and right lean. For the pushup experiments, the subject sat in the
wheelchair with his back against the backrest. Then, the subject put both hands on the
armrest and pushed his body up. For forward lean, the subject slowly reached for his
toes in order to relieve pressure on the back and upper buttocks. For left lean, the subject
used his right arm to push against the armrest. This forced his body weight to shift to
the left. For the right lean, the opposite process was performed, i.e., used the left hand to
push against the left armrest to release all the pressure from the left half of the buttocks.
Any other movements performed in between two pressure relief activities were counted
as “others”.

Fig. 3. Data in firebase
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Each exercise had a counter that was incremented when the exercise had been suc-
cessfully executed (i.e., the subject stretched enough to fall into the threshold ranges
defined in Table 1). The counter was used to count how many times a specific exercise
was successful. After the counter was incremented, theX, Y, and Z valueswere displayed
on the screen of the watch so that the user could see. Afterwards, the values were stored
in the Firebase. As shown in Fig. 3, each data item collected at a specific time was stored
in the cloud, including the accelerations along X, Y, Z, the timestamp, and the label.

3 Results

With the threshold-based algorithm, the preparation of training data becamemuch effec-
tive. We have collected 4522 data items (5 × 3 each), among which 819 were for left
leans, 808 were for right leans, 837 were for forward leans, 771 were for pushups, and
the rest was for others. We randomly selected 60% of the data as the training data, 20%
as the dev data, and the remaining 20% as the testing data. The dev data was used to
avoid overfitting, which happens when an intelligent model can only classify existing
data well, but fails to classify new unseen data. During training, when the classification
accuracy on the dev set starts to decline, training will stop.

We used the TensorFlow [19] platform to develop the convolutional neural network.
We repeated the experiment five times. At each time, the data set was randomly shuffled.

Table 3. Classification report

Precision Recall F1-score Support

Forward 0.986 1.00 0.992 163.6

Left 0.988 0.994 0.994 161.8

Right 0.994 1.00 1.00 159.4

Pushup 0.980 1.00 0.988 156.8

Others 0.998 0.968 0.982 262.4

Ourmodel achieved a high average accuracy of 99%. Table 3 shows the classification
report with three evaluation metrics, namely, precision, recall, and F1-score. Precision
is defined as the fraction of the true positive predictions over the sum of true positive and
false positive predictions. Recall is defined as the fraction of the true positive predictions
over the sum of true positive and false negative predictions. The F1 score is defined as
2 × precision×recall

precision+recall , where precision and recall are evenly weighted. A high precision
means that among the predictions for a specific class, a high fraction of them is correct.
A high recall indicates that among all the data items in a specific class, a high fraction
of the predictions is correct. A high F1 score means a good balance between precision
and recall. The highest possible value for all three metrics is 1. As shown in Table 3, the
three metrics values from the experiments are 1 or close to 1. The last column “Support”
shows the average number of data instances included in each specific class in the test
set.
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4 Discussion

The accelerometer data demonstrates very strong and distinct patterns for different pres-
sure relief activities, as shown in Fig. 2. Part of the reasons may attribute to the iOS SDK,
which allowed our application to read only user accelerations without gravity. Had the
gravity been involved, it would have been decomposed along the three dimensions of an
Apple Watch, interwoven with user accelerations, thus making data analysis more chal-
lenging. The observed patterns also enabled us to develop a threshold-based algorithm
to facilitate training data extraction and labeling. Actually, our algorithm can label the
collected data in real-time while displaying feedback to the user.

With the prepared training data, the classifier built upon the convolutional neural net-
work was able to effectively capture the patterns intrinsic to the repositioning activities.
The experimental study showed that it achieved an average accuracy of 99%.

Through an analysis of the confusion matrices for all the experiments, we found
that the majority of misclassifications occurred in the class of “Others”. Among these
misclassifications, the majority (on average 84%) were wrongly classified as “Pushup”.
A possible reason is that the forearm movements might be slight during a pushup that
makes pushup classification more difficult. We will investigate this issue in the next step
of our research.

Fig. 4. Left lean data collected using android smart watch

Another observation in our experiments was that the patterns of sensor data could
vary largely from iOS to Android devices. iOS and Android are the two mainstream
mobile operating systems accounting for over 98% of the mobile-device market [20].
Figure 4 shows a data curve corresponding to a left lean that was collected using an
Android app in a separate study. This Android app communicated with a Fossil sport
smartwatch powered by Google’s Wear OS. Comparing the data curves between Fig. 2
and Fig. 4, we can see very different patterns. As a result, a classifier constructed based on
Apple Watch may not be directly applicable to classifying data collected from Android
devices, and vice versa.
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4.1 Study Limitation

The goal of this paper is to demonstrate the feasibility of using mobile-cloud computing
techniques to assess manual wheelchair users’ pressure relief activities. There are some
limitations in this pilot study, e.g., the app only supports the iOS platform; the activity
data was collected in a controlled environment; and the data source lacked diversity.
These limitations will be addressed in the next step of our research.

5 Conclusion and Future Research Directions

In this paper, we have presented a preliminary study that aims to achieve a quantitative
assessment of pressure relief activities in a manual wheelchair user’s daily life. We
have developed an iOS App that can control an Apple Watch to collect the activity data
of a manual wheelchair user. We have also developed a threshold-based algorithm to
facilitate training data preparation by labeling and segmenting the collected sensor data
in real-time. With the training data, we were able to construct a convolutional neural
network to classify repositioning activities with a high average accuracy. Hence, the
preliminary study shows that our proposed approach can not only differentiate different
types of pressure relief activities, but also count the number of such activities performed
through a day in response to the requirements under CPGs. Furthermore, a cloud-based
database backendwas used to store the collected accelerometer data to offload the burden
of data storage from the smartphone. The mobile- and cloud-computing setting makes
our approach particularly amenable to the “new normal” caused by COVID-19 in that
healthcare providers will be able to remotely monitor whether a manual wheelchair user
follows the CPGs.

In the next step of our research, wewill extend our research scope toAndroid devices.
Unlike Apple’s products, there are many manufacturers that produce Android devices.
We will investigate whether it is possible to build a classifier that will work well with
various smartwatches that useGoogle’sWearOS.Wewill also recruitmanualwheelchair
users to validate our proposed approach in their daily environments.
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Abstract. Collecting data from the lived experiences of those with chronic health
conditions is a delicate and challenging matter that must account for the indi-
vidual differences of coping with a personally-embodied condition in psychoso-
cial contexts. In this paper, we describe our research process for designing a
mobile application that will serve as a portal for participatory research into
non-pharmacological interventions which could improve the daily experiences
of chronic pain patients. The process is informed by our empirical framework “af-
fective game planning for health applications” (AGPHA), which postulates that
for digital health interventions to be effective, they must minimize a user’s stress
by maximizing their sense of control and agency in self-expression and self-care.
We have evaluated our hypotheses through literature review, focus groups, anony-
mous online surveying, and participatory research with stakeholders (patients,
caregivers, researchers). From this, we have designed and implemented a pro-
totype application, PlaythePain, which includes five main features: Talk, Track,
Play, Share and Report. The app incorporates elements of choice, playfulness,
and social engagement, by 1) allowing users to select and introduce their own
complementary and alternative forms of self-care for their pain, and 2) adding
a humorous and empathetic chatbot that guides patient-partners to conduct self-
research (qualitative and quantitative). Further sharing of data with designated
doctors or personal stories with other community members is also available at the
discretion of the user. We believe that this approach will facilitate it for users to
increase awareness about the psychosocial and environmental contexts of their
conditions.
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1 Introduction

Caring for chronic pain (CP) is not only a medical challenge, but also a cultural and
psychosocial one. The primary concern for many pain patients is how to communicate
their pain and the first challenge of communication is quantification. When pain is not
associated with a medically explained injury, the burden of pain quantification is left to
patients’ subjective assessment of the pain scales often used to measure pain severity.
The second challenge of communication is qualification. In the absence of objective
biomarkers, many chronic pain patients face isolation, dismissal, stigma, and difficulty
qualifying for care programs [1–3].

Today, there is consensus that patient-partnerships are the key to advancing pain
research and personalizing CPmanagement [4]. The participatory action research model
(PAR) puts patients at the heart of research and dissemination of knowledge gained
through self-experimentation and self-observation [5, 6]. Digital pain management tools
show promise for improving the challenges of communication, and are often considered
the preferred tool for patients to record and report the contextual variations in their daily
experiences of pain [7, 8].

With the increasing popularity of digital technologies, additional methods of rep-
resenting and communicating chronic pain have become available. Beyond tracking,
mHealth (mobile health) tools also offer opportunities for patients to learn pain self-
management techniques outside of a clinical settingwhere theremaybe timeand resource
constraints [9]. As Stephen A. Rains writes in his 2018 book, Coping with Illness Digi-
tally, the primary reasons for which individuals turn to digital tools in the face of chronic
illnesses are to make and reinforce connections; to solicit and provide social support; to
share experiences and seek information; and/or to change patient-provider relationships
[10].

There are a number of digital tools already on the market for people living with CP,
however feware dedicated to creatingpatient-partnership in research.MostmHealth apps
provide patients with coping strategies and tools to assist themwith the self-management
of their CP [9, 11, 12]. However, sustained engagement with such software seems to be
a recurring challenge in studies of their efficacy [13].

Because pain is a personal experience, which varies under different contexts and
over time, limiting user’s and patient’s participation to one type of app risks making
the participation inaccessible or ineffective for many of them. This limitation is not
exclusive to behavioral interventions using mHealth apps, but a reality that has forced
clinical researchers to seek new methodologies that leverage current advances in data
science which involve participant observation and the continued adjustment of process
based on those observations [14].

Creating flexible tools and processes is essential for maximizing participants’
engagement. We aimed to address this need by creating a digital platform that func-
tions as a self-laboratory for investigating the efficacy of non-pharmacological methods,
especially those delivered through mHealth apps, in coping with chronic pain. The
self-laboratory design allows participants to engage in ways that most suit their needs,
schedule and interests.
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In this paper, we describe our iterative design process from a scientific hypothesis
through its evolution, integration of patient partners, investigation of the issue of user-
engagement via market review, literature review, user survey, and prototyping.

2 Conceptual Framework and Scientific Basis

Melzack’s neuromatrix theory of pain emphasizes that personal and social factors signif-
icantly influence resilience to pain. One must account for these myriad of psychosocial
factors in order to effectively design a patient-oriented digital environment for chronic
pain [15].

Chronic health conditions are inherently stressful, thus we have suggested an empir-
ical framework, Affective Game Planning for Health Applications (AGPHA), in order
to minimize user stress while engaging with a digital health application [16]. AGPHA
builds on Lazarus’ Transactional Theory of Stress and Adaptation and advocates for
iterative quantification of physiological stress responses in relation to variation in how
players evaluate a challenge with regards to their own cognitive and emotional resources,
and coping strategies [17]. According to AGPHA, the primary appraisal of an interaction
(e.g. with an app or game) plays a critical role in its adoption. In many cases, primary
appraisal (e.g. about usefulness or meaningfulness of an experience) may be negative,
but iterative engagements that enhance fun, meaningfulness, and effectiveness can alter
the user’s experience over time. In fact, we have obtained preliminary evidence indicat-
ing that enjoyment and relatedness while playing a mobile app game increase analgesia
in an experimental setting [18].

In order to assess the variations in primary appraisal of digital pain research, we
engaged in an iterative process that is summarized in Fig. 1. Based on AGPHA, we were
interested in answering four questions which evolved during this process:

1. What factors are important to consider in creating patient-partnership in research?
2. Do playful, creative and social activities matter in a digital citizen laboratory?
3. What motivates CP patients to engage with a digital citizen laboratory?
4. What functionalities address the needs identified in 1, 2, and 3?

3 Research Process and Findings

3.1 Literature Review of Considerations for Creating a Digital Laboratory
for Studying Chronic Pain

Communicating About Chronic Pain. Chronic pain is a debilitating condition that
affects one in every five people in Canada and the United States. Those living with CP
may suffer long-term disability, depression, and even suicidal ideation [19]. Cultural
and psychosocial challenges, such as shame and stigmatization or mistreatment (due to
prejudice and implicit biases or cultural and linguistic misunderstandings) are reported
often [1, 20, 21].

Even the act of communicating pain in a clinical setting can be difficult. Patients are
often asked to use a numerical “Pain Scale” to describe their pain even though this system
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has been critiqued extensively for its subjectivity and unreliability [22, 23]. In medicine,
fiction, and theoretical discourses pain is often framed as something unrepresentable,
despite the wealth of art and poetry that still tries to represent it [24]. Although pain
resists representation in so many ways, the imagination, exploration, and empowerment
of communicating pain remain necessary and critical practices for those living with CP.

Fig. 1. Research steps to improve the primary appraisal of the digital laboratory

Choice and Self-determination. Clinical researchers are increasingly aware that
putting patients at the centre of their care and giving them agency in their treatment
creates the best outcomes [25, 26]. Centring patients in their own care can help them
improve self-esteem, mastery, self-empowerment, understanding, or acceptance of their
illness. Further, those who take an active role in their treatment tend to be more resilient
and live and function better with their illness(es) [27]. Self-determination and psy-
chological well-being have also proven beneficial in improving the overall quality of
life of individuals living with CP conditions specifically [28]. Digital health apps offer
more accessible ways to practice patient-centred care in a world with limited health
resources. They also offload many of the more time-consuming and frustrating aspects
of self-monitoring (such as recording dates or compiling/visualizing information) to the
smartphone [29]. Having flexibility over features, such as controlling whether the app
reminds the user to engage, can also be important for both improving self-knowledge
and empowerment, as well as providing patients control and agency [29].

A necessary feature of implementing patient-centered care into digital health apps
involves ensuring that users have full control over their health data, both in terms of what
data they are willing to share, as well as how they wish their data to be used [29]. One
of the predominant concerns when it comes to digital health tools is the risk of further
compromising the rights, agency, and data security of already vulnerable individuals
or groups [30]. Apps (and wearable health technologies) have the power to “normalize
(and sometimes antagonize) human bodies” [31], for example using gamification to
mask their collection of data from players without compensating them. In contrast,
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implementing patient-centred care into design puts control over data back into the hands
of the patients who can choose to use it as they wish, whether for research into CP or for
their own use (ie: to share with their friends and loved ones, patients, peers, or healthcare
professionals).

Playfulness. When playfulness is incorporated into digital health it increases the oppor-
tunities for more light-hearted and interactive pain management, coping, and care for CP
patients. There are several playful elements to consider for design of a digital research
framework.

Some playful experiences are analgesic in and of themselves. Humorous and playful
content has been proven to improve the pain tolerance in both acute and chronic pain due
to changes in mood and the physiologic effects of laughter [32, 33]. The effectiveness
of distraction and immersion afforded by games or VR are shown to increase patient
engagement andmotivation in rehabilitation [34, 35]. The distraction, positive emotions,
and/or placebo analgesia provided by games, music therapy, meditation, mindfulness,
or other distraction techniques can be effective methods of reducing pain sensations in
cases of both acute and chronic pain [36, 37]. Studies suggest that interactive distractions,
including video game play, are more effective for pain management than more passive
alternatives, such as listening to music or watching television [18, 38]. Researchers
found that the more entertaining a patient finds a given game, the more likely they are
to continue their rehabilitation and to benefit from it [39].

Other playful experiences are about sense-making and meaning-making, both of
which are key components of living with and communicating chronic pain [24]. Self-
expression and meaning-making are central to the practices of art therapy, which can
also be digitized [40, 41]. Play is not solely a motivational distraction, it is also a mode of
communication that provides a space for cultural and metaphorical approaches to study-
ing and making sense of body-mind relations [42]. If self-expression can be integrated
into play, and digitized, then we will have a framework for both experimentation with
and production of experience and knowledge [43]. Digital play creates a structured sys-
tem to experiment with experiential learning; it provides an opportunity for creating and
revising newmodes of expression and communication; and because it is ‘play’, it makes
it possible to explore paradoxical--even conflictual--ideas across cultures and realities.
Therefore, beyond distraction, playfulness can also offer a space in which CP patients
can simulate control over hypothetical situations and improve mastery, self-esteem, and
resilience.

Social Interactivity. A high proportion of people living with chronic illnesses turn
to digital communities in search of social support, shared illness experiences, and even
therapeutic advice.Although social eHealth interventions (such as online support groups)
have a number of downsides in terms of spreading misinformation, increasing potential
exposure to difficult content, or inducing anxiety, they constitute an important resource
for many of those living with chronic conditions [10, 44].

Although imperfect, digital spaces such as CP Facebook groups or websites can
provide spaces in which individuals can express their experiences of persistent pain on
their own terms and represent themselves as they wish to be seen, without the restriction
of a clinical checklist or pain scale [10, 45]. Our previous work has shown that social
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networks provide an important outlet for thosewho are burdened by emotional stress [46,
47]. Digital spaces of social interactivity can offer CP patients opportunities to explore
their understanding of pain and meaning-making, both on their own and in collaboration
with others. This meaning-making (both individual and social), as we have discussed,
is an important tool for self-empowerment and exercising mastery.

3.2 Public Consultation: Can We Play the Pain Digitally?

From the literature review above, we concluded that digital platforms afford the oppor-
tunity to communicate, exercise choice and mastery, distract and express oneself in
various creative manners, individually or socially. Our next step was to evaluate these
assumptions in consultation with the public.

We organized a public two-day event ay Concordia’s 4TH Space, an exhibi-
tion centre which is located in a visible high-traffic space in downtown Mon-
tréal, easily accessible and open to the public (information about the event can be
found here: https://www.concordia.ca/cuevents/offices/provost/fourth-space/2019/10/
01/play-the-pain-in-4th-space.html). Information about the event were shared through
various social media by patient partners and event moderators who worked with CP
patients. The event was structured around the theme of healing through creativity, and
was integrated into the backdrop of an ongoing research exhibit by our lab (Media Spa)
where different types of games were made available to visitors to explore and discuss.
The main questions for participants were: “Do you see any advantage in digitizing art-
therapy?” and “Do you see an advantage in creating an app that enables you to research
the analgesic effect of different non pharmacological therapies?”.

In order to create a natural conversational space, we did not perform any formal data
collection (to avoid the artificiality and the ‘stress’ of being recorded) or studies. Obser-
vational notes indicated that following themes, in terms of the promises or challenges
of our proposal, were salient:

• Accessibility of digital platforms was seen as a double-edge sword. On the one hand,
almost all participants with whom we spoke concurred that the “digital” can break
the geographical barriers and become particularly useful to those who could not be
physically participating due to illness or disability. On the other hand, concerns were
expressed about the cost of access (cell phones, price of WiFi) and the fact that such
digital interventions would not be necessarily accessible to those who might need
them most.

• Anonymitywas an important feature, especially to those who did not wish to publicly
share their personal stories, but who acknowledged the importance of sharing them
in a more protective setting.

• Ownership of data, and agency in decision-making about how to express, evaluate,
and contribute knowledge about pain was important to those who self-identified as
suffering from chronic pain.

• Respect for individual narratives and recognition of personal needs and philosoph-
ical dispositions was also considered an important factor in designing pain applica-
tions. Participants were not interested in apps that forced users to fit their complex
experiences of pain into reductionist numerical and categorical representations.

https://www.concordia.ca/cuevents/offices/provost/fourth-space/2019/10/01/play-the-pain-in-4th-space.html
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• Social playfulness was appreciated, although we observed an initial trepidation in
joining some group activities such as dancing, playing music, and creative writing,
but no one hesitated to join Yoga, play VR, or discuss pain symbolism (Fig. 2).

Fig. 2. A few sample activities that took place during the 2-day Play the Pain event.

3.3 Affordances of Digital Platforms for CP Research and Management

Surveying Existing Apps for Coping with Chronic Pain. First, we surveyed existing
apps specifically designed for coping with chronic pain. Between October 2019 and
May 2020, we searched for all applications that were advertised specifically for coping
with chronic pain. In total, we found 137 applications. We excluded any that were not
implemented on a mobile device and categorized the remaining 114 apps based on their
primary advertised feature. As can be seen in Fig. 2, the majority of existing products
were dedicated to tracking (n = 38, with 6/38 incorporating a social networking option
as well). The subsequent most frequent applications were games (n = 19), followed by
various therapeutic applications (12 forms of physical therapy; 8meditations, 5 cognitive
behavioral therapies (CBT), 4 audio- and 3 forms of art-therapy (drawing, coloring and
image-guided). There were also 12 apps for providing pain management information
(Fig. 3).
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Fig. 3. Distribution of the surveyed mobile applications advertised or developed with the primary
objective of serving chronic pain patients.

Survey Study: Are CP Patients Interested in Becoming Research-Partners?
Second, we launched an online anonymous survey through the social media of patient
and clinical partners as well as PERFORM Centre’s mailing list, calling for CP patients
or their caregivers to help us design the app.

Fig. 4. Frequency of survey respondents’ answers to the questions of familiarity with similar apps
(more than 80% were unfamiliar), believing in potential benefits for advancing research (more
than 40% strongly agreed) and willingness to share data (more than 70% agreed).
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We were interested to learn whether users would be open to the idea of participating
in research using a digital platform deployed on an app. Results are summarized in
Fig. 4, and show that, although more than 80% of the respondents (out of 98) had never
used any digital pain management software or apps, the majority of them were open to
sharing data for research purposes. Only a very small percentage felt that such strategies
would not be useful. About half of the participants considered it a possibility that such
approaches would advance pain research.

In addition, we asked participants to answer questions about how best to collect data
about their pain. As can be seen from Fig. 5, tracking of psychosocial factors was the
most important factor in data collection (absolutely true for 42% and somewhat true for
43%). The majority of the respondents believed that they could accurately describe their
pain experience numerically, and preferred scientific terminology. That said, more than
78% of participants thought humor was a preferred method for describing one’s pain
experience.

Fig. 5. Individual preferences about what types of data collection were preferable to users.

4 Prototype

4.1 Design Elements

Based on the research described above, we concluded the following:
First, that potential users are onboardwith providing anonymous data about their pain

experience to advance science; second, that tracking psychological and environmental
factors is important; and third, that scientific terminology and humorwere both important
for communicating pain.

Based on these principles, we designed Play the Pain (Fig. 6) as an mHealth research
partnership hub incorporating three elements into a typical digital pain diary:
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1. Patient-oriented: It allows patients to choose what type of intervention they prefer
and what type of data they wish to gather [Track, Talk and view pain/play Report];

2. Playful: It adds playfulness through the use of a chatbot agent, which draws the
users’ attention to a range of creative activities for self-expression and exploration
[Talk & Play]; and

3. Social: It allows users to share their stories within a community of other CP users
or with their ‘doctors’ (clinicians or researchers) [Share].

Fig. 6. An overview of the main features of the PlaythePain app prototype.

4.2 Data Collection

Data collection respects both an individual’s privacy and agency, making it possible for
them to become research-partners with a ‘doctor’, who will have access to the user’s
data if the user chooses to share it with them. This is done through a secure backend
data-management system that will be described elsewhere.

The app collects two types of data, quantitative (Track) and qualitative (Talk).

Track. Quantitative data is collected using standard instruments which can be accessed
through the Track feature. Users can quantify their pain (type of pain, location of pain,
sensation, and intensity of each), sleep (standard sleep questionnaires are implemented
in a chatbot), and emotions (type of emotions experienced during the day are presented
on a dial with a scale to help users assign a rating to them), and provide information
about their medications and activities. They can later reflect on their data in an individual
report which will be explained later in this section.
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Talk. Qualitative data is collected by providing the patient-partner the option to share
additional stories about their daily experiences. These conversations are guided by a
chatbot.

Chatbots have proven to be useful for mHealth tools in a variety of situations (from
mental health diagnostics and adolescent coaching, to interventions inCOVID-19 screen-
ing), but they require careful design that considers the varying needs of app users, the
possible severity of their symptoms, and acts in a way that is beneficial while not off-
putting or controlling [48–50]. A chatbot can be pre-scripted, as in the case of Play
the Pain. With pre-scripted dialogue, the challenge is to accommodate a wide array of
experiences and responses. Our team addressed this by asking a number of open-ended
questions into which app users could input their thoughts and feelings using their own
terminology. This decision was based both on the desires of the chronic pain patients we
were in conversation with as well as the primary feedback from participants of a study
on a different chronic pain chatbot “painSELfMAnagment” (SELMA) [51].

4.3 Self-experimentation and Self Expression

Play. Because we are interested in exploring the affordances of playfulness in better
understanding and designing interventions for CP (for both its distraction capabilities
as well as its potential for encouraging meaning-making and mastery), we designed the
app with an attitude combining empathy and lightness.

We achieved this by assigning one of the main features of the application to Play.
Instead of assigning a specific type of play, we provide a list of possible forms of play
that can be useful (games, cognitive brain training, art-creation, meditation, exercise,
music, watching videos, diet, or other) which encourages the user to define their own
category of playful intervention, assign applications to it, and Share the ways in which
it is helpful to them, if they so choose.

Share. Digital communities are an important source of information and perspective
from shared illness and therapeutic experiences, and offer the possibility for increasing
a sense of empowerment through self-expression [10].We implemented theShare option
which is accessible the main menu and also prompted from other app features (different
Talk and Track branches) to encourage patient-partners to contribute to knowledge
creation.

Access to this open-ended narrative data gathering portal is controlled by the user
who chooses whether to share their stories with a ‘doctor’, with the public (a community
of anonymous users of the app), or keep private. The stories told by the user on this
portal can be accessed, deleted, or edited by the user, and are retained in their personal
pain diary for later review. If their stories are shared publicly, users can search and
interact with others’ stories by keyword. Aware of the potential of social networks for
propagation ofmisinformation and toxic or disrespectful interactions, the interactions on
others’ posts is limited to two emoticons, “heart” and “broken heart” to express empathy.

Talk. Under our patient-centred approach, the focus in the current implementation of
our chatbot is on providing patients with choices and agency, while also pointing them
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towards relevant activities that may be helpful, e.g. meditation, tracking, or social inter-
activity. In addition to being a tool for qualitative data collection, Talk (chatbot) is
designed to draw the user’s attention to possible positive aspects (making lemonade out
of a lemon), and encourage them to self-express using the Share option (Fig 7 presents
an example).

An important design consideration in chatbot implementation has been to make it
playful while also being empathic and casual. We address this, for example, by using
emojis and affirming the user’s experiences while reminding them that they are talking
to ‘just a bot’ so that they themselves can later reflect on their experiences.

We are interested in adapting the wording of some of the standard psychometric
questionnaires into an organic, empathetic, and playful interaction to help users self-
express and encourage them to experiment with how new modalities (diet, activities,
perspectives) which might help them cope better with CP.

Fig. 7. An example of the flow of semi-structured conversations in Talk (chatbot). (1) The user
selects Talk from main menu and is presented with a list of topics. (2) Each topic is divided
into subtopics from which the user can select one at a time. In this case the user has chosen “I
have a story”. (3) Each story can have different subcategories, a selection scheme that avoids
producing incomprehensible or unempathetic responses to the user. (4) The chatbot asks some
general questions to encourage the user to dig deeper into their story and reminds them that they
are interacting with a chatbot, encouraging them to Share their story with actual humans. (5) The
user is directed to the Sharemenu and talk about their story about a relationship. They opt to share
the with the Doctor. (6) When the user consults the report, they would see a list of quantitative
data that they have recorded. (7) When they select the Gallery button in the ‘day’ report, they are
directed to their personal gallery and can see that they shared a story on that date. The story has
an icon to show its privacy setting (only me, doctord, public). The user can also edit and delete
the stories in the gallery. In this case the access was granted only to the ‘doctor’ and received one
‘broken-heart’ reaction. (8) When the user selects the Chats button, they see the topics that they
have chatted about on this date. (9) When they select the topic (“I have a story”) they can view a
log of their conversations with the chatbot.
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We have chosen not to use AI technology; instead, a writer and one of our chronic
pain patient partner/researchers designed the chatbot. Although AI is becoming more
useful in medical diagnosis [48, 52], its capabilities in providing empathy (a critical
factor for CP patients) are still very limited [53] and subject to implicit bias.

4.4 Personal Reports and Galleries

Fig 8 shows a more comprehensive view of Report features. Users have full access
to every data-point, accessible by date, or averaged over months, and year. The graphs
quantify the number of times that the user has reported pain, and the number of interac-
tions (playing, talking). The app does not include any hidden data collection capabilities,
and users have the option of selecting whether they share their data with a designated
‘doctor’. At any given time, the user can revoke the doctor’s access to their data. The
following data categories are retained in a secure remote database: pain, feelings, sleep,
activities, and medication (from the Track menu) as well interactions with the chat-
bot (from the Talk menu) and stories (gallery of pictures, stories, and videos from the
Report).

Fig. 8. An example of a report accessible to a user. If they choose to share this information with
a doctor, the same data will become visible and downloadable to them. Simple statistical graphs
of the volume of self-tracking and playing are shown by month and year in diagrams. All report
elements are searchable by date or keyword.

5 Conclusion

5.1 Summary

Caring for chronic pain requires attention to the cultural and psychosocial contexts in
which pain is evaluated and communicated. Our work is inspired by the recognition
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of the necessity of patient-partnerships in advancing health research and personalizing
care through community and creative communications [4, 54]. In line with the objectives
of the participatory action-research model (PAR), we aimed to design a patient-centric
application that would put people with CP at the heart of both research and the dissemi-
nation of knowledge gained through self-experimentation and self-observation.We hope
that this app can be used by patients and research-partners to further explore options to
improve the quality of life and CP care.

Starting from a theoretical framework (Neuromatrix of Pain and Transactional The-
ory of StressAppraisal andCoping),we aimed to investigate themost important elements
to consider in the design of a digital citizen laboratory for CP patients. We set out to
answer four questions to inform our design:

1. What are the most important factors to consider in creating patient-partnership in
research?

2. What are the affordances of playful, creative and social activities in a digital citizen
laboratory?

3. For chronic pain patients, what is the greatest motivation for engaging with a digital
citizen laboratory?

4. What are the app features that can address the above needs?

We reviewed the literature, performed a CP public consultation, and conducted a
general survey study addressed to CP patients and their caregivers. We also reviewed
more than 137 digital mHealth tools for those living with CP, which pointed to the
following design requirements:

I. Apatient-oriented approach is themost important feature for potential users. Any
digital app for PAR must respect individual differences in focus, interests, modes
of self-evaluation and self-expression, and self-care, allowing users to select which
data to share and how they choose to engage.

II. Incorporating playful activities into the app is important. It is also critical to
strike a balance between collecting accurate data and providing enough freedom to
acknowledge and express empathy for the lived experiences of CP patients.

III. Sharing data with designated researchers and clinicians offers an opportunity
to contribute to research while incorporating an element of social purpose to the
engagement.

IV. Creating knowledge from the lived experiences of patients from a searchable
archival gallery is an empowering tool for CP patients.

This prototype has been launched in both English and French and includes 5 principal
features:

• Talk: An empathic chatbot that promotes self-reflective and semi-structured qualita-
tive data collection about various aspects of daily experiences.

• Track: A digital pain diary that also gathers information about sleep, activities,
feelings, and medication.
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• Share: A restricted social network that allows users to create a gallery of their stories,
artwork, and videos about various activities or experiences that they deem to be worth
sharing.

• Play: A library of different mHealth-mediated interventions that can be added by the
user.

• Report: A comprehensive report of all data collected within the app, transparently
available to the user which can be shared only if they grant access to a designated
research-partner.

5.2 Future Work

Our app design has not yet undergone extensive user testing and validation.
We have been consulting and refining the UI/UX iteratively and in partnership with

potential stakeholders (patients, caregivers, and researchers). We are in the process of
planning a focus group study with the participation of additional CP patients and pain
clinicians to validate our approach.

The future work will involve releasing the app on the App Store and Google Play to
monitor its uptake as well as refining its backend data management in order to maximize
data-security.

Further, we plan to implement additional computational algorithms to allow users to
analyze and interpret their own data.

Our ultimate hope is to increase the involvement ofCPpatients as partners in research.
This app aims to be a tool to incorporate ecological and qualitative data into clini-
cal research, where psychosocial and environmental monitoring of the context of an
individual’s experience and the behavioral adaptation are currently lacking.
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Abstract. We present Hypercare – a system for automated escalation and inci-
dent management in healthcare, which allows clinicians to create escalation logic
in the hospitals. We present eight common escalation use cases and the results of a
heuristic evaluation of the front-end of the system. We have completed designing
the front-end and creating backendAPI endpoints of this application. TheAPI end-
points have been collaboratively documented and tested using Postman. Examples
for creating an escalation ladder and fetching active escalations are provided.

Keywords: Incident management · Escalation · Agent-based interaction ·
Communication in healthcare

1 Introduction

Incident escalation, a process that users are informed sequentially (i.e., trying to reach
different people in a pre-definedorder until a response is received), is a critical component
of communication in healthcare. Despite its importance, outdated pagers are still the
primarywayusingwhich incidents are escalated in healthcare, leading to potential patient
harm [21]. This is especially true during the COVID-19 pandemic, where patients may
deteriorate rapidly.

We developed an interactive logic tool to allow clinicians to create escalation logic.
The tool shows a visual representation of the state diagram that is backing the rule engine
(the state machine governing the escalation policies). Once the policy is set, whenever a
page is triggered throughHypercare, it is cross-checkedwith the rule engine to determine
the appropriate recipient.

One of the main advantages of using this escalation system is that the user/admin
does not need to manually contact and keep track of every person in the hospital. In
a clinical setting, a health worker can just start this escalation and leave the rest to
Hypercare application. This could be helpful in a complex clinical environment where
different patients need to be taken care of by different clinicians. Moreover, the admins
can keep track all the information in a hospital and this may result in more responsible
behavior from the clinicians.
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In this paper we present our solution and describe eight use cases how the system
can be potentially used. We also describe the limitations of the solution. Preliminary
evaluation of the system has been conducted using Nielsen’s heuristics [20], the results
of which are also provided.

2 Background

An agent is a software entity that applies AI techniques to choose the best set of actions
to perform in order to reach a goal specified by the user [17]. For decades they have
been used to solve many different kinds of problems in healthcare [17]. Relevant earlier
examples of use include decision support systems [17] to diagnose the state of the patient
(e.g., [2]), support co-operative medical decision making (e.g., [9, 11]), and for internal
hospital tasks [17], such as supporting transaction workflow between healthcare workers
(e.g., [6]), application of protocols (e.g.,[1]), and management of patients in critical
conditions (e.g., [14, 23]). Agent-based interaction in healthcare practice is popular for
conversations and unconstrainted natural language input. Systematic reviews of those
have been recently conducted [10, 16]. The works reviewed there are concerned with
psychotherapy, social skills practice, education, personal assistance, clinical interview,
data collection. None appear to be directed at communication and collaboration among
the healthcare workers or at escalation.

Amixed-method study has been recently conducted by Tang et al. [27] to evaluate the
impact of an electronic interprofessional communication and collaboration platform on
teamwork, communication and adverse events in a clinical setting. The results suggest
that the impact of the use of such tools is mixed but can be positive in some settings. A
system literature review in 2018 has been conducted by Pourmand et al. [21] on smart-
phone application-based text messaging in emergency department and revealed that
40% of works were concerned with facilitation of communication. The notable works
mentioned are as follows: A study by Przybylo et al. [25] demonstrated that HCGMs
(Compliant Group Messaging) were rated as significantly more effective in facilitating
clear and efficient communication during rounds and patient discharge than traditional
paging systems, a study by Mehrzad et al. [15] demonstrated that paging among health-
care workers create a financial time loss of $2,370-$17,250, and a study by Ellanti et al.
[5] found that 93% of messages on WhatsApp were related to patient care and that
100% participants found WhatsApp to be more efficient than pagers. Furthermore, a
study showed that 14% of pages were sent to the wrong physician, with 47% of those
pages requiring immediate or urgent attention [29]. Hypercare addresses this shortcom-
ing in clinical communication by allowing users to create and manage personnel work
schedules. As hospitals have a daily turnover in on-call roles and responsibility, this on-
call schedule is important for coordinating team-based patient care. Traditionally, this
required a switchboard operator as an intermediary. A provider would call the switch-
board operator, who then sends a page to the intended receiver. This process wastes time
on the sender, as they have to sit by the phone and wait for a call back. Since the page is a
one-way communicationmodality, the sender has no confirmation that the pagewas even
successfully sent and received. This process is also disruptive for the receiver, as they
often get a page with little to no context – only a call back number. This does not convey
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the urgency of the message, and the receiver has to make a decision whether to stop
what they are doing to return the page, or let it wait. This can be potentially disastrous
in time sensitive scenarios with critically ill patients. Hypercare solves this problem by
digesting work schedules and creates a concise list of currently on-call providers for
various roles and specialties in the hospital. With this system, it bypasses the need for a
switchboard operator, and the platform provides closed-loop communication to confirm
that the message was successfully sent.

Prochaska et al. [22] conducted a survey on medicine residents and found that the
majority of respondents preferred SMS text messaging for efficiency and ease of use,
but traditional paging systems for security purposes, although 71% of respondents admit
to having received patient identifiers via SMS text message. Hypercare is a mobile-first
digital healthcare communication and collaboration platform. The platform is encrypted
and meets all the healthcare privacy and security regulations pertaining to electronic
communications and transmission of personal health information. The foundation is a
secure text messaging and file sharing platform that is designed to be familiar and easy
to use. Extra healthcare features, such as priority messages and templated messages
(e.g., consultation requests) are added to further help clinicians sort messages and help
them plan their workflow. Previous studies replacing pagers with mobile communica-
tion solutions in clinical settings have found improvement in both speed and quality of
information, with 94% of clinicians favoring wireless modes of communication [7].

Even though escalation tools are present (very few in healthcare) there is little to no
research available in regards to its effectiveness. To the best of our knowledge, there is
no tool available that can handle the complex situations faced in a healthcare setting. The
best example available is PagerDuty [30] that allows users to acknowledge escalations
through phone/app. The best example available is PagerDuty [30] that allows users to
acknowledge escalations through phone/app. The best example available is PagerDuty
[30] that allows users to acknowledge escalations through phone/app. However, they
still lack the ability to provide proper context or trigger manual escalation when needed.
Hypercare’s advantage of being a messaging and scheduling platform allows a more
comprehensive solution. Hypercare allow users to escalate issues themselves rather than
being completely automated and providemore context. The interactive visualization tool
has the flexibility to allow admins/schedulers to customize and build custom logic for
escalation rules.

Hypercare has created automated alerts that have integrated with electronic health
records to automatically send messages to select providers. A current example is that
for patients with COVID-19, when their oxygen requirements reach a certain threshold
(which indicates deterioration and need for critical care). A message is sent to the most
responsible physician informing them of this and to advise consultation with an inten-
sivist. Various automated alert systems have been shown to improve clinical workflows.
A 6-month study conducted in Johns Hopkins Hospital utilizing an alarm notification
to escalate critical cardiac monitor signals to nurses found improvement in perceptive
alarm response time and decreased alarm fatigue for nurses [4]. Another 2-year study
utilized a voice-activated communication badge to escalate between nurses. Successful
closure of communication loops were recorded in 100% of events, compared to 26%
when pagers were utilized [3].
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Compared to the above protocols, Hypercare can further improve escalations inmore
complex and dynamic scenarios. The sender can send a single message and rely on the
Hypercare platform to keep trying in a structured and hierarchical way to ensure that
the intended recipient(s) receive the message. Providers would be able to customize
scenarios that would trigger an escalation. Furthermore, users can label messages with
different levels of priority, which result in different escalation protocols.

Throughour literature review,we found a lackof automated systems that could imple-
ment rule-based escalation policies taking into context of priority and urgency through
a modern communication text-based platform. The closest in vision was a patent imple-
mented by General Electric [26] which leveraged various platforms including pagers.
The escalations were limited unfortunately by the technology system such as email and
pagers, which limits the capability of having a closed loop feedback system to ensure
escalations are prompted when necessary. Given the newer technology stack that is
under analyzation there is belief our automation engine will be much more precise when
escalating.

3 Hypercare Escalation

Here we present the Hypercare automated escalation and incident management solu-
tion, which accommodates various clinical settings (e.g., escalation to certain providers,
organization-wide ‘code’ alerts, critical results), and facilitates prompt provider
responses and action. Hypercare’s escalation feature will enable clinicians to trigger
the organization’s escalation policy and automatically communicate clinical concerns to
the next appropriate provider if the appropriate response is not received. By streamlining
and automating portions of the escalation process, Hypercare will facilitate a quicker
provider response time, thereby optimizing the use of clinical resources and maximiz-
ing patient health outcomes. Based on the organization’s policy, the escalation feature
will also provide clinical decision support by prompting clinicians to escalate when
appropriate.

3.1 Creating Escalation Logic

In the Hypercare solution, the user creates an escalation ladder through a drag-and-drop
interface as shown in Fig. 1–4. We use the term escalation ladder to represent escalation
logic. The landing page for building escalation logic is shown in Fig. 1. An escalation
ladder can be defined as the hierarchies of communication for a particular department,
e.g., weekday or weekend escalation. This is configured by the admins on the admin
portal. To create an escalation ladder, the user clicks on the “Create new escalation”
button.
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Fig. 1. Escalations landing page.

3.2 Creating Escalation Level

After clicking on the “Create new escalation” button a new window (Fig. 2) appears
where the user/admin can drag specific roles or a person from the left window and drop
them into the square in the middle. Each role can consist of multiple staff in a hospital,
e.g., senior consultant, resident, intern, etc. Here, the user has dragged the role titled
“Cardiology Resident On-Call” in the 1st level of escalation ladder. This means when an
admin starts this escalation, the person assigned to the “Cardiology Resident On-Call”
will be the first to be contacted. The escalation will only move to the next level if no one
in the first level responded within a given response time limit.

Fig. 2. Creating an escalation ladder in the 1st level.
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3.3 Creating Escalation Policy

Escalation policies are configured on an organization level and can be applied to individ-
ual departments. Admins can edit organizational policies to be applied to a department on
an ad-hoc basis. An example of a policy which will “Try every communication channel
every 10 min for 3 attempts” is shown in Fig. 3.

Fig. 3. Adding escalation rule/policy and 2nd level.

The admins can also edit the escalation policy by hovering the mouse above the
policy. When the admin is satisfied with the escalation ladder, they can save it. This will
save the escalation in the backend server. See Fig. 4.

3.4 Testing Escalation Ladder

The admin can test the escalation by checking on the schedule test escalation button as
shown in Fig. 4 and save the escalation. After that another window is going to appear as
shown in Fig. 5 which will give a prompt to the admin to confirm it. After confirming
the escalation testing, every individual in the escalation ladder will receive a notification
and will they need to confirm it.

3.5 Activating Escalation

The Hypercare solution supports twomodes of escalations: departmental and individual.

Departmental Escalation. There are twoways to activate the departmental escalation.
One way is from the inbox of a user. This whole approach is shown in Fig. 6. To start
this escalation, the admin/user needs to long presses a message (Fig. 6-a). An option
menu appears where the user should choose “Escalate” (Fig. 6-b). After that a new



74 Md. Y. Hossain et al.

Fig. 4. Saving an escalation.

Fig. 5. Testing an escalation.
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window appears where the user needs to choose between department and individual
escalation (Fig. 6-c). Suppose the user chooses departmental escalation. After that, a
window appears if the user is part of multiple escalations. Here the user is only part of
one escalation. Therefore, no window appears for selecting which escalation to start.
After that, a review escalation window (Fig. 6-d) will appear where the user can see
a detailed information about the escalation, e.g., who is the responder in each level,
escalation policy between two escalation levels, and the staring level. By de-fault, the
escalation will start from level one. Although the user can change the starting level from
the first to any other levels by clicking on the level. Lastly, the user needs to click on the
send button to start this escalation. After the escalation is created a new chat window is
going to be created where all the escalated persons will be automatically added.

Another way to activate the department escalation is to start from the locating win-
dow. This whole approach is shown in shown in Fig. 7. The admin/user needs to go
to the locating window and select the department they want to start the escalation for
(Fig. 7-a, b). Then the user needs to select the escalation that they want to start from the
next window (Fig. 7-c). Here the user has chosen “Cardiology” as the department and
“Weekday escalation” as the escalation. Then another window will appear where the
user can add important information or message regarding this escalation. After adding
the information, the user needs to click on “Review”. Then, Fig. 6-d will appear where
the user can see the detailed information of the escalation. Lastly, the user needs to click
on the send button to start this escalation.

Fig. 6. Activating departmental escalation from the chat window (the mobile app).

Personal Escalation. To activate the personal escalation, the user/admin needs to open
the inbox of the person that they want to send the escalation to. After opening the chat
window, the user needs to long press a message and choose personal escalation from the
menu just like departmental escalation (Fig. 6- a, b). For personal escalation, there is no
escalation ladder because only one person is connected. The contacted person needs to
respond to the message or else they will continuously get notified after a certain period.
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Fig. 7. Activating departmental escalation from the home window (the mobile app).

The contacted person will be notified as long as the escalation cycle is not completed.
All these operations will be completed in the backend without user participation. When
the escalation cycle is completed but still the contacted person does not acknowledge
the escalation, the person who activated or started the escalation will get a notification
that the escalation did not succeed and they will have three options to choose from:

a) restart the personal escalation,
b) end the escalation and handle the situation manually,
c) end the personal escalation and start a departmental escalation so that someone else

can help in that situation.

In an emergency scenario, the user who activates the escalation can end the personal
escalation at any time and start another departmental escalation (Fig. 8).
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Fig. 8. (a-c) Activating personal escalation, d) Ending personal escalation.

Acknowledging Escalation. For both personal and departmental escalations, the user
needs to acknowledge the escalation. For the departmental escalation only one user needs
to acknowledge to stop the cycle. If no one from the first level responds, only then the
user from the second level is contacted. To acknowledge the escalation message, the
user needs to open the app. As shown in Fig. 9-a, there is a tooltip on the app that says
“You have 2 escalations in progress”, if an escalation is waiting for acknowledgment.
Now, if the user clicks on the tooltip another window will show all the active escalation
details. To acknowledge the escalation, the user needs to click on view option that will
open the chat for that escalation. After opening the chat box, the user needs to tap on
the pink button that says “Tap to acknowledge and end escalation” (Fig. 9-c). Now, the
escalation is completed (Fig. 9-d).

Fig. 9. Acknowledging the escalation.
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3.6 Escalation Status

The userwho activated the escalation can see the details info of the escalation at any time.
They can review the previously activated levels, currently active escalation level, next
levels to be activated and their details, such as member’s details, number of attempts,
next attempt’s time, etc (Fig. 10).

Fig. 10. Escalation status.

3.7 Escalation Endpoints

The escalation features in the Hypercare app are not ready to use yet. GraphQL is a
query language for API, which is used to load the data from a server to a client [31].
We have created all the API endpoints and tested them through Postman [32], which is
a popular API client that helps the developers to create, share, test and document APIs.
We have used Postman to collaboratively test and document the API endpoints. We have
mainly used Node.js [33] to develop the backend APIs, which is an open-source, cross-
platform, back-end JavaScript runtime environment that runs on the Chrome V8 engine
and executes JavaScript code [33].

Here, we have added some of the snapshots of the API endpoints. Figure 11 shows
which parameters need to be passed from the front-end of the application to be able
to create an escalation ladder. The process of creating an escalation ladder is shown in
Fig. 1–4.

Figure 12 shows another API endpoint to fetch all active escalations for a user. This
API endpoint takes escalationTemplateId as the only parameter and it returns all the
related information for that active escalation, such as active escalation id, type, chat,
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Fig. 11. Creating escalation ladder GraphQL API endpoint.

message, all the active levels and their members or roles, escalation policy/rule for each
level, etc. The API will only return the information that the front-end application would
ask for. This endpoint can be used in Fig. 9 when the user would open the inbox for
acknowledging the escalation.

Fig. 12. Fetching an active escalation for a user GraphQL API endpoint.
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3.8 Limitations

There are limitations to the Hypercare’s solution. Receivers may not receive or read
messages for a multitude of reasons. They may be scrubbed in an operation, and they
cannot physically look at their phone. Theymay be having an end-of-life discussion with
a dying patient, and do not want to interrupt the conversation. Or simply, their phone
may be unknowingly out of battery. In these scenarios where the intended recipient does
not receive or respond to the message, there is often an escalation policy, where different
providers are contacted in a systematic way when the first provider does not respond.
This is still a time-consuming process that adds onemore issue that the sender must think
about, which is not ideal in the scenario where they are actively managing a critically ill
patient. Furthermore, this process often requires familiarity with the processes that may
be specific to a certain use case, department, or even organization which could result in
issues for newer staff members or locums (temporary staff).

4 Escalation Use Cases

Below we present eight common use cases for the Hypercare solution.

4.1 Getting Ahead of Patient Deterioration

Actor. Registered Nurse.

Description. In the event that the physician on call is not responding to an urgent clin-
ical message due to unforeseen circumstances, Hypercare can be used to prompt the
registered nurse to escalate concerns to the next responsible physician as per organiza-
tional policy. This will facilitate interdisciplinary communication to ensure a quicker
response time and optimal patient health outcomes.

Trigger. Patient deterioration.

4.2 Quality Improvement Audits/Post-mortem Assessments

Actor. Administrative Staff.

Description. In the event that an urgent concern is escalated with undesirable, adverse,
or unexpected results, the administrative staff of the organization can reviewHypercare’s
Audit Trail to assist clinical leads in identifying accomplishments and areas for further
improvement. This will facilitate quality improvement initiatives within the organization
and help.

Trigger. Escalation Activation.
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4.3 Attempting to Get in Contact with a Hypercare User

Actor. Chief of Department.

Description. When a staff physician fails to show up to his assigned day shift on
the Orthopedic Surgery unit, the Chief of Department must contact the assigned staff
member before finding an appropriate substitute within a timely manner. Individual
escalations will be beneficial in automating the process of searching for/contacting the
staff physician.

Trigger. Triggering Individual Escalations.

4.4 Escalations to Individual Members/Roles Within a Group Message

Actor. Physician.

Description. In the case of a code activation (e.g., Code STEMI), each member of the
team is sent a priority message with escalation. Administrators can define an escalation
policy for each role/member of the team (e.g., there may be an escalation ladder for
the cath lab nurse, the interventional cardiologist, the cath lab administrator, etc.). If a
role/member fails to acknowledge the message, the person next in line in the escalation
policy is added to the group chat, and the escalation process continues until either
someone responds, or the escalation ladder is exhausted.

Trigger. Code Team Activation.

4.5 Critical Results Notifications

Actor. Electronic Health Record Administrator.

Description. There would be a steering committee (e.g., the medical advisory commit-
tee) that would determine which critical results (e.g., labs, other alarms) are flagged to
be sent via Hypercare to members of the care team. The relevant provider(s) should be
identified in the EHR. This result is then sent as a priority message to the provider and
may be escalated in the case of non-response, as determined by the steering committee.

Trigger. Clinical EMR Alerts.

4.6 Contacting Proxies in the Escalation Ladder (Sender)

Actor. Clinician.

Description. When triggering an escalation where a user has a designated proxy, the
proxy will be added into the group chat alongside the original recipient.

Trigger. Designated Proxy User Assigned.
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4.7 Acknowledging Escalations on Another User’s Behalf

Actor. Manager/Provider.

Description. In the event that a code team member is already responding to the code, a
designated member of that team (Manager, Code Team Leader, Front Desk Admin) can
“acknowledge” the alert on behalf of that member. This will prevent further escalations
to that member and users can then review this information in the audit trail. E.g., Victoria
Chen (Manager) acknowledged on behalf of Michelle Williams (Physician) at x time on
y date.

Trigger. Code Activation.

4.8 Code Orange (Disaster/Mass Casualty)

Actor. Manager/Provider.

Description. In the event that there is a codeorange (amedical incident that overwhelms
capacity of the hospital), there are active calls out to available providers to come into
the hospital to help.

The current process involves activating a fan-out list. Currently, this is most often
done by telephone manually. For example, when a code orange is called, a person in
the hospital would call five people, and those five people would call five people, and so
on, until a certain response is achieved and confirmed. The nuances of the process are
different but the overall concept is that successively larger groups of contacts are called
until you get a certain number of people confirming that they can respond to the incident
within a certain amount of time. Ideally this group is to grow exponentially as quickly
as possible (i.e., the maximum number of calls made per unit time), but at the same time
not lose track of what is happening and who is being triggered.

In the Hypercare context, successive groups should be contacted until a certain
threshold of people confirm that they can reach the hospital in a certain time period.
There are many ways one can define these groups, and often it is distance based (i.e.,
those who live the closest are called first since they will get there the fastest). How that
is determined is outside the scope of Hypercare, and these groups will be defined by the
organization.

Trigger. Code Activation.

5 Heuristic Evaluation

Toperform an initial evolution,we have employed a revised version [18] of the traditional
heuristic evaluation by Nielsen and Molich [20]. Salgado and Freire [12] performed
a systematic mapping of the literature on the use of heuristics for mobile usability
evaluation and found that the traditional set of heuristics [20] is themost used for usability
evaluations of mobile devices. In the follow up work, Salgado et al. [13] suggested
that the traditional heuristics [20] are sufficiently generic to be used for identifying
usability issues effectively in mobile interaction, among other contexts. Although, it was
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revealed that heuristic evaluation is not normally associated with mobile applications
[8].To perform an initial evolution, we have employed a revised version [18] of the
traditional heuristic evaluation by Nielsen and Molich [20]. Salgado and Freire [12]
performed a systematic mapping of the literature on the use of heuristics for mobile
usability evaluation and found that the traditional set of heuristics [20] is the most
used for usability evaluations of mobile devices. In the follow up work, Salgado et al.
[13] suggested that the traditional heuristics [20] are sufficiently generic to be used
for identifying usability issues effectively in mobile interaction, among other contexts.
Although, it was revealed that heuristic evaluation is not normally associatedwithmobile
applications [8].

We have broken down the evaluation into three main stages: briefing, evaluation, and
debriefing, as has beenpreviously suggested [19, 24]. Twopasses have been takenby each
of the two researcherswho co-authored thiswork. The researcherswhoparticipated in the
evaluationwere not involved in the development of the front-end of the system.However,
one researcher was fully involved in its back-end development. The two researchers
agreed that the system conformed to 9 out of 10 heuristics. Help and documentation
was the heuristic the system did not pass, as the feature has not been implemented at the
time.

6 Discussion and Future Work

We have presented Hypercare – a system for automated escalation and incident manage-
ment in healthcare, which allows clinicians to create escalation policies. We presented
eight common escalation use cases and results of a heuristic evaluation of the front-end
of the system.

Our main focus was to develop a system that would facilitate clinicians’ workflow
by allowing them to focus on their patients and leaving the rest to our application. There
could be many more escalation uses other than the eight that we presented in this work.
Since the Hypercare application is not fully ready for deployment yet, we had to focus on
evaluating the UI. The revised Neilson’s heuristic evaluation [18] was used to formally
evaluate the system. The Hypercare app passed all the heuristics except for help and
documentation at the time of evaluation.

In the future further evaluations will be conducted. Testing will be performed by
simulating various different user profiles in different environments (Web, Android and
iOS). The algorithm for escalation will be tested through bothmanual and automated test
process. For themanual testing, the tester will act as an actual user of the final application
and iterate over all the functionality of the system manually. For the automated testing
process, the tester will write a unit testing script to see if all the functions are working
as they are supposed to. Each iteration contains numerous users with varying traits
including but not limited to creating escalations, activating escalations, acknowledging
escalation, not acknowledging escalations. Within each iteration, at least 50 escalations
will be sent. The average response time will be calculated for each iteration for each
environment and compared to determine effectiveness of automated escalation. In the
final evaluation stage, the system will be evaluated with healthcare workers and actors
using a cognitive walk-through [28], where the tasks will be based on the use cases
described above.
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Abstract. The primary object of this study is to analyze the different patterns
of medication administration in a medical intensive care unit (MICU) using an
electronic medical record (EMR) log data and how these patterns can be different
inside and outside the patient room in terms of average process time. To analyze
ICU nurses’ workflow related to the EMR documentation, the real-time measure-
ment system (RTMS) data was used, andmultiple hierarchical task analysis (HTA)
charts were developed. The results revealed that there was no significant different
pattern between themedication administration inside and outside the patient room.
However, we found a significant difference inmedication administration’s average
process timebetween inside andoutside the patient room.Thefindings of this study
highlight the behavioral differences in performing medication administration in
an ICU.

Keywords: Electronic medical record ·Medication administration · Health
information technology

1 Introduction

An intensive care unit is one of the most complex and dynamic areas in a hospital [1].
According to the study done by Ross, et al. [2], medication errors may cause or lead to
inappropriate medication usage. As a result, those errors will affect patient outcomes,
increasing patient morbidity, mortality, and costs [3, 4]. The significant errors related to
the medication orders in ICUs are prescribing, transcribing, dispensing, and administra-
tion [5]. More than 50% of medical errors occur at the prescribing stage and 34% at the
administration stage [6]. According to Vazin and Delfani [7] medication errors account
for 78% of serious medical errors in an ICU. They state that the most common causes
of errors are rule violations, slip and memory lapses, and lack of knowledge. According
to a study done by Freedman, et al. [8], the occurrence and scope of medication errors
are described by an American Heart Association Scientific Statement. Based on this

© Springer Nature Switzerland AG 2021
V. G. Duffy (Ed.): HCII 2021, LNCS 12778, pp. 86–95, 2021.
https://doi.org/10.1007/978-3-030-77820-0_7

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-77820-0_7&domain=pdf
https://doi.org/10.1007/978-3-030-77820-0_7


Different Patterns of Medication Administration 87

report, improved methods, like automated information systems, are needed to identify
and reduce medication errors.

Various strategies could improve the quality of care and operational efficiency. One
strategy is improving health information technology, which helps ICU nurses quickly
access patient information and support clinical decision-making [9]. Electronic medical
record (EMR) is a type of IT system introduced to help physicians and nurses carry out
their tasks more efficiently while improving the quality of care, safety, and patient out-
come [10]. Despite the advantages of EMR systems, they still have several shortcomings.
First, EMR systems generate and process a large amount of digital information regard-
ing a patient’s treatment and conditions. EMR systems will increase the spending time
on documentation due to the massive amount of the patient conditions and treatment
information delivered to nurses, limiting the ability of ICU nurses to provide timely and
appropriate healthcare services [11–13].

Although the electronic health record systems should make the medication adminis-
tration process safer, error rates may increase due to order complexity [14]. According
to a study done by Warrick, et al. [15], the rate of new errors, like incorrect selections
of multiple dosage options for some drugs, raised after deploying the EMR system in a
pediatric ICU.

To advance our understanding of ICU nurses’ EMR documentation process, a time-
motion study was conducted in a medical ICU at the University of Missouri Hospital.
By combining data obtained from the time-motion study and real-time measurement
system (RTMS), multiple hierarchical task analysis (HTA) charts were developed to
understand ICU nurses’ workflow. HTA charts can be used as a tool to show the nurse’s
workflow [16]. According to the previous study done by Guo, et al. [17], four primary
categories, including 1) update assessment results, 2) review documents, 3) medication
administration, 4) check lab specimen orders were identified which must be conducted
to complete the EMR documentation. In this study, we investigated the patterns of
medication administration and how these patterns in EMRs can be different in terms of
average process time inside and outside the patient room.

2 Literature Review

One of the most essential and vital parts of nurses’ work since the time of Florence
Nightingale is nursing documentation [18]. The objectives of documentation in a health-
care system are to ensure continuity of care, provide legal evidence of the process of
care, and support evaluation of patient care quality [19]. Further, EMR documentation
should help the healthcare team deliver a higher quality of care and evaluate nurses’
progress and patients’ health outcomes [20]. However, achieving these objectives might
be challenging when nurses spend more time documenting due to the large amount of
information regarding patients’ complex conditions and treatments. While healthcare
information technology (HIT) is reducing error inside the ICU, the current EMR system
increases the incidence of certain types of mistakes that produce hazard risk related to
patient safety and even mortality [21–23]. According to a study done by Bates, et al.
[24], incorrect selection of medications similarly spelled appearing nearby the computer
screen and physicians writing orders in the wrong electronic record are some of these
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errors. Also, healthcare information technology can cause new kinds of errors, specific
to the inherent cognitive complexity of human-computer interaction [24]. According to
a study done by Vicente [25], inconsistencies in the system, like buttons, menus, and
entry fields, may prolong medication order completion time or increase user errors by
concealing or misrepresenting stored information. Also, disruption, incompleteness, and
inappropriate charting are threemajor issues of EMR documentation [19]. The quality of
nursing care crucially depends on accessing high-quality information related to patient’s
conditions [26].

In this research, we look deeper into the nurses’ workflow related to EMR documen-
tation to discover how medication administration patterns in EMRs can differ in terms
of average process time and frequency inside and outside the patient room.

3 Methodology

The time-motion study was conducted in the medical ICU (MICU) at the University
Hospital, University of Missouri-Columbia. Nine ICU nurses participated in this study,
andone to three nurseswere observedoneachobservationday from7:00 a.m. to 7:30p.m.
for 15 days from 2/17/2020 to 3/11/2020. All participants were registered nurses with a
range of 1 to 26 years of ICU work experience. All participating nurses were informed
about the time-motion study, and all collected information related to the nurses and
patients was kept confidential. To minimize the Hawthorne effect, observers maintained
a considerable distance from the participants and did not initiate any conversation with
them. Besides, to maintain patient privacy, observers were not allowed to enter a patient
room.

The studied MICU had two pods and a reception area in the center of the unit. There
were nine single-patient rooms in each pod and a nurse station equipped with computers,
monitors, tables, telephones, and a medicine cabinet.

All information related to the nursing documentation in the EMR system were
recorded in the Real-Time Measurement System (RTMS) database. In this study, the
RTMS log data was used to analyze nursing work patterns related to the EMR charting.
All procedures done in this study were approved by the University of Missouri IRB.

Three graduate industrial and manufacturing systems engineering students and one
senior undergraduate engineering student collected time and activity data during this
study. The observers recorded the start and end time of each task done by ICU nurses
and took notes about any special events in an observation form. Figure 1 shows the
manual observation form used in this study for a time-motion study.

All nursing activities are categorized into five main groups: verbal report, primary
care, peer support, out-of-room activities, and non-nursing activities [27]. RTMS data
shows the time and EMRwindows related to nurses’ documentation. Nurse log ID, login
time, number of clicks, pages accessed, every keystroke, and computer name for charting
were provided in the RTMS.
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Fig. 1. The manual observation form

4 Data Analysis

In this study, we combined data obtained from the time-motion study and RTMS to
develop a hierarchical task analysis (HTA) chart for having a detailed view of the nurses’
documentation workflow.

4.1 Hierarchical Task Analysis (HTA) Chart

By combining the data gained from the time-motion study and RTMS system, multiple
HTA charts related to EMR documentation were created both inside and outside the
patient room. The advantage of HTA chart is to break down a nurses’ task into sub-tasks
and provide a model for task execution, which helps us better understand ICU nurses’

Fig. 2. The HTA chart for medication administration in EMRs
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work patterns related to medication administration while doing EMR charting. Figure 2
shows the HTA chart for medication administration in EMRs.

To construct the HTA chart, all nursing tasks related to medication administration
inside and outside the patient room categorized into six groups, including 1) process
discern alerts, 2) display MAR summery, 3) scan medication, 4) ensure MAW results,
5) scan patient, 6) load MAW. To administer medications, nurses must complete all or a
part of the above tasks. Table 1 shows a description of each of the HTA chart tasks.

Table 1. The description of tasks in the HTA chart

Task number Task name Description

1 Process discern alerts The purpose of discern alerts window is to warn of
missing patient data such as height/weight or
allergies that provide decision support for an order.
Also, this window will show nurses any discern
alerts regarding the conflictions of a new medication
order with the current one. There are several types
of discern alerts depending on the nature of the
nurses’ activity

2 Display Medication Administration Record (MAR)
summary

The Medication Administration Record (MAR)
Summary is a view-only section that allows nurses
to view all active, scheduled, unscheduled, PRN,
and continuous medications for a specific patient.
The MAR displays the medication orders, tasks, and
documented administrations for the specific time
frame

3 Scan medication Scanning a medication’s barcode to verify that the
nurse is administrating the right medication, at the
right dose, at the right time, to the right patient

4 Ensure Medication Administration Wizard (MAW)
results

Reviewing and confirming all information related to
the medication orders and sign them to store the
results in the database

5 Scan patient Scanning a patient’s wristband can automatically
show the patient’s medications due, medical history,
and verify the patient’s identity. It also shows all the
medications and dosages required or procedure
about to be performed based on the records

6 Load Medication Administration Wizard (MAW) Launching the Medication Administration Wizard
(CareAdmin) application by clicking the Medication
Administration icon on the organizer toolbar

5 Results

In this study, a one-way ANOVA was conducted to compare the patterns of EMRs for
medication administration inside and outside the patient room in terms of average process
time (see Table 2). There are significant differences in average process time between
inside and outside the patient’s room for tasks 1 (P = 0.010), 3 (P = 0.009), and 6 (P =
0.038) (see Table 3). These results will be further discussed in the next section.
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Table 2. ANOVA results for the average process time of medication administration in EMRs

Location Avg process
time

StDev F P

In-Room 2.789 4.540 24.80 0.00

Out-of-Room 3.529 5.280

Table 3. ANOVA results for the average process time of HTA chart tasks

Task number Location Average process time StDev F P

1 In-Room 2.516 4.410 6.72 0.010

Out-of-Room 3.613 5.573

2 In-Room 1.811 3.163 1.95 0.163

Out-of-Room 2.155 3.740

3 In-Room 3.230 4.409 6.82 0.009

Out-of-Room 4.453 6.404

4 In-Room 3.920 5.673 3.32 0.069

Out-of-Room 4.791 6.205

5 In-Room 3.890 6.485 2.13 0.145

Out-of-Room 4.689 6.195

6 In-Room 2.283 3.506 4.32 0.038

Out-of-Room 2.856 3.790

6 Discussion and Limitations

The primary goal of this study was to analyze the different patterns of medication admin-
istration using EMR log data in a medical ICU and how these patterns can be different
inside and outside the patient room in terms of average process time.

When nurses open the medication orders window by clicking the orders icon on the
navigation ribbon at the left side of the EMR, they will see all of the patient’s active
orders, including medication orders. There are several types of alerts that nurses might
see during the medication administration process including:

• An alert may appear when medication is hazardous to handle and requires appropriate
personal protective equipment or should not be handled by pregnant or breastfeeding
nurses.

• An alert may appear regarding the timing of giving the medication to the patient (too
early or overdue).

• An alert may appear in case of the potential drug interaction between the administered
medication and other medications that the patient has already taken. In this case, a
drop-down box will be shown up with options for resolving the alert.
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• An alert may appear regarding parameters under which medication should not be
given (see Fig. 3).

Fig. 3. A screenshot of a discern alerts regarding the medication issue

Table 3 shows a significant process time difference in task 1 (process the discern
alerts) between inside and outside the patient room. ICU nurses usually spend more
time processing discern alerts while working outside the patient room. One possible
explanation might be related to the behavioral preferences of ICU nurses. Typically, ICU
nurses prefer to check the potential conflicts between the new and current medication
orders while working outside the patient room, because checking and reviewing the
patient documentation for processing the discern alerts is a time-consuming process.

Fig. 4. A screenshot of scanning medication process in medication administration wizard
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For task 3 (Scan Medication), ICU nurses need to scan a barcode on the box or a
bottle of the medication when they administer and check expiration dates. A successful
scan indicates that a medication order matches the results represented on the medication
administration wizard (MAW) via a checkmark (see Fig. 4).

If the required dose is more than what has been shown in the system, the nurse needs
to scan the medication’s barcode multiple times to meet a required dose. Table 3 shows
a significant difference in scanning medication between outside and inside the patient
room. ICU nurses usually spendmore time to scan amedication’s barcodewhile working
outside the patient room. One possible explanation could be an additional process time
for checking the expiration date of the medicines outside the patient room. Nurses will
get medication from medicine cabinets and prefer to check expiration dates outside a
patient room while preparing and giving them to patients inside the room. Checking the
expiration date of medication will take longer since nurses need to open the medication
boxes or look for the medication bottle expiration date.

For task 6, the medication administration wizard (MAW) shows ICU nurses which
medication is currently due to be given and scheduled in the future up to 75 min, over-
due medication, PRN medication, and any continuous infusions. Also, MAW provides
detailed information about each patient’s medications (see Fig. 5). According to the
results, ICU nurses spend a longer time using the MAW outside the patient room com-
pared to the in-room. One of the ICU nurses’ top priorities is preparing and giving the
patient medication while doing focused assessments in a patient room. Thus, ICU nurses
usually use the MAW to see what medicine is currently due to be given while working
inside the patient room. However, they will spend more time using the MAW to check

Fig. 5. A screenshot of the medication administration wizard
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the medication orders for the future and complete additional medication orders while
working outside the patient room. ICU nurses must process more information while
reviewing and updating medication orders.

Although the findings of this study revealed some of the patterns related to medi-
cation administration inside and outside the patient room, there are several limitations.
First, nurses’ interruption was not considered when we developed the HTA chart. Even
Though ICUnurses experiencemultiple interruptions during EMRdocumentation, those
interruptions were not included in the data analysis. Also, we only collected data from
day-shift nurses. Thus, we recommend including night-shift nurses to compare how
their patterns are different than our findings. Another limitation of this study is the small
sample size. We only collected the data from nine nurses. It would be better to have
more participants for supporting our results in a future study. Lastly, we did not consider
the effect of urgent situations, such as surgeries, patient coding. These situations might
affect ICU nurses’ workflow and process time in the ICU.
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Abstract. Automations are meant to help reduce human workload and/or to
reduce the need of humans to operate production processes and giving services.
One of themost prominent users of automation is the people that areworking in the
healthcare sector. There are a lot of benefits from healthcare automation applica-
tions. One of them is by reducing error rates as illustrated by Felder (2003), virus
infected patients 29 times (approx.) for every million transfusions, healthcare
automation can mitigate this. Alongside the exponential growth of automation,
some adjustments are required, thus, the role of human factors is very important
to adjust changes and get the most value of the human-automation system. This
paper demonstrates a systematic literature review of scientific papers on human
factors in healthcare automation usage. To further understand this relationship
several analyses were done by using the keywords “healthcare”, “automation”,
and “human factors” and extracting those keywords from articles to see trends.
The analyses were conducted using VOSViewer, Harzing’s Publish or Perish,
AuthorMapper, and MAXQDA to obtain emerging keywords (co-occurrence),
co-author analysis, and co-citation analysis. Not only that, but several articles
were also extracted from different databases named; Google Scholar, Springer-
Link, Scopus, and WebofScience to understand the relationship between human
factors and healthcare automation in detail. One takeaway from this review is
that the trend of using automation to streamline healthcare institution processes
is increasing and it has been proven that human factors theories are needed to
incorporate the new technology properly.

Keywords: Healthcare · Automation · Human factors

1 Introduction and Background

The emerging discoveries of Artificial Intelligence have increased the usage of automa-
tion in different occupation fields nowadays and the healthcare industry is not an excep-
tion. Automation is a state where machines or processes in a system (or even the system
itself) operates automatically to aid the human operator such as reducing their workload
(Dias 2014). Hence, healthcare automation is the processes and services that operate
automatically in a healthcare institution.

According to Sriram and Lide (2009), healthcare institutions rely heavily on automa-
tion in two different aspects; (1) Healthcare informatics; and (2) Medical Devices.
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Healthcare informatics deals with various data processes and information coming from
different sides of the healthcare institution(s) or even the government. With the help of
automation, different types of software are provided to streamline the supply chain pro-
cesses, simulations, algorithm modeling, information and data management for clinical
practice and research, andmanymore. As for the latter, it dealsmorewith the “hardware”
aspects of healthcare such as designing, testing, and manufacturing surgical instruments
and devices.

Due to the rapidly increasing demand for healthcare services, automation has become
a necessity. However, automation often fails due to eliminated feedbacks that should
have been received by the operators and which can lead people to be less prepared when
facing and detecting automation failure (Lee and Bobbie 2006). Some adjustments are
required because of the implementation of automated instruments (software, medical
devices, etc.), this is where human factors application comes into the scene. Human
factors examine the relationship between operators and the system that they interact
with. Multiple challenges will likely emerge including; cognitive aspects of automation
bias and human performance, information trade between clinicians and AI systems,
situation awareness, and the impact on the interaction with patients (Sujan et al. 2019).
Human factors practitioners play a crucial role in finding ways to incorporate AI or
automation into healthcare clinical processes and services (Fig. 1).

Fig. 1. Challenges in healthcare-related human-automation interaction (adapted from Sujan et al.
2019).

2 Purpose of the Study

The purpose of this study is to perform a systematic literature review on scientific
papers about healthcare automation and human factors. The study primarily focuses
on disclosing the importance of human factors theories to incorporate automation in
healthcare institutions. For instance, workflows that integrate informatics tools will be
able to coordinate and track patients’ demands with more ease (Saleem et al. 2011).
With the right procedures, AI can augment human capabilities, and health institutions
will benefit from this relationship and reduce the possibilities of human errors.
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3 Methodologies

The researchwas startedwith data collection by searching 3 keywords in several different
databases; SpringerLink, Google Scholar, Scopus, and Web of Science. I used “Human
Factors”, “Healthcare”, and “Automation” to look for articles that talk about topics that
are related to my keywords. To extract articles from Google Scholar database, I used a
software called “Harzing’s Publish or Perish”. Harzing can search for articles and extract
the bibliometric data from different databases such as Crossref, Google Scholar, Google
Scholar Profile, Pubmed, and several other databases, however, an external subscription
is required to access the other databases and is only limited to 1000 articles from a
search. The second search was conducted on Web of Science database through the
Purdue Library website. The same keywords were typed into the search bar to look up
the articles and obtain the metadata that is necessary to conduct the systematic literature
review. The metadata from Web of Science includes the article title, author, abstract,
keywords, and citations which Harzing’s metadata did not have.

The next step was conducted using the VOSviewer software, which is a tool that
can generate cluster diagrams of co-citations, co-author, and keywords. By using the
metadata from WoS, a cluster diagram of keywords and co-citations was formulated.
On top of that, keywords and co-author analysis were conducted by exporting the bib-
liometric data from Google Scholar to VOSviewer. One note when reading the cluster
diagrams is that the size of the bubbles for each author represents the number of his or
her publication and the line between authors or citation represents the co-authorship or
the co-citation links.

The same keywords were also applied to AuthorMapper, which is an online tool
used to extract articles from SpringerLink. AuthorMapper was able to obtain not only
articles but also leading authors and keywords which will help to analyze the content
of the articles later on. Last but not least, I used the same keywords to look for articles
from Scopus and used the metadata for co-citation analysis on VOSviewer in case there
are not a lot of articles generated from Web of Science.

Using the software called “Mendeley”, I was able to retrieve 4 articles of my interest
that are relevant to “human factors”, “healthcare”, and “automation” and generate a
Chicago-style citation. An extended lexical search was performed using MAXQDA by
exporting the selected articles (4 articles that I chose, articles that were derived from
the co-citation analysis, and two chapters from the “Handbook of Human Factors and
Ergonomics”). Not only that, but a word cloud was also generated to analyze the most
used terms within those selected articles. Trend analysis was conducted as the last step
of this systematic review to see the trend of published articles throughout the year.

4 Results

The research started with data collection by searching 3 keywords in 4 different
databases; SpringerLink, Google Scholar, Scopus, and Web of Science. Table 1 below
illustrates the database and the corresponding number of articles that were obtained from
the inputted keywords.
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Table 1. Table of different databases, number of articles generated, and inputted keywords

Database Number of articles Keywords

Google Scholar (via Harzing) 980 Healthcare and automation and
human factors

SpringerLink (via AuthorMapper) 2766 Healthcare and automation and
human factors

Web of science 5 Human factor and healthcare and
automation

Scopus 23 Human factor and healthcare and
automation

4.1 Co-authorship Analysis

The Co-Authorship cluster diagrams were generated using extracted bibliometric data
from Google Scholar with the help of Harzing’s Publish or Perish software. Co-
Authorship networks are powerful tools that could be utilized to “assess collaboration
trends and to identify leading scientists and organizations” (Fonseca et al. 2016). The
bibliometric data from Harzing was exported to VOSviewer to help visualize the bib-
liometric networks by generating a cluster diagram of co-authorship analysis. I set the
minimum number of documents of an author as 5 and out of 1896 authors, 19 met the
threshold.

Fig. 2. Co-Authorship cluster diagram that was generated using VOSviewer by exporting the
extracted bibliometric data from Harzing and consisted of 19 authors out of the 980 articles that
were discovered.



100 J. Kurniawan and V. G. Duffy

The author who has the strongest link strength of 6 is Robert L. Wears with 7
documents and 281 citations, however, the author who has the most document numbers
and citations is Pascale Carayon with 22 documents and 3088 citations. It is shown in
Fig. 2. That Pascale Carayon has the biggest bubble which represents the total number of
publications or documents that he has while Robert L. Wears has the most links attached
to his bubble towards other authors.

4.2 Co-citation Analysis

The co-citation analysis was conducted using metadata that was downloaded from the
Web of Science and includes the article title, author, abstract, keywords, and citations.
The co-citation analysis was conducted to identify cross-disciplinary ideas (Trujillo and
Long 2018) and to determine the frequency of two documents that are cited together by
other articles. The more co-citations two documents receive, the higher their co-citation
strength which also means that it is more likely that they are semantically related. I
uploaded the metadata from the 5 articles that were displayed in Web of Science with
the keywords “healthcare” AND “automation” AND “human factors” to VOSviewer.
Based on the statement that was presented in the earlier paragraph, 2 was chosen as the
minimum number of citations of a cited reference. 4 cited references met the threshold
and have the greatest total link strength out of the 232 cited references.

Fig. 3. Co-Citation cluster diagramwas visualized using VOSviewer by exporting metadata from
Web of Science based on 5 articles.

All citations have the same number of citations which is 2 and the same amount of
total link strength which is 4. However, as shown in Fig. 3, 3 of the 4 cited references
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are Jason J. Saleem’s articles and most of the cited references are from the International
Journal of Medical Informatics.

Due to the lack of articles generated by Web of Science, I decided to export the
metadata from 20 newest articles from Scopus (2010–2020) to VOSviewer to generate
another co-citation analysis. The parameters that were used were; 1 as the minimum
number of citations of a cited reference, and out of the 387 cited references, all of them
were selected because they had great link strength.

Fig. 4. Co-Citation cluster diagramwas visualized using VOSviewer by exporting metadata from
Scopus based on the 20 newest articles from 2010 to 2020 (Scopus, n.d.)

4.3 Co-occurrence Keywords Analysis

The Co-occurrence analysis operates by searching for words that are commonly used
in the selected articles (Krishan 2017). A co-occurrence map would help us capture the
relationships between words that “co-occur” together in articles. The bibliometric data
from 980 articles that were generated via Harzing’s Publish or Perish which consisted
only of key terms from the list of keywords in the article and also from the titles was
exported toVOSviewer to generate a visualized bibliometric network or a cluster diagram
to obtain the most frequently used words. The countingmethod that was used to generate
the desired diagram was “binary counting”. The keywords were extracted from the title
and abstract fields. 10 was selected as the minimum number of occurrences of a term
and out of the 6438 terms detected, 169 meet the threshold. Hence, 101 keywords were
selected as the 60% most relevant items (Fig. 4).
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Fig. 5. Co-Occurrence map based on text data from Harzing’s Publish or Perish that consists of
101 number of terms selected that meets the threshold.

As illustrated in Fig. 5, the word “Factor” occurs the most out of the other words
followed by study, environment, proceeding, research, patient safety, and healthcare
system which all have a similar number of occurrences. Some interesting keywords that
were also included in the diagram were workload, healthcare facility, and automation
surprise.

Another Co-Occurrence analysis was conducted using the metadata from theWeb of
Science. The same procedure as before was implemented (extracting keywords from the
title and abstract fields by using the binary counting method). However, the parameters
were set to 3 as the minimum number of occurrences of a term, and out of the 312 terms
discovered, only 4 met the circumstances (Fig. 6).

Fig. 6. The Co-Occurrence map consists of 4 key terms out of the 312 terms discovered from the
generated 5 articles in Web of Science (Web of Science, n.d.).
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The term “system” has the highest number of occurrences which is 4 and a relevance
point of 1.31.

4.4 Leading Tables from AuthorMapper

AuthorMapper was utilized to create leading tables that could summarize leading articles
and its component fromSpringer’s database. The keywords “Healthcare”, “Automation”,
and “Human factors” were inputted into the search bar to generate articles and authors
that are relevant to the key-terms. A total of 2766 articles were discovered alongside
several 8049 authors from the year 1986 to 2021. Table 2 below is a table of 5 leading
authors out of 8049 followed by their publication years, keywords, and count.

Table 2. Table of Leading authors listed in AuthorMapper from SpringerLink database alongside
their years of publication and keywords.

Author Years Keywords Count

Ziefle, Martina 2010–2011, 2013–2015, 2017–2021 Technology acceptance, demographic change,
life-logging, privacy, smart textiles, ubiquitous
computing, human factors

19

Serpa-Andrade, Luis 2018, 2020 Intraocular pressure, Prosthesis, actuators,
ADC, anthropometry, biomechanics, design,
artificial neural networks

12

Caporusso, Nicholas 2018–2021 Classification, cybersecurity, Machine learning,
Support vector machine, Artificial Intelligence

8

Fuller, Helen J. A 2018–2020 Human factors, patient safety, usability,
heuristic evaluation, change management,
conceptual models, health care

8

Nozaki, Manami 2017, 2019, 2020 Cultural competence, intercultural competence,
nursing, cross-cultural communication,
Healthcare education

8

It can be concluded that more articles related to “Healthcare” AND “Automation”
AND “Human Factors” were published by the leading authors around the year 2017 to
2020. However, Martina Ziefle still has the highest count compared to the other authors.
Similar keywords were also used between the leading authors (although each of them
has different ranks for different authors) such as Human Factors, Artificial Intelligence,
and Healthcare.

Another table was generated based on the leading countries that have significant
relevance with the keyword “healthcare”, “automation”, and “human factors”. There
was a total of 93 countries contributed to the topic of healthcare automation and human
factors with the biggest contribution went to The United States. The following table
demonstrates the leading countries with the years of related publications were published,
top keywords, and count.

As shown in Table 3, multiple countries have been publishing articles related to
“healthcare”, “human factors”, and “automation” since the early 2000s. Multiple key-
words that are similar or the same were also used in articles between the leading
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Table 3. Table of Leading countries listed in AuthorMapper from SpringerLink database
alongside their years of publication and keywords.

Country Years Keywords Count

United States 2006–2021 Human factors, patient safety, usability, artificial intelligence, healthcare,
safety, machine learning

586

United Kingdom 2000–2021 Healthcare, trust, artificial intelligence, human factors, smart homes,
technology, assistive technology

266

Germany 2006–2021 Technology acceptance, Human factors, technology, human-robot
interaction, older adults, smart home

230

Italy 2005–2021 Human factors, human-robot interaction, healthcare, internet of things,
machine learning, safety

182

Canada 2007–2021 Artificial Intelligence, aging, machine learning, medical error, assistive
technology, deep learning, human factors

119

countries such as; Human factors, Healthcare, Trust, Safety, Technology, and Artificial
Intelligence.

Overall, the leading keywords for the theme “healthcare” AND “automation” AND
“human factors” are displayed in the following Table 4.

Table 4. Leading keywords based on the search “healthcare” AND “automation” AND “human
factors”

Rank Keywords

1 Human factors

2 Healthcare

3 Artificial intelligence

4 Usability

5 Patient safety

4.5 Content Analysis from MAXQDA

Word Cloud. 8 Articles and two chapters from the Handbook of Human Factors and
Ergonomics were selected to generate a word cloud. 4 articles of interest were selected
frommultiple sources by typing “healthcare” AND” automation” AND “human factors”
on Mendeley’s search bar. Chapter 57 “Human Factors and Ergonomics in Health care”
and chapter 59 “Human Factors and Ergonomics inAutomationDesign” fromHandbook
of Human Factors and Ergonomics were also utilized. The last 4 articles were obtained
from the co-citation analysis using the Web of Science metadata. A stop list was created
to acquire meaningful words by disposing of all prepositions, numbers, symbols, and
other words that are irrelevant to the topic of Healthcare Automation and Human Factors
(Fig. 7).

Extended Lexical Search. Through co-occurrences analysis, leading tables, and the
generated word cloud, multiple key-terms were selected for an extended lexical search
in MAXQDA of the 8 selected articles and 2 chapters from The Handbook of Human
Factors and Ergonomics. The following are the list of the selected keywords;
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Fig. 7. Word cloud generated based on 8 articles and 2 chapters from The Handbook of Human
Factors and Ergonomics (#3-5, 9, 12, 15-17, 20, 21 in the reference list) usingMAXQDA software.

Human Factor: The termHumanFactor appears several times in the reference section of
Chapter 57 Human Factors and Ergonomics in Healthcare by Pascale Carayon (Carayon
et al. 2012) fromTheHandbook ofHumanFactors andErgonomics.Theword also resur-
faces multiple times in other articles by Sujan et al. (2019), Carayon and Wood (2010),
Saleem et al. (2009). The article titled “Human-Supervisory Distributed Robotic Sys-
tem Architecture for Healthcare Operation Automation” emphasized that human factors
theoremswere used in the automation workflow “to provide a flexible and robust human-
knowledge-based supervision and control for safe, reliable, and automated process for
the healthcare industry.” (Tan et al. 2015). It was also pointed out that the discipline of
human factors and ergonomics could be utilized to enhance the performance, quality,
and safety of the health care system (Carayon et al. 2012).

Healthcare System: According to Carayon and Wood (2010) six sectors were proposed
tobe improved in thehealthcare system; safe, effective, patient-centered, timely, efficient,
and equitable. The goal of implementing human factors and ergonomics in the healthcare
system is to produce high-quality safe patient care. The keyword “healthcare system”was
also mentioned in other papers by Berg (1999) that talks about a sociotechnical approach
to patient care information systems by developing and evaluating IT applications in the
healthcare system, Saleem et al. (2005), Tan et al. (2015) with their Robotic system
architecture to be applied on healthcare processes, Carayon et al. (2012) in his chapter
from The Handbook of Human Factors and Ergonomics.

Artificial Intelligence: Artificial Intelligence was mentioned several times and has
become the leading keywords for several authors based on the search in AuthorMapper
such as; Nicholas Caporruso and also was included in the leading keywords in several
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countries named; The United States, United Kingdom, and Canada. The article by Gam-
bino et al. (2019) titled “Digital Doctors and Robot Receptionists: User Attributes that
Predict Acceptance of Automation in Healthcare Facilities” emphasized that artificial
intelligence could offer refined accessibility, precision, and personalized care in health-
care settings. However, the growth of automation in the healthcare industry is sometimes
hard to be accepted or implemented correctly, thus the human factors practitioners play
their role in this aspect.

Patient Safety: The word “patient safety” appears the most in The Handbook of Human
Factors and ErgonomicsChapter 57 by Carayon et al. (2012). It was stated that the disci-
pline of Human Factors and Ergonomics has much to provide in terms of understanding,
reduction, and prevention of medical errors that could lead to a significant improve-
ment in patient safety. The chapter also defined the critical role of HFE’s contribution
to mitigating medical errors to enhance patient safety.

Usability: As mentioned by Carayon et al. (2012), “Human factors input typically con-
sists of the identification of human factors criteria to the list of system requirements”;
such as the usability requirements. When discussing human factors, most of the time it
will be associated with usability. The article by Carayon and Wood (2010) brought up
the importance of knowing the usability of medical equipment before the procurement
and whether they are ergonomically designed to decrease the stress and workload of the
clinicians. The statement itself expressed the association between human factors and
usability in healthcare industries. Chapter 59 from The Handbook of Human Factors
and Ergonomics also referenced a couple of articles about usability.

4.6 Trend Analysis

Multiple trends were generated through AuthorMapper which used SpringerLink as
the database and with Scopus to see whether there is more article published through-
out the years and discuss whether this issue became increasingly significant. Figure 8
below illustrates the number of articles published based on each year from 1986 to 2021
generated by AuthorMapper.

As shown above, there was a significant increase in the number of published articles
from 2019 (515 articles) to 2020 (813 articles) due to COVID-19 and the hopes of human
factor practitioners to decrease the workload and mental stress of healthcare workers.

The same conclusion is shown in Fig. 9 which displayed the trend for the number
of articles or documents published throughout the year based on the Scopus database.
From one document published in 2019 to 7 documents in 2020.

An analysis was obtained using Vicinitas by searching the keyword “healthcare”
and “automation” and “human factors”. The engagement surrounding the topic is also
increasing throughout the year based on the tweets that Vicinitas inspected from Twitter.
This proves that the subject of human factors in healthcare automation is getting more
important and starts to engage more people (Fig. 10).
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Fig. 8. The bar graph illustrates a significant increase in the number of articles published from
the year 1986 to 2021.

5 Discussion and Future Work

The systematic review shows numerous numbers of the conducted research and written
scientific papers that contribute to illustrate the importance of human factor roles in
healthcare automation. Not only that HFE can mitigate medical error that will lead to
an improvement in patient safety, but also it will play a significant role in decreasing
the workload and stress for the clinicians in healthcare facilities. On top of that, with
the right procedure established by the human factor practitioner, the implementation of

Fig. 9. The line graph illustrates an increase of published articles especially the sharp increase
from the year 2019 to 2020 based on the Scopus database.
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Fig. 10. Engagement trend line configured by Vicinitas based on the tweets on Twitter by
searching the keywords “healthcare” and “automation” and “human factors” (Twitter, n.d.).

automation can provide a chance to give clinicians more time to do their other tasks
because some processes will be automated.

The co-citation and co-author analyses that were conducted proved that a lot of
authors realize the importance of human factors’ role in healthcare automation, espe-
cially in a pandemic era. The co-occurrence analysis, the generated word cloud, and the
extended lexical search displayed that human factor theories contribute to the improve-
ment of the usability of artificial intelligence in healthcare facilities, which is classified as
healthcare automation, and could lead to augmented patient safety and ensured the pro-
cesses/procedures in the healthcare system. Moreover, the trend analysis also showed
that the number of publications about healthcare automation and human factors are
increasing as the year goes by, which contributes to the highlighted importance.

Recent work that was funded by the National Science Foundation in the USA high-
lighted the importance of teamwork between human and artificial intelligence with the
implementation of human factors even more. The title of the awarded work is “The
Future of Work in Health Analytics and Automation: Investigating the Communication
that Builds Human-Technology Partnerships” by Joshua Barbour from the University
of Texas at Austin. The project will investigate how automation would benefit workers
instead of discouraging them in healthcare work. The proposal also emphasizes that
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automation in healthcare prevents medical errors, lower the costs of caregiving, and
augment or create new forms of job opportunity (Barbour 2020) instead of eliminating
them. The author reminded us that the improvement in automation would also mean
inevitable changes in the technologies and organization of work, hence some adjust-
ments must be implemented. The project will also focus on how to communicate these
benefits to students at community colleges and universities in the hopes to help them
prepare for the upcoming challenges in automation. For further details, the project can
be found at NSF.gov by searching them with the keywords “healthcare automation” and
“human factors”.
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Abstract. VUCA is an acronym that stands for Volatility, Uncertainty, Complex-
ity and Ambiguity. This VUCA classification encourages creating new strategize
ac-cording to unknown situations, rather than copying traditional patterns from
good practices. Firstly, in order to respond to rapid changes, it is necessary for
everyone to make quick decisions. To do that, a vision is required in terms of envi-
ronmental volatility. Secondly, since success means continuing until achieved,
which means being sustainable. Therefore, to stay successful, choose affordable
losses within tolerance, rather than maximizing profits. Modeling simplifies com-
plex phenomena. It is possible to understand complicated phenomena as they are.
Lastly, if the object is not visible, it is possible that an obstacle is blocking your
view. Switching perspectives, looking for the object from a different view-point
mayworks.After analyzing the situation, design thinking is effective at the stage of
creating a concrete solution. And in the current complex societies, causal loop dia-
gram is a particularly effective method to explore a vision for sustainable business
ecosystems.

Keywords: VUCA · Healthcare data science · Future design

1 In the World of VUCA

1.1 What is VUCA

The world is undergoing rapid structural changes as it faces various challenges from
the COVID-19 pandemic declared by WHO on March 11, 2020. Structural change is
often sparked by technological innovation, new economic developments, global shifts
in the pools of capital and labor, changes in resource availability, changes in supply and
demand of resources, and changes in the political landscape. Unfortunately, however,
many structural changes are being caused by unknown viruses this time.

The battle between humans and viruses has been repeated over the years. Since the
virus is carried by humans, the development of transportation is accelerating the spread
of the virus. It can be said that structural changes have occurred in the tactics against
viruses. Fighting unknown enemies requires a new method of situational judgment. One
of the methods is VUCA [1], which is an acronym that stands for Volatility, Uncertainty,
Complexity and Ambiguity as shown in Fig. 1. In this context, volatility refers to the
volatility of the environment.
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1.2 How to Get Through the VUCA

General Approach to Volatility. In order to respond to rapid changes, it is necessary
for everyone to make quick decisions. To do that, a vision is required to choose the
adequate action for changes in environment [1]. By presenting the vision to all members,
each of them will be able to clarify their own objectives and act autonomously. Without
enough time to communicate, visioning is more flexible and agile than creating rules.
To achieve this, source credibility, discussion transparency, information sharing, and a
short message of vision are important.

General Approach to Uncertain. Causal models focus on maximizing returns by
selecting optimal strategies. In general, the higher the expectations, the higher the risk.
However, the risk should not be a fatal loss to stop all actions because successmeans con-
tinuing until achieved, which means being sustainable. Unfortunately, if you encounter
a fatal failure, the path to success is cut off. Therefore, unsustainable failures should be
avoided anyway. Given some options, you need to determine if the loss is acceptable,
rather than expecting a profit. To stay successful, first choose affordable losses within
tolerance, rather than maximizing profits [2]. Further development of this perspective
will lead to an ecosystem for sustainability. This is the royal road to success and avoiding
uncertain.

General Approach to Complexity. Modeling simplifies complex phenomena. In addi-
tion tomodelling, modularization is tomake amodel divided into units that can be driven
independently with minimal association with others. Modularization narrows down fac-
tors to consider and makes problem solving easier. By utilizing the modularization, it
would be possible to understand complicated phenomena as they are.

General Approach to Ambiguity. If an object is not visible, it is possible that an obsta-
cle is blocking your view. In order to solve this problem, one way to solve this problem
is to switch perspectives and look at them from different perspectives. Factor analysis
is a method of analyzing emotional value using different perspectives. In the analysis,
the emotional value is measured as the length of the shadow projected on the axis of
a certain interest. Since vector cosine is defined as the cosine of the angle between the
vector and the axis, the length of the shadow on the axis is also defined as the cosine of
the value vector. Therefore, the cosine of the new angle vector can be defined as a new
viewpoint in factor analysis. The image of factor loading plot in Fig. 2 shows a factor
loading plot in terms of power generation efficiency. The vertical axis shows the value
of power generation efficiency. The horizontal axis shows the value of eco-friendly.

Figure 2 shows four vectors, which are Nuclear power generation before and after
the accident, thermal-power generation, wind-power generation. Each vector component
shows the characteristics in the power generation methods. Wind power is eco-friendly,
but the efficiency is poor. Thermal power generation is more efficient than wind power
generation, but it is not eco-friendly. On the other hand, in the nuclear power generation,
the efficiency before and after the accident is the same, however it seems that there
looks a significant change from eco-friendly to not eco-friendly. In this way, each axis
component defined as the cosine of the value vector is compared to understand the
characteristics of each vector.
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Fig. 1. How to get through the VUCA

Eco-friendly

Power generation 
efficiency

Thermal-power 
generation

Wind-power 
generation

Nuclear-power generation 
(before the accident)

Nuclear-power generation 
(after the accident)

Not Eco-friendly

Fig. 2. Illustration of factor loading plot in terms of power generation efficiency

As shown in, Fig. 3 economic parameters are closely related to economic profit,
so they are along the axis of economic profit. For this reason, factor analysis uses this
phenomenon to explore the axis that maximizes the component variance. In exact terms,
this variance is called the covariance. The larger the variance, the larger the difference,
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which means the axis that makes it easier to distinguish the data. It is the axis that
characterizes the data. In other words, the axis extends in the direction to represent the
characteristics of the data. In this way, factor analysis provides a new axis as a new
perspective, even if there is no suitable existing perspective.

In order to solve the ambiguous situation, one way is to switch perspectives and look
at them from different perspectives. And factor analysis can be also used to find new
perspectives.

Medical Value axis

Economic
benefit axis

Each vector has two component 
values, 
one for economic benefit and 
one for medical value.

Stock price down

Tax increase

Tax reduction

Stock price up

Fig. 3. Illustration of factor loading plot in terms of economic parameters

2 Backcasting from the Future 10 years Ahead in the Healthcare
Development

2.1 Game Changer in the Healthcare Development

Our future is unpredictable, but signs of change can be detected. We will identify signifi-
cant changes and envision the scenarios. The scenario analysis is not for future prediction,
but it is for discussing how to deal with various structural changes. Since one of the ideal
solutions is to create an autonomous virtuous cycle, we use a causal loop diagram to
explore the ideal business ecosystem.

Standing 10 years in the future, backcasting [3] the current turmoil as follows:
Figure 4 shows the causal loop of healthcare development with an ecosystem. As

shown in the diagram, rapid aging was a fundamental problem in Japan. In addition,
the COVID-19 pandemic caused a lot of confusion. There was a growing need for
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telemedicine to resolve them. Nurse-centered care was important for the realization
of telemedicine. With the promotion of home medical care, the development of home
medical devices has progressed. The development of home medical devices is ahead of
drug development due to lower development costs and reduced health risks. And more
home medical devices were used for lifelong data and disease analysis.

Many personal health records (PHRs) are stored on the device and merged with
electronic medical records (EMRs) into big data. This data is used in precision medicine
and contributes to extending the healthy life expectancy of people. Finally, the promotion
of National Health Insurance has continuously reduced medical costs.

Lower 
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(Not only
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Fig. 4. Causal loop of healthcare development

2.2 Nurse-Centered Care

Figure 5 shows the case of telemedicine without a remote-area nurse to support home
medical care on the patient side. In this case, therewas concern that themedical treatment
will not go smoothly, including administrative issues, such as online connection. One
of the best solutions was to assign remote-area nurses to the patient side, as shown in
Fig. 6. The nurses were able to provide a variety of care, including ECG, vital signs,
intravenous injections, and blood collection. Themobile medical devices for nurses have
been replaced by personal home medical devices for daily measurements.



116 H. Nishimoto

This success has promoted nurse-centered care. Improvements in the hospital were
made from the nurses’ perspective, on behalf of patientswho could not speakwell of their
demands. The nurses’ working environment was improved, work efficiency increased,
and patient satisfaction increased. As shown in Fig. 7, by focusing on the new perspective
of nurse-centered care, issues that had not been noticed before were clarified. The impor-
tance of the third perspective, following the physician’s and patient’s perspectives, was
recognized. ICT-related developments, such as the application of wearable devices and
robotics, were further promoted. Big data on personal health records generated through
the network.
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BP 
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Medical
Doctor
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Fig. 5. Telemedicine without remote-area nurses
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2.3 Algorithm-Driven Data Analysis

Limitation of Clinical Trial Utilizing Real-World Data (RWD). Figure 8 shows the
overview of clinical development process and clinical trial design utilizing real-world
data (RWD). RWD is patient health data collected from routine medical care. The oppo-
site is clinical research data that derives clinical evidence from unrealistic and ideal
research environments such as a placebo group. Therefore, daily medical data is called
real-world data.

Comparative studies with placebo group as a control group are common to establish
evidence. However, patients in the placebo group are not treated. On the other hand,
a study design with a historical control group of data extracted from electronic medi-
cal record (EMR) had the advantage that patients in both groups were treated equally,
although the differences between old and new.

However, contrary to what everyone expected, the EMR could not be used to predict
disease. This is because the EMR had no pre-disease data, and no individual differences
because it followed a standardized clinical pathway to simplify receipt calculations. The
next expectation was the personal health record (PHR). It was daily health big data
measured by home medical devices, not only during hospital visits.
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Current
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Fig. 8. Potentials for clinical trial utilizing real-world data (RWD)

Growth of PHR (Personal Health Record) into Big Data. Figure 9 shows the PHRs
(Personal Health Records) positioning around 2020 in Japan and Fig. 10 shows the PHRs
(Personal Health Records) positioning around 2030 in Japan. The horizontal axis indi-
cates whether source of data is medical data or personal generated data. The vertical axis
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Fig. 9. PHR (Personal Health Record) positioning around 2020 in Japan
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indicates whether daily observational data, defined as real-world data, or interventional
data for clinical research.

PHRs around 2020 were scattered as small data and had low interoperability. For
this reason, the data transcribed from EMRwasmainly used as data for clinical research,
which was called eCRF (electronic Case Report Form) and was collected by the EDC
(Electronic Data Capture) system. In order to reduce the transcription work, the goal of
development was an automatic direct mapping between EMR and eCRF called Health-
care Link. For lifestyle-related diseases, ePRO (electronic Patient Outcome) records,
such as patient diaries collected on tablet devices, were used as supplementary clinical
research data. A view is defined as a table with information selected to make a decision.
Therefore, eCRF can be defined as a view extracted from EMR for clinical research.
And ePRO can be configured as a view extracted from general person generated data for
clinical research, but around 2020 it was still undeveloped.

Around 2030, scattered PHRs were integrated on the basis of EMR, and highly
useful big data was formed in Japan due to advances in online access, acceleration of e-
government development, and the introduction of national IDs in Japan. The ePRO was
developed as a view extracted from general person generated data for clinical research.
The patient big data enabled lifetime analysis, improved medical treatment outcomes,
promoted preventive care, and resulted in reduced medical costs.

Lifetime Analysis Utilizing Personal Health Records. Figure 11 shows the causal
loop of the business ecosystem brought about by lifetime analysis utilizing personal
health records. Around 2030, PHR was actively used as real-world evidence (RWE),
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Reinvest

Governance Medicine Prediction

Fig. 11. Lifetime analysis utilizing personal health records



Scenario Planning in Healthcare Development in the VUCA World 121

patient selection criteriawere used in SQLwere applied for preventivemedicine, national
health was promoted, and medical costs were reduced as a result.

Deep Neural Network (DNN). On the other hand, structural changes have also pro-
gressed in the method of analyzing clinical research data. The application of AI in the
healthcare field has advanced. Figure 12 shows the illustration of three typical types of
deep neural network. One is a CNN (Convolutional Neural Network), which is a neural
network suitable for analyzing visual images. This corresponds to human visual function.
Another is RNN (Recurrent Neural Network), a neural network suitable for analyzing
audio time series data. This corresponds to human auditory function. The last one is a
neural network used for multivariate analysis. It is classified as applied mathematics.

2. RNN

Actually, 
we can recognize text data

by reading one by one.

CNN (Convolution Neural Network)
is a neural network suitable for

analyzing visual imagery.

RNN (Recurrent Neural
Network)

is a neural network 
suitable for analyzing 

audio time series data.

CNN for processing visual information
RNN for processing auditory information
Multivariate analysis for understanding big data

Fig. 12. Illustration of three typical types of Deep Neural Network

Lifetime Analysis Utilizing Personal Health Records. Figure 13 shows a movement
of statistical methods, starting with model-driven, data-driven, and algorithm-driven
approaches. In a sense, themainstream of clinical statistics was amodel-driven approach
that utilizes probability distribution models such as the normal distribution. Since Sta-
tistical thinking is based on methodological discipline, wrong hypotheses are rejected
and correct hypotheses are uniquely obtained. The next mainstream was data-driven
methodology based on deep neural networks to find one of the better solutions in its
walking domain to explore it. It was classified as applied mathematics rather than statis-
tics, because the solution changes depending on the given data, such as Taylor series
model with numerical derivatives for initial value problem.

Finally, a newperspective on clinical statistics focuses on algorithm-driven approach.
In a sense, deep neural networks can be defined as big data analysis, but as an evolution,
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sparse analysis, which derives hypotheses from a small amount of data, is attracting
attention. The algorithm-driven approach has been found to lead to different results,
even if the initial values are the same, such as lasso regression and ridge regression.

Data-driven

Model-driven

Algorithm-driven

New dimension?

Abduction

Induction

Deduction

Lasso 
regression

Ridge 
regression

Fig. 13. Algorithm-driven as a new perspective on clinical statistics

Algorithm Difference Between L1-Norm and L2-Norm.
Figure 14 shows the method of Lagrange multiplier with L2-norm (Ridge regression).
The solution obtained is indicated by the contact point between the limited distance (L2
norm), which is indicated by the Pythagorean theorem, and the log-likelihood function,
which is the solution of the generalized linear model. When the probability distribution
of the log-likelihood function is changed in order to find the optimal solution, the con-
tact point moves in the same way. This means that the solution of the ridge regression is
unstable, and the simulation is a time-consuming algorithm.

On the other hand, Fig. 15 shows the method of Lagrange multiplier with L1 norm
(Lasso regression). The solution obtained is indicated by the contact point between the
limited distance (L1 norm), which is indicated by the Manhattan distance, and the log-
likelihood function, which is the solution of the generalized linear model. Even if the
probability distribution of the log-likelihood function is changed in order to find the
optimal solution, the contact point does not move in the contrary. This means that the
solution of the lasso regression is stable, and the simulation is a time-efficient algorithm.

In this way, from the new perspective of the algorithm-driven approach, ridge regres-
sion when precision is required and lasso regression when speed is required can be used
appropriately according to the clinical research design.
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Fig. 14. The method of Lagrange multiplier with L2 norm (Ridge regression)
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Fig. 15. The method of Lagrange multiplier with L1 norm (Lasso regression)

Design Thinking Tools in Healthcare Data Science. After the situation analysis, it is
necessary create a concrete solution and introduce it appropriately. Figure 16 shows an
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Fig. 16. Illustration of design thinking tools for healthcare data science.

illustration of design thinking [5] tools for healthcare data science. In the case of the
five human senses, the five stages of design thinking could correspond to the sense of
smell, hearing, sight, touch, and taste, respectively. The first stage in design thinking,
“empathy”, is likened to the sense of smell to detect risk. The sense of smell is the most
dominant of the five senses, as it has evolved as the first function in detecting danger in
the evolutionary history of animals. Therefore, to avoid ingestion of toxic substances,
about 90% of our taste is determined by the sense of smell, not the tongue. This is the
reason why we cannot taste food when we have a cold.

In the first stage of design thinking, leading tools for empathy include Scan [4] and
scenario planning. Before starting with scenario planning in order to make a strategic
long-term planning, we have to scan for signs of change. The Scan cannot accurately
predict the future, but it can help us find signs of change that will follow in the future.
Next, combine the signs of change and create a scenario, which is intended to discuss
how to handle structural change, the title is never good or bad scenario. The purpose of
scenario planning is to create enough options to discuss various structural changes for
the unpredictable future.

The second stage of design thinking, “definition,” is likened to hearing, listening to a
problem. In the second stage of design thinking as a stage of “define”, leading tools for
defining problems includes domain analysis model [6] and Meme’s diagram [7]. Both
“empathy” and “define” stages are classified into problem space.

The solution space includes “ideate” to visualize the solution, “prototype” to create
a prototype model that the sense of touch can recognize it, and “test” to finally verify
like “tasting”. The leading tools of “ideate” are the ontology modelling [8] and causal
loop diagram mentioned above, which are classified in model-driven approach. And the
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leading tools of “prototype” are neural networking, lasso regression, and ridge regression
mentioned above, which are classified in algorithm-driven approach. And the leading
tools for deep learning “test” include cross validation and causal estimands framework
[9], which are classified in data-driven approach. In particular, the causal estimands
framework consider that normal health conditions create null values because no need
for blood tests, and uses all observational data (FAS: complete analysis set) including
null values, and efficient analysis is possible without dropout records.

3 Conclusion

As described above, the “VUCA” is highly likely to be the practical situational judgment
method in clinical data science. This VUCA classification encourages creating new
strategies according to unknown situations, rather than copying traditional patterns from
good practices. After analyzing the situation, design thinking is effective at the stage of
creating a concrete solution. In the current complex societies, causal loop diagram is a
particularly effective method to explore a vision for sustainable business ecosystems.
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Abstract. The digital dilemma is a unique social phenomenon that emerges in
the digital era. It results from a mismatch between the speed of development of
digital applications and the strength of educational guidance and supervision. The
over-dependence of young people on the Internet, the disorientation of the elderly
in digital life, and the excessive interference of big data in people’s lives have
created such social problems. This leads to the manifestation of Internet addiction
and the digital divide. Based on a healthy nation’s strategic background, the health
industry has become a global hot spot. In this paper, we will analyze the digital
dilemma faced by young and older people from the national situation of China,
and take the game guidance combined with reinforced learning design as the entry
point to study the solution of digital dilemma, advocate the establishment of media
literacy, cooperate and win-win, and promote the concept of a healthy nation.

Keywords: Digital dilemma · Enhanced learning · Educational games · Healthy
nation

1 The Digital Dilemma in the Age of Big Data Based on China’s
National Context

1.1 Digital Dilemma for the Masses

With the continuous development of science and technology, the rapid development
and popularization of 5G, the Internet of Things, artificial intelligence, and other tech-
nologies have opened the fourth industrial revolution wave. The integration of 5G and
artificial intelligence and other technologies has expanded a new dimension of network
development, and digital applications have gradually penetrated all aspects of people’s
lives. The network has changed the depth and breadth of Chinese people’s lives beyond
imagination. Twenty years ago, the network meant a new life; 20 years later, the net-
work has become life itself. China is now the most widely used country globally for
digital applications, such as education, social networking, entertainment, e-commerce,
food delivery, Etc. Digital applications are all over the world, and there is no life with-
out the Internet. The Internet is like a catalyst for society’s rapid development while
also promoting changes in its composition. It has brought convenience to our lives and
created a series of social problems that have inspired researchers to think about the
healthy development of society. The digital dilemma, a social phenomenon unique to
the digital age, has emerged. The International Telecommunication Union (ITU) defines
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the digital divide as: “The digital divide can be understood as the inequality in access
to new information and communication technologies between developing countries and
rich developed countries, between urban and rural areas, and between younger and older
generations, due to poverty, lack of modern technology in educational facilities, and illit-
eracy. It can be manifested in four areas: Access, Basic skills, Content, and Desire [1].
It can be seen as a result of the mismatch between the speed of digital application devel-
opment and the strength of educational guidance and supervision. The over-dependence
of young people on the Internet, the disorientation of the elderly on digital life, and
the excessive interference of big data in people’s lives, Etc., have caused such social
problems. This has led to the manifestation of Internet addiction and the digital divide.

Fig. 1. A figure of the human digital divide in the digital age

As society evolves and science and technology continue to improve, the information
society subtly affects every inhabitant in this era. In 2001, educational technologist
Mark Prensky published the article “Digital natives, digital immigrants,” and inspired
by Mark Prensky, Wesley Fryer used the term digital refugees for the first time in his
book “Digital refugees and bridges” in 2006 [2]. Wesley fryer divided the human digital
divide in the digital age Wesley fryer divides the human digital divide in the digital
age into four major categories: digital natives, digital immigrants, digital refugees, and
digital voyeur (see Fig. 1). Dividing these categories with age groups, digital natives
will most likely correspond to teenagers, while digital refugees will represent older
age groups. It is undeniable that modern technology has brought great convenience to
people’s production and life, but it has also broughtmany dilemmas. The digital dilemma
here refers more to understanding the inconvenience caused by information for different
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age groups and the discovery of these problems so that the diverse science and technology
in the information age can give the audience a better user experience.

1.2 Health Nation

The Requirement for Aging-Friendly Services. As aging continues to increase and
more and more older people live alone, the living environment of the elderly is facing
significant challenges. Through the group’s research on the situation of the elderly in one
area ofBeijing,most of the problems are focusedon infrastructure, garbage classification,
greening, and community feedback.Wecandivide the elderly into four simple categories:
those who live alone and can use electronic devices, those who live alone and do not
use electronic devices, those who do not live alone, and those who do not live alone
and do not use electronic devices. When the elderly group encounters difficulties in life,
these four types of elderly fever will often have different responses. When these seniors
encounter problems, they may be unable to seek help from their nearest and dearest
because their children are away or do not have children, so they can only seek help
from society. However, many older adults do not choose to seek help directly in a crisis.
Electronic devices’ impact on older adults who do not live alone is not so significant
because they have someone they can turn to directly.

Fig. 2. A figure of digital society (Source:Tencent Media Research Institute. Deloitte Digi-
tal Media Trends Survey Report (2019).https://xw.qq.com/cmsid/20190508A0JOOP/20190508A
0JOOP00, 2019.)

Although modern society’s technological advances have made it more convenient
(see Fig. 2), the elderly, as a particular group, have difficulty acquiring specific digital
skills through self-learning. When the elderly do not have access to these skills and
the society does not provide them with some exceptional guidance, the elderly will
undoubtedly lag behind the times and become a “disadvantaged group.” In an article,
Song Baozhen suggested that “with the concept of ‘disadvantaged’ in sociology, we can

https://xw.qq.com/cmsid/20190508A0JOOP/20190508A0JOOP00
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refer to these disadvantaged groups in data access and use as ‘data vulnerable groups
‘“ [3]. This situation mostly occurs in developing or backward developing countries,
and the 45th Statistical Report on the Development of the Internet in China released
by the China Internet Network Information Center (CNNIC) shows that as of March
2020, there were about 60,568,000 Internet users over 60 years of age in China. This
figure corresponds to a tiny fraction of the 200 million older people across China who
do not use the Internet. These elderly groups, born in the 1940s-60s, used to receive
information mainly through newspapers and radio, and with the widespread use of the
Internet, there are still many older adults who learn about society in real-time through
paper media. This contradiction, which was not apparent at first, became increasingly
clear after the beginning of the 2020 epidemic. Most people in the elderly group believe
more in their lifestyles and basic knowledge accumulated over the years than in the new
technologies of the times, and they are influenced by multiple factors that are resistant
to learning new technologies. For example, economic factors and cognitive ability make
it difficult for the elderly to “re-educate” themselves. During the epidemic, the various
health codes caused extreme inconvenience to these older people, many of whom did
not use smartphones and only used an old phone for daily communication. So when the
health code green code was issued, it added an insurmountable gap to these seniors’
digital dilemma, from getting to and from the hospital to getting on and off the bus.
The health code, a digital age product, has instead blocked many older people from
traveling, living, and aging among the difficulties. The construction of a healthy country
needs to pay attention to these “disadvantaged groups” that exist in our society, rather
than ignoring and abandoning them.

A Youth Group in Need of Change. Another notable group in the healthy nation is
teenagers, who are prone to many problems if they do not learn to live in harmony
with this digital society when they are born in society all over the Internet. For exam-
ple, many teenagers are now addicted to the Internet, and many of them are playing
games with kryptonite and charging money to the game by tricking their parents into
performing facial recognition. People usually have three aspects of satisfaction when
they do something: a sense of accomplishment, a sense of belonging, and autonomy.
When children are in leisure and entertainment, the game is just a medium and platform
for them, and this medium can meet the above three needs at the same time. However,
China currently lacks a game classification between good games and bad games, and the
evaluation system of the whole society is single. Many such similar cases appeared in
the Tencent Multiparty Governance Conference previously. The exquisite graphics and
operation of video games, while satisfying people’s satisfaction of constantly pursuing
something better - upgrading - are irresistible to children who cannot still discriminate in
their growth process. For teenagers, their self-control is a huge problem, but intergener-
ational parenting in Chinese society is an important social issue. When faced with these
group problems that cannot be ignored in a healthy country, we cannot offer a quick,
one-size-fits-all solution.Many parents do not have the time for in-depth media learning,
and the “youth guardian platforms” that society has set up to address these issues are
a path that cannot fully reach the ideal place for parents, and we should have rational
expectations of these initiatives. Simultaneously, over-control can cause children to lose
their internal drive and motivation to communicate with their parents. The advantage of
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games is not that they make children remember specific knowledge, but they are con-
veying soft skills (resource deployment, sense of history, hand-brain coordination, Etc.).
On the road to building a healthy nation, it is worthwhile to explore how to promote the
proper treatment of games by young people and even the use of games to refine their
worldview and promote their diversity.

2 Artificial Intelligence Reinforcement Learning

2.1 Overview of Reinforcement Learning

Reinforcement learning is known to be one of the methodologies of machine learning.
Reinforcement learning is the process of concluding continuous attempts without pre-
conceptions, then adjusting the previous behavior through continuous trial and error
and feedback, and finally arriving at the best result within an algorithmic calculation
by adjusting again and again. This whole process is an interactive and mutual change
process. When one party finds an error, it will be passed to the platform through the data,
and then the so-called learning method will be changed and corrected (see Fig. 3). When
we train a dog, the dogs do not understand human language, but they can judge their
owner’s reaction after various commands. When we want to train a dog to shake hands
with a human, if the dog ignores or does not understand, it is not given a treat. If by
chance it stretches out its hand to get food, then the next time it does not reach out, it can
not get food, repeatedly carry out this training process, the dog will gradually recognize
the “shake hands = food” command. The face recognition technology that is currently
very popular in a society based on a similar principle, and before using the machine
will let the user carry out a full range of facial information collection; the purpose is to
identify which one is the user’s photo, which one is not, to distinguish the actual user.
However, there is still a fundamental difference between the two: the dog learns to shake
hands entirely through its learning, while the information collection of facial recognition
is based on the existence of an information source to provide a reference for it, and then
the machine uses this reference to make a distinction. We are pursuing the first type

Fig. 3. A figure of reinforcement learning process
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of independent animal learning, which does not require the user to teach continually,
but active learning through the environment. Reinforcement learning is most currently
known as Go, and artificial intelligence has been able to play one of the world’s top Go
masters in Go, all of which relies on the machine’s own learning and exploration. So
reinforcement learning is a promising technology.

2.2 Problems Facing Reinforcement Learning

Likewise, reinforcement learning has many drawbacks. The first and most important one
is the high cost. This cost can be understood very clearly by a real-life example. For
example, online shopping platforms use reinforcement learning to recommend products,
but initially, there may be many unsuitable recommendations, which can make the user’s
experience very bad.Alternatively, a takeawaywebsite, the operatorwants to increase the
price of food seen in the interface by the old users to increase the revenue to some extent.
Although this is terrible behavior indeed many websites are increasing the effectiveness
by increasing the price of the old customers, while the new users just absorbed will not
be affected by the price. The way the platform identifies whether a person is a regular
user is determined by an algorithm based on the frequency of that user’s logins and
purchases, and this way, if a regular user finds out, he or she may not continue to use the
platform.

Although we do not advocate this kind of “killing” situation, both examples are
good examples of how AI is not “smart” yet. When reinforcement learning is used in
real-world scenarios, the cost of trial and error is extremely high. A movie from 2005
already showed a pilotless fighter jet fighting autonomously, and now this movie is being
played out in reality. In recognition, we need to clarify how reinforcement learning can
better serve human beings, increase science and technology investment to master better
resources and perpetuate positive value.

2.3 Video Games Provide an Environmental Field for Reinforcement Learning

Initially, enhanced learning techniques applied to games, and the process of machine
learning and trial and error can be seen in Go. Nevertheless, when we want to develop
reinforcement learning techniques, we will first take the techniques out of the original
game and put them in a realistic environment. However, when we train to enhance
learning after the extraction, we may also be able to pull the game back. Aristotle’s
definition of play is “play is a rest and pastime after work, a behavioral activity that
does not have any purpose in itself.” When we are playing games, whether they are
video games or other recreational activities in life, the human psyche is a purposeless
rest. When people are in this state, mental relaxation is easier to accept the game’s
information.

As a particular virtual environmental field, the game can provide the factors needed
to enhance the learning process. It can provide a complete virtual situation and treat the
real game used as a trial. This approach can significantly alleviate the real-life situation
of high trial and error costs and user churn.
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3 Video Games Can Lead to Different Types of Reinforcement
Learning

3.1 The Current Status of Game Typing

First, we need game typing. Different games have various labels, and the implantation
process corresponding to reinforcement learning is also different. The above figure (see
Fig. 4) shows the game’s typing with a desert theme. The authors have selected some
representative games and put them on the table. We can intuitively see that the game
typing is roughly RPG, SLG, MMORPG, FSP, TSP, AAG, RTS, TAB, Etc. There are
many other categories not shown in the figure. Then an essential basis for game typing
is the gameplay. When we choose an RPG game, we construct our characters in a virtual
scene of the game. Players can be hunters, witches, warriors, Etc. These role experiences
that are untouchable in the real world are the focus of such games. Players can play as
anyone in the game. There is a game called “Chinese parents” inChina, widely acclaimed
since its launch. The whole game process simulates a person’s process from birth to
adulthood, in which players can experience a complete set of education processes from
childhood to adulthood. Many teenagers have gained a better understanding of their
parents through playing this game, while middle-aged parents have gained a deeper
understanding of education after playing this game. This game can bring people a wide

Fig. 4. A figure of game typology with desert games as an example
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range of meanings. The virtual environment provides people with the opportunity to try
and has the characteristics of inclusion and diversity.

However, with the development of society, players accumulatemore andmore games
to play, and their requirements for games become higher and higher. In such a general
background, game typing slowly becomes less noticeable. In the past, the typology was
that different types of players played different types of games, and this distinction was
even somewhat related to gender. Now it is concentrated in various scenes of a big game
to change. Different typologies are gradually integrated into the same large game, and a
big game may have a variety of scenes with different styles and themes so that players
can experience a variety of game feelings in one game. Such a background allows us
to do game psychology and data with advantages and disadvantages. The advantage is
that the psychological orientation can be analyzed through a giant game’s data; however,
there is no way to complete players’ categorization through the precise classification of
game typology, so the data will appear inaccurate.

3.2 The Concept of Combining Video Games with Reinforced Learning

Reinforcement learning requires realistic scenarios that are too costly, and real e-
commerce users cannot afford trial and error. When we want to add a user, it may
take ten or hundreds of attempts to attract the user through various means and increase
their stickiness. Nevertheless, once we give them a bad experience, there will be differ-
ent reactions for different personalities. Some users are more loyal to the game or do
not want to make other choices out of inertia, and reinforcement learning by trial and
error once or twice will not make such users leave. However, if most users are not so
patient and give them one bad experience, they may leave the game forever, and it may
take hundreds or thousands of times more effort to get them back the next time. Our
concept is to place this reinforcement learning process of testing user experience in a
virtual environment, but this virtual environment cannot attract people to join actively,
so we need to think about what kind of ways to complete the virtual environment’s
construction.

Games come with a projection of people’s real psychology and are excellent virtual
scenarios. People’s demand for games lies more in the playability of the game, so if
carefully and cleverly designed, the process of reinforcement learning can be embedded
in the game’s virtual environment. When we do this kind of implantation, there is a
background that there should be enough data to support it first, and the trial and error
cost will be significantly reduced. First of all, the reinforcement learning process in the
virtual environment can significantly reduce the cost, followedby the game scene through
extensive data analysis to get the psychology of the players so that they can design some
game environment they can accept to get what we want to the purpose of reinforcement
learning and can significantly reduce the cost. Data analysis uses some previous data,
cooperation with game companies to obtain different types of game players, or through
the same large game in various scenes of the player extensive data analysis, to get the
basis of big data. For example, in a video game, data is collected from players during
normal channels. After a new level is developed, when the player cannot pass, he may
play a few times and give up. Suppose one million people play the game, 100,000 people
play three times and give up, 300,000 people play five times and give up, and 500,000
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people play seven times and give up, then the conclusion is that the level difficulty can
be maintained at 6–7 (play 6–7 times to pass) so that at least half of the users can be
retained. For the other half of the users, thirty percent of them (who play 4–5 times and
give up) could be given some default trigger points to pass the game the next time they
enter the game. Variousmeasures can be taken to increase users’ stickiness with different
levels of familiarity and visits, but all of them should have a good user experience.

At the same time, users can be classified (those who have not logged in three days,
those who have not logged in five days, those who have not logged in a week), and
then they can be pushed, and data analysis this type of push. For the game, when there
is boredom, the player will log in to the game. For example, there is a situation when
a player has had a bad experience in the game, or the game is too difficult or tedious,
Etc., which can cause the player to give up temporarily. However, if they do not want
to play for a short period, it is hard to stop playing for the rest of their life, and they
may get an enormous reward after a while. The game company’s data about the players
playing the game is not personal. The data is used for the overall situation statistics.
The data includes how many times a player logs in, how long he/she will experience
the game at a time, in what scenarios he/she will quickly give up playing the game,
Etc. Through such general data analysis to complete the construction of the player’s
psychology. Different games have different age groups, and game companies need to
develop new levels after the game is developed to increase player stickiness. We work
with them to develop the game and add the factors we want to understand, and then we
pay the game company a fee to incorporate the points we want to understand into the
level design through preliminary research. The players’ feedback in the new levels will
also provide the game company with ideas for redesign.

So the core of this idea is strategic cooperation and win-win cooperation. Big data
does not know enough about users’ psychology, so people get a poor user experience
while using it. Many platforms are also using big data to master users’ preferences and
tendencies, but this way tests real users. The psychology of making games and running
other platforms is different. This way uses virtual users to do objective user analysis
of reinforcement learning, and the ultimate goal of experimenting through games is to
make different kinds of users have a good user experience.
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Abstract. Surfaces contaminated with SARS-CoV-2 or other such viruses pose
a grave threat to the safety of individuals. Mobile robots mounted with ultraviolet
(UV) light attachments are ideal for disinfecting hospital rooms, shopping centers
and other public spaces. This paper mainly discusses the steps involved in making
an autonomousUVDisinfectant robot and its functionalities. TheUVDisinfectant
robot initiallymaps the environmentwith the help of a user and subsequently local-
izes itself in the map and is able to autonomously navigate to a selected location
in the map. The user must select waypoints in the generated map determining the
locations where disinfection is required. After the waypoint generation of a map,
the robot can autonomously navigate through the map disinfecting given loca-
tions. The robot is equipped with 6 UVC lights around a central column, which
is fixed to a mobile robotic platform that has required sensors. The robot can be
used as a part of the regular cleaning crew and it aids in reducing the spread of
infectious diseases, viruses, bacteria, and other types of harmful microorganisms
in the environment. ROS framework is used to program the robot.

Keywords: Robotics · ROS · Autonomous · Navigation · UV disinfection

1 Introduction

Due to the COVID-19 pandemic, there is a worldwide necessity to disinfect surfaces.
As we slowly get back to our workplaces, sanitation plays the most important role. In
the pre-pandemic era, sanitation involved electrostatic sprayers, hazing machines, and
manual cleaning but now the efficiency needs to be increased.

Despite the evolution in utilization of disinfectants, there are constraints to quality
work. It also exposes cleaning crew to many health concerns. An alternative, to regular
dis-infection using liquids, which is safe and cost-effective is the use of UVC light. It
is a non-chemical approach and requires only electricity and minimal maintenance. The
light source is to be held at various positions to disinfect tables, doors, chairs, etc., and
this prolonged exposure time is also detrimental to humans. Therefore, a UV disinfectant
robot will make the disinfection process safe, reliable and eliminates human error.

The UVC energy required to disinfectant a surface depends on UVC intensity and
exposure duration. UVC Intensity in turn depends on the intensity of light source and
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distance of surface to be disinfected. The reduction in intensity, or power, of UVC light
drops very rapidly with distance as the intensity is inversely proportional to square of
the distance.

(Ed = P/(d2).

Fig. 1. UVC energy

As shown in Fig. 1, starting with a “100%” energy value, the UVC intensity at four
feet is reduced to “6.3%” of the original energy. At ten feet, the energy is only 1% of the
initial energy. The key point is that distance from surface to disinfectant is a significant
parameter in the design of the UVC disinfectant robot [1].

UV dosage can be directed to surfaces in different ways. For example, fixed UV
lights can be placed near the surfaces but since that is not an efficient way to use UV
energy, a mobile unit with UVC lights has been chosen to be built.

Since the UVC energy decreases with increase in distance, the robot should cover
a room’s multiple positions for a certain duration of time and as direct exposure of
UV light is harmful to humans, an autonomous robot is made to satisfy the needs. The
autonomous UV Disinfectant robot thus made is equipped with 6 UVC lights around
a central column, which is fixed on a mobile robotic platform that has all the sensors
needed for obstacle avoidance and autonomous navigation.

2 Literature Survey

Studies on various bacteria have shown that the dose required for disinfection for bacteria
varies between 2 to 25 mJ/cm2 and a slightly higher values in general for viruses [2].
Different viruses in the Corona virus family, requires a dose of just under 30 mJ/cm2
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Table 1. UVC dose required for a 99.99% reduction of different micro-organisms [3]

MICROBE Dose mJ/cm2 Type

Campylobacter jejuni 5 Bacteria

Helicobacter 7.5 Bacteria

Staphylococcus aureus 10 Bacteria

Streptococcus faecalis 11 Bacteria

Escherichi coli 13 Bacteria

Enterococcus faecalis 13 Bacteria

SARS coronavirus CoV P9 16 Virus

Murine coronavirus 26 Virus

Murine norovirus 27 Virus

Calicivirus feline 30 Virus

Clostridium pasteurianum 10 Spore

Streptomyces griseus 26 Spore

Penicillium expansum 65 Spore

Saccharomyces cerevisiae (yeast) 130 Fungi

Tetraselmis suecica 1000 Algea

on average for a reduction of 99.99% [3]. Data of UV dose required for reduction of
different microbes are shown in Table 1.

Previous work done with respect to UVC Devices is discussed below to understand
the current status and identify gaps.

The UVC-LEDs are semiconductors consisting of stable structure doped in precious
metals. The power supply of the sources can be continuous or pulsed, so the light emitted
by the sources, the lifetime, and the spectrum emission depends on the nature of source
and the power supply type [4]. The advantage of UVC-LEDs is their compact size and
energy saving, which is four to nine times more efficient than the UVC lamps in water
treatment. However, their use is still limited as a result of their high cost.

Stibich et al. [5] have compared the conventional lamps and pulsed Xenon systems
for the reduction of the healthcare-associated pathogens in hospital rooms. They have
shown that pulsed Xenon and mercury lamps have the same effectiveness at relatively
short exposure time, about 10 min.

Song et al. [6] have used continuous and pulsed Xenon UV to inactivate micro-
organisms in ambulances. They have reported that the device does not need to use
chemical agents and reduce 90% of E. coli, Staphylococcus albus, and environmental
pathogens in 30 min.
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Anderson et al. [7] have reported that the addition of UVC disinfection treatment to
standard protocol, with chemical agents, had a direct positive effect on the Clostridium
difficile and vancomycin-resistant contamination.

Haddad et al. [8] have reported that combining portable xenon–pulsed ultraviolet
germicidal light device and standard manual cleaning of surfaces decreases the bacterial
load by 70%.

Bentancor and Vidal [9] have presented a remotely programmed device using an
Android mobile and an infrared detection security. It can be operated from a wide range
of Android mobile devices.

Recent developments in technology have led to the creation of different types ofUVC
sources, but theUVCgermicidal lamps are themost frequently used due to their relatively
lowcost.Devices such as humidifiers, andwall reflectors decrease disinfection timewhen
used with UVC. Combining disinfectant chemical agents with UVC is an emergent
technology but has the disadvantage of damaging the surrounding material. But due
to the robot’s mobility, disinfection time is reduced without using any complementary
devices or chemical agents. Remote control robots require technical assistance making it
hard for the cleaning staff to manage the robot. By considering all the above restrictions,
an autonomousmobile robot with UV lights on the top ismade.Motion detection sensors
are also added for the safety of individuals which help the robot to turn off the UV lights
if there is any human presence.

Autonomous mobile robot navigation plays a vital role in self-driving cars, ware-
house robots, personal assistant robots, and smart wheelchairs, particularly with a lack
of labor force and a steadily expanding aging populace. Various mobile robots are used
in factories and warehouses to automate the production lines and inventory, sharing the
staff’s workload [10]. Personal robots such as PR2 [11, 12] and Care-O-bot [13] have
demonstrated their ability to perform a variety of integrated tasks such as long-distance
navigation and complex manipulation.

3 Objective

The main objective of the current work is to develop a mobile robot with UVC lights that
can; a) move from one location to another b) avoides obstacles while disinfecting the
surfaces c) control UVC light exposure for a certain duration of time and d) run without
any human intervention as direct exposure of UVC light is harmful to humans.

4 Methodology

Primary groundwork is laid to visualize the dimensions of surfaces that need to be
disinfected. Upon which, a design is finalized based on its functionalities and a CAD
model is developed for visualization. Using this CADmodel, a chassis is made in which
all the components are assembled. The end product of the robot is shown in Fig. 2.
The robot should mainly disinfect surfaces that are in reach of human touch like desks,
chairs, cubical wall tops, and computer peripherals etc.
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Fig. 2. Completely assembled UVD robot

4.1 Design

Initially, the height of the robot should be estimated in accordance with the elevation
of the surfaces to be disinfected, such as desks, chairs etc. Heights of surfaces to be
disinfected around a typical office cubical (Fig. 3) are measured.

Fig. 3. A typical office cubical

The total height of the robot is chosen to be 1.7 m. For simplicity, a 2-wheel
differential drive mechanism with 2 castor wheels is selected.
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4.2 Structure

The chassis of the robot is made by aluminum extrusion profiles (Fig. 4) as it results in
maximum design and assembly possibilities with minimal time investment. It is light
weight, and has outstanding torsion and load resistance.

Dimensions of the robot: 450 X 450 X 1700 mm.

Fig. 4. Chassis with aluminum profiles

4.3 Modeling

Considering the required height and the drive mechanism, a CAD model of the robot is
designed (Fig. 5). AutoCAD educational version 2020 is used for this modelling.

4.4 Electrical and Electronics Architecture

All subsystems must be connected to a main computing unit, which runs ROS (Robot
Operating System). Signal Path and Power Path are planned before assembling the
components. Power from the battery (Li-ion battery pack, battery capacity, voltage,
current) is shared with all the components as shown in the Fig. 6. A main switch and a
fuse are added directly to the battery output for safety.

All messages from sensors to actuators are communicated through ROS as shown in
Fig. 7. Here, Jetson Nano is the computing unit that runs on ROS. The micro controllers,
motor driver, sensors and LIDAR are connected to ROS directly and the Jetson Nano is
Wi-Fi enabled to share the data or receive the commands from the user.
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Fig. 5. CAD model for the structure of the robot

4.5 Component’s Used

Two DC geared motors (12V, 200 rpm) with a torque of 13.5 kg-cm are attached to the
bottom of the chassis. These motors are controlled by Roboclaw 2x7A with up to 15
Amps peak per channel. It can also read data from the encoders. Six UVC lights (30W,
Philips TUV) are connected to its ballast’s which are controlled by an 8-channel relay
module. The technical specifications of the UV-C lights are mentioned in Table 2.

Four Ultrasonic Sensors are used to avoid obstacle collision in close proximity and
2 PIR (Full form of PIR) motion detection sensors are included to detect any human
presence or motion. RPLidar A1M8 is a 360-degree 2D laser Scanner. It produces 2-D
point cloud data which is used for Mapping, Localization and Environment Modelling.
RPLidar and its specifications are shown inFig. 8 andTable 3, respectively. JetsonNano is
the brain of the robot that runs Robot Operating System (ROS) architecture and connects
all hardware components. Technical specifications of Jetson Nano are specified in Table
4. It has AC8265 Wireless NIC which enables Wi-Fi and Bluetooth communications.
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Fig. 6. Power path

Fig. 7. Signal path
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Table 2. Nominal technical specifications of UV-C lights

Power 30 W

Lamp current 0.37 A

UV-C radiation at 100 h 12 W

Voltage 102 V

Useful life 9000 h

Table 3. Specifications of RPLidar A1M8

Dimensions 98.5 mm × 70 mm × 60 mm

Weight G.W 170 g

Distance range 0.15–6 m, white objects

Angular range 0–360°

Distance resolution < 0.5 mm

Angular resolution ≤ 1

Sample duration 0.5 ms

Sample frequency 2000–2010 Hz

Scan rate 1–10 Hz, typical 5.5 Hz,

Fig. 8. RPLidar A1M8

4.6 Software Architecture

Roboclaw
Roboclaw has a software called BasicMicroMotion Studio that allows pre-configuration
of Controller values of the closed-loop control or debugs any specific problem in general.
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Table 4. Technical specifications of jetson nano

GPU 128-core maxwell

CPU Quad-core ARM A57 @ 1.43 GHz

Memory 4 GB 64-bit LPDDR4 25.6 GB/s

Storage 64 GB micro-SD

The Roboclaw has supported drivers for Robot Operating System, Arduino, Python in
RaspberryPi and LabView. It requires a sensor for closed-loop control and in the case
of terrestrial robots, wheel encoders are the best choice. The Roboclaw works well with
2-Phase Rotary encoders and brings a whole new level of functionality to the motor
controller, enabling it to perform accurate maneuvers. With the encoders, the Roboclaw
can Autotune itself when commanded to [14]. The connections to the motor driver are
shown in the Fig. 9.

Fig. 9. Roboclaw connections

Robot Operating System (ROS)
The Robot Operating System (ROS) is an open-source framework for robotics software
development with its roots at Willow Garage and Stanford University. The philosophy
is to make a piece of software that could work in other robots by making minor changes
in the code and refrain from reinventing the wheel. It consists of modular tools that are
divided into libraries and supports various languages such as C++, Python and LISP.
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The sensors and actuators that we use in robotics have also been adapted to be used with
ROS.

ROS provides standard operating system facilities such as hardware abstraction,
low-level device control, implementation of commonly used functionalities, message
passing between processes, and package management. It is based on graph architecture
with a centralized topology where processing takes place in nodes that may receive or
post data in the form of standard message formats, such as multiplex sensor, control,
state, planning, actuator, and so on. Many of the capabilities frequently associated with
ROS are the libraries that provide a powerful set of tools to work with ROS easily. Of
these, navigation library, gmapping package, rviz visualizer, simulators, and debugging
tools are the most important ones [15].

Gmapping
Maps in ROS are basically a bitmap image representing an occupancy grid, where white
pixels represent free space, black pixels represent obstacles, and grey pixels indicate
“unknown”. Therefore, the map is built using graphical program. Since the mobile
platform is equipped with Lidars, we can create our own map by using Gmapping.
In our case, we used SLAM gmapping as it combines the data from the lidar (for depth),
and odometry into the occupancy map.

Gmapping is one of the more popular SLAM algorithms used in robotics. Pairing
with the Rao-Blackwellized Particle Filter (PF), it uses the filter to sort out laser data. It
then takes into account the altered movements and the recent observations of the robot.
PFs utilize a system where each particle is a sample containing both its own map of
the environment and a robot pose. Each individual particle in the system is associated
with a weight and every time the robot moves, the particles are updated with a new
map and pose corrected to the movement. This algorithm helps to reduce the chances of
uncertainty in the robots pose for the prediction step of filtering. This weight is utilized
by the algorithm to filter out the weakest samples and converge towards the strongest
representation [16].

Adaptive Monte Carlo Localization (AMCL)
Monte Carlo Localization (MCL) is a package commonly used in robotics. AMCL is
one of the ROS packages used on the turtlebot (reference). This package is particularly
special as it helps the turtlebot to self-localize itselfwhen it is navigating throughdifferent
environments. This is accomplished by using the current scan of the environment and
odometry data taken to pinpoint present location of robot. This then allows user to point
and click on previously built map to a new location, thus allowing the robot to travel to
the designated destination while avoiding obstacles.

This package is paired with SLAM gmapping. These two packages help robot know
its present environment and localize itself. The robot can then go to any destination in
the mapped environment [17].

Simultaneous Localization and Mapping (SLAM)
The robot relies on a relative coordinate system and dead reckoning to drive
autonomously by knowing its location and destination. The Turtlebot will simultane-
ously and computationally construct a map of the environment, as well as its known
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relative position, in accordance with its location, by using Simultaneous Localization
and Mapping (SLAM).

ROS enables the robot to create amap of its environment using the SLAMgmapping.
package.
Once the map is available, ROS provides the AMCL package (Adaptive Monte

Carlo localization) for automatically localizing the robot based on its current scan and
odometry data.

Frame-Base Motion
In the present work, we have considered Frame-basedmotion by employing “move base”
package. The “move base” package is a very sophisticated path planner and combines
odometry data with both local and global cost maps when selecting a path for the robot
to follow.

4.7 Final Assembly

All the components are integrated according to Signal and Power Path (from topic 4.4).
Jetson Nano is the main computing unit in the robot which runs ROS. All the sub
systems are connected to it. DC-motors with encoders are connected to a motor driver
i.e., Roboclaw. The Roboclaw is serially connected to a Jetson Nano. Lidar is directly
connected to Jetson Nano as ROS nodes. UV-C tubes are connected to the ballast, relay
module and finally to the Jetson Nano. Ultrasonic Sensors are connected to an Arduino
which is also connected to the Jetson Nano. The connections of the components are
shown in the Fig. 10.

Fig. 10. Connections
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5 Testing and Results

For a robot to perform autonomous navigation, initially environment mapping must be
performed by the user and the map is to be saved for further purposes. At each point
of time, the robot should be aware of its position and orientation with reference to the
map. Hence, localization must run all the time. After mapping, when a goal is given to
the robot it should plan the shortest global path to the goal and start navigating. While
moving, it should continuously plan a local path to avoid obstacles along the way.

5.1 Mapping

Mapping an area to be disinfected consists of 4-step process. Initially, the user loads the
GMapping demo software. The Rvizrobot’s front-end live map visualization tool needs
to be loaded so the user can visualize the map as they create it. Then, the user drives the
robot around the desired environment until the user is satisfied with the map coverage,
as seen in RViz. Finally, the user saves the map to the desired location in the computer’s
file system (for example refer Fig. 11). This last step creates and saves the map with the
output in the form of a “. pgm” image of the map, as well as a “. yaml”(Yet Another
Markup Language) configuration file.

Mapping starts as soon as the Gmapping package is launched. The robot needs to be
manually moved around the region to complete the map. A 2-D Lidar is used to obtain
the data from the surroundings. Once the map is created, gmapping is stopped and the
map is saved. This map will be used for further navigation tasks.

Fig. 11. Robot generated map
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5.2 Localization

It is important for the robot to know its current position in the map with respect to its sur-
roundings. This is called Localization. ROS navigation stack implements Monte-Carlo
Localization. It is an algorithm that generates several guesses about where the robot’s
next move could be and then update itself as the robot moves through the environment,
while collecting real time data. ROS navigation implements this algorithm in a node
called AMCL node provided by the AMCL package.

Once the Localization package is launched, the robot in the visualizer will spawn
at the given initial co-ordinates. It uses laser scan topic and odom (please check if the
word is correct “odom”) frame to spawn the base frame in the map.

5.3 Path Planning and Navigation

The path planning part of navigation is implemented in a package called “move_base”.

Fig. 12. ROS navigation stack

The middle box of Fig. 12 represents move_base node, the core of ROS naviga-
tion stack. It subscribes to several features, including global_planner, local_planner,
global_costmap, local_costmap.

Planner calculates a path for the robot to follow from its current position to the goal
position provided by the user. Within ROS, the planner relies on map called costmaps
to generate a plan. The global planner relies on generating global plans based on the
global_costmap and the local_planner relies on local_costmap for generating local plans.

In Fig. 13, the rectangular boxes are topics whereas ovals are nodes. We can see a
move-base node that publishes and subscribes to several topics.

Path Planning involves both global planning and local planning. Apart from the laser
sensor, 4 ultrasonic sensors are also installed to avoid the obstacles at close proximity.
In order to observe the path planning process of the robot, rviz can be used for Map
display (Cost maps) and Path display (Plans).

From Fig. 14. The global path which is shown as the green line is planned when a
goal is given and the local path which is shown as the red line is short and is continuously
planned based on the obstacles on the global path.



Development of Autonomous UVC Disinfectant Robot 149

Fig. 13. ROS topics & nodes

Fig. 14. Green line indicates global path and red line indicates local path

5.4 Safety and Obstacle Avoidance

Since direct exposure of UV-C lights is harmful to humans, twomotion detection sensors
are used to detect human presence during the UV-C lights operation. If any motion is
detected, then the UV-C lights turn-off automatically and an Emergency warning light
will turn on as a warning indication.

After a path is planned and the robot starts moving, the local planner will update its
local path continuously helping the robot to avoid obstacles.

5.5 Disinfection

Disinfection is done by turning-on the 6 UV-C lights at a single location for specified
period. Once thewaypoints for the robot to disinfect are generated by the user a patrolling
algorithm is used to feed the robot with each waypoint one after the other by using a
client server application socket. Specific conditions are also implemented for the robot
to skip a waypoint if there is a difficulty in planning a path to the waypoint or if there is
any object in that location.
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6 Discussion and Conclusion

In this paper, we have shown the steps involved in designing and developing an
autonomous UV Disinfectant robot. From testing and results, we understand that the
robot navigates well in flat surfaces but difficulties arises on inclined surfaces. The robot
cannot go up the inclined surfaces due to insufficient tractive effort. The robot navigates
with the help of a 2D map but unable to recognize 3D objects as we are using only a 2D
laser scanner.

This robot can create its own map when a user moves it manually. Once the map
is made and the user determines the locations to be disinfected the robot autonomously
moves from one location to another and starts disinfecting for a certain amount of time.
While disinfecting i.e., when the UV lights are ON, if any person comes closer to the
robot, it will detect the motion and turns OFF the UV lights for safety purposes. This
process is more consistent than manual cleaning since the robot follows the same path
with higher precision, and thanks to its autonomy, human staff will not be exposed to
contagious viruses.

7 Perspective/Future Scope

Adding a camera to the robot enables more flexible process, as the evaluated image
data can be used to precisely control the robotic movements. Object detection allows
the robot to decide which places to disinfect instead of a user selecting the waypoints
manually. 4-wheel drive can be implemented to make movement on the uneven surfaces
easy. Since the robot needs to recharge, a self-docking station can be implemented where
the robot can return after completing a task. A user-friendly mobile application should
be developed for the cleaning staff to operate without any difficulty. A self-diagnostics
system can also be implemented to find out a faulty system before the robot’s daily tasks.
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Abstract. The growing technological progress and the concomitant complexity
in professional life poses new challenges for executives. These complexities are
particularly noticeable in the health care sector at the middle management level on
a daily basis. The executives are in an intermediate position: Both care work and
managerial functions must be matched up sophisticatedly to meet and satisfy all
target groups. Many decisions (especially for questions that arise for the first time
or those that are unique) are commonly made based on intuition or trial-and-error
principle. Usually, the possible consequences of alternative decisions cannot be
reliably determined in advance. This paper addresses these issues and describes
methods for dealing with them. Therefore, initial results of a respective analysis
are going to be introduced.

Keywords: Leadership · Health care · Virtual learning environment

1 Introduction

In the context ofmulti-layered patient and employee requirements aswell as political and
economic demands, leaders in the health care sector are more andmore frequently acting
at the complex interface of conflicting objectives such as ensuring high-quality patient
care, promoting employee satisfaction and motivation as well as fulfilling efficiency
needs and political regulations. In coping with the resulting challenges, managers are
increasingly moving to the center of corresponding requirements for decision-making
and thus influencing the degree of goal achievement in a relevant way through leader-
ship actions within the scope of their responsibility. Although their decision-making is
therefore of central importance for the success of an organization, in practice it is usually
based on experience and intuition as well as personal and social competencies devel-
oped over the course of their biographies, what especially applies to issues with strong
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corporate cultural or organizational links. Ultimately, this means that consequences of
different decision alternatives cannot be reliably determined in advance.

In comparison to that, various technology-based systems such as monitoring, sim-
ulation and support systems have increasingly established to accompany product- and
process-related decision-making processes in the industrial context throughout the last
decade. Large proportions of a manager’s decision portfolio in the industrial sector can
thus be covered by available solutions, whilst systems for addressing specific cultural
and organizational issues in the context of health care remain to be developed.

Therefore, the aim of the LUTZ1research project is to utilize the opportunities of
appropriate solutions to support decision-making in a new perspective by developing a
system for accompanying culture- and organization-related events, which will support
leaders in the health care sector in complex decision-making processes in the context
of leadership, corporate culture and organization. For the realization of that, the project
addresses the following questions:

• What specifics can be used to characterize leadership work in the health care sector?
• Which challenging decision-making situations can be identified in the context of
leadership, corporate culture and organization?

• How can corporate cultural and organizational effects of different decisions and
decision-making processes be represented?

Within the scope of the overall objective, the present paper pursues two goals: On the
one hand, the paper intends to give a rough overview of the methodological approach
used in the analysis and requirement phase of the LUTZ project. On the other hand,
two methods are then emphasized to illustrate the initial results and present them for
discussion.

The paper aims to present first results from a literature research regarding the topic
“attributes of leadership in health care”. Furthermore, the paper presents initial results
of one part of the qualitative study2. Herein, the focus is on the presentation of first
results from the evaluation phase of an interview that was conducted on the topic of
“leadership”, and targeted to get an overview of all relevant information of leadership
tasks, challenges and areas of tension. Based on the results of the literature review and the
interview, first assignments of possible learning scenarios are to be made, which could
be discounted in a learning environment and therefore be made available to managers
for qualification in their management activities. Overall, the paper will focus on the
following questions:

• What are the characteristics of leadership in health care?
• Which characteristics are to be considered for the development of the learning
environment?

1 The project “LUTZ - Learning Environment for Transformational Leadership of the
Future/02L18B534” is funded by the German Federal Ministry of Education and Research
and the European Social Fund as part of the “Future of Work” program for a period of three
years from May 2020.

2 With regard to the duration of the project, the paper does not claim to present all results in the
complete form. From these aspects the research questions were formed, which are central in the
LUTZ project and especially for the interview evaluation.
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The process of the initial analysis that is considered in the LUTZ project will be
discussed below. The first results from the literature review and the interview will then
be presented. The paper ends with a comprehensive discussion of the respective results
with regard to the two focused questions of the paper as well as a possible design of
learning scenarios.

2 Method

The main objective of the first phase of the project LUTZ is to get an overview of the
health care sector in Germany as well as the management styles in middle management,
while different methods are applied. On the one hand, there is a literature research of
the topic of leadership behavior and styles in the German health care sector. On the
other hand, a qualitative and quantitative study is carried out in order to complement and
enhance the theoretical and scientific results.

The aim of the literature review is to gather the existing state of research on the
central research question of “What is ideal leadership in health care?”. The research
aims to verify the research needs and to get to know the leadership culture as well
as the particularities of organization and structure of the German health care system.
In addition, the review will also serve to highlight the needs within the health care
sector in terms of support for managerial qualification. Last but not least, the results of
the literature review constitute an important basis for the design of the concrete learning
scenarios for the learning environment which is developed in the research project LUTZ.

As part of the qualitative study, several guided interviewswere carried outwith health
care managers. The focus was on interviews with nursing service managers of a private
nursing service manager in Saxony-Anhalt. The aim of the interviews was to develop a
feeling for tasks that managers in the health care sector have to deal with, how they work
on these tasks as well as what requirements to consider. The previous examination with
the research topic revealed that decision-making processes are always part of leadership.
Decision-making is an individual complex process which is based on experiences that
have already been made, on the basis of which situations are perceived, evaluated and
reflected upon differently. Therefore, the study focuses on questions about managerial
tasks and also includes the individual and manifold decision-making situations.

In addition, further interviewswere conductedwith executives fromother institutions
and areas of health care, such as dentistry or general medicine. This approach must
be justified by the fact that the previously identified management tasks and decision-
making situations aswell as the findings on leadership and decision-making behavior, the
framework conditions, and the challenges of one health care sector should be compared
with other results and expanded accordingly. Furthermore, interviews are performed
with the upper management level in order to become acquainted with and understand
the organizational culture. Leadership and corporate culture are closely related [1].

All interviews are evaluated using the method of qualitative content analysis by the
psychologist and sociologist Philipp Mayring. After the transcription of the interviews,
the evaluationwas carried out taking into account concrete research questions on the topic
of leadership such as “Whichmanagement tasks characterize the health care sector?” and
“Which challenges exist for the managers in the health care sector?”. At the beginning
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of the evaluation, the interviews were divided into sections of meaning, according to
the research questions. The sequences were paraphrased then, before categories were
derived. These categories are discussed and tested in the evaluation team with the aim
of designing a common category system.

On the one hand, this paper will outline initial results from the literature review,
which refers in particular to the question of which features leadership in German health
care has. On the other hand, the first findings from the qualitative study of the project
will be presented. This is a first, exemplary category system, which was elaborated by
means of the content analysis of an interview with a nursing service manager. In this
interview, the focus was placed on the topic of leadership. The following categories will
be expanded and concretized in the further course of the project until a uniform category
system exists, which is considered to be saturated.

3 Results

Within a systematic literature search using the databases of PubMed, PubPsych,LIVIVO,
EconBiz and SCOPUS, a variety of several hundred publications was to be found under
the application of an intentionally broad defined search string representing the core
elements of the matter of interest. Papers had to be published from 2016 until present, be
written in English or German language and full texts available. After a content-guided
inclusion-exclusion-procedure, taking into account titles as well as abstracts and full
texts, a selection of 37 publications referring to leadership issues in health care in either
explicit or implicit form got integrated in the following review, the intention of which is
to provide an initial overview of the appearance of leadership in health care.

In ameta-reflection, it is to be stated that issues of leadership in health care are broadly
discussed in international literature with special consideration in territories such as the
United States, Europe and Germany, the latter of which was of special interest for the
review on hand. Thereby, the publications reviewed allowed statements as well as con-
clusions along the following categories that were to be identified in order to describe the
phenomenon of leadership in health care: understanding, importance, tasks, competence
and qualification. A synthesis of selected findings of each category is presented below.

Understanding of Leadership. Within the scope of the selected contributions, manage-
ment and leadership are described as two disparate concepts. While management is
described to primarily focus on tasks, leadership is characterized to predominantly con-
centrate on people [2]. In other perspectives, integrated understandings are to be found,
conceptualizing leadership as ability to initiate influence, innovation and engagement
towards reasonable actions or goals in order to foster desired outcomes [3]. Thereby,
leadership is also being described as not necessarily being tied to specific roles or hier-
archies, but to embody competences that can be represented by various staff members
who bring initiatives forward, shape change and work together [4]. The extent to which a
leader does actively promote encouraging work climate, provide orientation and clarity
and engage in achieving common goals is thereby described as attribute of good quality
leadership [5].
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Importance of Leadership. Evidence on the importance of leadership on manifold out-
comes is to be found across various health care professions such as nurses and physicians
as well as diverse health care settings like nursing homes and hospitals. Within this, it
becomes apparent that not only does leadership influence goal achievement in aspects
as patient and employee well-being as well as terms of politics and economics, but
also does so in both direct and indirect ways. Additionally, the responsibility of lead-
ers in the health care sector covers a broad spectrum of professional subjects including
health care-related aspects as well as matters of work design. Thereby, amongst the most
highlighted issues in the scope of leadership liabilities, patient-related objectives such as
health care quality and outcome [6], employee-related aspects like promoting well-being
and commitment [7] as well as work design-related matters as process management and
safety building [8, 9] were to be derived. Additionally, single specifications of leadership
objectives, namely optimizing treatment quality and cost efficiency [10, 11] were to be
identified according to this.

Leadership Tasks. Closely associated with this, a broad range of leadership tasks was
to be found within the contributions, documenting different horizons of operational and
strategic integration as well as multi-faceted dimensions amongst routines of health
care leaders. Attempting to cluster the according activities, the following emphases
can be summarized: In terms of management along upper hierarchy levels, main duties
include strategy building, budget accountability, implementation of laws and regulations
applicable to the facility, personnel, patient and process as well as quality, error and
incident management [11, 12]. In respects of leadership along varying hierarchy levels,
central tasks imply encouraging social support [13], empowering staff in the interest of
good quality care [2], fostering organizational learning [8], shaping development and
change [8] as well as taking care of oneself and others [14]. Further assignments thereby
finally include fostering justice [6], promoting trust [15] and building common values.

Leadership Competences. According to the variety of tasks, a corresponding rich spec-
trum of competence needs could be identified to comply with leadership requirements
in health care. Along both, nursing and medical leaders, competence profiles encompass
several dimensions including professional, personal, social, procedural, methodical as
well as reflexive perspectives [11, 14, 16], the scope of which thereby vividly maps the
different ranges affected by health care leaders. Namely, these can be described as repre-
senting micro-, meso- and macro-level perspectives, accordingly addressing the leader
itself as well as cooperation within and in between teams, intra- and inter-professional
collaboration, health care organizations, stakeholder networks and health care system.

Leadership Qualification. In contrast to that, studies across various settings have con-
sistently reported that even though the necessity of gaining leadership competences has
been recognized and the extent of leadership-associated responsibilities increases over
the course of nursing and medical professionalization, a systematic consideration of
sound leadership qualification within primary health care education remains an open
issue to date. Subsequently, competence acquisition and role development occur sponta-
neously through confrontation with according events, implicitly during performance in
practice and through adoption from superiors and role models without explicit reflection
[11, 17, 18, 19].
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Following these essential findings of the review, the results of one of the interviews
with a nursing service manager are presented below. This is, as already mentioned, a
first category system that must not be understood as saturated and solid yet. Despite its
exemplary nature, this category system makes it possible to make first derivations for
the design of learning scenarios.

The presented interview was conducted with a nursing service manager that has
been working in the company for several years and holding responsibility for an own
team since. The interview reveals the complexity of the daily work of nursing managers.
In addition to the formation of fixed routines designed to create a structure, as specific
management tasks such as routing, billing or budget planning are always repeated at fixed
times, the head of care must always be able to deal with unpredictable tasks. No day
is like the other, so a clear head, spontaneous solutions (not solution) and complexity
management are needed. It also became clear that the nursing manager is not only a
manager but still needs to be a specialist. For example, it is characterized by emergency
availability, because, as a last resort, it feeds into care when there is a shortage of staff: “I
don‘t work in shift work anymore, except for exceptions”. In addition, it needs a high level
of expertise to act as an adviser to staff, patients and relatives. It could also be identified
that the manager is in a state of conflict with different tensions between parties. This
tension is attributable to its own person, the staff, patients, relatives and management.
The head of the care service practices self-care and has, for example, “learnt to say no”,
as well as to apply self-leadership and above all to ensure that the workforce is well
served.“

If the atmosphere in the team is perceived as good, such as when the manager con-
stantly has “an open ear” while listening to problems and valuing the staff, the internal
processes and the quality of work is right, which was reported to be very important. As a
result, the manager is encouraged to behave and build trust in staff for care. Furthermore,
in order to be able to assume responsibilities, it is necessary to know the strengths and
weaknesses of the personnel, as well as the individual personalities of the staff because
“everyone needs something else to be happy.” Therefore, it is also important that the
manager takes into account the satisfaction of patients, relatives and management.

The organizational structure provides that in addition to the role as care and admin-
istrative officer, a nursing service manager also has to act as adviser for the staff, the
patients and the relatives. The manager has to know the care services and to discuss
about these with the families concerning to their relatives to be cared for. Thus, in order
to carry out its tasks, the manager must develop not only social and technical skills, but
also a certain level of numerical and management skills.

The following category system was derived as a summary from the results of the
content analysis of the previously presented interview. The categories were established
inductively. Table 1 shows the categories, their respective definitions as well as illus-
trating anchor examples that are borrowed from the meaning of original quotations and
exemplify the content of the categories in natural language.

The discussion of the results found follows in the next section.
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Table 1. Category System

Category Definition Anchor example

Solicitousness Text indicating caring
(pleasant, protective)
behavior

I always try to make sure that
the patients are doing well - that
they feel valued and involved

To get to know the staff To get to know the staff with
their strengths, weaknesses
and characteristics

Every employee has individual
needs.
A care manager should know
these needs and understand
how they affect an employee’s
reaction in certain situations

Self-care The manager takes care of
himself/herself

It is important for me to take
care for myself and to listen to
my own needs and limits

Employees wellbeing The staff members should
feel good

We always try to do a little
something together every once
in a while, be it having lunch
together or celebrating
birthdays with an afternoon of
games – the main thing is that
the team is doing well

Patient welfare The patients should feel good It is also important to me that
our residents feel comfortable
with us

Relatives welfare The relatives should feel
good

I try to take time to listen to the
concerns of the family members
of our residents and to provide
them with whatever advice I can
to support their care for their
loved ones

Inclusion of the staff Passages that point out that
the manager integrates their
employees into processes

When it comes to decisions
regarding the way we organize
our work, I always try to involve
my team. If you want a decision
to be supported by everyone, I
think it is a necessity to do it
like that

(continued)
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Table 1. (continued)

Category Definition Anchor example

Respect Passages pointing to each
other’s attention

Sometimes I am just like ‘What
a great team!’. The way my
colleagues take care for our
residents but also keep
everything running in the
background is remarkable and
truly deserves my fullest respect

Honesty Passages suggesting that one
treats one another sincerely
and avoids lies

Honesty is key. No matter
whether it concerns praise or
criticism

Administrative office Tasks falling within the
administrative area

Some days I spend almost
entirely at my desk, answering
e-mails and making phone calls

Personnel management Tasks related to staff and, in
particular, operational
planning

Who takes care of which
residents and when is something
I usually coordinate together
with my deputy

Dealing with unpredictable
situations

There are events during the
day that arrive unplanned and
surprisingly

Some things you simply just
cannot predict. Like sick notes,
for example, or emergencies.
You just have to deal with it

Tracing the daily routine of
the qualified nurses

The manager participates in
the daily life of skilled
workers

I think it is important to keep a
sense of what occupies the team
in their daily work and to stay
involved, whether it is through
participating in shift changes or
a quick little chat in the hallway

Routines There are fixed processes in
the day-to-day work that
structure it

Some of my tasks are defined by
certain specifications, as are
some sequences in our daily
routine

Mediation between
requests

Actions of the executive to
achieve a balance of interests

Sometimes, interests diverge
quite a bit so that you have to
put quite some effort into it to
reconcile them

Emergency availability The manager jumps in as a
specialist in an emergency
case

I don’t normally take on nursing
tasks anymore, but when it hits
the fan, sure, I step in

(continued)
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Table 1. (continued)

Category Definition Anchor example

Advisory activity The executive informs and
makes recommendations

I get back to the relatives of our
residents whenever possible
– especially when there is news
from our facility or when I came
upon a helpful advice

Quality management The manager controls the
quality of the work and
establishment

I am aware of my responsibility
to both set the standards for
what we aim to achieve in care
as well as to make my
employees fit to provide
according high quality work

Quick and well-founded
finding of solutions

Passages suggesting that
solutions must be found
spontaneously

Our work also always holds the
unexpected. You must embrace
that – and remain open to
spontaneity

4 Discussion

In order to approach the answer to the research questions and thus to contribute to the
further development of the overall project, the following section aims to put the presented
findings into perspective as well as to derive according conclusions.

Within the scoping review, a set of five associated categories delivering information
on understanding, importance, tasks, competences and qualification of leadership has
been developed, referring to which a summary of the inherent key implications is going
to be introduced below.

Understanding of Leadership. Regarding the understanding of leadership, different
approaches of conceptualization became apparent, most notably represented in a con-
cise distinction of management and leadership on the one hand, as well as integrated
perspectives on the other hand. To what extent these understandings are determined by
differing working contexts and varying processes of professional socialization remains
to be examined in further research, which also applies to the question of underlying
interpretations and metaphors of the nature of leadership.

Importance of Leadership. The far-reaching significance of leadership in the health care
sector came up to be uncontested across varying health care services as well as health
care professions. Given its both direct and indirect effects on patient- and employee-
related concerns as well as economic and political issues, leadership thereby appeared
to become effective on its own, e.g. in terms of social support, as well as in association
with further variables, e.g. in terms of designing beneficial health care and working
environments.
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Leadership Tasks. Considering themanifold spectrum of leadership tasks in health care,
an essential finding pertained the hybrid involvement of health care leaders in both the
nursing respectively medical as well as managerial system. Additionally, it was to be
revealed that the relationship of health care- and leadership-related tasks is of reciprocal
nature, unfolding that just as original health care-related tasks are part of leadership
roles, embodying leadership roles is part of concise health care-related duties as well.

Leadership Competences. Representing the reciprocal connection of nursing respec-
tively medical responsibilities and leadership issues in the provision of health care, the
very same relation was to be found in the description of according competence needs,
thereby including professional as well as extra-professional requirements.

Following the conclusions derived from the review, the results of the interview are
being discussed and interpreted in the following section. Its relevance to the research
question “What are the characteristics of leadership in health care?” is the focus.

Leadership Qualification. In strong contrast to the requirements associated with per-
forming complex health care leadership tasks, the systematic integration of their devel-
opment beginning in the early stages of nursing and medical education as well as in
processes of lifelong work-related learning remains an open issue to date.

Aligned with the category system, it can be pointed out that leadership in health
care is characterized by the need for managers to occupy multiple tasks. Especially with
regard to care, it has become clear that in addition to human resources management, the
care service also carries out management and sales activities, as well as emotional and
rescue activities. On the other hand, the health care is characterized by the tension of a
manager, composed of different groups of stakeholders: Himself/Herself (not Yourself),
the patient, relatives, staff and management. On the one hand, other features include
the fact that leadership in the health care also means being ready for technical use. The
reason is that it is not only about carrying out specific management tasks such as human
resources management, but also about being able to take on care activities. On the other
hand, quick and informed solutions must always be found.

Until now, it has been mainly assumed that the manager was in a sandwich position
between the upper management level and their staff, care recipients and relatives. The
analysis of the interview has shown that the manager also has to carry out self-care and
faces this challenge. It is therefore required not only to take into account the welfare of
employees, patients and relatives and to meet the more economic management require-
ments. The executive must also always pay attention and try to attain a balance between
all stakeholders. The balance between yourself, staff, patients and relatives is, among
other things, necessary in order to assure a level of satisfaction and thus the quality of
care and the facility. The findings reveal other research questions such as “What is the
role of emotion in day-to-day management?”, “What is the role of self-care?”, and “How
will and how can the balance be established between stakeholders?” that will be taken
into account later during the evaluation.

Synoptically, a broad consistency was to be found within the present findings in
terms of the issues raised, allowing for the conclusion of having come upon the following
particularities of leadership in health care:
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Leadership in the health care sector is characterized by a specific complexity and
contradictoriness that can be traced back to a multitude of patient- and employee-related
requirements, economic and political boundary conditions as well as the particularities
of service provision in an area of health- and safety-relevant interactive work. Within
this context, health care leaders operate in multiple fields of tension, within a variety
of paradoxes and role conflicts unfolds (not unfold), such as those arising from the
relationship between economic rationality and professional self-conception. In the scope
of this, leaders are regularly required to copewith unstructured challenges in non-routine
situations and hardly predictable outcomes and thereby to solve problems of a system
they themselves are a part of which. Consequently, leaders in health care need skills that
enable them to remain capable of acting in situations like these and to successfully deal
with uncertainty.

Finally, these characteristics are to be highlighted as particularities of leadership
in health care and thus to be considered in the development of a reasonable learning
environment that intents to provide an effective approach to build sound competences
for leading in health care.

To that effect, established requirements regarding the conception and design of stim-
ulating learning environments need to be taken into account. Above all, these refer
to providing learning scenarios that meet relevant demands in terms of content and
context, striving for simulation-based approaches reflecting realistic situations and spe-
cific behaviors as well as addressing skills being interconnected in practice accordingly
together.

In order tomeet these requirements, a digital learning environment combining aspects
of simulation, gaming and reflection is going to be developed and thereby striving for
the overall goal to enable health care executives to put different decisional options to
the test, experience their respective effects and hence strengthen their abilities to design
successful decision-making processes in practice. Within a protected environment, they
are going to be confronted with relevant learning scenarios allowing for transferable
learning experiences.

For the design of the learning scenarios, it is necessary to depict the identified area
of conflict. Not only staff members or patients must be satisfied with a decision of the
manager. The managers themselves must also be taken into account with their person-
ality and attitudes, meaning that their welfare should also be in the focus. In addition,
the learning scenarios should take into account the diversity of responsibilities of the
manager and thus allow the training of different leadership behaviors as part of a high
work complexity. For example, it is not sufficient to depict human resources manage-
ment tasks alone. Contrarily, it is necessary to include possible unforeseeable events in
the scenarios that have the potential to disrupt routines, and require an immediate and
profound troubleshooting. Consequently, just as important, when designing the learning
scenarios, one must take into account, which tasks or problems the managers consider
to be particularly challenging, which situations they can already deal with appropriately
and where they are more likely to need awareness and training.

This paper did not put emphasis on decision-makings though. During the project
progression, however, this subject is going to be considered equally intensively. This
also includes the separation of existing models for determining effective leadership
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styles (e.g. Blanchard & Hersey 1969) and dealing with the topic of leadership and
decision-making processes (e.g. Vroom & Yetton 1973), which will be based on the
learning scenarios.

5 Conclusion

The applied combination of a systematic literature research and a qualitative interview
study enables a very detailed insight into the day-to-day management of leaders in the
health care sector. While the review gives an overview of existing findings on the topic
of leadership and creates an understanding of its complexity and variety, the personal
and direct exchange with care providers offers deep insights into the multi-faceted and
ambitious practice of leadership in health care. Given its meaning for multiple direct and
indirect effects on patients, employees and health care organizations, its importance in
balancing a variety of opposing interests of patients, employees, economics and politics
as well as its inherence in diverse professional roles, an incontestable need to system-
atically support a comprehensive development of profound leadership competences in
health care professionals became apparent and will thus be addressed by the project
LUTZ.
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Abstract. Effectively delivering health-promoting messages can per-
suade users to adopt healthy life-saving behaviors. Research in health-
promoting media messages shows that higher social presence and trans-
portation ratings can positively impact users’ trust and intentions to
adopt healthy behaviors. Hence, social presence and transportation are
essential measures for the quality of virtual health communication. This
study aims to identify the factors that can increase social presence and
transportation in the context of virtual human interventions for pro-
moting colorectal cancer screening. To promote colorectal cancer screen-
ing and increase awareness, we developed a virtual healthcare assistant
named ALEX (Agent Leveraging Empathy for eX ams). ALEX is a
web-based intervention that incorporates high-fidelity 3D models with
human voices and gestures to inform patients about colorectal cancer
risks and screening information. In this paper, we study the effect of
three independent variables on users’ self-reported ratings of the social
presence and transportation scales: 1) media platforms (smartphones vs.
computers), 2) visual framing conditions (near vs. far), and 3) ALEX-
user race relationship (concordance vs. dis-concordance). We conducted
a between-subjects user study with 755 users (genders: male, female;
races: Black, White; and age range: 50–73) using Qualtrics. All users
completed the web-based virtual appointment with a gender-concordant
ALEX on their preferred media platform and then completed the post-
survey. The results show that the main effect of media platform was
significant (F1,747 = 5.18, p = 0.02), but there were no significant dif-
ferences between visual framing conditions and the Alex-user race rela-
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tionship (p > 0.05). Our analysis indicates that smartphones can induce
higher social presence and transportation than computers.

Keywords: Virtual human · Virtual health intervention · Colorectal
cancer

1 Introduction

Virtual human health interventions are shown to be useful for delivering health
messages and changing users’ health-related behaviors [28]. Virtual humans can
effectively promote healthy behaviors and address health disparities by providing
accessible information and decreasing the barriers for initiating care [37,39].
Virtual humans are computer-generated characters with an anthropomorphic
embodiment which can engage human users in a credible conversation using
speech, facial expression, and body language [11]. Virtual humans can play the
role of Virtual Healthcare Assistant (VHA).

Fig. 1. All four versions of ALEX (Black Female, Black Male, White Female, and White
Male) with the two visual framing conditions (left: near and right: far) is demonstrated
on the two media platforms (smartphones and computers).

We built a VHA named ALEX (Agent Leveraging Empathy for eX ams), in
collaboration with a multidisciplinary research team [17]. ALEX was designed
and developed through a user-centered design by performing iterative user stud-
ies with potential users [45]. ALEX is a web-based virtual health intervention
which features high-fidelity 3D models that can talk and behave like humans to
inform patients about Colorectal Cancer (CRC) risks and screening information.
ALEX aims to encourage CRC screening among older adults (above 50) who,
according to health guidelines, are at a higher risk of getting CRC.

CRC is the third leading cause of cancer-related deaths in the United States
among both men and women. The best way of reducing CRC risk is to get
screened regularly starting at the age of 50, which can decrease CRC mortality
rates by approximately 50% [1]. There are several barriers to CRC screening,
such as lack of information and doctor recommendations [26].
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Telehealth and virtual health interventions can facilitate educating patients
on the CRC risk factors and screening options. Social presence and transporta-
tion can significantly affect the quality of virtual health communication by
increasing users’ trust and intentions to adopt healthy behaviors [13,41]. Social
presence is defined as the communicators’ salience and their interpersonal rela-
tionship during the mediated conversation [40]. Social presence is characterized
as “the sense of being there” [29] or “being together with another” [22]. Trans-
portation is defined as absorption in a story that contains attention, imagery,
and emotional affect [15]. Users’ beliefs and attitudes might change after return-
ing to the real world from being transported to the virtual world, and they may
experience strong emotions and motivations [15]. This study aims to identify
the factors that can increase social presence and transportation in the context
of virtual human interventions for promoting colorectal cancer screening.

Three influential factors of social presence and transportation ratings are: 1)
inherent features of communication medium, 2) proxemics, and 3) VHA demo-
graphic. Inherent features of communication medium such as screen size can
affect the social presence and transportation ratings [2,8,40]. We investigate the
impact of two media platforms: 1) smartphones, 2) computers. Proxemics, which
is defined as the interpersonal distance between communicators, can influence
the perception of users’ attribution, affect, and judgment of the virtual human
[25], which in turn can impact the social presence and transportation ratings. We
explore ALEX’s two different visual framing conditions: 1) near, 2) far. ALEX’s
race and gender can be customized for the patient’s demographic to improve
patients’ satisfaction and adherence to the provided health guidelines [27,37].
We developed four versions of ALEX representing different demographic groups,
including: 1) Black Female, 2) Black Male, 3) White Female, and 4) White Male.
Research suggests that race concordance between the user and virtual human is
more influential than gender concordance and results in a more socially present,
enjoyable, and useful interaction [38]. Hence, we decided to use the gender con-
cordant ALEX and only examine the ALEX-user race relationship’s role: 1)
concordance, 2) dis-concordance.

We performed a between-subjects user study with 755 users (genders: male,
female; races: Black, White; and age range: 50–73) from Qualtrics (Table 1).
First, users completed the web-based virtual appointment with a gender-
concordant ALEX on their preferred media platform (Fig. 1). Then, users filled
a post-survey and answered 5-point Likert scale questionnaires related to social
presence and transportation.

In this paper, we address the following research questions:

RQ1 : Do different media platforms (smartphones, computers) impact social
presence and transportation ratings?

RQ2 : Do different visual framing conditions (near, far) impact social presence
and transportation ratings?

RQ3 : Does ALEX-user race relationship (concordance, dis-concordance) impact
social presence and transportation ratings?
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Fig. 2. All variations of ALEX and two visual framing conditions (First row: near
condition, Second row: far condition). The information provided for each variation of
ALEX indicates: 1) gender of users, 2) total number of users, 3) number of users in
each media platform condition (Smartphone vs. Computers), 4) number of users in
each race condition (Black vs. White)

2 Background

2.1 Virtual Healthcare Assistants

Virtual humans are considered a type of computer-generated Embodied Conver-
sational Agents with an anthropomorphic embodiment that can be engaged in a
conversation using human communication means such as speech, facial expres-
sion, and body language [11]. Virtual humans have been used in different health
care domains such as mental health [3], pain management [43], and physician-
patient interaction [32]. Virtual humans can play the role of a Virtual Healthcare
Assistant (VHA). VHAs are non-judgemental and offer a sense of anonymity [35].
Hence, patients may be more willing to trust them and disclose sensitive health-
related information [31]. Another advantage is that the race and gender of VHAs
can be customized for the patient’s demographic to improve patients’ satisfac-
tion and adherence to the provided health guidelines [27,37]. The contents and
the recommended health guidelines that are delivered by VHAs can be tailored
for patients to meet their needs better [21]. In addition, VHAs can better con-
vey the health message to patients with low-reading and low-health literacy or
not tech-savvy individuals [6]. VHAs are shown to be useful for lung cancer risk
awareness [37] and increasing patient satisfactions [32]. This study explores the
results of a user study with a VHA named ALEX that aims to inform patients
about CRC risks and screening information in an accessible virtual appointment.
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2.2 Social Presence

Social psychologists first defined the concept of social presence as the salience
of the communicators and their interpersonal relationship during the mediated
conversation [40]. Social presence is an important measure for the quality of vir-
tual communication and is associated with positive communication outcomes.
For example, authors in [14] found that social presence is associated with per-
suasion and attraction. The study in [20] found that social presence led to a
higher purchase intention, while being positively associated with trust, enjoy-
ment, and perceived usefulness of an online shopping website. Social presence
can help build trust between individuals that assists with in-person or online
interactions [30]. These factors have led researchers in both academia and indus-
try to seek ways to increase social presence. Social presence has two main ele-
ments: 1) intimacy: a feeling of closeness that communicators feel during an
interaction, and 2) immediacy: a psychological distance between the communi-
cators. Many verbal and nonverbal communication factors can affect intimacy
and immediacy, such as voice features, facial expressions, gestures, and phys-
ical appearance [18]. Prior research suggests that a communication medium’s
inherent and technological qualities can lead to different levels of social pres-
ence [40]. Thus, there has been significant interest from researchers in exploring
the impact of modality on social presence, and the most common themes are: 1)
Computer-mediated communication compared with face-to-face communication,
2) text-based Computer-mediated communication compared with other audio-
visual modalities, and 3) comparison of immersive and non-immersive virtual
environments [36]. The majority of the prior research has focused on the immer-
sive qualities of the media. However, social presence is a subjective experience,
and contextual and individual factors can impact it. Thus, the main predictors
for social presence are: 1) immersive qualities, 2) contextual properties, and 3)
individual traits [36].

Social Presence and Display Size: Some studies have looked at the impact
of variations in display parameters on social presence. These parameters typi-
cally consist of image definition and display size. These studies have not led to
definitive results, leaving room for further research. Some studies have found
a higher definition larger display promotes higher social presence (e.g., [2,8]),
while others did not find the display parameters to have a significant impact on
the social presence (e.g., [24,42]). This disparity among prior research results is
a significant motivation for us to consider two form factors with different dis-
play sizes in our analysis, namely smartphones and computers. This is the basis
of our first research question RQ1 : measuring the impact of smartphones vs.
computers on social presence, transportation, and usability.

2.3 Transportation

Transportation is defined as absorption in a story that contains imagery, emo-
tional affect, and attention [15]. As a result of transportation, a user may become
less aware of the real-world events in favor of being immersed in the narrative
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that is happening in the virtual world. Loss of awareness towards real-world
events can occur both on a physical level; for example, a user may not notice if
someone enters the room, and on a psychological level, for example, a user may
feel a subjective distancing from reality. Prior studies suggest that users’ beliefs
and attitudes might change after returning to the real world from being trans-
ported to the narrative virtual world, and they may experience strong emotions
and motivations [15].

Transportation and social presence are close in nature; a general tendency
towards transportation and being absorbed in a narrative can increase the feeling
of social presence in the mediated communication [16]. Thus, transportation
has some similar predictors to social presence such as: 1) media effect: visual
media requires less mental effort than print media to imagine, therefore easing
transportation [16], 2) individual traits: Tendency towards absorption into a
story is also a subjective experience [12]. However, some individual differences
remain stable across stories and contexts.

Authors in [13] looked into the experience of transportation to health-
promoting media messages in the context of health communication. Their find-
ings included two examples of health-related messages on smoking and skin pro-
tection. When presented with anti-smoking messages, smokers with a higher
degree of transportation revealed an increased sense of persuasion to make
an effort to quit smoking. They also found associations between experiential
responses to skin protection messages and intentions of self-protection.

In order to improve the rate of CRC screening, patients need to be persuaded
by ALEX to get screened. Therefore, we investigated the effects of transporta-
tion, which is shown to have a substantial impact on persuasion.

3 System Design

This section briefly describes the collective effort of a team of researchers
from computer science, communication, and clinical medicine backgrounds. We
designed and developed an internet-based health intervention featuring four
VHAs called ALEX (Agent Leveraging Empathy for eX ams). ALEX has been
developed through a user-centered design, which involves going through itera-
tive user studies with potential users and aims to design a final product that
can meet their individual needs along four areas: 1) credibility, 2) usability, 3)
effectiveness, and 4) accessibility. Complete details of the system can be found
in our design process paper [17]. The rest of this section is organized as follows:
1) Script, 2) ALEX development, 3) Visual Framing, 4) Responsive Interface
development.

3.1 Script

ALEX aims to communicate accurate medical information regarding CRC’s risk
factors and the importance of getting CRC screening to reduce the barriers asso-
ciated with CRC screening [17]. The conversational script of ALEX was itera-
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tively improved through a user-centered design process and included empirically-
based constructs respecting CRC communication best practices. ALEX script
consists of 12 tailoring components including: 1) susceptibility, 2) severity, 3)
benefits, 4) barriers, 5) self-efficacy, 6) response efficacy, 7) comparative risk
feedback, 8) risk probability, 9) message source, 10) narrative persuasion, 11)
demographic matching, and 12) message framing.

3.2 ALEX Development

Research shows that demographic discordance with a healthcare provider can
reduce patient satisfaction and lead to lower adherence to the recommended
health guidelines [27]. Taking into account the US population demography infor-
mation, we developed four versions of ALEX representing different demographic
groups, including: 1) Black Female, 2) Black Male, 3) White Female, and 4)
White Male. All four versions of ALEX deliver an identical health message
regarding the colon cancer risk factor and a screening recommendation. ALEX
3D models were first designed using Adobe Fuse, and then the quality was fur-
ther improved by a professional 3D artist. To enable the creation of high-quality
and realistic animations, we recruited a male and a female actor. Vicon Shogun
Motion Capture System was used to record gestures and body movements. For
each version of ALEX, the scenario was recorded by a race and gender concor-
dant professional voice actor. Lip-sync and facial expressions were created based
on audio files using FaceFX Store. For background, an actual image of a local
clinical room was used to increase the realism. During the virtual appointment,
ALEX was posed seated on a clinical stool and used gestures while having conver-
sations with patients. In a prior study, we detailed the emerged design-guidelines
of ALEX development [45].

3.3 Visual Framing

Research in cinematography literature, suggest that the camera shot of a charac-
ter in a scene can affect source credibility and interpersonal-attraction [33,34],
which could influence a user’s perception of the character. We developed two
visual framings by placing a virtual camera in a near and a far distance from
the ALEX to create medium and full shots, respectively. The near condition,
which is captured using a medium shot, shows ALEX from the waist up and
reveals detailed information about the character. Medium shots are usually used
in dialog scenes where facial expressions and body language play an important
role [23]. The far condition, which is captured using a full shot, shows the whole
body of ALEX and the character is smaller in relation to the background and
more detail of the background are in the view. Full shots are used to show the
overall look of the characters, how they are dressed and whether they move awk-
wardly or confidently. Full shots are considered emotionally neutral and more
informative [23].
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Table 1. Number of users in different demographic groups and study conditions.

Total

number of

users

Media platform Visual

fram-

ing

con-

di-

tions

Race Gender Age

Smartphone Computer Near Far Black White Female Male Range M SD

755 160 595 372 383 155 600 378 377 50–73 59.25 6.05

3.4 Responsive Interface Development

The user interface is designed to be simplistic to better serve the target users’
needs who are older population (50 and older) and might not be tech-savvy.
ALEX is the main part of the interface and located at the center of the view. To
enhance accessibility, ALEX supports common browsers and operating systems.
The interface was developed using Bootstrap, which is an open-source framework
for mobile-first responsive front-end web development. Hence, ALEX can be
easily accessed from devices with different aspect ratios, such as smartphones
or computers. In addition, captions with recommended font and text-size were
provided to assist people with visual or hearing aids [9]. Users can interact with
the system through buttons containing relevant and appropriate text. Buttons
are used 1) To collect users’ responses to the questions 2) Play and pause ALEX,
3) close the intervention.

4 Experiment

This research is part of a more extensive and multidisciplinary research project
funded by the National Institutes of Health (NIH). In this paper, we focus on
data collected through an initial pilot study to ensure the soundness of differ-
ent components and make improvements before deploying the intervention into
patients’ health portals.

We plan to examine the effect of media platforms, visual framing conditions,
and user-ALEX race-concordance on social presence and transportation ratings
using the pilot study data.

4.1 Participants

We recruited 755 users aged between 50–73 (M = 59.25, SD = 6.05), to follow
the age recommendation for CRC screening and be consistent with the demo-
graphic of the patients that are our target audience. For this pilot test, all users
were recruited from a Qualtrics online pool of participants. Users were nearly
equally balanced between the two gender groups (378 males, and 377 females)
and the two visual framing conditions (372 near, 383 far). To roughly follow
the race distribution of White and Black population in the United States, we
recruited different numbers of users from the two race groups (155 Black, and



Towards an Effective Web-Based Virtual Health Intervention 173

Table 2. The modified items of the social presence and transportation scales. The
items marked with * are reverse coded.

Social Presence Items Transportation Items

(1 = Strongly disagree - 5 =
Strongly agree)

(1 = Strongly disagree - 5 = Strongly
agree)

1. I felt that Alex was aware of my
presence

1. During the virtual appointment, I
could easily picture myself in the exam
room.

*2. I often thought about Alex not
being a real person

*2. After finishing the virtual
appointment, I found it easy to put it
out of my mind.

*3. I perceived Alex as being only a
computerized image, not as a real
person

3. The virtual appointment affected me
emotionally.

*4. I found my mind wandering during
the virtual appointment.

5. The events in the virtual appointment
are relevant to my everyday life

600 White). Besides, to replicate a real-world scenario with our target patients,
users had a choice to open the intervention link on their own preferred devices.
Based on our analysis of devices, the number of users in the computer medium
platform was higher (160 smartphones and 595 computers). Table 1 summarizes
the demographic information of the users.

4.2 Study Design and Procedure

ALEX links were distributed to the eligible participants through Qualtrics. All
users were gender concordant with the version of ALEX that they received, but
users could be race concordant or dis-concordant with ALEX. For example, a
Black male user could receive a link for Black male or White male ALEX in the
near or far condition. We attempted to balance the number users in each of the
following four groups: 1) race concordant near condition, 2) race concordant far
condition, 3) race dis-concordant near condition, and 4) race dis-concordant far
condition. Figure. 2 summarizes the number of users in each race and gender of
ALEX as well as near and far conditions.

After receiving the link, users opened the ALEX intervention using their
preferred device. To compute the number of users for each media platform, we
parsed the User-Agent string for each individual user, which was recorded in
our data-base during the interaction with ALEX. A parsed User-Agent string
identifies the characteristics of the end-user devise, such as operating system,
and device model. Figure 2 shows the number of users for each media platform
(phone vs. users) for each version of ALEX and visual framing conditions. After
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finishing the ALEX intervention, users filled out a post-survey questionnaire
which includes the social presence and transportation scales.

4.3 Measures

In this section, we describe the social presence and transportation scales used in
this study. To reduce the total number questions in the post-survey, we had to
be selective with the number of items per scale and used the ones that are most
relevant to our study’s context.

Social Presence. We modified the original social presence scale to better fit our
study. We adopted the most relevant subset of social presence questionnaire from
[4] with some modifications to better fit our study’s context. We also used the
typical 5-point Likert-type scale (from 1 = “Strongly disagree” to 5 = “Strongly
agree”). See Table 2 for the list of items included. Note that items 2 and 3 are
reverse coded.

Transportation. We selected the five most relevant items from the transporta-
tion scale introduced in [15] that measure imagery, emotional affect and atten-
tion. We slightly modified the five selected items to become suitable for our
context. All five items were presented in a 5-point Likert-scale type (from 1 =
“Strongly disagree” to 5 = “Strongly agree”). Table 2 lists the selected items.
Items 2 and 4 are reverse coded because they are negatively worded.

5 Results

Fig. 3. Box-plot presentation of the average of items for Left: social presence, Right:
transportation. X-axis: 3 independent variables and their respective groups. Y-axis:
5-point Likert scale 1: strongly disagree, 5: strongly agree.

The parametric assumptions for the three-way MANOVA were not met. So,
we used the non-parametric Aligned Ranked Transform (ART) test to analyze
the data [44]. The independent variables are media platforms (smartphone vs.
computer), visual framing conditions (near vs. far), and user-ALEX race (con-
cordance, dis-concordance). The outcome variables are the average of items for
social presence scale and the average of items for transportation scale.
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5.1 Social Presence

For social presence ratings, we averaged the three responses to the question-
naire to provide an overall social presence score. To explore the effects of the
media platform, visual framing, and race-concordance on social presence, we
performed ART analysis. We found that the main effect of media platform was
significant (F1,747 = 5.18, p = 0.02). There were no significant differences in
visual framing and race concordance (p > 0.05). The interaction effect between
these independent variables was also not significant (p > 0.05). The post-hoc
analysis suggested that social presence was significantly higher in smartphones
than computers (t747 = −2.28, p = 0.02). This means that smartphone users
reported a higher subjective feeling that they were in the presence of a “real”
person while interacting with ALEX. Figure 3 shows the distribution of the over-
all social presence score for each independent variable.

5.2 Transportation

Similarly, we averaged the five responses to the transportation questionnaire
to provide an overall transportation score. We examined the effects of the
media platform, visual framing, and race-concordance on transportation by
performing ART analysis. The main effect of media platform was significant
(F1,747 = 9.35, p = 0.002). There were no significant differences for visual fram-
ing and race concordance (p > 0.05). The interaction effect between these inde-
pendent variables was also not significant (p > 0.05). The post-hoc test indicated
that transportation was significantly higher in smartphones as compared to com-
puters (t747 = −3.06, p = 0.002). This suggests that users with smartphones were
more absorbed into the story, had more affect, and attention towards the health
intervention by ALEX. Figure 3 shows the distribution of the overall social trans-
portation score for the independent variables.

The two different visual framing conditions were expected to have an effect
on transportation ratings. Therefore, we did additional analysis for the first
item “During the virtual appointment, I could easily picture myself in the
exam room”. (TR1) since it might be impacted by the far condition which
shows a wider view of the exam-room background and could enhance users’
imagination. We found that the main effect of media platform was significant
(F1,747 = 9.56, p = 0.002) and also observed a clear trend for visual framing
(F1,747 = 3.19, p = 0.07). There is an interaction effect between media platform
and visual framing (F1,747 = 7.13, p = 0.007).

The post-hoc analysis on media platform indicated that users in the smart-
phone group had a significantly higher rating on TR1 item than users in the
computer group (t747 = −3.09, p = 0.002). The post-hoc analysis on visual
framing also showed that users in the far condition had a clear trend towards
higher TR1 rating than users in the near condition (t747 = −1.79, p = 0.07).
In addition, the post-hoc analysis suggested that the difference in the TR1 rat-
ing in near and far conditions was significantly different in phone and computer
(t747 = 7.13, p = 0.007).
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6 Discussion

In this paper, we set out to understand how the media platform and visual
framing conditions affect users’ self-reported social presence and transportation
ratings. We now discuss the implications of our findings in the following.

6.1 Smartphone Users Reported Higher Social Presence and
Transportation

We addressed the RQ1, which was concerned with the impact of media plat-
forms (smartphones and computers) on users’ self-reported social presence and
transportation ratings. Our findings suggest that there is a significant difference
between the two media platforms in users’ self-reported responses to social pres-
ence and transportation scales. These results show that users in the smartphone
group reported higher ratings for social presence and transportation scale.

Social Presence. Surprisingly, our results did not follow the same trend as
prior works. Several studies showed that larger screen sizes positively impacted
the social presence ratings [2,8], and some did not find any significant results
[24,42]. However, our result showed that smartphone users reported higher social
presence ratings than computer users despite the smaller screen sizes of smart-
phones. Other specific technological affordances of the smartphone medium plat-
form may explain these results. Two potential reasons are discussed next. First,
research has shown that people are more intimate with their smartphones than
other devices. Authors in [10] established the concept of a digital companionship
and showed that people feel less distance with their smartphones compared to
computers, colleagues, or even neighbors. This points to intimacy as an inherent
quality of the smartphone medium. Intimacy is also a main component of social
presence [40]. Second, social presence involves the psychological processes which
induce the feeling of being together, even through a screen. Users have grown
accustomed to video-calling with other people that appear on their smartphones
in a similar size to ALEX, as an alternative to face-to-face communication, a gold
standard for social presence [7]. These two affordances of smartphones might
affect users’ self-reported ratings of the social presence towards the contents
delivered through the smartphone medium.

Transportation. First, transportation and social presence are closely related
and share the same common core of feeling immersed in a narrative world [16],
and the digital companionship and users’ feeling of being closer to smartphones
may induce immersion into the ALEX narrative. Second, another study has
shown that users tend to experience higher cognitive absorption towards the
smartphone medium platform [5], a main factor for transportation [15]. Cog-
nitive absorption and transportation share some components, such as immer-
sion. Therefore, higher cognitive absorption in smartphones might explain higher
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transportation ratings. Our discussion offers insight into how other inherent tech-
nological features of the smartphone medium (e.g., digital companionship, a pop-
ular communication medium, and cognitive absorption) might influence higher
social presence and transportation. As smartphones have become increasingly
pervasive and indispensable to the general public, VHA interventions could lever-
age this medium to effectively deliver health messages to affect users’ intentions
to pick up healthier habits. This requires further research on the social presence
associated with smartphones, which seems to be lacking [36]. To our knowledge,
this is the first study to compare the social presence and transportation of VHAs
between smartphone and computer media platforms.

6.2 Effect of Visual Framing Conditions on Social Presence and
Transportation Ratings

Regarding the (RQ2), we first hypothesized that visual framing could influence
the ratings for social presence and transportation. However, there were no signif-
icant differences between the visual framing conditions and the overall average
scores for the social presence and transportation scales, except for (TR1) which
seemed to be the most relevant item to visual framing conditions. Next, we
discuss the potential reasons for these findings.

Social Presence. The near condition makes virtual humans appear larger on
screen, showing more details of ALEX’s facial expressions and body language
than the far condition. Based on prior research [36], we expected to see more
social presence in the near condition due to the users’ ability to perceive higher
visual realism [19]. However, the closer shot could also expose minor flaws with
lip-syncing or animations that were not as salient in the far condition, leading
to negatively impacted sense of behavioral realism and lowered social presence.

Transportation. The far condition’s wider view of the background was
expected to help participants feel higher immersion in the virtual world than
the near condition. However, overall transportation score did not show any sig-
nificant difference between the two conditions, except on TR1. We think a reason
could be the lack of notable differences in the background of the near and far
conditions, and users in both conditions could see enough visual cues to infer
that they are in an exam room which needs further research.

6.3 Limitations

One limitation of our study is that our results came from users with a specific age
range (50 and older) and further research is needed to generalize the findings for
other demographics especially the younger population. Additionally, both social
presence and transportation are subjective experiences and can be impacted by
individual and psychological factors which we did not consider in this study.
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7 Conclusion and Future Work

In this study, we investigated the impact of three independent factors, namely 1)
media platform (smartphones vs. computers), 2) visual framing conditions (near
vs. far), and user-ALEX race concordance on the overall average of self-reported
ratings for social presence and transportation. Social presence and transportation
scales are essential for influencing users’ trust and intentions, which may affect
an increased rate of early CRC screening and significantly improved outcomes.
A user study was conducted with 755 users (aged 50–73) who completed an
intervention with ALEX. ALEX is an internet-based virtual healthcare assistant
designed for promoting colorectal cancer awareness for at-risk patients.

The results showed that the effect of media platforms on users’ self-reported
ratings of the social presence and transportation scale was significant. Sur-
prisingly, despite the smaller smartphone screens, the smartphone group users
reported a higher social presence and transportation ratings than users in a
computer group. These findings strengthen the importance of smartphone-based
delivery of virtual healthcare assistant interventions. We hope this study moti-
vates researchers further to explore the factors affecting live-saving interventions
through smartphone-based virtual healthcare assistants.

7.1 Future Work

The findings from this study motivate us to explore the technological affordances
of the smartphone further. We plan to conduct an additional study with younger
individuals, who possibly have a more intimate relationship with their smart-
phones, to confirm our findings are not age-specific as well as investigating other
outcome variables such as persuasion and behavior change. A higher immersion
and cognitive absorption towards the content delivered through the smartphone
can lead to more attentional focus, suggesting a potential for improved learning.
We are interested in studying the effectiveness of the virtual human training
delivered through smartphones compared to other platforms such as computers.
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Abstract. With the opening of the two-child policy, the user base of children’s
hospitals continues to expand. However, in the service environment of children’s
hospitals, the service targets are not single; their direct users are children, but
parents also play a key role. Therefore, this paper redesigns the children’s hospital
outpatient service system based on the service design process under the double
diamond model in four stages: discover, define, develop and deliver. In this paper,
we optimize both the service system and the service touchpoints. At the service
system level, the design of the consultation app simplifies part of the consultation
process and improves the consultation efficiency, thus saving parents’ time and
relieving children’s anxiety; at the service touch point level, the use of a guide
robot instead of a manual contact saves labor costs and optimizes the interaction
form of the robot to improve children’s consultation experience.

Keywords: Double diamond model · Service design · Children’s hospital ·
Guide robot

1 Introduction

With the opening of the two-child policy, the children’s medical industry is being paid
more and more attention. As early as in the 2019 China New Pediatric Clinic Develop-
ment Report, it has been suggested that 2020–2030 will be the “golden decade” with
the largest number of potential customers and the largest market for the children’s med-
ical economy. The children’s medical economy is not the same as traditional pediatric
clinics, but refers to independent medical institutions with children as the main target
group [1]. However, children are a special group with unique physiological and psycho-
logical characteristics, and their emotional perception of hospitals is different from that
of adults. The long waiting time and fear of the unknown can cause children’s experi-
ence of consultation to decrease. As far as children’s medical institutions in China are
concerned, most children’s hospitals are still a subdivision of hospitals, providing “im-
personal” mass-produced services [2]. A small number of private children’s hospitals
can realize the importance of children’s consultation experience, and improve children’s
consultation experience through color and space layout changes from a visual perspec-
tive. However, few children’s medical institutions will improve the user experience by
optimizing the service system from the service design perspective.
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In order to improve the experience of children’s medical care, this paper proposes a
design solution for outpatient services in children’s hospitals from two aspects: service
systems and service touchpoints through the Double Diamond model theory combined
with the service design approach.

2 Theoretical Research

2.1 Service Design Concept

With the advent of experience economy, more and more scholars are shifting their atten-
tion from product-based industry to service-based industry. As an emerging discipline,
service design takes a broader approach to design research, requiring an understanding
of service operators and social practices in addition to user context, and applying these
insights to the development of evidence and interaction of service systems [3]. Shostach
first introduced the design concept of combining tangible products with intangible ser-
vices in 1984, i.e., service design emphasizes the creation of a better user experience
by providing a quality service system from a system and process perspective through
both intangible and tangible media [4]. Professor He Renke has pointed out that service
design follows the development of the economic model, which focuses not only on the
design of individual products but also on the design of integrated service systems [5].

2.2 Double Diamond Model Concept

In 2005, the British Design Council proposed a double dispersion-focused double dia-
monddesignmodel, called “The ‘DoubleDiamond’DesignProcessModel”. TheDouble
DiamondModel is a process that allows for continuous exploration, testing, and iteration.
The process is divided into two phases: discovering the right problem and discovering
the right solution, with four steps of discover, define, develop, and deliver, as shown
in Fig. 3. The entire model framework visualizes the transformation of design thinking
into Divergent and Convergent during the design process, which confirms the idea that
design is not a purely linear process [6, 7] (Fig. 1).

Fig. 1. Double diamond model
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2.3 Service Design Process Under the Double Diamond Model

On the one hand, the reason is that service design is the design of a service system
and the process is more complex, so thinking with this model helps to find the bridge
between the problem and the solution [8]. On the other hand, the model can be used to
get a comprehensive understanding of the needs of multiple users and get a reasonable
solution [9].

For the research objectives in different stages of the double diamonddesign process, it
is necessary to select the appropriate design methods to accomplish the expected results.
For the content studied in this paper, the corresponding design methods and tools are
organized based on the research phases of the double diamond model, as Table 1.

Table 1. The service design method based on double diamond model

Discover Define Develop Deliver

User interviews Persona Brainstorming Service system map

User tracking Journey map Business canvas Business canvas

Design outline

3 Status Research

3.1 Discover

Children’s Hospital Research. Stickdorn et al. put forward the basic principles about
service design in the book “This is Service Design Thinking”, clearly stating that most of
themethods of service design are based on users’ psychological activities and behavioral
patterns, and that all designs should be built from the user’s perspective and centered
on user experience. In order to get a realistic picture of the current state of medical care
in children’s hospitals and to provide a reference base for subsequent service system
improvements, a scenario study through field research and user research is a necessary

Fig. 2. Field research situation
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prerequisite for service design research. This process is also the “discover” phase of the
Double Diamond model.

The study investigated four children’s medical institutions (pediatric clinics) in
Wuhan, Hubei Province, China, all of which had a high volume of people and a noisy
environment in common (as shown in Fig. 2).

Combined with the relevant literature, different questionnaires were designed for
child patients and accompanying parents, and the research was conducted on the con-
sultation environment, consultation process, consultation length, and consultation expe-
rience in turn. The following results (Fig. 3 and Fig. 4) were obtained by compiling data
on the length of consultation and the feeling of consultation.

Fig. 3. Results of the pediatric patient visit length study

In the research data of waiting time and consultation length, it can be found that most
patients’ waiting time in the hospital (about 1 h) far exceeds the consultation time (5–
10 min), and the waiting time at the triage desk accounts for the largest proportion of all
waiting time. Research on the perception of the visit also reveals that more than 90% of
both child patients and accompanying parents have negative feelings about the hospital.
For instance, the children’s ability to regulate their own emotions is weak, and they are
extremely vulnerable to anxiety. For the accompanying parents, the complicated con-
sultation process, the long waiting time and the child’s anxiety make the accompanying
parents also have a bad emotional experience.

Service System Status Research. Stakeholders. The stakeholders involved in this ser-
vice system are divided into two parties: the service recipient (patient) and the service
provider (hospital), whose responsibilities are shown in Fig. 5. The system serves both
the child patient and the accompanying parent, both of whom go through the same ser-
vice process and play similar roles in the broader context, but with some differences.
Because of the special nature of children and their low cognitive ability, steps such as
registration, payment, and finding a department are done by parents, so these links in
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Fig. 4. Results of consultation experience

this service chain are accompanying parents in direct contact with the various service
touchpoints.

Stakeholders on the provider side include medical staff, all guidance staff, online
customer service staff, etc. The doctor, as the primary service provider, provides consul-
tation services to the patient and offers treatment plans based on the condition. Customer
service staff and guidance staff mainly provide operational guidance work to patients
for different aspects of online and offline to help patients to have a smooth visit.

Fig. 5. Stakeholder map

Service Process. In the field research, we used the tracking research method to track the
whole process of a patient’s consultation, and combined with the user interviews, the
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paper summarized the complete outpatient consultation process, including inquiry, reser-
vation, going to the hospital, queuing, registration, going to the department, waiting for
consultation at the triage, consultation and other stages, and sorted out the corresponding
location of each stage and the service demand when the location is switched (Fig. 6).

Fig. 6. Children’s hospital flow chart

Service Touchpoint. There are three major categories of touchpoints in service design:
physical touchpoints, digital touchpoints, and human touchpoints. Each of them plays a
vital role in the service process and is an important indicator of the service experience.
The service touch points of the system can be summarized from the above summarized
visit service flow, as shown in the Table 2.

Table 2. Service touchpoints in hospital service system

Physical touchpoints Digital touchpoints Human touchpoints

Signs, cases, screens, call-in
announcements, printed
materials (receipts, flyers,
etc.)

(Patient) cell phone or
computer, autonomous service
terminal, (hospital) computer

Online customer service,
billing staff, guidance staff,
doctors, nurses, patients (as a
service vehicle to provide
information to medical staff)

3.2 Define

The second phase of the double diamond model is to define the problem to be explored.
Real data from the hospital and patient side have been obtained through the discover
phase above, and through the generalization and organization of these data, further
analysis is carried out to identify the problems in the design.

Persona
Through user research feedback, set up virtual persona, using the persona method,
comprehensive target user characteristics and attributes, as shown in the Fig. 7.
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Fig. 7. Personas

According to the personas, it can be found that the basic need of users in the children’s
hospital outpatient environment is medical consultation, and there are many links in the
completion of this service, which can be divided into two parts: online and offline. The
degree of connection between these two parts determines the user’s experience of the
consultation demand.

Journey Map
Using the journey map can more clearly discover the user’s emotional changes
throughout the service process, which helps us identify pain points.

As can be seen in Fig. 8, the emotional changes of the child patients and the accom-
panying parents during the consultation session are different. Therefore, the emotional
needs of both are different. For example, the emotional turmoil of child patients during
the consultation process lies in the fear of the treatment process and the anxiety ofwaiting
for the consultation process, but they do not have too much need for the whole process
to be connected and progressed. For parents, they are more sensitive to the emotional
expression of “waiting” and “queuing”. Therefore, they are more concerned about the
progress of each step of the process, and their anxiety is reflected in three areas: the
emotional changes of the child, the long waiting time, and the unknown steps of the
consultation.
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Fig. 8. Journey map

Through the discover phase and the above design approach, the following pain points
can be summarized:

1. Waiting time is not proportional to consultation time.
2. Negative emotions in children increase time of consultation.
3. Different direct users at variable steps of the consultation process.

4 Design Results

4.1 Develop

Based on the above pain points, this paper proposes three areas of optimization for the
outpatient service system of children’s hospitals: (1) Improve the efficiency of consul-
tation by streamlining the service process. (2) Optimize the degree of articulation of the
consultation process so that there is no disconnection between the online and offline
consultation steps. (3) Through the means of emotional design, optimize the interaction
form of service touchpoints and users to improve user experience.

4.2 Deliver

Service System
In the service system design of the children’s hospital, O2O’s service model is used
to realize online APP appointment registration, electronic medical record, condition
monitoring and offline 1v1 consultation experience through the information transmission
of the Internet. The entire service system composition is shown in Fig. 9.

APP Design
In order to improve efficiency and reduce unnecessary queuing time during consulta-
tion, the service system includes an App that matches doctors in advance for an initial
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Fig. 9. Service system

diagnosis; automatic scheduling to estimate waiting times and reminders for departure
as well as online one-click billing.

Considering the direct users of the app are parents of children, the design of the app’s
interface is simple and clear, filtering out unnecessary information so that parents can
quickly access important information (Fig. 10).

Fig. 10. Interface design

Guided Robot Design
In this design solution, a service robot (Fig. 11) is used to replace part of the manual
touchpoints, which saves human resources and at the same time allows the robot to
soothe the children’s negative emotions by emotional interaction, so that the children
can have a better emotional experience during the consultation process.
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Fig. 11. Guided robot’s structure

Function Introduction

1. Consultation guidance. The robot can replace lobby attendants, operation instructors,
and triage desk guides for location navigation, voice reminders, and face recognition
to read medical records. It can save excess labor resources, make the consultation
process easier and faster, and facilitate user access.

2. Infrared temperature measurement. Using infrared technology to measure the fore-
head temperature, the basic temperaturemeasurement can be completed before enter-
ing the consultation room, saving the consultation time and improving the efficiency
of the doctor’s consultation.

Emotional Interaction Design
Typically, robots interact with users in both visual and auditory terms. However, dur-
ing childhood, the most direct way people receive information from the outside world is
through their own perception, which is generated through each sense [10]. Therefore, the

Fig. 12. Touch interaction
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Fig. 13. Morphological changes

Fig. 14. Emotional interaction

guide robot designed in this paper can interact with the users through interactive behav-
iors in terms of voice interaction (auditory), touch-based interaction (haptic, Fig. 12),
morphological changes (visual, Fig. 13), and expression changes (visual, Fig. 14), so
that children can interact with the robot during the consultation process to soothe their
emotions and enhance their experience.

5 Conclusion

In this paper,weuse the researchmethodologyof theDoubleDiamondModel to optimize
the design of outpatient services for children’s hospitals from the perspective of service
design. Through four phases of discover, define, develop and deliver, existing problems
in children’s hospitals are identified and optimization solutions are derived. This paper
proposes a solution to the problems of long queues, high negative emotions among
children, and differences in service targets.

In the future, children’s healthcare economywill be further developed and intelligent
public services will become more and more popular. Service design as a design tool can
better improve the user’s experience. The combination of double diamond model and
service design also helps designers broaden their design ideas and better tap into design
pain points, which is worth further discussion and practice.
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Abstract. The Internet eases the broadcasting of data, information, and propa-
ganda. The availability of myriad social media has turned the spotlight on violent
extremism and expanded the scope and impact of ideology-oriented acts of vio-
lence.Automated image classification for this content is a highly sought-after goal,
yet raises the question of potential bias and discrimination in case of incorrect clas-
sification. A requirement for addressing, and potentially counter-acting, bias, is
the existence of a reliable training dataset. To demonstrate how such a dataset
can be developed for highly sensitive topics, this article operationalizes the pro-
cess of human-coding images posted on the open social web by violent religious
extremists into four master categories and four subcategories. We concentrate
on the group ISIS due to their prolific digital content creation. The developed
training dataset is used to train a convolutional neural network to automatically
detect extremist visual content on social media and determine its category. Using
inter-coder reliability, we show that the training data can be reliably coded despite
highly nuanced data and the existence of various categories and subcategories.

Keywords: Social media ·Mixed methods · Algorithmic bias · Image
processing · Violent extremist organizations

1 Introduction

Visual digital propaganda is voluminous and growing. The volume is well beyond the
ability of humans to manually treat and make tracible decisions upon at a per-content
item level. Due to the closed nature of the various social platforms, the specific attributes
of images and content which are removed due to Terms of Service violations is currently
unknown.1 This is problematic on several points. The lack of visibility creates knowledge
gaps in the evolution of propaganda-related research. The research community is also
unable to evaluate the degree to which the algorithmic treatment of propaganda suffers
from bias in its modelling of data and classifications. Bias, for example, can arise if

1 Generalized descriptions of removable/censor-provoking content is available in the Terms of Ser-
vice sections of the platforms, see for example Facebook’s Community Standards Enforcement
page: https://govtrequests.facebook.com/community-standards-enforcement.
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misclassification rates are higher for certain ‘sensitive’ characteristics such as ethnicity,
skin color, or gender.

This manuscript details the process of qualitatively coding visual terror propaganda
for use in computer vision scenarios where potential bias can be particularly harmful.
Two trends have converged forming the research imperative. One is the increasing use
of the internet to broadcast and recruit to fringe ideologies [1]. Particular to the case of
terror groups, the often violent and sometimes illegal content is generally outside of the
bounds of terms and conditions of various platforms which can be used to post and host
[2]. The other trend is increasing realization worldwide of the dangers associated with
non-tracible biased algorithms [3, 4].

1.1 Challenges Associated with Coding Violent Extremist Content

From both the perspectives of content generation and research, the next frontier of social
media is in visual media [5]. Image processing has been employed recently to combat
human trafficking [6] and child pornography [7] but has yet to be trained and tested on
radical, violent extremist organization (VEO) content. The attributes of (and intentions
behind) gang or human trafficking content and VEO content on online social media
(OSM) are vastly different. A particularly acute need for computational image analysis
exists as in spite of the voluminous (and growing) quantity of visual data available, the
impact of such propaganda remains poorly understood [8]. Due to the particularly dis-
turbing context of violent extremism, an automated image tagging algorithm is a broadly
desirable goal [9, 10]. At a time of increasing awareness of the causes of algorithmic
bias, research teams must be exceedingly careful in curating training data [11]. While
it is desirable to (automatedly) tag images of the Islamic State (ISIS) actively engaging
in propaganda as potentially sensitive content, it is not desirable to tag any image of a
Muslim going about their daily life in the same way (see i.e., Fig. 1). Likewise, even as
ISIS co-opts imagery and symbolism from Islam, an outcome where any and all Islamic
images are classified as potentially sensitive content is inappropriate. Tightly linked to
the challenge is the normative commentary that one person’s terrorist is another person’s
freedom fighter. In scenarios where humans do not agree, computers are hardly expected
to classify content well.

The widespread application of Machine Learning (ML) techniques for automated
decision making also incurs an increased risk of potential negative effects on people
affected by such decisions. Various studies in criminal justice [12], image classification
and computer vision [13], automated hiring recommendations [14], healthcare budgets
[15], andnatural languageprocessing [16] show that predictions fromalgorithms can lead
to significant discrimination against certain groups. In the previous examples, the pre-
dictions created by algorithms exhibited biases based on Race, Gender, or a combination
of both.

While the sources of biases can be manifold and not restricted to the data itself,
making sure that training data is reliable and not inherently biased itself is the goal
of a subset of approaches in Algorithmic Fairness [17]. Due to the potentially serious
ramifications of being tagged a potential terrorist in automated image classification,
a methodology that creates reliable, unbiased training data as a ground truth that the
algorithms can use is of utmost importance. Furthermore, potential bias in algorithmic
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decision making is often measured through various fairness metrics that are themselves
calculated based on the training data, reinforcing the need for reliable data.

A required first step and the challenge this work addresses is mitigation via qual-
itatively defining the attributes of VEO propaganda. The specific research challenge
addressed in here is reliably and validly coding VEO images such that an image process-
ing algorithmwould have good performance (reliability), without replicating bias against
Muslims and Islamic imagery. The HCI contribution follows Oulasvirta and Horn-
bæk’s taxonomy of constructive problem-solving [18]; the companion article evaluating
computational performance is: [10].

2 Approach

Our proprietary database houses 1.5 million images swept from ISIS-linked OSM
accounts and web pages since August 2015 (see [2, 10]). We create the training data by
manually classifying a subset of these images (n= 95,242). The manual classification is
performed by an interdisciplinary team of two undergraduate students with expertise in
computer science and international law and one postdoctoral researcher, overseen by one
faculty advisor, each with 20–40 h of manual coding training [19]. The team was com-
prised of 50% Muslims and one Arabic speaker in case disambiguation between image
and text was required. The project team concentrated on the depiction of the image and
nor corresponding text. While the nuance level is higher and thus more difficult to find
agreement on, the aim and scope of the project was to concentrate on visual propaganda.

Our work concentrates on VEO propaganda: “a systematic form of purposeful per-
suasion that attempts to influence the emotions, attitudes, opinions, and actions of
specified target audiences for ideological, political or commercial purposes through
the controlled transmission of one-sided messages (which may or may not be factual)
via mass and direct media channels [20]”. When coding images, two main questions are
asked: what is the intent and focus of the image, and does the image contain attributable
markings to ISIS or other VEOs.

We model the method of establishing coder agreement upon Bolognesi and col-
leagues [21] due to the similarity in coding images and other semantically rich data. The
training data is used to train the algorithm to automatically detect VEO propaganda on
Web and OSM and classify it by category.

The overall goal of the project is to improve social media content monitoring and
to create an artificial intelligence that could surveil social media without infringing on
the rights of Muslim individuals. This would provide researchers valuable data on posts
with VEO propaganda, give valuable military insights, and provide (counter)narrative
context inside ISIS-controlled regions. Moreover, as deep learning and artificial neural
network technology become more advanced, the creation and training of such programs
becomes easier. The initial manual classification of these of images supports the trained
algorithm to automatically categorize images more quickly and efficiently, as well as
helping reduce potential bias if the classification in the training data is reliable. A greater
and more accurate understanding of attributable propaganda will also hopefully reduce
inappropriate automated censorship on social media platforms. The subsequent steps
include deploying convolutional neural networks (CNNs), which are appropriate for
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computer vision tasks and which have become a common benchmark algorithm. The
model of choice is AlexNet, a specific architecture of CNN consisting of 5 convolutional
layers and 3 fully connected layers [10, 22].

Fig. 1. Sharing religious materials with fighters in the Kurdish-held Kirkuk region. The black
caption bar and black square logo with the territory name at the bottom right typify images
which are released by ISIS’s official media services. Images depicting arms but no faces or other
identifying markers are commonly used to display daily activities as a form of normalization of
ISIS rule. Are these the hands of terrorists?

3 Categorizing Violent Extremist Propaganda

The project team worked over a calendar year to code the data. Students processed
between 4,000–5,000 images per week. The variance has a strong correlation to the
number of violent images in the set; images depicting violence are often immediately
obvious and can be sorted within seconds, without need for close inspection. Due to the
sometime graphic nature of the data and its weighty subject matter, then entire team had
access to freemental health services via the university’s counseling office andwere given
mandated vacation time periodically throughout the year to enforce disengagement with
the content.

Hard, Soft, Symbolic, and None were the initial categories used, but throughout the
process it became evident that many images were important but conceptually different
than the four initial groups. These are included as Training Materials, Landscapes, Offi-
cial Communications, and non-ISIS groups. Table 1 lists the final categories used, any
subcategories, and the number of images in each.

Hard. This category intends to show the coercive strength of the group through violence
and weapon capabilities. More than just images of weapons, this category includes the
aftermath of attacks, punishments such as people being tied to posts with signs around
their necks, whipping or stoning, as well as extreme blood and limb loss are cate-
gorized here. Examples of hard content include: dead bodies, severed body parts, or
blood; weapons; modified vehicles; people being punished; rocket/missile being pre-
pared and launching; destruction clearly caused by warfare (bombs, guns, etc.); men
wearing all black standing over figures in orange jumpsuits; executions; masked men
giving speeches; militants training.We do not include sample images of hard propaganda
due to its potentially disturbing nature.
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Fig. 2. An unattributed soft propaganda image of a militant holding a kitten. Fighters typically
wear confiscated fatigues or drabs whereas officials dress in all black.

Soft. This category is intended to show the social perks and culture of the group, aswell as
how people enjoy their involvement within the group. Agriculture and civilians receiving
regular medical care are classified here.Martyrdom images are also considered to be soft
propaganda, despite occasional present of battlefield aspects in the image as weapons are
not the focus of the image. Interactions such as traffic stops are considered soft evenwhen
weapons are present if the weapons are in a passive position. Other typical examples
of soft propaganda published by ISIS include young children happy and smiling (but
not child soldiers); goods being sold; pamphlets being shared among people; civilians
at a mosque; martyrs; an Imam giving khutbah (sermon) to his congregation; a muezzin
calling people to prayer, or groups of people praying; distribution of zakat (Fig. 2).

Fig. 3. A sample symbolic image of a presumed ISIS fighter holding up the One Finger and an
ISIS flag. Symbolic Non-ISIS includes images that are clearly symbolic but are not attributable
to ISIS.

Symbolic. This category shows easily identifiable symbols and imagery related to the
group are often intend to idealize the group and mission as well as recruiting new mem-
bers. We make distinct the acts of communally praying (soft) and co-opted iconography
of Islam (symbolic). The One finger is a symbol from the Islamic community as a whole
but has been co-opted by ISIS as a victory signifier, thus is classified as symbolic when
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present. Common symbolic content includes the One Finger (Fig. 3); lions; the Quran;
children or militants studying the Quran; militants praying.

None. This category is broad as it contains any content that does not fall into the pre-
viously mentioned criteria. Although there may be elements that are hard or symbolic,
images where the focus of the image may be on large amounts of text or represent
many contrasting categories are classified here. In Hashemi and Hall [10] None is sep-
arated into two categories, None ISIS and None Irrelevant to separate images that are
attributable and those that are not. Typical images may include a dusty road with no
people or cars on it; a picture of a small, far off helicopter with no identifying markings;
graffiti on a wall; half chopped down trees; professional, regular military forces; logos.

None is distinct from Useless as a category. Useless refers to banner ads which are
included in the data, or other items which were encoded as images and scraped but are
not actually part of the content (page icons, assets).

General Training Materials. This category includes images that are intended as jihadist
training material or instructions for contacting recruiters, as shown in Fig. 4. It may
include instructions on proxies and VPNs, manuals for lone wolf attacks, and instruc-
tions for secure communication (Fig. 4). The category was subsumed into Official
Communications in the second round of coding.

Landscapes. This category includes images that depict landscapes as well as flowers
and fauna that can be attributed to ISIS. Landscapes can be urban or natural and are pre-
sumably intended to inspire warm feelings about the quality of life under the Caliphate.
Figure 4 also partially depicts an idealized landscape. It was added as a subcategory in
the second round of coding.

Fig. 4. Example of a training image where the user is taught to register for secured communica-
tions (left) overlaid with an idealized landscape (right).

Official Communications. This category includes official ISIS communications. Two
types of communications are included: ISIS magazine covers, and communiques which
follow a specific format and design and include the logo of the group. Communiques
from other groups are not included here (Fig. 5).
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Fig. 5. Example of a communique; text and image purposefully blurred. The red banner on blue
background with a logo watermark is typical of the official media arm of ISIS. (Color figure
online)

Non-ISIS Groups. When images are able to be attributed to other violent extremist orga-
nizations, they are categorized in their own categories regardless of the above categories.
The main representation of other groups in the data are:

• Al Kataib (Al-Shabaab) is an Al-Qaeda affiliated rebel group in Somalia.
• Al-Qaeda is a well known organization with many affiliates in other countries. Their
Iraq affiliate would later become ISIS.

• Ansar al-Sharia is an ISIS affiliated group in Libya and Yemen.
• Islamic Front (Syria) consists of different groups that merged and have one common
media logo attached to individual groups’ logos.

4 Evaluation of Approach

Following [21] we employ Cohen’s κ to evaluate the agreement between coders. Table 1
contains each of the eight categories (4 main, 4 subcategories) and the cross tabulation
of each category. Cohen’s κ = 0.857 for two raters over 95,242 images (z = 486, p =
0.000). This is considered in the range of ‘very good’ or ‘almost perfect agreement’ [23].

Due to differences driven by the inclusion or exclusion of the two categories “Flags
of ISIS” and “Training Materials” Fleiss’ κ is also evaluated, as Fleiss’ calculation is
considered robust to raters coding different items (Table 2). Also allows for a by-class
statistical evaluation (Table 3). The test statistics between the two calculations are nearly
identical, which is to be expected as Fleiss κ is widely considered an extension ofCohen’s
κ.

The high agreement level between raters is largely driven by agreement in Hard
Propaganda. This is likely due to the unambiguous nature of the violent and warlike
imagery. Categories which are more ambiguous, i.e., Soft and Symbolic propaganda,
have lower (though still meritorious) inter-rate agreement. We take note of the low inter-
rater agreement of Non-ISIS groups. The low agreement is likely driven by the fact
that the dataset precedes the development of ISIS as a stand-alone group. While the
group was developing and professionalizing its own brand parts of other groups insignia
remained present in the content.
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Table 1. Image classes and cross tabulations displaying agreement/disagreement between coders.
Agreed classified images are bolded. A disagreement between Coding rounds 1 and 2 exists in the
categories “Flags” and “Training Materials” shows that these two are to be considered unreliable
in their context.

Second round classification

Training materials Hard Non ISIS None Communications Soft Symbolic Useless

First round

classification

Flags of Isis 0 0 0 36 0 0 0 0 36

Hard propaganda 0 35511 268 723 13 96 40 0 36651

Non ISIS groups 0 17 1291 31 0 4 6 2 1351

None 452 520 586 18522 946 242 102 76 21446

Official

communications

0 0 1 23 4411 0 0 0 4435

Soft propaganda 0 123 739 4392 1 4163 40 0 9458

Symbolic

propaganda

0 193 10 134 4 249 933 0 1523

Useless 0 6 4 18 0 6 1 20307 20342

Total 452 36370 2899 23879 5375 4760 1122 20385 95242

Table 2. Evaluation metrics of Fleiss κ

Kappa Asymptotic Asymptotic 95% confidence
interval

Standard error z Sig. Lower bound Upper bound

Overall
agreement

0.857 0.002 483.591 0.000 0.854 0.860

Of the main categories, only Soft Propaganda has an agreement level below ‘Sub-
stantial.’ While overall pleased with our results, we identify the weakness of the Soft
Propaganda inter-rater agreement as an area of future work and a major limitation. The
weakness of this category leads to the real-life change of misclassification if such a
schema were to be employed in a real-life scenario [10]. Soft Propaganda is large class
of every day, and highly stylized, ‘influencer’-style content; we suspect that category
refinement would improve the results.
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Table 3. Evaluation of rater agreement on individual categories

Rating category Conditional
probability

Kappa Asymptotic Asymptotic 95%
confidence interval

Standard
error

z Sig. Lower
bound

Upper
bound

Flags of Isis 0.000 0.000 0.003 −0.058 0.953 −0.007 0.006

General training
materials

0.000 −0.002 0.003 −0.734 0.463 −0.009 0.004

Hard
propaganda

0.973 0.956 0.003 294.913 0.000 0.949 0.962

Non ISIS groups 0.608 0.599 0.003 184.727 0.000 0.592 0.605

None 0.817 0.760 0.003 234.623 0.000 0.754 0.767

Official
communications

0.899 0.894 0.003 275.844 0.000 0.887 0.900

Soft propaganda 0.586 0.552 0.003 170.407 0.000 0.546 0.559

Symbolic
propaganda

0.705 0.701 0.003 216.441 0.000 0.695 0.708

Useless 0.997 0.996 0.003 307.524 0.000 0.990 1.003

a. Sample data contains 95242 effective subjects and 2 raters.

5 Summary and Future Work

The extreme nature and volume of visual digital propaganda makes its treatment a
foremost task for researchers and practitioners. Reliably coding VEO images is a neces-
sary first step in larger-scale applications of automated image classification. This article
introduces and serves as a methods companion for works attempting to inject qualitative
methods and meaning into applied computer vision and machine learning tasks (i.e., [2,
10]). The research team first defined four overarching themes present in digital VEO
propaganda, recursively adding four additional themes during the course of the coding
efforts. In the definition phases of the project care was taken to create thematic schema
that would not replicate bias against Muslims and Islam when deployed in live systems.
The identified themes and their allocated images have generally high inter-coder reliabil-
ity, which gives a strong basis for future computational pattern analyses and prediction
tasks.

While the easiest of the coding tasks are quickly resolved both by human and
machines (i.e., hard propaganda and impertinent items like page assets), the disagree-
ment level on the most nuanced (thus difficult and important) items is still too high.
A broader conversation around a better and more unified understanding of visual ter-
ror propaganda is necessary to achieve the explainability level required for wide-scale
deployment of machine-forward regimes like automated classification and removal of
content. Additionally, further bias mitigation steps in the general image classification
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pipeline should be considered due to the high negative impact of misclassifications in
this scenario.

This article reports on the process of qualitatively understanding and coding visual
terror propaganda. The four main categories may apply to other use cases, but are likely
to require tailoring if applied to other VEO groups such as far left or far right groups.
Given the centrality of public digital social platforms in the current rise of far-right
groups as well as the fluency in which these groups communication in imagery, future
work should concentrate on fine-tuning the categories for this use case.
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Abstract. This paper is aimed uses VOS viewer to evaluate the history, current
and future of publications regarding intelligent agent. Intelligent agents are some-
times called bot, short for robot. With the rapid development of communication
technology and network information technology, the characteristics and functions
of intelligent agent technology have been constantly expanded. In the paper, VOS
viewer was used to identify and summarise the publicaitons of intelligent agent
researches in Web of science from 2010 to 2020. Publication source, publication
organization, authors, country, citation of articles, citation of country and orga-
nization were recorded and analyzed. Bibliometric maps of authorship, citation,
co-citation and network of co-occurrence of keywords were drawn. 7378 articles
and 10792 cited referenceswere analysed.Nowadays, intelligent agentwasmainly
used in the research and development of intelligent search agent, digital library, e-
commerce and distance education. As for researchers and practitioners, this paper
suggests an analysis of integrated visualization in terms of the knowledge and
innovation based on the area of Intelligent agent or virtual agent.

Keywords: Intelligent agent · Virtual agent · Bibliometric · Vos viewer

1 Introduction

Nowadays, intelligent agent has been widely used in the research and development of
intelligent search agent, digital library, e-commerce and distance education. Some agents
can also personalize information on the site based on registration information and usage
analysis. Other types of agents include spot monitoring, waiting for websites to update
or find other things, and analytics agents not only collect information, but also organize
and provide information for you [1]. In Wan JF’s article in 2016, intelligent factory
is proposed to realize flexible and reconfigurable manufacturing system and classify
intelligent objects into different types of agents.we provide a classification of the smart
objects into various types of agents anddefine a coordinator in the cloud. The autonomous
decision and distributed cooperation between agents lead to high flexibility [Wan JF,
2016]. Hayers Roth of Stanford University believes that “intelligent agents continuously
perform three functions: perceiving dynamic conditions in the environment, Execution
affects the environment, Reasoning to interpret sensory information, solving problems,
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generating reasoning and determining actions.” In his opinion, agents should reason
and plan in the process of action selection. In general, intelligent agents in a broad
sense include humans, mobile robots in the physical world, and software robots in the
informationworld. In the narrow sense, intelligent agent refers to the software robot in the
information world. It is a mobile computing entity that performs a group of operations
in the way of active service on behalf of users or other programs [2]. Active service
includes active adaptability and active agent. In a word, an intelligent agent is a program
that collects information or provides other related services. It can perform the required
functions on time without the need for immediate human intervention. Intelligent Agent
is a dynamic distributed directory service, which provides the functions used by both the
client and the server. The intelligent agent must be started on at least one host in the local
network.When a client invokes the bindmethod of an object, it automatically queries the
intelligent agent and the intelligent agent looks up the specified implementation, thereby
establishing a connection between the client and the implementation. Communication
with the intelligent agent is completely transparent to the client program. If the POA
has the persistent policy set and uses the Activate object with ID method, the smart
agent registers the object or implementation so that it can be used by the client, and
when the object or implementation is frozen, the smart agent removes it from the list of
available objects. Like the client program, the communication with the intelligent agent
is completely transparent to the object implementation [3]. With the rapid development
of communication technology and network information technology, the characteristics
and functions of intelligent agent technology have been constantly expanded, and it is
mainly used in the research and development of intelligent search agent, digital library,
e-commerce and distance education.

Today, intelligent agents have come into my life, integrated into every aspect of our
lives. An intelligent agent is a set of software that assists and acts as their representative.
People can conduct online transactions with the help of an intelligent agent. People can
obtain a lot of information through intelligent agents, and through real-time access to
information, we can more accurately and clearly accomplish the established goals. An
intelligent agent can be thought of as using sensors to sense the environment and using
effectors to act on any entity in the environment.

The general intelligent agent has the following four characteristics: agent, intelli-
gence, mobility and individuation. First of foremost, Agent rationality mainly refers to
the autonomous and coordinated working ability of the intelligent agent. It is manifested
as the degree of automation of the intelligent agent’s behavior, that is, the operation
behavior can leave the intervention of human or agent program. But agents in their sys-
tems must be controlled by operational behavior, and when other agents make a request,
only the agents themselves can decide whether to accept or reject the request [4]. Sec-
ondly, Intelligence refers to the reasoning and learning ability of an agent. It describes
the ability of an intelligent agent to accept the user’s target instructions and complete
tasks on behalf of the user, such as understanding the user’s demand for information
resources and computing resources expressed in natural language. Help users to over-
come the language barrier of information content to a certain extent, and capture users’
preferences and interests. Presuming the user’s purpose and acting for them, etc. Then,
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Mobility refers to the ability of an intelligent agent to migrate between networks. Oper-
ational tasks and processes can be run from one computer to another. When necessary,
intelligent agents can communicate with other agents and people, and they can all carry
out their own operations and help other agents and people. Lastly, Mobility refers to
the ability of an intelligent agent to migrate between networks. Operational tasks and
processes can be run from one computer to another. When necessary, intelligent agents
can communicate with other agents and people, and they can all carry out their own
operations and help other agents and people. In addition, intelligent agents have per-
sonalization, through personalized rendering and personalized Settings. The user will
be in the process of browsing products, gradually increase the desire to buy [5]. If the
intelligent agent technology is applied to the electronic commerce system. Intelligent
agent can an provide a global user without time and space restrictions trading place.

Creation of Expert and Intelligent Dialogue or Virtual Agent (VA) that can serve
complicated and intricate tasks (need) of the user related to multiple domains and its
various intents is indeed quite challenging as it necessitates the agent to concurrently
handle multiple subtasks in different domains [6].

Among them, distributed intelligence systems (DIS) occurwhere natural intelligence
agents (humans) and artificial intelligence agents (algorithms) interact, exchange data
and make decisions, and learn how to evolve to higher quality solutions. The network
dynamics of distributed natural and artificial intelligence agents lead to new complexities
that differ from those previously observed [7]. Intelligent agents gather information and
perceive semanticswithin the environments before takingongiven tasks. The agents store
the collected information in the formof environmentmodels that compactly represent the
surrounding environments. The agents, however, can only conduct limited tasks without
an efficient and effective environment model. Thus, such an environment model takes a
crucial role for the autonomy systems of intelligent agents [Kim, UH; Park, JM; Song,
TJ; Kim, JH; 2019].

Therefore, it is significant to bibliometrically evaluate the research output of intel-
ligent agent at large over the latest decade. The bibliometric analysis method can be
used to survey the quantity and quality of a research discipline [Lee, & Hew, 2018],
and has advantages to handle a large number of articles compared to traditional litera-
ture review method [Hew et al., 2019; Wang et al., 2017]. Articles related to intelligent
agent has attracted a larger quantity of interest mainly in the last several years [8]. Thus,
under different perspectives in the past decade, this article aims to delve into provide a
comprehensive and objective analysis on simultaneously intelligent agent.

2 Methodology

This study used the data from Web of Science, which is the most important and fre-
quently used scientific database in many research fields [Pan, Jian, & Liu, 2019]. The
Web of science has more than 15,000 journals containing the fields of natural science,
engineering technology, biomedicine, social science, art and humanities et al., which
indexes the highest quality of articles [Hew et al., 2019; Pan, Jian, & Liu, 2019]. Hence,
article indexed to the Web of science core collection were included. Search terms “intel-
ligent agent” or “virtual agent” in title, abstract, keywords were searched on the Web of
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science, all data is available online from January 2010 to February 2020. reviews, book
reviews, Journal articles and conference proceedings have already been recorded. In the
period from 2010 to 2020, there were 7378 articles after overlapping records retrieved
from both sources that were downloaded and recorded from the databases.

A bibliometric analysis was performed using Vos Viewer 1.6.14. The Vos Viewer,
developed byVanEck andWaltman, is a powerful piece of software for building and visu-
alizing bibliometric networks, with keyword emergence, that can process large amounts
of items or data extracted fromwell-known databases such as Scopus andWeb of Science
[van Eck and Waltman, 2017].

3 Results

3.1 Co-author’s Country or Region Analysis

Figure 1 shows the annual publications of total (red solid line) and top 4 most productive
countries from 2010 to 2020. The number of articles had a narrow range increment at
2015 from total and China. Many researchers pointed out that new fields of research
and development in digital libraries, e-commerce and distance education at home and
abroad have led to small fluctuations in the total number of articles and the number of
Articles in China in recent years [9]. Due to the decline in 2020 was incomplete data.
China (3674), USA (2368), UK (1121), and India (959) are the top 4 most productive
countries since 2010, followed by Spain (693), Germany (630), Italy (571), and France
(451). The citation of countries can show the quality of publications of each country.
And the results show that the top 10 cited countries are China (3674), USA (2368), UK
(1121), India (959), Spain (693), Germany (630), Italy (571), France (451), South Korea
(426), and Canada (395).
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Fig. 1. The numbers of annual publications of total and top 4 most productive countries in
intelligent agent from 2010 to 2020.
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We also analysed the most productive institution. Obviously, the principal research
institutes are mainly from USA, China, India, and UK. In the United States, University
of California System, Harvard University, University of Texas System, State Univer-
sity System of Florida, etc., are the main institutes. In the following China, the most
productive institutes are University of Chinese Academic of Sciences, Shanghai Jiao
Tong University, Fudan University and Zhejiang University, Tsinghua University, etc.;
In the India, they are Council of Scientific Industrial Research CSIR India, Indian insti-
tute of technology system IIT system, etc.; In the UK, University of London, Imperial
College London, University of Cambridge, University of Oxford, etc. Table 1 shows
the main distribution of production facilities. There are 291 published articles in Uni-
versity of Chinese Academic of Sciences, ranking first, and the second is University
of California System with 272 published papers [10]. We can see from the results that
most of the productive institutes are from China, USA, UK and Indian. In the Intelligent
agent the highly cited organizations are the University of Chinese Academic of Science
(562), University of California System (319), Indian Institute of Technology System IIT
(186), Shanghai University (153), Sichuan university (136), Harvard University (124),
University of London (122), University of Texas System (78).

Table 1. The top 8 most productive institutes.

Total publications Institutes Total publications Institutes

562 University of Chinese
Academic of Science

136 Sichuan University

319 University of California
System

124 Harvard University

186 Indian Institute of
Technology System IIT

122 University of London

153 Shanghai University 78 University of Texas
System

3.2 Co-authors, Citations and Journals

This study has further analysed the co-authorship at the level of author. Top twenty most
productive authors (based on number of publication) were acquired from the search
results. Figure 2 shows the co-authorship network of productive authors. Every node is
made representing one author. The identical colour means that there exists co-authorship
between each author. The distance between two circles is conversely corresponding to
the cooperation between each author. The larger the circle, the more productive the
author. Table 2 gives the top twenty main productive authors. Corchado JM is the most
productive author with 63 publications. Most of the authors contribute to this field, such
as Zhang, N, Liu, Y, Chen, Y, Wang, Y etc. [11].

It can be seen that Wan, JF (2016) article was quoted 391 times, which indicated it
to be the most significant article. In this paper, we present a smart factory framework
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Fig. 2. Co-authorship network of productive authors.

Table 2. The top 20 most productive authors.

Total publications Author Total publications Institutes

63 Corchado, JM 25 Liu, J.

37 Liu, Y. 25 Zhang, L.

36 Zhang, N. 24 Wang, L.

34 Chen, Y. 23 Zhang, X.

32 Wang, Y. 21 Zhang, J.

30 Li, X. 19 Chen, LJ

30 Wang, J. 19 De Paz, JF

28 .Li, J. 19 Julian, V.

28 Bajo, J. 19 Li, D.

28 Wang, H. 19 Wang, Z.

25 Li, Y. 18 Wang, X.

that incorporates industrial network, cloud, and supervisory control terminals with smart
shop-floor objects such as machines, conveyers, and products. Then, we provide a clas-
sification of the smart objects into various types of agents and define a coordinator in
the cloud [12]. The autonomous decision and distributed cooperation between agents
lead to high flexibility. In Table 3, Scassellati, B’s paper (2012) had been cited for 350
times, ranking second. This paper discussed the past decade’s work in SAR systems
designed for autism therapy by analysing robot design decisions, human-robot interac-
tions, and system evaluations. We conclude by discussing challenges and future trends
for this young but rapidly developing research area. Chen, B’s paper (2010) for 286
times ranking third. This paper examines an agent-based approach and its applications
in different modes of transportation, including roadway, railway, and air transportation.
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Table 3. Top 10 highly cited articles.

Cited frequency Cited article Source Volume Page

391 Wan, JF, 2016 Computer networks 101 P168

350 Scassellati, B, 2012 Annual review of
biomedical

14 P294

286 Chen, B, 2010 IEEE transactions on
intelligent transportation
systems

11 P497

249 Nunna, HSVSK, 2013 IEEE transactions on
intelligent transportation
systems

60 P1687

223 Cheng, WM
2017

Fuel 210 P835

211 Logenthiran, T 2011 Electric power systems
research

81 P148

193 Logenthiran, T 2017 IEEE transactions on
smart grid

3 933

185 Xu, LD, 2011 International journal of
production research

49 P198

171 Borras, J 2014 Expert systems with
applications

41 P7389

165 Klein, L, 2012 Automation in
construction

22 P536

This paper also addresses some critical issues in developing agent-based traffic control
and management systems, such as interoperability, flexibility, and extendibility [13].
Finally, several future research directions toward the successful deployment of agent
technology in traffic and transportation systems are discussed. Chen B’s (2010), Nunna,
HSVSK’s (2013), ChengWM’s (2017), Logenthiran’s (2011), Xu, LD’s (2011), Borras,
J’s (2014) and Klein, L (2012) articles significant in the area of intelligent agent.

The dedication of journals was also analysed. The top 10 highly cited journals
are “Expert Systems with Applications”, “IEEE Access”, “Biomaterials”, “Sensors”,
“Sensors Basel Switzerland”, “Colloids and Surfaces B Biointerfaces”, “Journal of
Materials Chemistry B”, “Materials Science and Engineering Materials for Biological
Applications”, “Acta Biomaterialia” [14].

3.3 Co-citation Network

In a specific scientific activity, co-citations of reference are one of the most significant
method to analyse and reflect the evolutionary process. Figure 4 shows the mapping on
co-citation of references. The 254 points represent the 254 cited reference. The identical
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colour shows that the cited reference is from the same cluster the point’s size repre-
sents the citation the paper’s frequency. The connection between two points represents
that both of articles had been cited in one paper. On the contrary, the distance between
two points is corresponding to the closer between each paper. The conclusion is that
two clusters were obtained. The first cluster contained 165 articles, mainly investigated
intelligent agent in network communication, software, robot and other aspects of appli-
cation innovation. The second cluster included 89 publications, and mainly focused on
intelligent agent in biology, medicine and other aspects of the main research applications
[15]. Figure 6 the articles showing all of the intelligent agents in the Web of Science are
divided into two clusters (Fig. 3).

Fig. 3. Two clusters.

Table 4 displays the co-citation of authors. considering the large quantity of cited
authors, the minimum number of citations of an author was set 30, of the 12148 authors,
and 146 met the threshold. 146 points represent the 146 authors [16]. The authors were
divided into four clusters (i.e., four colours). Points size indicates the citation frequency
of the author. The link between two point represents both authors had been cited in
one article. The distance between two points is conversely corresponding to the closer
between each author. Wan JF, Scassellati, Chen Y, Nunna HSVSK, and Cheng WM are
the top co-cited authors, whose research are representativeness and authority [17].
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Table 4. Top 10 highly co-cited articles.

Co-Cited frequency Cited article

391 Wan, JF2016, Computer networks, V101, P168, Doi10.1016/j.
comnet2015.12.017

350 Scassellati, 2012, Annual Review of Biomedical Engineerging, https://
doi.org/10.1146/annurev-bioeng-071811-150035

286 Chen, B 2010, IEEE Transactions on Intelligent Transportation, V11,
P497, https://doi.org/10.1109/TITS.2010.2048313

249 Nunna, HSVSK 2013, IEEE Transactions on Industrial Electronics, V60,
P1687, https://doi.org/10.1109/TIE.2012.2193857

223 Cheng, WM 2017, Fuel, V210, P835, https://doi.org/10.1016/j.fuel.2017.
09.007

211 Logenthiran, T 2011, Electric Power Systems Research, V81, P148,
https://doi.org/10.1016/j.epsr.2010.07.019

193 Logenthiran, T, 2012, IEEE Transactions on Smart Grid, V3, P933,
https://doi.org/10.1109/TSG.2012.2189028

185 Xu, LD 2011, International Journal of Production Research, V49, P198,
https://doi.org/10.1080/00207543.2010.508944

171 Borras, J 2014, Expert Systems with Applications, V41, P7389, https://
doi.org/10.1016/j.eswa.2014.06.007

165 Klein, L 2012, Automation in Construction, V22, P536, https://doi.org/
10.1016/j.autcon.2011.11.012

Fig. 4. Author co-citation.
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3.4 Hotspots of Papers Related to Intelligent Agent

Figure 5 and 6 show the co-occurrence of author keywords by VOS viewer. The min-
imum number of occurrences of a keyword was set 20, of the 108359 keywords, and
856 keywords were divided into four clusters. Cluster 1 consisting of 453 keywords,
are mainly about classification of Intelligent agent. Cluster 2 consisting 253 items and
are mainly about influence of Intelligent agent. Cluster 3 consisting 86 items and are
mainly about cognition of Intelligent agent. Cluster 4 consisting 33 items and are mainly
about other cognition of Intelligent agent. The latest keyword “dialogue management”
appeared in 2020. Other relative new keywords include “agent” “behaviour” “paper”
“multi agent system” [18].

Fig. 5. Network visualization of co-occurrence of keywords.

Fig. 6. Overlay visualization of co-occurrence of author keywords.
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4 Discussion

4.1 Research Trends Related to Intelligent Agent

Form the annual publications of total and top 4 countries, we can see that there is a
growing trend both in published articles and research interest in this field since 2010,
China leads both in the publications and citations [19]. The ranks of USA, Indian, and
UK are relatively lower than that of total publications and citations of USA, indicating
that the quality of studies of these countries are relatively low and need improvements
[20].

University of Chinese Academic of Science, University of California System, Indian
of Institute of Technology System IIT and Shanghai University are the most productive
institutes in the world, indicating researchers who are interested in false informationmay
cooperate with these organizations [21]. The most cited organizations are University
of Chinese Academic of Science, University of California System, Indian Institute of
Technology System IIT and etc., indicating the most significant studies are more likely
to be published in these institutes.

4.2 Limitations

This study uses a quantitative and visual method to evaluate the history, current and
future of publications regarding intelligent agent and virtual agent. Although relatively
objective and comprehensive, there are some limitations in this study. First, extensive
databases containing other languages should be considered. Second, predefined terms
are used which may make some publications ruled out. Third, bibliometric data are
dynamic, but this analysis is based on a static data. Hence, some newly published and
outstanding articles may not be cited much times but with a rapid increase. On this
condition, bibliometric analysis may not reflect the truth.

5 Conclusion

This bibliometric analysis showed a visual and scientometrics review of Intelligent agent
in detail by collecting every related paper from Web of science from 2010 to 2020.
China dominates the research in Intelligent agent, followed by USA, Indian, and UK.
University of Chinese Academic of Sciences, University of California, and CNRS from
China, Indian, and USA are the stop 3 productive institutes related to Intelligent agent.
Expert System with Applications, IEEE Access and Biomaterials are the mainly sources
of publications related to Intelligent agent. All the summarise of this study mainly
depends on databases from Web of science, extensive literature should be collected.
Few conclusions may be one-sided. Hence, study should be updated in the future.
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Abstract. The author examines the social, economic and political consequences
to human rights in terms of modern ICT technologies and biotechnology advances
(CRISPR-Cas9) as well as newly developed medical-based rehabilitation tech-
niques. In addition to the benefits of newer technologies, the author offers a
recognition and understanding of the hidden risks and their possible long-term
consequences when it comes to human rights. The author, who has been a mem-
ber of the UNCRPD, the human rights committee on the rights of the persons with
disabilities for 8 years, puts whether human rights or science and scientific inno-
vation takes precedence. Both artificial intelligence and biotechnology together
with invasive solutions (implants) face a number of ethical issues that still remain
unanswered. The author also presents the socio-political and legal aspects that
arise in connection with the latest developments (see Elon Musk’s brain implant
project). Moreover, the author also introduces a new term, homo sapiens conrec-
tus, pointing out that we can speak not only of a correction in relation to modern
rehabilitation, but also directly of an upgrade, leading to unpredictable social con-
sequences. This process will also lead us to ‘post-Renaissance polymaths’, which
will revolutionize the world of work and education.

Keywords: Rehabilitation · Biotechnology · CRISPR · Implants · Invasive
devices ·Wearable devices · Artificial intelligence · Post-renaissance polymaths ·
Homo sapiens conrectus · Corporate individualism · Productivity ·
Digitalisation · Disability · UNCRPD · Robotics · EU charter of fundamental
rights · Eugenics · DARPA · Triple revolution · Asymmetric technological
singularity

1 Introduction – A Personal Point of View with Background

The 15th anniversary of the UN Convention on the Rights of Persons with Disabilities
(CRPD) will be held in 2021, which instrument was called by the United Nations as
the very first human rights convention of the 21st century. [1] Actually, this is the first
comprehensive international human rights agreement to have recognised technology as
an opportunity and, at the same time, by the experts of its committee (UNCRPD), as an
indirect threat, too. In this paper, my aim is to scrutinise the basic question whether we
must make a choice between human rights and science.

Why? Fifteen years after the Convention was adopted, we are beginning to realise
entirely new topics that, apart from the most talented and respected science-fiction
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writers, no one could have thought of and that are completely uncovered by it, while
technology and science have been developing at an incredible speed.

I believe that issues such as robotics, biotechnology, and DNA-related scientific
breakthroughs are not only becoming especially high-profile and will be industrialized
for everyday consumers very soon, but the consequences are practically unknown to even
the most competent decision-makers and the scientists in charge of these innovations,
not to speak of ordinary citizens. The recent articles and columns of the Economist,
Newsweek and Scientific American published almost every week clearly indicate how
something has changed, something very profound and irrevocable.

To begin with a personal note, when I was born, my parents were depressingly told
that I would have the life of a disabled person being seriously hearing impaired and I
would have to face that condition all my life. But what if that were not true anymore?
What if my disability will not be significant in the future and my hearing capacity (or
its alteration) could be corrected or even somehow restored? Or even upgraded? [2] As
the first hearing-impaired UN human rights expert at the UNCRPD Committee (2012–
2020), I am convinced that this kind of personal experience can contribute to further
consideration and analysis.

Why? At the time of my birth, there was no synthetic, artificial gene, and it did
not occur that a child could genetically have up to three biological parents. Today,
biotechnology is an enormous business: it is expected to cost nearly $750 billion by
2025, [3] and it is no coincidence that dozens of biotechnology solutions – like different
vaccines for the same cure – would be produced in less than one year for the coronavirus
epidemic. By comparison, the total global pharmaceutical industry is worth $1,300
billion. [4] Thus, biotechnology – and at the same time bioethics as a field of science
– is becoming one of the most important human rights issues.

Again, why? After all, according to David Eagleman’s findings, [5] our brains can
learn and understand any kind of information eventually, regardless of the source of the
input on condition that the input structure is stable and structured.Very soon, asEagleman
noted, based on new biotechnological innovations, we may be able to understand and
rely on information that is currently exclusively available to animals. This therefore
follows that mankind could soon be able to re-design itself biotechnologically.

In addition to bioethics, another issue that has a significant impact on human rights
is the increasingly important spread of artificial intelligence and robotics already per-
meating everyday life. When the UN Convention was adopted, no one expected that
the world of artificial intelligence and increasingly intelligent, more independent robots
could come so soon and already become available to market so quickly that they should
be treated as a social issue, or even more: a challenge.

Why? Because we are already developing new generations of artificial intelligence
with the brain capacity of hundreds or even thousands of people, at least in terms of
speed of calculation and communication. These innovations – like intelligent services
for independent living scheme, supported decision-making process, artificial (avatar)
sign language interpreters, effectively communicating household devices will definitely
ease the burdens of, among others, persons with mental and/or sensory disabilities. As to
personswith limitedmobility, the area of 3D printing technology or newer generations of
exoskeleton is also promising. Producing tools and replacing missing or paralyzed body
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parts for a person with a disability may soon become commonplace, and even more, the
replacement parts could make that person stronger or more efficient than ever – see the
case of Paralympic Oscar Pistorius who, in 2008, had to undergo a complex examination
to seewhether his artificial legs do not give him unacceptable advantagewhen competing
with non-disabled athletes. (Eventually he was restricted to certain types of legs.) [6]
Pistorius’s case clearly shows that people equipped with artificial body parts or with
upgraded tools leading to newly integrated and intelligent skills, extra sensory abilities
included, could be in a stronger and more competitive position to secure advantage or
even better-paid jobs than those who have no such access to these technologies.

Perhaps in a few decades, looking back on today, we will confirm that in 2012
humanity has entered a new era of civilization that may have determined its own evo-
lution. The 2010s not only brought earthquake-like changes in politics (global financial
and economic crisis, which also brought unorthodox fiscal and central bank policy or
led to the referendum on Brexit, the election of Donald Trump and the introduction of
modern Chinese Silk Road), but also new revolutions began in the field of science. We
may even be able to identify a specific year, which could be the opening of a new era
in history: 2012. In that year, there were two revolutionary events: artificial intelligence
was introduced to consumers and entered the field of the Internet as well as there was
a breakthrough in genetic modification affecting humans based on CRISPR-Cas9. The
consequences of these milestones are still unpredictable.

Finally, in this paper we will examine the following main narratives, backgrounds
and correlations of five more or less combined and interrelated technological phases
and aspects in connection with the issue of disability and technology which topic is
profoundly influencing science today:

• wearable medical devices (e.g., smartwatches and home medical smart tools,
monitoring applications built into mobile phones);

• invasive devices (e.g., implants and 3D-printed body parts - more than 300,000
cochlear implants [7] (devices that create a hearing experience for the deaf) have
been installed in the world so far and the referred case of Oscar Pistorius is also
relevant here);

• robotics (e.g., introduction of humanoid machines for nursing care – see the New
Robot Strategy [8] adopted in Japan in 2015 and hundreds of thousands of robots
lifting patients will be installed in hospitals within a few years);

• artificial intelligence (e.g., supporting decision-making and alerting functions, or edu-
cation tools for the individual development ofmental-emotional abilities (e.g., autism);
and finally

• genetic engineering, i.e., the so-called CRISPR technology.

2 Bioethical Aspect: Can a Disability Be ‘Fixed’?

Although a body of experts in the field of bioethics has been operating at UN level under
the auspices of UNESCO [9] since 1993, little is known about their work and technology
is now evolving much faster than (international) law could follow. As I pointed out, from
a legal point of view, one of the largest biotechnology events took place in 2012: the
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so-called CRISPR technology was patented in the United States, which is nothing but
a revolutionary new method of genetic modification, in fact a kind of the Swiss Army
knife of genetic engineering, which is particularly inexpensive and therefore easy to use
and disseminate. (Although Jennifer Doudna and Emmanuelle Charpentier [10] won the
2020 Nobel Prize in Chemistry, they are still fighting in a bizarre way in despair for their
own patent.) [11].

With this procedure, it will be possible to eliminate severe, incompatible with life
disabilities during pregnancy as scientists have already been able to modify the monkey
genome with a 40% success rate in recent years and, by 2015, it will already have
taken another 20 monkey embryos to also survive. However, experts foresee we may
be only 20 years away from an even more improved technology. [12] Partly due to this
development, more than a hundred children have already been saved in this way since
2017. According to Newcastle’s Wellcome Trust Centre for Mitochondrial Research,
about 1 in 6,500 children are thought to develop a serious mitochondrial disorder, and
the Newcastle team aims to offer treatment for up to 25 women a year affected by
mitochondrial disease. [13] (However, ethical issues still remain with the success of the
procedure, but more on that later in this paper.) In addition to that, since 2016 the creation
of a human-pig hybrid embryo [14] has also become possible for organ transplantation,
in order to reduce growing waiting lists as well as to potentially reduce illegal and brutal
organ trafficking business [15].

Genetics is nowadays facing unpredictable changes not only because serious diseases
and inherited disabilities can be avoided, but even entirely new abilities or additional
skills or features can be constructed. In relation to the human-pork embryo, another
breakthrough occurred in April 2016: scientists of the University of Washington and
Microsoft were able to store 10,000 gigabytes of digital data in a single pencil tip of
natural DNA. [16] Recent research and successful experiments withmice have alsomade
it possible to erase certain memories in the brain with a special light therapy procedure
to allow the patient to recall memories considered “lost” associated with Alzheimer’s
disease. (This milestone is extremely important in terms of research on aging as well.)
[17, 18].

Moreover, there was another, even more controversial breakthrough in 2019: Chi-
nese scientists modified human embryos to make them more resistant to AIDS, but also
reported that the IQ of children is also thought to have increased as an unintended conse-
quence. However, as a kind of collateral damage, they were also expecting shorter lifes-
pan. [19] This is particularly challenging given that this technology may soon possibly
modify an estimated 10,000 disability-related genes as well [20].

In addition, the activities of the scientific community and the transparency of research
are becoming less and less assured. Ifwe look back for amoment,we can see that 10 years
ago there were only 30, and in 2018, there were more than 7,000 registered so-called
CRISPR-patents - and their number is constantly growing ever since. [21] Meanwhile,
researchers working on the CRISPR-Cas9 gene editing process have become divided on
the issue of human genetic modification. [22–24] In addition, we might note cultural-
civilizational reasons for this argument, as both the US, the EU and Asian countries have
different images of people and society. These areas have a completely different socio-
organizational and demographic perception, whether it is to maintain competitiveness
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focusing on issues like robotics, artificial intelligence or to keep the (aging) population at
a certain level with issues like artificial insemination, slowing down aging, immigration
– or with their combination as a result. As it is well known, international and ratified
conventions do not define the nature or concept of a person or a family. The lack of
definitions could be a burning issue within a few years. Why?

Well, since 2015 the scientific publishers like Nature and Science have not been
publishing several cases of ethically questionable (Chinese) research findings concerning
the editing of the human genome, including thosewhich later turned out to bemilestones.
[25] This also has the implication that, in practice, 99.99% of people do not know what
kind of research and “social engineering” opportunities are actually already available.
Perhaps this is the best indication that science has also found itself in a critical position
in some respects, as society may lose control of scientific research, which may raise
increasingly serious ethical issues and affect society in the longer term, not to speak of
the unique responsibility of the international scientific community.

In addition, the EU prohibits the “development” of the human genome, i.e., eugenics,
in the EU Charter of Fundamental Rights – partly due to the Holocaust. [26] Most
recently, the World Health Organization set up the WHO Expert Advisory Committee
on Developing Global Standards for Governance and Oversight of Human Genome
Editing [27] last March, which have presented a draft for a comprehensive regulatory
concept [28].

And now let’s look at what specific issues might arise, especially for persons with
disabilities, who make up 5–6% of the population. Well, it all started with the idea
that genetic engineering researchers wanted to eliminate congenital and often life-
incompatible, inherited disorders, even in an embryonic phase. It follows that this is
now increasingly technically available and may also help reduce the number of abor-
tions, since this aspect is a registered factor (3%), and even a more significant one when
it comes to rape in the USA in terms of abortions [29].

This aim was also important for the Conservative British Prime Minister, David
Cameron when, with his support, a law was passed in 2015 to allow the existence of
genetically three-parent babies where the mother’s egg is dysfunctional. The personal
background to this was that his little son had died at the age of 6 from an illness that
might have been prevented by such a (then non-existent) procedure [30].

The issue, on the one hand, is also complicated by the fact that 90% of children
with disabilities are born to non-deaf parents [31] who usually turn to science even more
for help. On the other hand, no matter how incredible it may sound, there is also the
challenge of whether a parent with a disability can demand that his or her child has a
right (obligation) to inherit his or her disability (“genetic inheritance”) or whether the
“interest” of the child or society contradicting that of parents is stronger.

In addition, there are growing indications that the prevalence of hearing loss in old
age, which will be the most common disability due to aging after 2020, will also be
linked to dementia, which is also spreading rapidly and generates huge costs. [32] In
spite of all these, the processes also mean that the concept of aging is being re-evaluated
in such a way that the level and duration of activity and thus productivity can be further
increased for those who have access to these solutions. Therefore, it is a fundamental
national (economic) investment interest to invest in health care in terms of active aging.
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As a significant part of diseases anddisabilities in old age are related to the brain, brain
research projects are – correctly – increasingly being identified as a national economic
interest; see the good practice of Hungary: the creation and running of the National
Brain Research Program (NAP)was an important research investment of the government
starting in 2013. (TheNAP’s leader isDr Tamás Freund, Brain Prize holder and the newly
elected President of the Hungarian Academy of Sciences from 2020.) [33] This impetus
is indeed significant since the one of the biggest challenges of aging is the deterioration
of brain functions and cognitive, mental performance. In addition, I also see a huge
opportunity to “humanize” and to make a close link between brain research and artificial
intelligence.

So, the evolution of DNA-related technologies, gene-editing CRISPR-Cas9 in par-
ticular, could be relevant for legislation not only in terms of prevention, which is not
the topic of the UNCRPD Convention, but also for adults with disabilities – see the
recent legislation on the so-called three-parented babies in the United Kingdom in which
fertility-disabled women can have access to fertile donors’ eggs. It follows that the time
will soon come when checking the balance between the medical aspect of disability
and (re)habilitation would be a critical issue in light of the human rights-based model
in accordance with the Convention. Why? Around 100 years ago hundreds of scientists
and politicians explored and argued the results and expected outcomes of eugenics based
on then popular methodology of designing desired genetic traits and sexual reproduc-
tion approaches. (Eugenics as a movement began in the US and became popular in the
Western societies in 1910–1920s.). [34] Today gene-editing is a hard fact and more or
less a reality. Modern, as well as scientifically developed societies have an important
responsibility to handle this technology in a much more responsible and socially sus-
tainable way because it will have an effect on almost everything we know in terms of
social behaviour and drivers, not to mention social mobility.

3 The Renaissance of Medical Rehabilitation – Are Human Rights
Pushed into the Background?

From the second half of the 20th century onwards, thanks to technological advances, not
only passive diagnostic and medical devices but also increasingly advanced IT monitor-
ing equipment improve the quality of health service, and invasive devices implanted in
the human body (e.g., pacemakers, cochlear implants) have also been developed. Since
the 2010s, medical devices and services (applications) worn on the body have begun
to spread via new generations of smart phones, smart bracelets and smart watches.
Through the digitization of health data, algorithms based on increased artificial intel-
ligence are also contributing to the toolbox of health diagnostics as well as to a wider
use and application of medical and surgical robots. It follows that there are countless
new directions in terms of the application of increasingly intelligent and flexible robots,
including nanoscale devices and even tiny DNA robots that move in the human body
and intervene in physiological processes with a defined program and some of them are
even thought-driven [35].

At the same time, a completely new direction appeared: the renaissance of medical
rehabilitation. As part of this, there are already mobile-controlled or thought-driven
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artificial limbs, and even a successful invention that makes the artificial limb feelable by
its owner. [36] Moreover, the limbs to be replaced may slowly be replaced by a “better”
item in the future. This could also mean that the device replacing the disabled body part
may lend a more competitive advantage to its owner – see the case of Oscar Pistorius
mentioned earlier.

The first breakthrough of a new generation of rehabilitation, the direct brain-internet
(“brainternet”) connection took place in September 2017; this may also open up unpre-
dictable prospects. [37] The improved person, in otherwords, individualswith ‘enhanced
skills’, are a new development towhich there is currently no social and political response,
as it may essentially call into question the human rights aspect of disability in the longer
term (i.e., who will be considered disabled and who receives care). It also indicates
the risk that disability will become an even greater risk of poverty due to limited or
non-existent access to increasingly modern (but still very expensive) medical and tech-
nological features and solutions. In addition, another question is whether the safety of
these (biologically integrated) devices and (implanted) invasive peripherals can be guar-
anteed. Neither just a question of external threats to the user, i.e., legal and effective
guarantees against hacker attacks, nor just a matter of “hacking” open-source devices at
home are important, but also the issue is quite relevant whether the user can be protected
sufficiently to deal with or understand his own health risks when accessing to these
technologies.

What do I mean? Today’s digital hearing aids can now be controlled by a single
phone, and there are currently no built-in and flexible safeguards or “fuses” that would
prevent further hearing loss when using excessive volume. Another aspect that is worth
mentioning here is the issue of implants, which they not only rehabilitate but make the
user part of an integrated system leading to a situation where the consumer becomes a
passive, adaptive subject of an ecosystem. Moreover, these devices, as it looks, will not
be platform independent; it will even be an asset for a kind of caste as different devices
can be accessed with different, limited options and can be controlled remotely with
restricted access. At the same time, we also need to talk about whether closed systems
have an advantage: they can be more effectively guaranteed to protect the interests of
consumers because in the event of internal failure of such products provided for hundreds
or thousands of people (mass health damage), the liability of manufacturers can be more
easily defined.

When it comes to rehabilitation, huge advances in previously inaccurate, non-
invasive devices are also expected as now there are “caps” with sensitive sensors that can
measure and accurately locate activities in the brain, enabling people with severe disabil-
ities to live a fuller, and more importantly, a more independent life. [38] This also means
that these tools will fundamentally change a person’s thinking and communication (and
its speed), as there will be no barriers to the integration of digitized information, which,
when networked, can be transmitted and interpreted even faster for the brain.

So, if we think of the evolution of wearable devices, hearing aids and exoskeletons
included, we have to realise that these items and tools are going to be an everyday issue
and experience. We also have to scrutinize aspects relevant to privacy, accessibility,
interoperability as well as affordability, otherwise persons with disabilities could be
excluded. At this point, in light of interoperability and conformity, we have to emphasise
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that the State parties have an obligation to make sure customers can have access to those
products and services without interference problems. When it comes to the evolution of
the so-called invasive devices (e.g., cochlear implants for the deaf), including brain and
computer interfaces, these could also be part of our life to a much greater extent, which
also raises interesting aspects such as the integrity of person aswell as autonomy, liability
and responsibility for their decisions. Not to mention who shall bear the consequences
of hacking and other malicious activities and to what extent? As to competitiveness and
employment, we also have to identify and handle the weak points of technology in terms
of ethical issues and fairness at social level.

4 Artificial Intelligence: Can a Revolution in Independent Living
and Post-renaissance Polymaths Come?

The world’s most successful mobile phone maker, US-based Apple made its own artifi-
cial intelligence-based virtual assistant service, Siri, available on all mobile devices in
2012. According to Andreessen Horowitz, the total performance of iPhones sold on the
weekendwhen releasing them is 20–30 or evenmore times that of all personal computers
in the world in the 1990s. [39] Soon, thanks to intelligent facial recognition technol-
ogy, we will be able to communicate and shop with our (micro) facial expressions [40]
but in the meantime, we already reveal a lot about ourselves, almost everything from
sexual orientation to many other qualities and conditions, including the expression of
guilt; however, although science still questions the results of algorithms developed by
the largest firms. [41] At the same time, it is undeniable that the importance of the
so-called behavioral economics is growing, most recently one of its most prominent
representatives, Richard H. Thaler, received the Nobel Prize in Economics in 2017.

At the end of November 2017, according to Science, two artificial intelligence algo-
rithms learned to translate individually from two languages independently in one (!) day
through neural networks without human intervention, which was unthinkable even a few
years ago. The essence of the method is based on two steps. In the first step, it creates
a dictionary based on the two languages (e.g., French and English) and then translates
back and forth until the translations are perfect [42].

Elon Musk, head of Tesla, himself is mobilizing vast resources for research and
development related to artificial intelligence and, in parallel, building artificial neural
networks. [43] Musk stated in early 2017 that implants are also expected that would be
able to rehabilitate certain neurological and brain diseases (e.g., Parkinson’s disease),
sensory injuries (e.g., blindness, deafness) that are still considered severe disabilities
today. [44] Moreover, according to a November 2017 issue of Nature, the U.S. military,
through its research-science company DARPA, is treating veterans to control their mood
swings and certain mental illnesses (depression and epilepsy) by developing a brain
implant for happiness and well-being in order to help them to lead a more independent
life by raising serious ethical issues, too [45].

We canmake even greater progress with further development of artificial intelligence
in terms of health care. This is especially true for people with disabilities, as a smart
device or a health care service application based on AI can greatly improve the quality
of their independent living. For example, blind people can use smartphones excellently



228 L. G. Lovászy

or artificial limbs based on brainwaves connected to computers for the severely disabled
may soon become available; not to mention other apps that help people with autism or
deaf persons. These perspectives are already incomprehensible when it comes to the
evolution of AI: in January 2018, in one of the most complex ancient games of Chinese
origin, go, Google’s software had almost completely defeated in each and every game
not only the European but also the world champion [46].

Notwithstanding, artificial intelligence may still be better able to answer “how”
than “what.” Sticking to the example of the go game: although the machine is able
to win the match, it does not “inherently” aim to win because solving the challenges
of the game is only a task that has been programmed into it. An increasing number of
analyses suggest that, due to the self-learningprocess ofmachines, theword “impossible”
should be forgotten in the foreseeable future in terms of replacing certain knowledge-
based jobs. Humans will be organically integrated in an environment maintained by AI,
where people’s individual physical and certain mental-cognitive abilities are constantly
degraded as time goes by. In this way, human abilities are increasingly becoming a
“disability”, which is not a tragedy because disability itself will become less and less
relevant in society and social relationships as well. See e.g., the centuries-old history of
eyewear and contact lenses - wearing “old-fashioned” eyewear is now rather a fashion-
related custom as more people can choose laser treatments.

But at the same time this means that our way of life is radically changing. Europe
will perhaps be a bit of an exception, as the countryside is already liveable and the more
developed countries have higher population densities and much better infrastructure
(public services, road network, etc.) than the developing countries now. However, global
trends indicate the emergence of megacities: half of the Earth’s population already lived
in cities in 2007. With the advancement of giant cities, it is worth seeing that in 1950
there was only one such city (i.e., where more than 10 million people lived): New York
City. Today, their numbers are around 30 and by 2030, their numbers will grow rapidly,
mainly in Asia [47].

Therefore, predictable, stable energy consumption and electricity-based infrastruc-
ture, which will be used by an increasing and aging number of people, will be essential.
Thus, conscious urban planning, including accessibility, is also becoming increasingly
important. Again, for the sake of the whole picture: energy demand in the world has
doubled since 1990 and this demand will continue to grow as we use more and more
electric devices, not to mention the coming advent of electric vehicles. In addition, com-
puting, and in particular artificial intelligence, are increasingly being used to operate
these infrastructures and services, especially due to the growing number of smart cities
[48].

Few people actually know that, according to MIT Technology Review, teaching
algorithms also requires enormous amount of energy consumption: deep learning has an
incredibly large carbon footprint. Training a single AI model can emit as much carbon
as five cars in their lifetimes, says Karen Hao, indicating that a human life as a person’s
carbon footprint benchmarks is 11,023, whilst a transformer (213M parameters) with
neural architecture search is 626,155 per year in lbs of CO2 equivalent. In addition to
that, perhaps one of the most important developments is that, next to tourism and travel,
communications, i.e., mobile devices and Internet-related products and services, which
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make life easier for people with disabilities, are also a very heavy burden on nature [49,
50].

As market analysts predict, tens of billions of products (from washing machines to
cars) will be connected to the internet in years to come. [51] Let us also not forget that
the first mobile phone, which already had Internet access, appeared not so long ago, in
1996 to be more precise, when only less than 5% of the world’s population had access
to the Internet. [52] Today, that number is almost over 60% [53] and there are more
than 3,5 billion mobile users worldwide. [54] At the same time, compared to 1996, the
price of mobiles with 4G access dropped roughly to one-fifth. [55] Therefore, even in
much less developed areas, mobile penetration is growing rapidly, and in many cases, it
happens without the construction of new jobs and social infrastructures that used to be
the source of the wealth of the middle class in Europe once, for example, as you can see
in the banking system in many areas in Africa as branches of banks are also disappearing
due to automation and mobile technology. [56] In terms of travel and mobility, we can
see that the EU has the highest use of cars in the world as a proportion of the population
- this will be interesting for self-driving vehicles, especially in an aging EU, since the
number of accidents caused by older drivers is also increasing as disabilities become
more and more a part of everyday life. As far as disability is concerned, this issue is also
linked to the safety of invasive (e.g., surgically inserted) devices built into or connected to
nervous systems (see next section), as more recently the challenge of cyber-terrorism has
emerged in terms of the use of non-self-driving means of transport for terrorist purposes
(see terrorist attacks in Germany in 2020).

These issues will be even more important very soon. Why? Because we are living in
an era of ‘Great Acceleration’, with temperatures, population that increases by about one
billion on Earth every 15 years, migration, carbon emissions, GDP, the mass extinction
of animal species, the sharp decline in human fertility in developed countries, the overuse
of fresh water and the depletion of fertile lands, not to mention the garbage and pollution
in the seas. With all these changes it means an even bigger change—especially in the
shorter run—in terms of accelerating the development of artificial intelligence. This also
means that more and more practical and flexible, say, ‘post-Renaissance polymaths’ will
be needed in the future who are ready and able to continuously learn, innovate and work
with artificial intelligence. What does it mean? Currently important qualities, previ-
ously attributed to young people (speed, load capacity, endurance, etc.), are devalued or
underrated in some respects. Employment statistics support a spectacular increase in the
employment of older people in developed countries, as experience, human capital and
proficiency in organizational cultures become increasingly important in companies as
well. Evenmore, workers in general will bemore flexible and, in a way, greatly enhanced
in terms of production. Individuals in the open labour markets will be able to perform
like whole companies many decades ago in terms of productivity. This ‘corporative indi-
vidualism’ will change the face of capitalism itself, too. [57] At the same time, it will
be critical which society has the needed level of digitization capacity because these pro-
cesses will affect each country differently. China, as well as South Korea, which ranks
first in the world in the field of robotics, and Japan, which ranks fourth, want to deal with
their own demographic crisis in part with robotics (see: manufacturing industry-related
robot density, 2019). [58] Moreover, China, that is facing perhaps the greatest challenge
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of ageing in the world, is also developing this area at a rapid pace and will invest nearly
$60 billion in the development of artificial intelligence by 2030, [59] whilst the EU
(European Commission) will invest only a fraction of that [60].

So, the evolution of Artificial Intelligence-related services, applications and products
built on them are going to be extremely useful not only for people looking for comfort-
able solutions but persons with limited mobility and/or multiple disabilities, the blind,
the hearing impaired, as well as persons with mental disabilities and autism based on
virtual assistants and avatars, which will create an entirely new momentum in modern
societies in terms of independent living with less demand for human caretakers and
helpers by mitigating the shortage of social workers. Not to mention the possibility of
early recognition and intervention services for disabled children at home in terms of
health care. It also follows that this aspect of technological evolution will possibly ease
the burdens of all – persons with disability, families, professionals, taxpayers – even
in education. When it comes to education, our children will not only learn about facts
to be memorized but also how to organize and synthetize those facts and data by trig-
gering upper levels of skills in synthesizing and cooperation for further specialization
of knowledge based on individualised method of learning supported by AI. The latter
(individualised learning methods) is the source of the education of disabled children,
which will be an asset and innovation for all non-disabled children in the foreseeable
future either, leading to an indeed inclusive education for all.

As to the evolution of robotics, it will also change everything that we believe in when
it comes to societal consequences. According to estimates published in TIME, within
years millions of care robots at home will be deployed worldwide. Based on the forecast
of the International Federation of Robotics, the market for social robots is expected to
grow 29% annually from 2019 and 2022, and in the same period the figure for rehab
robots is projected to grow 45% per year. [61] It follows that independent living and
inclusive education (by stemming from the successful methods provided for disabled
students) will also have an entirely different approach when it comes to humanoid robots
and smart toys with emotions and programmed educational attitudes, as well as robot
caregivers in elders’ institutions and at home. Itwill also transform the customs andhabits
of families and the current approaches towardswork-life balance aswell as human rights.

5 Brain-Machine Implants: Is ‘Cybernation’ Coming?

The current speed of communication and processing of the human brain is increasingly
lagging behind that of accelerating machines. According to Kurzweil, it was identified
a difference of 1:3,000,000 between the speed of thought and the speed of interactions
between the circuits of machines in favour of machines. It means that the speed of
electrochemical signals of mammalian brains is about one hundred meters per second,
which is in fact negligible compared to the near speed of light of signals in machines
[62].

In the fall of 2020, Elon Musk unveiled his new research and development concept,
an implant that can be inserted into the brain, which is a brain-computer interface (BCI).
[63] Even though, there has not been much talk about exactly what this technology
would be, providing a direct connection between the brain and the prosthesis to improve
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the quality of life for people with disabilities, especially those with reduced mobility,
can be key to independent living. In fact, Musk’s new announcement was not a surprise
to the researchers at all, since the head of Tesla has been working on this project for
three years. Musk, who has now a flagship of private spacecraft (see SpaceX project),
also in early 2017 that revolutionary medical implants are expected to appear soon,
which will also treat some neurological and brain diseases (e.g., Parkinson’s disease),
sensory disabilities (e.g., blindness, deafness). Musk indicated that these tools will be
able to rehabilitate not only severe, but currently incurable disabilities and make the
lives of those affected and their families better. [44] In addition, there can be much more
exploitable areas in almost all sectors of the economy to improve productivity with a
brain implant. Almost the only question is where the border is and where to draw the
line as none of the most advanced economies has yet reached the potential level of full
digitalisation. [64] In relation to this, the billionaire entrepreneur of Tesla also remarked
in his own way, semi-funnily, that in the future, even Tesla vehicles will be able to be
thought-driven [65].

Coincidentally or not, also in 2017, the renowned American scientific journal Nature
reported that the U.S. military, through its development company DARPA, already had
veterans to control mood swings and certain mental illnesses (major depression and
epilepsy) by developing implants. [66] Moreover, there are indications that the BCI pre-
sented byMusk is still under development, especially targeting computer game users and
media consumers. [67] (Musk informed the public about monkeys using implants when
playing videogames in February 2021.) [68] At the same time, it is worth knowing that,
both the entertainment industry and the social community have transformed to such an
extent that the market capitalization (value) of IT companies is currently hitting historic
stock markets’ peaks, [69, 70] which in fact questions traditional social institutions such
as (indirect) elections or ownership of and press freedom from editors, or even public
education.

Qualitatively, this will be a completely new direction in history, as humans them-
selves are integrated into an information technology system, rather than the “dumb”
devices adapting to man as they have so far. Just to remember, a proclamation signed
by hundreds of scientists, referring to the dangers of the ‘cybernation’, was published
in 1964. Its title was Triple Revolution, which also visioned mass unemployment and
explosive poverty. Even though they thought of silent and relatively simple but efficient
machines endangering humans’ jobs, whilst standards of living have increased signif-
icantly over time, today we face entirely different challenges as in terms of poverty
mankind has improved and many developing nations were also able to lift hundreds of
millions out of poverty. As international law does not have a definition of the human race,
nor does about family, whilst many countries that are at the forefront of technological
innovation have not already acceded to various human genetic and human rights con-
ventions and agreements, this challenge not only opens up but practically directly hints
at the possibility of the coming of ‘Homo sapiens conrectus’, i.e., ‘the improved man’,
and raises a number of other ethical questions, such as the goals of the transgender com-
munity, which is at the forefront of changing the human body, and the consequences of
recognizing entirely new rights. It means that technology respects fewer and fewer social
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boundaries and today it can present unimaginable perspectives. Would all this be impos-
sible? Let’s see how much of a difference there can be between man and man: there
are still fishing-gathering, spear-hunting tribes living today, with low life expectancy
and their disadvantages and almost unimaginably large falling behind compared to the
average person in New York using a smart phone and communicating with a headset.

Therefore, this phenomenon could be described as an asymmetric technological
singularity, which could definitely become increasingly obvious and problematic in
more and more areas of life and among individual social entities, especially in the areas
of productivity, individualized – inclusive – education, employability and active aging.
This kind of asymmetry will also be relevant in terms of geographical distribution. This
process clearly showed the nature of presented changes even in the area of coronavirus
vaccines when access to vaccines indicated asymmetric geographical distribution of the
first wave of vaccines against coronavirus [71].

6 Conclusions

According to Kurzweil, as widely cited, the next 100 years could bring at least as
much of a technological-biotechnological leap as has happened in history over the
past 10,000 years, meaning that humanity is still facing an evolving singularity. Just
as a reminder, the transition to farming may have taken place only ten thousand years
ago, however, we cannot know this for sure since the oldest written clues to this are
barely 5–6000 years old. In comparison, the (first phase) of the Industrial Revolution
took place over virtually more than 80 years (1770–1850) in the world. And the com-
puter revolution took only a few decades, starting in the 1980s. Biotechnology is also
facing tremendous development, as human DNA can already be modified through the
CRISPR-Cas9 patented in 2012. These technologies also raise a number of additional
ethical issues, as theymaymean the emergence of animal skills (e.g., night vision, super-
hearing, etc.), which, however, may also bring a special advantage in the global labour
market leading to a complete reinterpretation of anti-discrimination law in the future.

It is also indisputable that biotechnology can hold great potential even in the field of
adult rehabilitation - presumably the hope of Formula 1 ex-pilot Michael Schumacher is
also based on this. However, nomatter howmuch technology develops, the rehabilitation
period itself can hardly be shortened, as, for the time being, the learning process of the
brain cannot be greatly accelerated. We currently can learn our physical functions in the
same way (slowly) in childhood as we need to learn them again after an accident.

The future direction of technological development is always only one out of many
options. It is worth remembering that major technological innovations have not spread in
the past as previously predicted, so prophetic predictions should always be treated with
caution. Nevertheless, it is interesting that as early as 1930, John M. Keynes addressed
in Economic Possibilities for our Grandchildren the potential and mass unemployment
effects of a higher level of technological advancement on society. [72] According to
Keynes, technological advancement could reach a level where less living labour force
will actually be needed. We are not here yet, as automation is currently dominant in
certain sectors and areas only, and its further spread depends on many other things:
wages, labour market size, robot developmental costs, logistics, position of companies
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and national banks, role of central government in the economy, political trends, etc. In
addition, state-of-the-art technological innovation and solutions often only leak to the
level of SMEs overmany years or decades. Although there is a change here aswell, as not
only production cycles and innovation-driven adaptations are shortened, but individual
production and service scales can be continuously expanded to increase consumption in
order to resize companies by accelerating the socialization of innovations as presented
by KPMG-Harvard’s research on SMEs adaption. [73] Where will we be in 10 years
from now, and will Keynes really be right by 2030?

Perhaps in a few decades, looking back today, we would say that in 2012 humanity
has indeed entered a global crisis of global civilization. It seems that several insolu-
ble contradictions are developing in parallel in our world because overpopulation and
accelerated productivity occur at the same time, whilst a dramatic drop happens in con-
trollability and sustainability in one part of the world as the exact opposite happens in
another.

To sum up, we have arrived at the gates of a new world. The UNCRPD Convention
[74] itself supports that more attention shall be paid to innovations and research. At
the same time, we also have to protect the rights of persons with disabilities and even
more: that of all persons. We therefore need a fine-tuned as well as twin-track approach
for all people’ sake with legal and real safeguards via human rights, based on universal
freedom while freedom of science should also be respected at the same time in terms of
protecting personal liberty as well as preserving the drive of innovation. It follows that
the UN convention is not about preserving a right to remain disabled, but about providing
choices and opportunities science can ensure for all by respecting individual identity and
free choices as well as by maintaining an anti-discriminatory approach when it comes
to services and built environment. These are the safeguards of democracy in terms of
wider context.

We all have to recognize and acknowledge the fact that innovation stems fromfinding
solutions to a specific, even personal purpose or problem, related to disability in many
cases. The UNCRPD Convention is about dignity, diversity and human rights. As the
Convention claims and cites, we have to make more efforts in terms of research and
innovations; [74] however, I am always of the opinion that at the same time we also have
the obligation based on our inherent interest to cherish the value of freedom, competition
anddiversity in technological development and services on the grounds of reasonableness
and fairness.

Why? Because evolution of technology must also serve a wider purpose of finding
and meeting the different needs of our very diverse humanity via reasonable conditions.
This perspective is, however, based on societies’ different developments and situations,
which could provide us with flexibility and affordability in accordance with the given
economic performance. It follows that we must not shut the door on new, even unusual
solutions to special personal needs. We therefore must not curb innovation meaning
freedom and more importantly, motivation in science; however, science and technology
should serve the society itself, too. In relation to this, we cannot neglect those with
special, even extreme needs, either. As already stated, in the future everybody might be
somehow and to some extent disabled in one way or another when it comes to intelligent



234 L. G. Lovászy

and smart software and services. In this sense, we are talking about a kind of evolution
of disability itself by covering even healthy people, too.

In our age technology plays an enormously significant role as we have seen in the
presented cases and argument; however, technology is not the purpose but always a
means in the hands of humans. Human rights or science, you may ask. I firmly say: both.
Both, because even the most developed societies can witness an evolving concept of
disability as technology itself also evolves and the nature of disability changes as well.
Although one of the most famous Hungarian atomic scientists, Ede Teller once said:
“Two paradoxes are better than one. They may suggest a solution”, [75] our real solution
is to leave all options open and to accurately identify our own social values and, along
these, to set goals that also guarantee our own national, community and human rights.

It will not be easy – but the key to our success as the guarantee of survival of mankind
is human rights and science.
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Abstract. The importance of artificial intelligence is constantly increasing due to
ongoing research successes and the implementation of new applications based on
it. It is already described as one of the core technologies of the future. This technol-
ogy is also increasingly being applied in the field of safety-related applications,
which enables the implementation of innovative concepts for novel protection
and assistance systems. However, for this to lead to a benefit for human safety
and health, a safe or trustworthy artificial intelligence is required. However, the
increasing number of accidents related to this technology shows that classical
design principles of safe systems still need to be adapted to the new artificial
intelligence methods. On the one hand, this requires a basic understanding of the
components of trustworthy artificial intelligence, but on the other hand, it also
requires an understanding of AI-specific sources of risk. These new sources of
risk should be considered in the overall risk assessment of a system based on AI
technologies, examined for their criticality, and managed accordingly at an early
stage to prevent later failure of the system.

Keywords: Trustworthy artificial intelligence · Safety · Risk ·Machine learning

1 Introduction

1.1 Artificial Intelligence

Artificial intelligence (AI) methods are mainly used to solve highly complex tasks, such
as processing natural language or classifying objects in images. They not only allow
significantly higher levels of automation to be achieved, but also open up completely
new fields of application.

Today, the term artificial intelligence is mainly used in the context of machine learn-
ing, such as in neural networks, decision trees or support vector machines, but also
includes a variety of other applications such as expert systems or knowledge graphs.

A common property of all these methods is the ability to solve problems by emu-
lating concepts that are generally associated with intelligent behavior. Thus, by using
artificial intelligence, concepts such as learning, planning, perceiving, communicating,
and cooperating can be applied to technical systems. These capabilities enable entirely
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new intelligent systems and applications, which is why artificial intelligence is often
seen as the key technology of the future.

By using artificial intelligence, concepts such as learning, planning, perception, com-
munication and cooperation can be transferred to technical systems. These capabili-
ties enable completely new intelligent systems and applications, which is why artificial
intelligence is often seen as the key technology of the future.

1.2 Current Status and Forecast Potential

Today, advanced industrialized countries allocate significant sums of money in the order
of billions to research and development in AI, with the United States leading the way,
closely followed by China and Israel [1]. For example, the estimated strategic funding
for the sector in China is in the hundreds of billions. This funding sum is composed of
various national but also municipal funding programs. For example, the investments of
the city of Shanghai already amount to 15 billion Euros or those of the city of Tianjin
13 billion euros.

Due to the increasing importance of artificial intelligence, the EU Commission has
therefore also decided to strategically promote this area and is providing 1.5 billion euros
in the “Horizon 2020 Research and Development Program”. Furthermore, the European
Innovation Council will provide another 2.5 billion euros for the promotion of innovative
AI projects. There are also funding programs of the individual countries, such as France
with 1.5 billion euros until 2023 or Germany with 3 billion euros until 2025 [2].

The consulting firm PwC forecasts that due to the accelerated development and
spread of artificial intelligence, global gross domestic product will be up to 14% higher
in 2030, which would correspond to an increase of an additional 13.3 trillion euros. The
largest increases here would be expected for China at 26% and the USA at 14.5% [3]. In
these forecasts, the economic impact of artificial intelligence is based on the following
three assumptions:

1. productivity gains by companies automating processes (including the use of robots
and autonomous vehicles).

2. productivity gains from companies augmenting their existing workforce with AI
technologies (assisted and augmented intelligence).

3. increased consumer demand due to the availability of personalized and/or qualitative
AI-enhanced products and services.

In particular, the ongoing automation expected as a result of artificial intelligencewill
inevitably have an impact on the labormarket andmake simple production tasks obsolete.
On the other hand, its use will create new jobs that will not only be reserved for experts
and proven specialists. For example, the acquisition and preparation of the training data
required for machine learning processes is very labor-intensive and generally represents
a rather simple activity. For this reason, some forecasts suggest that as many jobs will
be created as eliminated through the use of artificial intelligence [4].
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1.3 Areas of Application and Sample Applications

Devices based on artificial intelligence methods can solve even complex problems with
a high degree of accuracy and are already encountered in a variety of applications.

For example, one of the most frequently used applications on a daily basis are virtual
assistants. Cortana (Microsoft Inc.), Google Assistant (Google Inc.), Siri (Apple Inc.)
and IBMWatson (IBM Inc.) represent the most popular digital personal assistants today.
They all have in common that they can process instructions in natural language, making
them very easy to use. The user’s voice instructions are executed after processing and
acknowledged by feedback, which is also provided by a voice message.

Chatbots are another way to take advantage of advances in natural language process-
ing driven by artificial intelligence. For example, chatbots can handle a large proportion
of basic customer service queries in first-level support, helping to free up call center staff
to answer more complex questions. Many chatbots can also be found in the area of cus-
tomer service. For example, large German companies such as Commerzbank, Lufthansa,
Telekom and BMW have also been successfully using chatbots in this area for many
years.

Today, we mostly encounter self-driving vehicles in the form of driverless transport
vehicles, but some of them are already on the road. Tesla, for example, offers driver
assistance in its vehicles that realizes some elements of a self-driving vehicle. Since
2015, for example, the Tesla Model S has been able to drive autonomously on highways.
The driver does not have to operate the steering wheel, the gas pedal or the brake. It is
difficult to make a statement about the quality of the self-driving vehicles currently being
tested, as there are no standardizedmetrics or data.However, the annual figures published
by the California Department of Transportation, which not only list the mileage of test
vehicles in California bymanufacturer, but also indicate how far these vehicles were able
to drive independently without the intervention of a test driver, provide an indication.
Even though other manufacturers have since caught up to Waymo, this list has been
topped for years by this subsidiary of the Alphabet group of companies, which includes
Google. The figure for 2019 for this company was a distance of 21,151 km without the
intervention of a test driver [5].

Artificial intelligence can also support a wide range of activities that previously
required experts. For example, the analysis of CT, MRI, or X-ray images is a much-
discussed and often mentioned possibility in the media to support doctors in their
diagnosis.

Another possibility is the automated verification of contracts. In 2018, for example,
a study investigated the possibility of verifying non-disclosure contracts using artificial
intelligence. In this study, the results of 20 lawyers were compared with those of an
artificial intelligence-based algorithm. The algorithm achieved an average accuracy (F1-
score) of 94%, whereas the average accuracy of the lawyers was only 85%. In terms of
speed, the algorithm with a processing time of only 26 s naturally beat the lawyers’
average of 92 min as well [6].

Artificial intelligence can also be used in various ways in the area of occupational
safety and health.
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Protection and control devices based on artificial intelligence already enable not only
fully automated vehicles or robots, but also the avoidance of accidents through assistance
systems that recognize hazardous situations.

Examples include two projects by Microsoft Corp. and Skanska AG in collaboration
with Smartvid.io Inc. that aim to provide comprehensive monitoring of construction
sites and storage areas. With the help of special software, not only can construction
progress be documented automatically, but the use of personal protective equipment
such as helmets, safety vests and gloves can also be monitored. It can also detect and
warn of hazards such as hot machines or leaking hazardous liquids. In addition, the
software also allows dynamic warning of a shift in the hazards that mainly occur on the
construction site.

2 Trustworthy Artificial Intelligence

The previous section shows that the use of artificial intelligence offers many opportuni-
ties and can promote new innovations in many respects. However, the use of systems,
especially machines, based on AI processes can also change the physical and mental
strain on employees. In order to exclude new hazards from the use of this technology or
to reduce them, trustworthy AI is required.

The concept of trustworthiness goes far beyond that of security and includes the
following fundamental properties:

• Reliability
The system or applicationmust maintain proper function under specified environmen-
tal conditions and provides consistent output. The limits of the system both in terms
of its functionality but also in terms of environment are thereby defined by the system
specification.

• Robustness
The system or application must maintain its function or transition to a safe state under
all conditions. These conditions include deviations from the system specification,
especially from the defined environmental conditions, but also external and internal
disturbances as well as defects.

• Resiliency
Describes the ability of the system or application to return to normal operation as
quickly as possible after a disruption.

• Security
The system or application must be protected against external attacks.

• Data security
The data and privacy of all stakeholders must be protected at every stage of the
lifecycle.

• Transparency
The actions and results of the system or application must be transparent. For this, the
data, features, learning algorithm, but also the model must be available for inspection
by a human.
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• Explainability
The actions and results of the system or application must be understandable and
comprehensible. For this purpose, the model must be described or prepared in such a
way that it can be interpreted by a human being.

• Verifiability
In a verifiable AI system, the process that led to a specific result of the AI system can
be repeated under the same conditions with the same result.

• Controllability
The user of an AI system, can take control from and/or over the AI system at any time.

• Predictability
In a system with high reliability, the accuracy of the results, in terms of a desired
system behavior, is within predetermined limits. A high degree of predictability is
especially relevant for systems that interact or cooperate with humans.

• Security against misuse and misapplication
The system or application must be protected against foreseeable misuse or misappli-
cation of operators.

Due to the high importance of this topic, there are currently a number of international
standardization projects dealing with individual aspects of a trusted AI. The already
published Technical Report ISO/IEC TR 24028 “Information technology - Artificial
intelligence (AI) - Overview of trustworthiness in artificial intelligence” gives a good
overview of this topic. More information on specific aspects of the robustness of a
trustworthy AI system can be found in the Technical Report ISO/IEC TR 24029-1
“Information technology - Artificial Intelligence (AI) - Assessment of the robustness of
neural networks - Part 1: Overview”.

3 AI Characteristics with an Impact on Trustworthiness

It is necessary for an AI system that claims the notion of trustworthiness to have a vari-
ety of relatively different characteristics. Many of these characteristics are known from
general security technology and are also considered a general benchmark for the devel-
opment of secure systems. Other properties only acquire a special relevance due to the
specific characteristics of AI-based systems. Thus, it remains to be clarified which spe-
cial characteristics of AI-based systems influence the various properties of a trustworthy
AI system and what special attention should be paid to during its development.

A few of those relevant characteristics can for example be found in the Technical
Report ISO/IEC TR 24027 “Information technology - Artificial Intelligence (AI) - Bias
in AI systems and AI aided decision making” or the International Standard ISO/IEC
IS 23894 “Information Technology - Artificial Intelligence - Risk Management”. The
following list represents a compilation of various specific AI characteristics that have
an impact on the trustworthiness of such a system. These characteristics should also be
taken into account when preparing risk assessments for systems of this type.

3.1 Degree of Automation and Control

The degree of automation, which is often also referred to as the degree of autonomy,
describes on the one hand the extent to which an AI system can operate independently
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of human supervision, but also its independence from human control. It thus determines
not only how much information about the behavior of the system is available to the
operator, but also defines the control and intervention options of the human. On the one
hand, it must be assessed how high the degree of automation must be for the respective
application, but on the other hand, it must also be assessed whether the human is ade-
quately supported by the AI application and is given appropriate room for maneuver in
the interaction with the AI application.

Systems with a high degree of autonomy may exhibit unexpected behavior that can
be difficult to detect and control. Highly automated systems can thus pose risks in terms
of their reliability and safety.

In this context, several aspects are relevant, such as the responsiveness of the AI
system, but also the presence or absence of a human critic. In this context, a critic
serves to validate or approve automated decisions of the system. Such a critic can be
realized by technical control functions in the system or be present in the form of a human
whose task it is to intervene in critical situations or to acknowledge system decisions.
Furthermore, the adaptability of the AI system has to be considered. Here the question
arises whether or to what extent the system can change itself. Especially systems that
use continuous learning or reinforcement learning change their behavior over time. This
has the advantage that these systems can acquire new functions or adapt to changing
environmental conditions via feedback loops or an evaluation function. The disadvantage
of such systems, however, is that they can deviate from the initial specification over time
and are difficult to validate.

3.2 Degree of Transparency

The degree of transparency determines how much information about the internal pro-
cesses of an AI system is available to the operator. In particular, information about the
model underlying the decision-making is relevant here. Often, aspects of comprehen-
sibility, explainability, reproducibility and general transparency are summarized under
this term. Thus under this aspect usually the evaluation of the general function takes
place, with which it is examined whether information about this is present in a sufficient
extent and is comprehensible both for experts and the user. Furthermore, it depends on
this aspect whether results of the system can be reproduced. The question of whether an
AI system is recognizable as such to a user is also answered under this point.

Systems with a low degree of transparency can pose risks in terms of their fairness,
security and accountability. On the other hand, a high degree of transparency can lead
to confusion due to information overload. It is important to find an appropriate level
of transparency to provide developers with opportunities for error identification and
correction, and to ensure that a user can trust the AI system. A high level of explainability
protects against unpredictable behavior of the system, but is often accompanied by lower
overall performance in terms of quality of decisions. Here, a trade-offmust often bemade
between transparency or explainability and the performance of a system.

In addition, the accuracy of the information about an AI system’s decision-making
process must be considered in each case. Thus, it is possible for a system to provide clear
and coherent information about its decision-making process, but for that information to
be inaccurate or incomplete.
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1. explainable:
The system provides clear and coherent explanations.

2. articulable:
The system is able to extract the most relevant features and roughly represent their
interrelationship and interaction.

3. comprehensible:
The system is not capable of providing real-time explanations of system behavior,
but these are at least verifiable after the fact.

4. black box:
No information is available about how the system works.

3.3 Intended Operating Environment

The complexity of the intended use environment of an AI system determines the full
range of possible situations that anAI system, when used as intended, must handle. Since
it is not possible to create an exact and fully complete system specification, especially
when used in complex environments, the actual operational context during operation
will deviate from the specified limits. As a general rule, more complex environments can
quickly lead to situations that were not considered in the design phase of the AI system.
Therefore, complex environments can introduce risks with respect to the reliability and
safety of an AI system.

For this reason, anAI systemmust have the ability to still provide reliable results even
under small changes in input parameters. Although it is often not possible to predict all
possible states of the environment that an AI system may encounter during its intended
use, efforts should be made during the specification phase to gain an understanding of
the intended use environment that is as complete as possible. In doing so, knowledge
about the input data underlying the decision-making and the sources used to obtain it,
such as the sensor technology used, should also be obtained and taken into account.
Important aspects here are the questions whether the system is fed with deterministic or
stochastic, episodic or sequential, static or dynamic and discrete or continuous data.

3.4 Development Process

The development process includes the lifecycle phases of specification, design, imple-
mentation, and verification/validation of the AI system. Inappropriate or inadequate
methods and processes applied in each of these phases can lead to low-quality and thus
unsafe or unreliable AI systems.

The specification phase is of particular importance here, since errors arising from
this phase have an immediate effect on all further phases of the lifecycle and can only be
remedied with difficulty or not at all in these phases. For example, a faulty or inadequate
design process may result in insufficient description and specification of the contexts
in which the AI system is to be used, which will lead to later unexpected failure of the
finished AI system.

When planning the design and architecture of the system to be implemented, it
is important to ensure that the complexity of the application and the future operating
environment is kept to aminimum. In general, an increase in complexity always increases
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the risk that the system will exhibit unexpected behavior in its use. In this context, we
often speak of an apparent non-determinism of the AI system. However, this term is
critical in that even complex AI systems will always produce deterministic results at an
arbitrarily granular point in time. This is especially true for systems based on machine
learning. Only in the case of systems that continue to learn should it be noted that changes
in the model on which the decision is based occur over time (model drift). However, if
this process is interrupted and only a static point in time is considered, these systems also
deliver deterministic results. Increasing complexity leads to an increase in the stochastic
state space in which the system moves, which increases the probability that the system
will encounter situations that lie outside the specified range.

In the implementation phase, the system is built according to the requirements of the
specification. For this purpose, the specification is usually analyzed and interpreted by a
development team in order to create a strategy for the technical realization of the system.
This strategy and the associated design should again be kept as simple as possible in
order to reduce the complexity of the system and increase its transparency. This applies
in particular to the hardware and software architecture as well as the selection of the
AI methods to be used. The implementation strategy is of great importance here, as it
can have an immense impact on the design. For example, a requirement can often be
paraphrased in such away that it is still fulfilled semantically, but its technical implemen-
tation can be significantly simplified. As an example, consider the simple requirement
for a collaborative robot arm that should not reach for a human. This function can already
be implemented relatively reliably using deep learning methods, but it is a very complex
task for a technical system because the possible state space for the object “human” is very
large. If, however, this requirement is formulated in such a way that the robot arm may
only grip a certain selection of workpieces, the original goal of the basic requirement
is likewise fulfilled, but now represents a fairly easy output for the technical system to
handle, since the object “workpiece” can be completely specified and thus spans a very
small state space.

Another special feature of AI systems based on machine learning methods is the
basic implementation process. In classical software development, the specification is
interpreted by the development team and implemented accordingly. In machine learning
systems, which are trainedwith the help of an algorithm on the basis of data, however, the
mental concept of the specification must be described implicitly by the database. Thus,
the composition of the database as well as the general data quality is of immense impor-
tance. Beyond that the training algorithm does not always find the best possible solution,
whyhere usuallymuchworkmust be invested into the optimization of the resultingmodel
and it is usual to accomplish many training runs with different parameterization, in order
to receive a model as good as possible.

Reusing existing components, modules, trained models or complete systems in a
new application context can lead to problems due to the different requirements between
the specified context and the new context. For example, the use of a system designed to
identify people in photos on social networks will not be easily used to identify people
in the context of an assistance system in a work environment. This is partly due to the
different state spaces of the applications, so the system may not be able to recognize
workers in their personal protective equipment because there was no data to train the
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model for this, but also because of the higher precision required for the latter application.
This shows that even a transfer to new environments, for example other industries, is not
easily possible.

In the verification and validation phase, difficulties arise especially in the verifica-
tion of non-transparent systems and systems that continue to learn, which are not easy
to handle. In the case of systems that continue to learn, one is confronted with the
circumstance that the model of the AI system on which the decision-making is based
changes constantly over time and thus a stable final version of this model and thus of the
system never exists. This would require a dynamic verification, validation and release
process. This can be based on a combination of continuously running automated internal
tests and regularly recurring or continuously running external tests at the manufacturer.
The fundamental problem of testing complex and thus non-transparent systems must be
countered by an appropriate scope of verification and validation activities. Statistical,
formal and empirical methods are generally available for this purpose. It is advisable to
exploit their bandwidth as fully as possible, but at least to use a high degree of statistical
and empirical methods. In particular, empirical methods, such as extensive field testing,
falsification testing, actively exploring the limits of the AI system, or the application
of metamorphic testing methods, which allow a better erudition of the stochastic state
space, are effective means here.

3.5 System-Hardware

AI technology is increasingly dependent on custom ASIC chips rather than commodity
hardware. This can lead to new security risks, especially in context where access to hard-
ware for training machine learning is given to external users (such as cloud computing
applications). Users with access to accelerator chips can potentially exploit this access
to hijack the system, steal intellectual property, or damage the hardware.

If hardware-related errors occur during the training phase or during the operation of
an AI system, they can negatively affect the correct execution of the algorithm or even
prevent it altogether.

In general, hardware-related failures can be divided into three groups. The first group
refers to classical hardware errors that are based on defective components. Examples
are short circuits or interruptions of single or multiple memory cells, defective bus lines,
drifting oscillators, stuck-at errors or parasitic oscillations at the inputs or outputs of
integrated circuits. The second group of errors are so-called soft errors. Soft errors are
unwanted temporary state changes of memory cells or logic components, usually caused
by high-energy radiation. The last group consists of faulty drivers and, if used, faulty
modules of the application software of the hardware used.

The relevance of the different fault models depends on the system architecture used.
When using cloud or edge computing, for example, it is particularly important to perform
an analysis of the possible errors of the network architectures used.

For example, an error model for different networks includes communication errors
such as data corruption, unintended repetition of messages, incorrect sequencing of
messages, data loss, unacceptable delays, message insertion, masking, and different
addressing problems. On the other hand, thread scheduler errors and memory errors
play a special role when GPUs are used.
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Besides that, the asymmetry of machine learning algorithms can also be another
cause of errors. This asymmetry means that in the training phase, the amount of data
and computational power needed to calculate the coefficients by a machine learning
algorithm is very high, while in the application phase, less computational power is
needed. However, there are some difficulties in transferring the training results from a
GPU, edge, or cloud system to an embedded system because many AI frameworks use
Python as the description language, while the control program of an embedded system
is usually in C or C++. In addition, incompatibilities between the memory management
of the different systems as well as different accuracies are also a cause of errors.

3.6 Technological Maturity

Technological maturity describes how mature and error-free a particular technology is
in a particular application context. If less mature and new technologies are used in the
development of the AI system, they may harbor risks that are still unknown or difficult to
assess. For mature technologies, on the other hand, a greater variety of experience data
is usually available, making risks easier to identify and assess. However, with mature
technologies, there is a risk of risk awareness decreasing over time, so that the positive
effects depend on constant risk monitoring and appropriate maintenance.

The maturity of a technology for implementing an AI system can be classified as
follows:

1. emerging:
Being researched and tested for possible future use.

2. strategic:
Is likely to be operational only in the medium to long term.

3. limited:
Is already operational for the implementation of a limited number of applications.

4. preferred:
Is already preferred for the implementation of most applications.

5. current:
Is currently supported and in use.

6. out of service:
On the verge of no longer being used.

3.7 Privacy

Due to the central importance of training data in AI systems based on machine learning
methods, data protection also plays an important role in both the development and
operation of an AI system. Care must be taken to protect sensitive data, such as personal
data but also trade secrets, at every stage of the lifecycle. Especially when cloud systems
are used to train the models and these are not under the control of the own organization,
the question of data protection comes to the fore. At the same time, however, care must
be taken to ensure that measures to guarantee data protection do not affect the quality
of the trained models. For example, it can have negative effects if a model for person
recognition is trained on data in which persons have been anonymized by pixelating
their bodies.
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3.8 Fairness

Fairness means that the AI application treats all users and affected parties equally fairly.
This is achieved when no group is more adversely affected by a decision than another.
Fairness is related to the creation and operation of decision systems. A fair system
treats all people, without undue preference or bias. Wherever possible, it excludes or
appropriately controls for the influence of variables such as sensitive characteristics or
demographic categories when they are not relevant to the proper performance of the task
or when their use would result in or exacerbate unfair outcomes.

Unfair bias usually occurs when data about individuals are processed by a machine
learning model and bias in the design process has negatively affected the quality of
human-computer interaction. In a symbolic AI system, it usually arises from the bias
in specified knowledge or when data about individuals are not processed directly, but
individuals or groups of individuals are affected indirectly.

Typical sources of discrimination represent unbalanced training data or even statisti-
cal underrepresentation ofminorities,which in consequence can lead to poorer functional
quality of the application for these user groups.

4 Measures

The field of risk control is strongly characterized by safety-related systems as well as
protective and assistance systems. The development of such systems usually takes place
in a regulated context on the basis of international standards, which place requirements
on the quality of such systems, but also on the design of the development of such systems.
The interpretation and implementation of such normative requirements requires not only
a broad, but also in-depth background knowledge, but above all experience in this field.
Technicalmeasures are based on the four pillars of inherently safe design, safetymargins,
fail safe and safety-related measures. In the field of artificial intelligence, however, these
have some special features to which attention must be paid.

4.1 Inherently Safe Design

In machine learning, the quality of the result depends to a large extent on the quality
of the training data. If the training data does not cover the complete variance of the
test data or contains errors, the model will generate an equally erroneous algorithm. If
a very complex model was used, it is very difficult to understand the decision making
of the algorithm and thus to identify faulty parts of the program. Consequently, it is
advantageous to choose models of low complexity, which can be interpreted by humans
and thus also be checked and maintained. In this way, features that do not contribute a
causal relationship to the result and would thus lead to erroneous results can be removed
manually. A disadvantage of interpretable models, however, is that their simplicity is
often accompanied by a lower quality in the sense of the probability of a correct result.
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4.2 Safety Margins

If we consider a mechanical system, for example, there is a point at which a load will
cause the system to fail. Since this point can usually only be determined within a certain
tolerance range, these systems are operated well below these limits by introducing a
certain safety margin or safety factor.

Such uncertainties can also be identified in machine learning. For example, there is
uncertainty about whether the learning data set fully covers the distribution of the test
data, or even in the instantiation of the test data. To the extent that this uncertainty is
captured, a safety distance or safety boundary can also be defined for an algorithm that
sufficiently delineates the areas of a reliable decision from those in which uncertainty
exists. Therefore, models that can algorithmically calculate ameasure for the uncertainty
of their prediction are to be preferred.

For classification problems, for example, the distance from the decision boundary
can be used, where a large distancemeans an increase in the reliability of a prediction. At
the same time, however, it is important to note that this only applies to areas where there
is a high number of available training data and therefore where the probability density is
high. The reason for this is that in areas with a low probability density, there is usually
little or even no training data available. This leads to the fact that there the decision
boundary is determined by inductive errors and thus a high epistemic uncertainty and
thus the distance from this boundary has no meaning for the reliability of the prediction.

4.3 Fail Safe

One of themost important safety engineering strategies is the fail safe principle. Again, it
is important to have ameasure of the uncertainty of the prediction. If this is relatively high,
the system could request further verification by a human. In the case of a collaborative
robot, however, this would alsomean that the robotic armmust first and foremost assume
a safe state.

4.4 Safety-Related Protective Measures

Safety-relevant protective measures can be implemented in a variety of ways and cover a
broad spectrum from external protective devices to quality-assuring processes for error
minimization. The development process of software in the safety-related environment
is described by a multitude of regulations and standards. The IEC 61508 series of stan-
dards “Functional safety of safety-related electrical/electronic/programmable electronic
systems”, in particular Part 3 “Requirements for software”, is a good example of this.
This standard also contains a large number of methods to be applied to avoid and reduce
systematic errors during software development. This development process is embedded
in the Functional Safety Management (FSM), which, among other things, describes the
entire lifecycle of the system in Part 1. In addition, there are some software-related
requirements in Part 2 of this series of standards, which must also be taken into account.
However, to date there are no regulations that clarify the relationship between functional
safety and artificial intelligence or describe special measures for AI systems in a safety-
related environment. At the international level, initial activities have been underway
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since 2020 to describe requirements for the use of artificial intelligence in the context
of functionally safe systems.

5 Conclusion

Artificial intelligence already has many fields of application today and is a rapidly
growingmarket. It is to be expected that artificial intelligence processes will increasingly
contribute to the realization of new innovative applications in the future and will thus
find their way permanently into various domains. However, especially in order to ensure
safety and health at work, this development can only take place in compliance with
fundamental principles of developing safe systems within the framework of trustworthy
artificial intelligence. This requires a precise understanding of the specific aspects of the
individual artificial intelligence processes and their impact on the overall quality of the
system in general and its safety in particular.
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Abstract. Artificial Intelligence (Ai intelligence) abbreviated for AI. It is a sci-
ence and technology to study and develop theories, methods, techniques and appli-
cation systems for simulating, extending and expanding human intelligence. With
the progress of science and technology, artificial intelligence has become the
development strategy of many countries, countries gradually integrate artificial
intelligence into all areas of society. As a new place for technological innovation
activities in recent years, the open, shared, innovative and democratic nature of
the creative space has given it a very wide range of development prospects.

The application of artificial intelligence in the creative space can realize the
intelligent management process, intelligent business operation, intelligent online
communication, intelligent material management, intelligent personalized infor-
mation push service, environment and order maintenance intelligence, aiming to
create a new type of creative space, further attract creative talents from all walks of
life and develop into high-quality creative and entrepreneurial distribution center.

The information age environment has provided unprecedented new opportuni-
ties and challenges for the creative space. To realize the intelligence of the creative
space, we need to do a good job in the following four aspects of the response. First
of all, the development of creative space should focus on and break through the
key technologies of AI, combine with the needs of users, combine the techno-
logical achievements of external artificial intelligence, give full play to artificial
intelligence talents and technological advantages, and tap the greatest value of the
creative space. Secondly, the foundation and core of the creative space service is all
kinds of raw materials, tools and resources of innovative products, and the use of
artificial intelligence technology should also serve the resource construction and
management of space. By integrating the tool materials required by the founders
with modern intelligent analysis, we continue to enrich the variety of materials
and lay the resource base for enhancing the creative services of the genesis space.
Third, artificial intelligence technology is a new technology, in order to ensure that
artificial intelligence technology in the creative space services play a real role, we
must strengthen the construction of human resources, the introduction and training
of high-end talent has become a new need for intelligent applications. In addition,
we can use advanced artificial intelligence equipment to optimize the space plan-
ning and management of the Creative Space. Space design should be reasonable
science, intelligent space and intelligent products combined, hardware equipment
to meet the needs of big data, can support big data storage and computing services
and operating systems, etc.
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In order to adapt to the development and application of artificial intelligence,
we should do a good job in artificial intelligence technology, resource intelli-
gent management technology, related personnel integration, intelligent space re-
engineering four aspects of the response measures. Increase investment in con-
struction, as soon as possible to apply artificial intelligence in the creative space,
in order to provide the founders with a better quality of modern creation.

Keywords: Artificial intelligence · Creative space · Application

1 Introduction

With the progress of science and technology, countries are scrambling to lay out artificial
intelligence development strategies, and gradually integrate artificial intelligence into
all areas of society. Facing the new opportunities and challenges brought about by the
development of artificial intelligence, the creative space can be intelligent through the
use of artificial intelligence, so as to better serve the creation of space.

2 Artificial Intelligence and Creative Space

Artificial Intelligence, abbreviated as AI. It is a science and technology to study, develop
the theory, method, technology and application system for simulating, extending and
expanding human intelligence. Artificial intelligence is a multi-sphere comprehensive
science, which covers a wide range of knowledge, including computer science, math-
ematics, logic, psychology, biology, neuroscience, bionics, statistics, economics, lin-
guistics and philosophy and other related scientific content. Artificial intelligence is a
branch of computer science that can highly simulate human consciousness and thought
processes, and the core of research is how to enable machines to handle highly com-
plex tasks like humans. The continuous iteration and innovation of artificial intelligence
enables it to integrate more widely into many areas of human society.

There is a close relationship between artificial intelligence and creative space. Gen-
esis Space was originally moved to China from the United States, and its corresponding
English is Hackerspace, which translates directly as Hackerspace, which is called The
Creative Space because of differences in language and social environment. Refers to
the organization of diversified activities, such as salons, training, competitions and other
activities, is committed to helping creators to interact, exchange circle construction,
to enable entrepreneurs in the common environment to help each other.1 People see
the creative space as the democratic embodiment of innovation, the existence of the
creative space, so that everyone has a low-cost opportunity to personally participate in
design, engineering,manufacturing, learning andother activities,which greatly enhances
the creative passion of ordinary people. Therefore, from this point of view, the maker
space embodies democracy in design, engineering, manufacturing and education. From

1 Liu wei. Create new driving back scene under the big school students create a new industry
education carrier construction Study - to Tianjin City High School public creating space as an
example of the example of the city of Tianjin. Did not come and develop,2018,042(09):94–99.
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the development trend, as a new place for technological innovation activities in recent
years, the creative space will become a place for technological innovation activities
and academic exchanges and accumulation, and will also become a space for creative
generation and realization and trading, and then gradually form an entrepreneurial dis-
tribution center, its openness, sharing, innovation and democracy have given it a very
broad development prospects (Fig. 1).

In January 2015, for example, Premier Li Keqiang visitedChaihuo Maker, Shen-
zhen’sfirst creative space, and signed on the membership card, has since entered a period
of rapid development in China’s creative space (Fig. 2).

Public libraries with innitable advantages have naturally joined the boom in creative
space. This kind of creative space usually has good hardware and software equipment,
digital technology and mobile Internet technology and other technologies parallel huge
database, spacious experimental space, these all provide a good basis for the develop-
ment of artificial intelligence technology, and the development of artificial intelligence
can be faster and better conversion applications, for the transformation and innovation of
creative space services to provide strong technical support, promote the creative space to
intelligent, sustainable direction. The interaction between the two is very close. In recent
years, many colleges and universities in China have set up corresponding disciplines and
specialties around the field of artificial intelligence, trained a number of high-quality pro-
fessionals, and set up a special guest space in public libraries. Such asWuhan University
Library held the “Creative Carnival”, innovation and entrepreneurship contest, such as
Shanghai Jiaoxuan University Library held 3D printer pioneer competition (Fig. 3).

Thus, artificial intelligence has a unique advantage in the creative space, whether it
is application research and development, practice or post-maintenance.

3 The Application of Artificial Intelligence in the Creative Space

Artificial intelligence in the creative space through the implementation of management
process modules and business operation modules, mainly using the Internet, big data,
artificial intelligence technology and cloud computing, based on the actual situation
of the operation of the creative space business, to achieve the creative space resources
construction and management of intelligent, spatial circulation management, creative
services and spatial reference consulting and other services intelligent process.

3.1 Intelligent Management Processes

The construction of creative space resources is mainly to do a good job in the compila-
tion of space professional resources. Genesis space professional resources to be selected,
ordered and accepted three stages, need a lot of manpower, financial resources and time.
Artificial intelligence in the creative space should be used, can optimize the resource
screening process, resource demand and procurement laws analysis, combined with user
needs to develop procurement lists, develop scientific procurement plans and processes,
the creation of relevant information and demand analysis, targeted procurement. The cre-
ative space screeningwork, under the artificial intelligence technology can automatically
process the resource type, automatically generate the order catalog, the post-acceptance
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Fig. 1. Creative space
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Fig. 2. Wood-burning creative space

work can also be completed in bulk. The construction of creative space resources can
also use artificial intelligence technology for the classification and protection of profes-
sional resources. It is possible to introduce advanced artificial intelligence technology
and means to class out the professional resources of the creative space and realize the
security protection of the resources.
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Fig. 3. Smart Creater Library



258 B. Su

Fig. 3. (continued)

3.2 Intelligent Material Management

Artificial intelligence to achieve the creative space resources collection circulation man-
agement services intelligent, including self-help loan also creater tools circulation ser-
vices, intelligent access services, tool information automatic finishing services. Self-
service loan also circulation service using automatic loan robot real tool resources to
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borrow also automation, through the robot automatic identification tool bar code, to
achieve the purpose of automatic loan tool. At the same time, automatic loan robot
can also be based on the type of bar code identification tools, through the pre-installed
mobile device, the tool transport to the identified area, reduce the intensity of the work
of tool managers, improve the efficiency of the creation of resources sorting. Artificial
intelligence uses sophisticated positioning technology for open reading and service of
electronic data resources in the open shelf access service of the genesis space, and inte-
grates remote positioning technology, face recognition technology, accurate positioning
of users, and organizes the record of the access of the pioneering data in order to provide
intelligent open-shelf access services for them. The application of artificial intelligence
in the creation of space data collection mainly involves the collection of electronic data,
shelf, sorting and other work. Artificial intelligence robot can replace the operator to
complete the heavy electronic data collection and sorting work, improve the speed of
data on the shelf, and thus improve the data flow rate.

3.3 Intelligent Online Communication

The purpose of online communication services is to provide a platform for businesses
in different fields. Through the online communication system established by artificial
intelligence, the integration, analysis and human-machine dialogue of multidisciplinary
and multi-disciplinary knowledge are realized, real-time interaction with the founders
is realized, and the child-based and intelligent work of the creation data search, basic
consulting, communication and other work is realized, and on this basis, the behavior of
the pioneers is analyzed and summarized, prompted and informed in advance when the
creation of customer consultation questions, and the establishment of a creative exchange
platform in the same field. At the same time, the creative space can also make full use
of virtual reality technology, online and offline and other ways to implement intelligent
interactive robot real-time consulting services.

3.4 Intelligent Operation of the Business

The creative space has a large number of paper resources and digital resources, the cre-
ation of a large number of resources to retrieve their own information needs there are
certain difficulties. The introduction of artificial intelligence into resource retrieval can
make the retrieval process fast and accurate, improve the accuracy rate of information
effectively, and make corresponding suggestions for errors. Artificial intelligence tech-
nology can use computers to simulate the human brain, and combined with the user’s
retrieval process, the use of neural network algorithms to speculate on the user’s needs,
filter out more in line with the user”s needs of the resource information and provide to
the user, which greatly improves the efficiency and accuracy of spatial retrieval, and thus
improves the utilization of space resources and user service satisfaction.

3.5 Personalized Information Push Service Intelligence

Artificial intelligence makes personalized, customized applications the norm, enabling
the space network to push the information it needs to users more proactively, intel-
ligently, in a timely and accurate manner. Through artificial intelligence, the use of
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large data, intelligent analysis, Internet technology, such as the construction of creative
space intelligent analysis system, rapid collection, sorting, analysis and processing of
data information, comprehensive collection, analysis and processing of creative behav-
ior information, tool circulation information, a comprehensive grasp of the personal
habits of the creation of customers, access to the flow of data tools, for the creation
of personalized information information push services, to achieve personalized intelli-
gent customized services, and video transmission of data resources display, improve the
efficiency and quality of creative space services.

3.6 The Maintenance of the Environment and Order is Intelligent

Artificial intelligence and the Internet of Things deep integration, linked to artificial
intelligence computer vision recognition technology and video surveillance means, can
build a creative space intelligent onlinemonitoring system, to achieve themonitoring and
management of tool resources, access control system of personnel access control man-
agement, seat reservation system seat reservation management, environmental health
monitoring and management, to achieve the positioning, tracking, management and
monitoring of space personnel, the use of language communication ability robot super-
vision space order, discourage the creation of uncivilized behavior, maintain a good
environment in space.

4 The Response of Creative Intelligence in Creative Space
Applications

The development of artificial intelligence has provided unprecedented new opportunities
and challenges for the creative space, and in order to realize the intelligent space of the
creative space, we need to do a good job in the following four aspects of the response.

4.1 Technical Support

The development of creative space should focus on and break through the key technolo-
gies of AI, combine with the needs of users, combine the technological achievements
of artificial intelligence outside, give full play to the talents and technological advan-
tages of artificial intelligence, make full use of space big data analysis, mining, all-round
expansion of services, tap the greatest value of the creative space.

4.2 Resource Security

The foundation and core of the creative space service is the various tools and profes-
sional materials of the creative space, and the use of artificial intelligence technology
should first serve the resource construction of the space. Through artificial intelligence
technology, the development ofmodern space resources construction program, the use of
the Internet’s huge information network, and constantly excavate interview information,
the construction of digital information service platform. Through the integration of tra-
ditional offline tool resources and modern online resources, and constantly enrich space
resources, in order to enhance the creative space intelligent services to lay a resource
base.
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4.3 Talent Protection

Creator space can provide entrepreneurs with free and adequate product display space,
and in many activities, creators can carry out projects, product visual display.2Artificial
intelligence technology is a new technology, in order to ensure that artificial intelli-
gence technology in the creative space services play a real role, we must strengthen
the construction of human resources. It is possible to set up scientific and reasonable
organization to ensure the effective application and orderly implementation of artificial
intelligence technology. In order to introduce and train high-end talents, the application
of artificial intelligence technology needs big data technology, computer technology,
scientific computing decision-making, etc., to introduce and train a group of high-end
talents with practical ability in order to ensure that artificial intelligence technology is
effectively applied in the creative space. We should strengthen the re-training and re-
education of space management and service personnel, constantly adapt to the rapid
development of science and technology, and promote the deep integration of artificial
intelligence and space management services.

4.4 The Re-creation of Intelligent Space

Creative space can use advanced artificial intelligence equipment to improve space plan-
ning and management. Space design should be reasonable science, intelligent space and
intelligent products, hardware equipment to meet the needs of big data, can support big
data storage and computing servers and operating systems. The combination of artifi-
cial intelligence and the creative space is an important witness of the deepening of the
application scope of artificial intelligence, through artificial intelligence, the creative
space in the electronic data resource construction, circulation service management, ref-
erence consulting, information retrieval, personalized information services, environment
and order maintenance and other aspects to achieve intelligence, so as to provide more
quickly and perfectly to the creation of a variety of support and services, to achieve
efficient and intelligent operation of space.

5 Conclusion

To sum up, the construction of creative space is not only an important means to promote
the development of China’s entrepreneurial cause, but also one of the main ways to
improve the overall innovation and creative consciousness. In this regard, it is necessary
to fully grasp the existing problems in the construction of the creative space, combined
with the implementation of the above-mentioned measures to promote the long-term
development of the creative space. In order to adapt to the development and application
of artificial intelligence, Creator Space should increase investment and construction in
artificial intelligence technology, resource intelligent management technology, related
talent integration, intelligent space re-engineering, etc., and apply artificial intelligence
to The Creator Space as soon as possible, so as to better provide more high-quality and
convenient services for Creators.
2 Chen Dejin. Create space for allDevelopment Model Comparison and Propulsion Strategy
Research… Straits Section学,2016(05):3–5.
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Abstract. Domestic service robots are becoming more ubiquitous and
can perform various assistive tasks such as fetching items or helping with
medicine intake to support humans with impairments of varying severity.
However, the development of robots taking care of humans should not
only be focused on developing advanced functionalities, but should also
be accompanied by the definition of benchmarking protocols enabling the
rigorous and reproducible evaluation of robots and their functionalities.
Thereby, of particular importance is the assessment of robots’ ability to
deal with failures and unexpected events which occur when they interact
with humans in real-world scenarios. For example, a person might drop
an object during a robot-human hand over due to its weight. However,
the systematic investigation of hazardous situations remains challeng-
ing as (i) failures are difficult to reproduce; and (ii) possibly impact
the health of humans. Therefore, we propose in this paper to employ
the concept of scientific robotic competitions as a benchmarking pro-
tocol for assessing care robots and to collect datasets of human-robot
interactions covering a large variety of failures which are present in real-
world domestic environments. We demonstrate the process of defining the
benchmarking procedure with the human-to-robot and robot-to-human
handover functionalities, and execute a dry-run of the benchmarks while
inducing several failure modes such as dropping objects, ignoring the
robot, and not releasing objects. A dataset comprising colour and depth
images, a wrist force-torque sensor and other internal sensors of the robot
was collected during the dry-run. In addition, we discuss the relation
between benchmarking protocols and standards that exist or need to be
extended with regard to the test procedures required for verifying and
validating conformance to standards.

Keywords: Robotics competitions · Benchmarking · Assistive robots

1 Introduction

The Multi-Annual Roadmap for robotics in Europe identifies healthcare as one of
the domains in which robotics is expected to play a significant role [7]. Assistive
robotics, which is seen as one of the sub-domains along with clinical and reha-
bilitation robotics, is concerned with providing assistive aid to care givers or to
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persons with physical, sensory or cognitive impairments. Their acceptability and
impact on such users is increasing, though most robots are still in the research
phase [10,22]. The challenges identified for deploying robots include updating
safety standards to ensure a certain level of robustness [22]. Research is also
ongoing in areas such as designing the robots to cater to user needs [23], and
assessing the impact of personality factors on the acceptance of socially assistive
robots [25].

Typical tasks for such robots include fetching items, engaging in conversation,
assisting with medicine intake, monitoring a person’s activity, etc. They work in
close proximity to humans, with some tasks such as object handovers requiring
close contact. Therefore the robots must be guaranteed to perform their activities
in a safe manner before they can be deployed in care facilities or in homes.

The evaluation of functionalities developed for these robots is often per-
formed in laboratories or in a limited number of settings. Developing bench-
marking protocols will enable a more rigorous evaluation of such robotic sys-
tems, ensuring that the functionalities of the robot are reproducible in various
environments, and repeatable across several trials. Benchmarking is also one of
the ways in which the conformance to standards can be improved. The standard
ISO 13482 [15], which provides requirements and guidelines for designing per-
sonal care robots, requires that all “performance values related to safety of the
robot shall be verified and validated.” Some of the methods listed for achiev-
ing this is through testing the various performance values of the robot under
normal and abnormal conditions, injecting faults during tests, endurance tests
and observation during operation. The standard ISO 12100 [14], which provides
guidelines for risk assessment and risk reduction in machinery, requires the esti-
mation of the probability of occurrence of identified hazardous events. Since the
estimation is typically based on historical and statistical data, this is a challenge
for robots that have not been put through rigorous testing yet. Several func-
tionalities of assistive robots are still in the research phase; therefore there is
a lack of data concerning the likelihood of failure of different components such
as perception or grasping. Additionally, since the likelihood of failure is often a
function of the robot’s morphology and sensor configuration, it is hard to share
data between different robots types.

It is even more challenging to quantify failures in the case of functionalities
which require interaction with humans or the environment. A failure, leading to
a hazardous event, could be caused by several factors, including the behaviour
of the human. For example, during a robot-to-human handover, the robot might
release the object shortly after feeling a pulling force, but the human might also
release the object immediately if they feel the robot is not releasing the object.
This would result in a potentially hazardous event (such as a knife falling down),
but identifying the exact cause of the failure and estimating the likelihood of the
event is a challenge.

Hence, incorporating failures and hazardous events in the benchmarking pro-
cess is necessary to fully evaluate a robotic system and is a step towards ensuring
compliance with standards for safety and risk reduction.
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In the context of scientifically and rigorously evaluating assistive robots, we
attempt to answer the following questions:

1. How should benchmarking protocols for social and physically assistive robots
be defined? We propose employing scientific competitions as the means to
benchmark functionalities and task execution of robots, which has been shown
to be a viable method in prior work such as RoCKIn [4]. We elaborate on
this in Sects. 2 and 3.

2. What is the methodology to define benchmarks which incorporate failure condi-
tions in the interaction between robots and humans? We propose a procedure
which defines the expected function and corresponding failure modes, and
incorporates these as independent variables in the experiment design. Failure
modes which involve interaction are induced by the human volunteer par-
ticipating in the experiment. We discuss this with the help of a use case in
Sect. 4.

3. How can benchmarking robots with this methodology help them conform to
existing standards? In Sect. 5, we discuss existing standards which define
safety guidelines and risk assessment and reduction procedures and how they
relate to the methodology discussed.

2 Related Work

Benchmarking in robotics is an active field of research, whether focused on
benchmarking complete systems [21,29], benchmarking tasks such as pick-and-
place [24,28] and navigation [26], or benchmarking hardware components such
as end-effectors [11]. Typically, they define a benchmarking framework by spec-
ifying the task, environment and evaluation metrics, allowing users to repli-
cate the setup in their own facilities. In the case of [29], the authors develop a
simulation-based benchmarking platform using software containers to enhance
reproducibility.

Benchmarking has also been carried out through robotic competitions. The
DARPA robotics challenge [1], RoboCup [3] and World Robot Challenge [6] are
all robotics competitions which target robot applications in different domains
such as rescue, agile manufacturing, service robotics, etc. More recently, projects
such as RoCKIn [4] and RockEU2 [5], which have now been brought under the
umbrella of the European Robotics League [2], have brought competitions closer
to scientific experiments by comparing the performance of robots in certified test
beds such that the results are reproducible and repeatable [8]. They target three
domains, namely, domestic service robots, industrial robots working in a smart
factory environment and rescue robots. Benchmarks for domestic service robots
include functionalities such as object recognition and navigation, and tasks such
as Getting to know my home, Catering for Granny Annie’s comfort, in which the
robot is operating in the home of Granny Annie performing various domestic
tasks [9].

RoCKIn [4] introduced the concept of functionality and task benchmarks,
separating the evaluation of standalone functionalities and complete tasks which
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require the integration of several functionalities. This was a differentiating fac-
tor from previous competitions, which typically evaluated robots on their per-
formance in a complete task. By introducing the benchmarking of standalone
functionalities, the evaluation is more fine-grained, while limiting the influence
of one functionality on another. However, while these competitions evaluate func-
tionalities of service robots, there is no explicit benchmarking of factors such as
safety and resilience to failures. Unsafe actions such as collisions result in a
penalty or disqualification, but is not the focus of the benchmarks.

Safety and autonomy are two of the benchmarks proposed in [12] for evalua-
tion socially assistive robots, amongst others such as scalability, privacy, impact
on user’s care etc. The authors regard both safety of the robot itself, and ensur-
ing safety of the user as important factors. Autonomy is considered from the
viewpoint of whether the robot can effectively perform its tasks, and whether
the user can trust the robot to perform them. Resilience to failure conditions or
unexpected situations is therefore a crucial aspect of autonomy.

Tolmeijer et al. [27] propose a taxonomy of failures which affect trust during
human-robot interaction. Four failure types are identified: (i) design: failures
caused by the robot performing as designed, but not as expected by the user,
(ii) system: failures caused by the robot not performing as designed, (iii) expec-
tations: similar to the design failure except that the behaviour of the robot is still
considered correct, and the user’s expectations should be corrected to mitigate
the failure, and (iv) user: failures caused by actions by the user which were not
expected by the robot. Several mitigation strategies are suggested for regaining
trust of the user, such as apologizing, proposing alternate actions, or asking the
user for a justification of their behaviour.

Using competitions as a means to benchmark robots has been shown to be
successful. However, in particular for assistive robots, they must be updated to
incorporate aspects such as resilience to failure, trust, safety, etc. We utilize the
benchmarking procedures from RoCKIn [4] and extend it to explicitly include
failure conditions as part of the variability of the benchmark.

3 Scientific Competitions for Robot Benchmarking

The domestic service robotics competitions in RoboCup, RoCKIn, and RockEU2
target robots operating in a home environment performing various domestic
tasks, including iteracting with people. Assistive robots in healthcare environ-
ments are closely related but with the additional caveat that they could interact
with persons with impairments. This makes safety a crucial aspect in designing
the robots, and by extension competitions, and benchmarking protocols.

3.1 HEART-MET: Healthcare Robotics Technologies - Metrified

The METRICS project1 aims to address the need for benchmarking robots in the
four priority areas healthcare, inspection and maintenance, agri-food and agile
1 https://metricsproject.eu/.

https://metricsproject.eu/
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production by organizing robotics competitions in the four areas under a com-
mon evaluation framework. The healthcare competition, Healthcare Robotics
Technologies - Metrified (HEART-MET), targets assistive robots which perform
care-related tasks by benchmarking typical tasks in a care facility or private
home. Since the tasks involve the robot operating in dynamic and unstruc-
tured environments, and interacting with older adults with physical, sensory
and cognitive impairments, it is necessary to validate the safety of the robot.
The HEART-MET evaluation plan [13] describes the competition in more detail
and includes definitions of various functionality and task benchmarks.

The competitions are of two types: (a) field evaluation campaigns (FEC), in
which robots compete at a certified physical test bed; and (b) cascade evalu-
ation campaigns (CEC), which are online competitions evaluated on datasets.
The datasets for the cascade evaluation campaign are collected from robots com-
peting in the field evaluation campaigns. The CEC thus allows teams to improve
specific functionalities which do not require the use of a robot, but nevertheless
benefit from realistic datasets which have been generated by several different
robot platforms.

Following the benchmark types introduced in RoCKIn [4], the FEC comprises
of two types of benchmarks: (a) functionality benchmarks (FBM), which evaluate
individual functionalities of the robot; and (b) task benchmarks (TBM), which
evaluate the execution of a complete task. Functionality benchmarks include
object detection, human recognition, activity recognition, human-to-robot and
robot-to-human handover, task-oriented grasping, opening a cupboard etc. Task
benchmarks include the delivery of a requested item to a person, preparing
a drink, and assessing the activity state of a person. Robots are expected to
run multiple trials, particularly for FBMs, and are evaluated based on aggre-
gated metrics (such as true positive rate) over all trials. In benchmarks where
quantitative metrics are not applicable, scoring is based on intermediate achieve-
ments during the trial. For example, for item delivery, intermediate achievements
include navigating to the pickup location, detecting the item, grasping the item,
etc.

For both FBMs and TBMs, there is a special emphasis on the feature vari-
ations introduced for each trial. Some variations are simply the configuration
of the task, such as the object to be detected, location of the task, or the per-
son involved in handover task. Some variations are introduced to evaluate the
resilience of the robot to unexpected situations. This applies in particular to
tasks which involve interaction of the robot with a human or the environment.
For example, while opening a cupboard, the robot might encounter a stuck door,
or items could fall out of the cupboard.

3.2 Defining a Benchmark

In order to specify the benchmarking procedure for a given functionality or task,
we first identify and specify several aspects of the benchmark, i.e. (i) define the
objective of the benchmark, (ii) identify dependent and independent variables,
(iii) identify failure modes associated with the execution of the benchmark, (iv)
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specify evaluation metrics (or achievements for non-quantitative evaluation), and
(v) specify minimum data sources to be recorded.

An example of this process for the activity recognition benchmark can be
seen in Fig. 1.

Fig. 1. Procedure for defining a benchmark using activity recognition as an example

The objective must concisely state the desired objective of the robot when
performing the benchmark. This is later used to identify failure modes by con-
sidering different aspects of the objective which are not able to be fulfilled.

Variables for the benchmark include the dependent variables (i.e. those which
are the target of the benchmark), and independent variables which are varied
across trials. The failure modes are a particular type of independent variable,
which present the robot with some type of abnormal condition. In the example
shown in Fig. 1, the robot does not interact with a human or environment,
hence the failure modes correspond to the configuration of the environment.
The absence of a human renders the objective of the benchmark unachievable
while a low light environment possibly makes the objective unachievable for most
robots. Failure modes can also be caused internal hardware and software faults
(such as a broken camera), but our focus here is on failure modes arising from
external factors (i.e. through configuration of the scene, or behaviour of humans
during interaction). When such a situation is encountered during the execution
of a benchmark, the robot scores an achievement if it is able to identify that it
is an abnormal condition.

The final step is to identify data which is to be recorded during the execution
of the benchmark. The actual data recorded may differ based on the robot plat-
form and available sensors. Recording the right data is important since it will
allow the careful design of challenges for the cascade campaign, which target the
same benchmark (e.g. activity recognition in the case of Fig. 1), or challenges
that address the detection of failure conditions (as in the case for handovers
described in Sect. 4).

3.3 Execution and Dataset Collection

The execution of trials is controlled using a referee box, which communicates
with the robot by sending a start signal and type of benchmark to be executed.
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The robot sends back the result of the trial once it has completed. For example,
for a trial of the activity recognition FBM, the robot is placed near a person,
and the referee box sends a start signal. The person is instructed to perform
the activity specified by the referee box, which the robot recognizes and finally
returns a result message with the recognized activity.

Collecting data during the execution of a benchmark serves two purposes:
(i) it serves as a method of recording the test conditions, including available
sensors on the robot, a third-person view of the functionality, and results, all of
which can be analyzed at a later time; and (ii) it aids in the creation of realistic
datasets which can be used for improving the performance of algorithms related
to that benchmark. In HEART-MET, data collected during the execution of a
benchmark in a FEC will later be labelled and used as test sets in the CEC. The
recorded data can include sensors on the robot (such as cameras, force-torque
sensors, laser scanner etc.), external cameras, smart home sensors, wearable sen-
sors etc. For each trial, the robot begins recording internal sensor data in the
form of ROS bagfiles when triggered by the start signal from the referee box,
and stops once the trial is complete. The recorded data, result messages, and
trial configurations on the referee box are collated to form a partially labelled
dataset. For some FBMs, such as object detection, additional annotation of the
recorded data is needed to create a fully labelled dataset.

4 Use Case: Handover FBM

In this section, we use the robot-to-human and human-to-robot handover as a
use case to describe the benchmark specification process in more detail and to
exemplify the data collection process which includes interaction failures. Receiv-
ing and giving objects are essential skills for an assistive robot. Several chal-
lenges exist, including variablity in the type of objects, coordinating the inter-
action with the human in a natural manner, and ensuring a safe and fault-free
execution. In defining the benchmark for the handover functionality, we focus
primarily on evaluating the robot’s capability of handling failure scenarios. We
follow the procedure defined in Sect. 3.2 to define the benchmarking protocol for
this functionality.

Objective. The objective of the handover functionality is to safely transfer an
object from the giver to the receiver. “Safely” refers to ensuring the safety of
the robot itself, the human, the object being handed over and the surrounding
environment. An additional requirement is that the handover occurs in a manner
that is intuitive to the person, which includes executing the handover at a com-
fortable position between the human and robot, comfortable grasp pose on the
object and timely release or grasp of the object. These additional requirements
are subjective and require feedback from the persons involved for evaluation. We
focus here on the primary objective, though the subjective requirements can be
included in the benchmarking protocol using the same process.
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(a) Robot-to-human handover

(b) Human-to-robot handover

Fig. 2. The phases and interaction failure modes caused by the human for (a) robot-
to-human and (b) human-to-robot handover

Variables. The location, time of day and lighting conditions are variables com-
mon to several benchmarks, and are included for this benchmark as well. For
this benchmark, the object, the person and the person’s pose (such as sitting,
standing, or laying) are specified as independent variables as well.

Failure Modes. Figure 2 illustrates the phases and the associated failure modes
for both handover functionalities. The failure modes do not indicate the cause
of the failure, but simply the type of failure that can occur. For example, for
the failure mode does not grasp object, the cause could be that the human no
longer wants the object, the object is too far away, or that there is no suitable
grasp position available. For the purposes of benchmarking, we are currently
only interested in the failure mode, and not the causes. Once the failure modes
are enumerated, they are used to generate variations in the benchmark trials by
instructing the human to either behave nominally or to induce one or more of the
failure modes. Some sample trial configurations for a robot-to-human handover
benchmark are shown in Table 1. The volunteer receives an instruction for each
phase of the handover.

Evaluation Metrics. The evaluation of this benchmark is based on intermedi-
ate achievements. In the nominal case, the achievements are successfully reaching
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Table 1. Sample trial configurations for a robot-to-human handover with instructed
behaviour for the human volunteer

No. Object Location Time Reach Release Retract

1 Bottle Kitchen Morning Reach
out

Grasp
object

-

2 Towel Bedroom Evening Do not
reach
out

- -

3 Pill box Living
room

Afternoon Reach
out

Do not
grasp
object

-

4 Book Living
room

Morning Reach
out

Grasp
object

Drop object

out, grasping or releasing the object, and retracting. In the case where a failure
mode is induced, the robot instead scores an achievement if it detects the failure
mode. For example, if the human drops the object during the handover, the
robot scores an achievement if it detects that the object has dropped.

Fig. 3. Trials the handover functionalities consist of successful handovers, failed trials
including unreleased objects, dropped objects, and ignoring the robot (top to bottom)
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The trial configurations, each of which consists of an instantiation of the
defined variables, are fixed beforehand, and all teams must execute all trials.
Some variants, such as the lighting conditions, are difficult to reproduce for all
teams, but a best effort is made to achieve uniformity in such cases. The failure
modes are easily induced by instructing the human volunteer to behave in a
certain way for a particular trial.

Data. The data collected during this benchmark will be used for improving the
detection of the failure modes. Therefore, any available sensors that the robot
might use for detecting the failures are recorded. Figure 3 shows a subset of the
frames captured from the robot’s camera during several trials, in which the vol-
unteers completed the handover successfully, did not release the object, dropped
objects and did not respond to the robot. Other data recorded includes depth
images, RGB images from the end-effector camera, force-torque sensor at the
wrist, and proprioceptive sensors of the joints. Figure 4 shows force measure-
ments by the force-torque sensor and corresponding image frames from a second
camera on the robot. The force caused by the interaction is evident in the top
plot at the start of the release phase, and the reduced downward force once the
object leaves the robot arm is visible in the bottom plot towards the end of the
release phase.

Fig. 4. Force measurements from the wrist force-torque sensor during a robot-to-human
handover
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The videos and other sensor data are extracted and labelled with the outcome
of each phase of the handover. Since the handover functionality cannot be eval-
uated in a cascade campaign, the dataset recorded during the field campaign is
used to create two related dataset challenges: (i) to detect whether the handover
was successful or not; and (ii) to detect the failure mode if the handover was
unsuccessful. During a dry-run of the field evaluation campaign conducted in
our lab, 150 trials of the robot-to-human handover and 144 trials of the human-
to-robot handover were executed with nine volunteers, of which 93 and 117
trials respectively resulted in a failure. Since the robot was not equipped with
the functionality to detect certain failures, it only achieved points for successful
handovers and for detecting when a person did not respond to the robot. How-
ever, the dataset will enable the development of functionality to detect dropped
objects and unreleased objects for future campaigns.

The benchmark protocol defined here and the data collection process can
be easily replicated and extended by the community. A tool which coordinates
execution of the benchmark, and generates trial configurations based on the
variations defined for the benchmark has also been made available2.

5 Related Standards

Benchmarks and standards are closely related since benchmarks can provide a
means for measuring the conformance to standards. In defining the benchmark-
ing protocols, we want to identify synergies with existing benchmarks and ways
to define them in such a way that they can be used as verification and validation
procedures required by standards.

The International Organization for Standardization (ISO) has defined several
standards for safety of machines. ISO 12100:2010 [14] provides a framework for
designing safe machines, including guidelines for risk assessment and reduction.
The process of risk assessment and reduction begins by identifying limits of
the machine and identifying the risk of potential hazards and the likelihood of
their occurrence. Removing the hazard, or reducing the risk of the hazard is
performed by incorporating protective measures. The standard is applicable to
all machines, and hence to robotic systems as well. Benchmarking protocols will
primarily aid in the development of risk reduction strategies and to some extent
help in estimating the likelihood of the occurrence of hazards.

The technical committee ISO TC/299 is concerned with standards related
to robotics including safety, performance criteria and test methods. Among the
standards developed by this committee is the safety standard ISO 13482 [15],
which provides requirements and guidelines for designing personal care robots.
It defines safety requirements for hazards caused by robot motion, a charging
battery, environmental conditions, localization errors etc., and guidelines for
protective measures against each type of hazard. Following ISO 12100, these
requirements are to be used to perform a risk analysis of the robot, with the
application of protective measures if necessary. Several options for verifying and
2 https://github.com/HEART-MET/metrics refbox.

https://github.com/HEART-MET/metrics_refbox
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validating that the robot conforms to the requirements are also specified. For
example, for hazards due to incorrect autonomous decisions and actions, the ver-
ification and validation methods are practical tests, measurement, observation
during operation, examination of software and review of task-based risk assess-
ment. Practical tests and observation during operation both involve subjecting
the robot to abnormal conditions in addition to normal operating conditions.
ISO/TR 23482-1 [19] defines test methods that can be used ensure compliance
with ISO 13482, and ISO/TR 23482-2 [20] provides additional guidelines to
design robots according to ISO 13482. Similarly, ISO 18646-1 and ISO 18646-
2 [17,18] define several performance characteristics of the locomotion, and nav-
igation of service robots, such as rated speed, stopping characteristics, turning
width etc., along with recommendations on how to test them. They include spe-
cific details of the recommended test facility, test procedure and reported results
for each of the performance characteristics. ISO 15066:2016 [16] is concerned
with safety requirements for collaborative robots and identifies the collaboration
types safety-rated monitored stop, hand guiding, speed and separation monitor-
ing, and power and force-limiting. For tasks which involve a physical interaction
between the robot and human, the power and force-limiting collaboration type
is most applicable since intentional or unintentional contact with the robot is
expected.

Our goal in defining benchmarking protocols is to enhance and extend the
test procedures already defined, with a focus on robot-human interaction. We
define the test facility (a certified test-bed), test procedure incorporating the
failure modes, and the evaluation metrics to report results for each benchmark.
The manner in which the robot responds to failure conditions is also an aspect
which can benefit from standardization. Even though some standards have sim-
ilar activities which can be found in the proposed benchmarking protocols (e.g.
defining the scope and task as defined in ISO 12100) the existing standards lack,
to the best of our knowledge, test procedures to assess the failure conditions
occurring in human-robot interaction tasks such as object handover.

6 Conclusions

In this paper we proposed scientific competitions as a means to benchmark func-
tionalities for assistive robots with a particular focus on failure modes, espe-
cially in tasks that involve human-robot interaction. The process for defining
a benchmark comprises of defining the objective, identifying the variables and
failure modes, and specifying the evaluation metrics and data to be recorded.
We demonstrated the feasibility of the proposed approach with the help of a
handover use-case, which incorporates several failure modes associated with the
interaction between the human and the robot. While related standards share
several activities as those included in the benchmarking protocol the investiga-
tion of failure conditions are not yet present in robotic standards. For the future
we aim to establish further synergies and harmonize the activities between stan-
dards and benchmarking protocols developed in competitions as both share the
common goal to systematically assess the performance of robotic systems.
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Abstract. The connections between the perception of trust, fairness,
and regulatory needs regarding artificial intelligence have not been suf-
ficiently investigated, yet. We address this research gap and analyze the
role of trust, acceptance, and confidence in technology use towards the
need for regulations and perceptions of fairness of artificial intelligence.
A quantitative questionnaire (n = 103) was used to empirically and
deductively study the aforementioned research question and established
hypotheses. Overall, the results suggest most importantly trust has an
impact on assessing the fairness of AI, and that it correlates with regu-
latory needs. Furthermore, we found that trust and a lack of regulatory
needs predict the assessment of perceived AI fairness, explaining 41%
of the variance. We also found that the usage context has a significant
impact on perceived fairness and regulatory needs. Interestingly, teach-
ing showed the highest need for regulation of all our contexts and showed
the lowest perceived fairness.

Keywords: Fairness · Regulatory needs · Artificial intelligence · User
study · AI in teaching · AI in medicine · AI in recruiting · Trust in
AI · Contextual AI · Technology acceptance

1 Introduction

Artificial intelligence is one of the major topics of our time. Scientific discussions
occur in a variety of disciplines, from the perspective of computer scientists
to technical feasibility to philosophical and psychological elaborations of social
consequences. The prominence of artificial intelligence is also growing in public
discourse, and many headlines circle around the topic. For example, “ZEITon-
line,” a German news magazine, reports: “Congratulations, you have convinced
the AI! - When it is a matter of who is hired or promoted, prejudices also influ-
ence us. Should difficult decisions rather be made by a computer? [...] Fairness
through algorithms—that sounds too good to be true. Unfortunately,
it is. It has become common knowledge that algorithms can also discriminate.
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One case that has gained unfortunate notoriety comes from the field of criminal
justice: [...]” [10]

The social context that artificial intelligence can change has long been rec-
ognized. Initial use is already being tested in some fields of application. Because
the technology is in the development phase, it currently carries some risks. As
the quote from DIE ZEIT makes clear, fairness in the use of artificial intel-
ligence is one of the central aspects in the public discourse. The above
quote has a very negative connotation and provides an example of the fears when
it comes to evaluation by algorithms.

The topic of fairness is also already being considered in science. In the follow-
ing chapter, we look at the state of research, which types of artificial intelligence
exist, and how the aspects of fairness are evaluated. As O. Renn points out in
his essay, the establishment of new technologies is closely linked to their
societal acceptance [18].

However, the correlations between the social perception of the fairness of
artificial intelligence, technology acceptance, and the establishment of artificial
intelligence have not yet been sufficiently investigated. The goal of this elabora-
tion is to be able to make statements about these interrelationships, and to this
purpose, the following question is examined: What is the effect of technol-
ogy acceptance and trust in technology on the need for regulation to
ensure the fair use of artificial intelligence?

We derive five hypotheses to answer this research question. To be able to
test the hypotheses, we conduct an empirical and quantitative survey. The survey
works with the evaluation of different application scenarios. More details regard-
ing the method follow in chapter four. To be able to place the survey responses
in a broader context, the sample description follows in the fifth chapter. In
the results chapter, the relationships established in the hypotheses are analyzed
using the statistical programming language R.

To analyze the results in the context of the research proposal, they are con-
trasted with the expectations derived from the state of research in the following
sections. The research question is answered with the help of our findings.

Out of five hypotheses, three could be accepted. We could confirm
that strong trust in AI leads to low regulatory needs. Furthermore, a signifi-
cant impact of trust and distrust in technology on the need for regulation was
shown. The need for regulation for three scenarios was compared and it could
be confirmed that they differ depending on each scenario. However, we could
not confirm that there is a correlation between technology affinity and the need
for regulation in AI. We also were not detecting any effect of injustice sensitiv-
ity on the expected fairness of AI. The meaning of these findings as well as the
importance for the fair use of artificial intelligence is presented in the conclusion.

2 Related Work

As mentioned at the beginning, artificial intelligence is a technology with inter-
disciplinary relevance. The research area that has emerged is correspondingly
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large. To be able to classify the current state, some basics and development
trends of artificial intelligence are considered in the following. The main focus
here is on the different types of artificial intelligence and its proliferation. Sub-
sequently, this chapter is dedicated to the previous discussions of ethical chal-
lenges to be able to delimit which scientific findings have been gained on the
fair use of artificial intelligence. To accomplish this, some specific use cases are
also discussed thereafter. Finally, some findings from acceptance research and
the influence of certain personality traits are considered.

2.1 Trends in Artificial Intelligence Development

A clear definition of the term artificial intelligence (AI) is sometimes difficult
to delineate. According to McCharty in 1955 artificial intelligence are machines
that behave as if they have human intelligence [12]. However, because human
intelligence is also difficult to define, this definition is appropriately abstract.
More recent definitions instead work with degrees of intelligence. Mainzer, for
example, provides the following working definition in his book “Künstliche Intel-
ligenz – Wann übernehmen die Maschinen”1: “A system is called intelligent if
it can solve problems independently and efficiently. The degree of intelligence
depends on the degree of self-reliance, the degree of complexity of the problem,
and the degree of efficiency of the problem-solving procedure (translated from
German).” [13]

These different degrees are also reflected in the distinction between strong
and narrow (or weak) AI. Narrow AI is an expert in one single area; abstraction
into other contexts is not possible. Whereas in the development of strong AI,
the goal is for the AI to acquire the same intellectual capabilities of a human.
With the current state of the art, all existing systems belong to the category of
narrow AI [20]. Furthermore, emotions or empathy cannot be reproduced by an
AI, only simulated. However, it is possible to program ethical behavior based
on rules and machine learning [9]. One trend that can currently be observed
is the spread of ambient intelligence. This describes the networking of sensors,
radio modules, and computer processors that are integrated into everyday life
and serve to improve it [6].

2.2 Addressing Ethical Challenges

Artificial intelligence is thus gradually spreading into all areas of society. This
includes high-risk areas (such as medicine), increasing the relevance that AI
must be designed to be fair and transparent. Unforeseen and collateral cultural
impacts cannot be ruled out [5]. The development of AI creates new opportuni-
ties for the economy. On the one hand, new products and services are conceiv-
able, as they provide an enormous increase in productivity. On the other hand,
though, the increased use of AI can also lead to increased unemployment and
greater wealth disparities than before [14]. Many commentators, academics, and

1 Artificial Intelligence - When machines take over.



280 L. Wegner et al.

policymakers are therefore calling for ensuring that algorithms are transparent,
fair, and accountable [16]. One possible solution comes from Iyad Rahwan. He
demands the regulation of AI and proposes the “programming of an algorithmic
social contract”. Here, the characteristics of successful algorithmic regulation are
based on O’Reilly. These require a deep understanding of the desired outcome;
real-time measurement to determine whether that outcome is being achieved;
algorithms (i.e., a set of rules) that make adjustments based on new data; and
periodic, a deeper analysis of whether the algorithms themselves are correct and
working as expected.

Recent policy decisions such as the GDPR2 in Europe show that the need for
action is recognized. These laws provide the initial legal basis to address impacts
from AI on society. The focus is on the fair processing of personal data [2].

2.3 Current Use Cases

As mentioned, artificial intelligence is spreading into many different areas. Some
use cases are being tested and analyzed. The following briefly outlines three
significant use cases, which will also be addressed in the empirical survey.

– Medicine: In medicine, AI has the potential to optimize the care pathway
for chronically ill patients. Artificial intelligence can be used to plan precise
therapies for complex diseases, reduce medical errors, and improve enrollment
of subjects in clinical trials. Although absolute confidence in the diagnostic
performance of artificial intelligence has not yet been established, the combi-
nation of machines and physicians reliably improves system performance [15].

– Human resource management: If a new employee is sought, the support of
artificial intelligence is possible. This supports the decision through prepared
analyses of video interviews. However, in addition to supporting the goal of
finding the optimal employee, the use of AI in the HR management process
also brings the potential for discrimination. Moreover, potential legal and
ethical consequences must be considered [7].

– Teaching: In teaching, the increasingly widespread use of eLearning portals
can be observed. Acceptance and success of this medium can only be achieved
if the systems act as helpful assistants and are not designed to be too complex.
Intelligent guidance and situational support for the students are necessary
for this. In addition, adaptivity for individual use of the portal is an essential
feature [11].

2.4 Acceptance Research

As mentioned at the outset, the spread of new technologies is closely linked
to their acceptance. Artificial intelligence is a relatively new phenomenon on
which there is still little comprehensive research. However, acceptance research
has been conducted in numerous disciplines and some findings can be applied

2 General Data Protection Regulation.
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to the subject area of this study. The strong influence of acceptance on the
diffusion of new products lies on the one hand in the fact that the absence of
resistance follows from acceptance, and on the other hand in the fact that accep-
tance leads to active participation and willingness to act. Therefore, acceptance
research also results in approaches for successful technology imple-
mentation [22]. In addition to the usefulness of new products, product accep-
tance, as well as ethical and moral attitudes and widespread thoughts and beliefs
about humanity, also play a central role in the perception of consumers today.
Products such as artificial intelligence, which lead to strong individual and social
change, can only be realized with broad acceptance [22].

If acceptance is to be promoted, innovation faces the challenge that accep-
tance is a subjective variable and cannot be enforced. However, it is possible to
contribute to an increase in acceptance by tailoring technology to the respec-
tive target group and implementing it competently. The measures to achieve
this should be aimed at reducing the perceived costs of the technical innovation
and increasing the benefits. Recommendations from the literature are based in
part directly on the object of acceptance and focus on an adapted design of the
new technology [22]. This approach is pursued in the context of this elaboration.
By asking potential users about their regulatory needs, it is possible to use the
insights gained to adapt the regulations of artificial intelligence and thus increase
acceptance.

Trust in technology is also an influential factor. If a potential consumer dis-
trusts a new product, their perception focuses on the risks. With trust, on the
other hand, the consumer relies on the satisfaction of their expectations [8].

2.5 Personality Characteristics

As the previous section made clear, acceptance is a subjective factor. Thus,
individual personalities also influence the perception of new techniques. Since
the focus of this paper is the fairness of artificial intelligence, we analyze the
participants’ sensitivity to unfairness. It is known from research that different
perceptions and reactions to unfairness can be identified. These differences can
be generalized across different unfair situations [21].

3 Research Question and Hypotheses

To answer the overarching question in this article we propose the following
research question: RQ: What is the effect of technology acceptance and trust
in technology on the need for regulation and how does it impact the perception of
fairness of artificial intelligence? To answer this research question (see Fig. 1),
five hypotheses were derived from the state of the art research, which will be
answered throughout the paper using the survey. In the following, the established
hypotheses are stated and the justified expectations are outlined.

H1: People Who Generally Show Low Technology Affinity Exhibit a High Need for
Regulation of AI. This hypothesis focuses on the relationship between technology
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Fig. 1. The proposed research model of this article including hypotheses and measure-
ment model.

acceptance and the need for regulation. From acceptance research it became clear
that only accepted products are used, if this acceptance is missing this leads to
restrictions in the willingness to use. Therefore, the expectation is: those who are
generally not open to new technologies are also averse to artificial intelligence. As
a consequence, restrictions on the unaccepted product follow through regulation.

H2: People Who Exhibit Strong Trust in AI Have Low Regulatory Needs When
Using AI. The second hypothesis analyzes the factors of technology trust and
the need for regulation. Acceptance research indicates that distrust focuses on
risks, whereas trust relies on the occurrence of expectations. To manage the
risks, regulations would be a possible solution. If trust dominates, this solution
is not needed because the risks are not the focus. The expectation is therefore
that there is a negative correlation between trust in artificial intelligence and
the need for regulation.

H3: Trust and Distrust in Technology Play a Significant Role in the Perceived
Fairness of AI. The third hypothesis assumes the perception of fairness of AI
can not yet have been established from real interactions, or if so only to a small
degree. Therefore, we hypothesize that the attitude towards AI, in this case,
trust or distrust, plays a large role in how the fairness of AI is evaluated.
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H4: People Who are Highly Sensitive to Justice are Critical of the Fairness of
Artificial Intelligence. The fourth hypothesis addresses the fairness aspect of
artificial intelligence. As was shown from the research on unfairness sensitiv-
ity, differences in sensitivity can be generalized across different situations. The
resulting expectation is that this generalization can also be applied to new tech-
nologies (such as artificial intelligence).

H5: The Required Need for Regulation Varies Between the Different Use Cases.
The research question considers the use of AI. Different application scenarios
have already been studied in the literature, and different benefits and risks
have been identified in different application scenarios. However, a comparison of
user acceptance across application scenarios has not been extensively researched.
Therefore, it is of interest whether findings on user acceptance from individual
application areas can be abstracted to other areas. Since the benefits and risks
have different consequences per use case, the expectation is that the need for
regulation will vary depending on the scenario.

4 Method

After the literature review, the research question and five different hypotheses
were formulated. With the help of these hypotheses, it should be possible to
answer the research question at the end of this quantitative study. Empirical
data collection was conducted with the help of a questionnaire to afterward
deductively investigate the previously formulated research question and estab-
lished hypotheses.

Next, we present the designed survey questionnaire, the used scales, as well
as the statistical procedures in this study.

4.1 Materials and Survey Design

The questionnaire consists of some demographic questions and three scenarios,
with questions on fairness and regulatory needs for each. The order of the scenar-
ios is randomly assigned and all items that should not be sorted were additionally
randomly presented to avoid effect errors. The questionnaire contains an intro-
duction as well as a message of gratitude at the end. Participants were informed
that data is gathered anonymously and voluntarily.

Before the data were collected, the questionnaire was administered in a pre-
test with three participants. The time required was recorded. After the ques-
tionnaire was improved, data collection was started. A within-subject design
was used as the experimental design, which means that each subject had to
answer questions on all scenarios, albeit in randomized order. Participants were
acquired using a mix of methods between self-selection, snowball effect, and a
deliberate selection process. On June 5th 2019, participants were personally con-
tacted by their circle of acquaintances via social media. On June 18th 2019, the
questionnaire was closed.
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4.2 Description of Measurement Instrument and Scenarios

In the questionnaire, which can also be viewed in the OSF repository, three
scenarios are compared. Introductory texts are presented here, translated into
English. Original texts are available in the OSF repository as well.

Medicine Scenario. The first scenario, Medicine, is defined as follows:
Imagine an artificial intelligence that you can contact with medical questions.

Here, natural written or verbal communication (via keyboard or telephone) with
the artificial intelligence is possible. It can answer questions about health and
make diagnoses based on the chat or conversation with the patient. For the
latter, it is able to ask specific queries. In addition, appointments for a possible
subsequent doctor’s visit are coordinated by the AI.

Teaching Scenario. The second scenario teaching is introduced with the fol-
lowing text:

Imagine you are a student at a language school. An artificial intelligence that
understands natural languages accompanies the lessons. It can respond to the
individual knowledge levels of the learners and answer follow-up questions from
the students. In addition, it can act as a training partner and apply various
pedagogical concepts.

Recruiting Scenario. The third scenario is human resource management,
defined by the following description:

Imagine HR management processes at work being supported by an AI. The
AI analyzes and evaluates your application documents. In addition, the AI sum-
marizes all the data for the HR manager. In the end, the AI coordinates the
interviews, and a chatbot is used to communicate with the applicants.

Regulatory Needs and Fairness. After each scenario, the regulatory needs,
adapted to the scenario, are asked by using six-point Likert scales. Fairness
was measured on a six-point bipolar scales with textual opposing anchors for
levels one and six. Participants are asked to indicate their personal opinion for
each regulatory need and for each fairness item. In total, there are five different
regulatory needs and three different fairness items per scenario.

The first regulatory requirement for each scenario describes data storage.
The second regulatory requirement focuses on the comparison of personal data
with other users and the third focuses on the analysis of the data. The last
regulatory requirement deals with the transfer of data.

The different fairness items ask whether users expect to be treated equally
or whether they believe that certain groups are expected to be disadvantaged.
Next, we ask whether the AI is expected to function safely or whether it can be
manipulated and is faulty. The third queried expectation is whether disclosure
of information will lead to improvements or to disadvantages for the user. The
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fourth contrasts adequate evaluation competence by AI against lack of inclusion
of individual evaluation aspects, and the last question compares whether benefits
by AI are accessible to all users versus benefits are not accessible to all user
groups.

4.3 Data Analysis and Statistical Procedure

After the survey, the analysis of the data took place. The data set was reduced
to rows of data with at least 50% of the data present. After the incom-
plete cases were taken out, all items were renamed to prepare for further
analysis. All statistical procedures were conducted R Version 4.0.2. All data
manipulations were conducted using the tidyverse [24]. All procedures are
available on a GitHub Repository3. Data and supplementary materials are
available at an OSF repository4. Supplementary materials are created using
several R-packages [1,25].

We first verify the internal consistency of existing scales using Cronbach’s
α. For item sets designed for this study, we use exploratory factor analysis to
determine the internal structure of these item sets. Both methods were taken
from the R psych package [19]. We verify assumptions to factor analysis using
Bartlett’s test of sphericity and the Kaiser-Meyer-Olkin criterion of sampling
adequacy.

Factor calculation was done using the hcictools package [4]. Descriptive
analysis of relevant variables was conducted using the psych package [19].

We tried testing our proposed model using a partial least squares structural
equation model from the seminr package [17]. However, measures of reliability
were not sufficient for our data. The efforts to model our data using seminr are
available in the supplementary materials.

Next, we conducted correlation analysis with Pearson moment correlation
for the variables in question using tools from the hcictools package. We used
repeated-measures ANOVA and multiple linear regression from the jmv pack-
age [23].

In general, we assume a level of significance of α = .05, meaning that when
findings are significant, there is a 5% change that our data could have been
observed given the null-hypothesis is true. We use non-parametric tests when we
have reason to assume that underlying population data would not be normally
distributed.

5 Results

Using the aforementioned statistical methods, we now describe our findings
in three sections. First, we describe the data set using descriptive statistics.
Next, we test our hypotheses using correlation analysis and repeated-measures
ANOVA. Lastly, we use multiple linear regression to determine the impact of
our variables on our target variable perceived fairness of AI.
3 https://github.com/Sumidu/AIFairnessPaperHCII2021.
4 https://osf.io/54fjy/.

https://github.com/Sumidu/AIFairnessPaperHCII2021
https://osf.io/54fjy/
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5.1 Sample Description

In any study, both different and similar characteristics of the subjects are of
concern. It is useful to list the samples in order to be able to compare the data
with the samples afterward.

In total, there were 136 participants in the survey, of which 103 completed
more than half of the questionnaire. The mean age is rather young with M=33.
The youngest participant is 14 years old and the oldest participant is 77. Out of
103 participants, 58 are women and 45 are men.

School-leaving qualifications were asked and it is shown that most of the
respondents have completed at least the vocational diploma (German: Fach-
abitur/Abitur), so the educational level of the respondents is comparatively
high. One person has no school-leaving qualification, one mentions the Certifi-
cate of Secondary Education (German: Hauptschulabschluss), two mentions the
General Certificate of Secondary Education (German: Realschulabschluss, there
were 48 answers with vocational diploma, 15 times vocational training and 36
times university degree.

In Table 1 an overview with the mean of our main variables is shown. With
M=3.72, the respondents show a rather high level of trust in AI. Furthermore,
with M=3.77, the need for regulation in the use of data is also rather high. It is
striking that the need for regulation in data persistence is noticeably lower with
M = 2.81.

Table 1. Descriptive overview of our main variables

Variable n mean sd se

Age 103 33.16 15.43 1.52

Affinity towards technology 103 3.04 1.11 0.11

Injustice sensitivity 103 3.25 0.93 0.09

Need for regulation - data use 103 3.77 1.08 0.11

Need for regulation - data persist 103 2.81 0.98 0.10

Trust in AI 103 3.72 0.77 0.08

Distrust in AI 103 3.57 0.77 0.08

5.2 Hypotheses Tests

In the following section, we will test our hypothesized associations in our model
by applying correlation analysis. We assume normality on all scales with more
than three items and thus use Pearson’s moment correlation for analysis. For
our first four hypotheses, we test the effect of our independent variables and the
respective dependent variable for all scenarios in a single measure as the single
measure achieved the highest reliability and factor analysis often did not yield
strong enough variation to assume multiple factors.
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H1: People Who Generally Show Low Technology Affinity Exhibit a
High Need for Regulation of AI. The need for regulation was measured on
two scales. We see no significant correlation of affinity towards technology (ATI)
with a need for regulation regarding the use of data (r(101) = .06, p > .05).
This means that the need for regulation when it comes to using data in all
our scenarios does not depend on the individual’s affinity towards technology.
The same is true for a need for regulation regarding the persistence of data
(r(101) = −.15, p > .05).

H2: People Who Exhibit Strong Trust in AI Have Low Regulatory
Needs When Using AI. Our trust-related items showed an interesting two-
factor structure meaning that trust in AI and distrust in AI are not complete
opposites on the same scale. Exploratory factor analysis yielded two factors
that are negatively correlated on their primary axes (r = −.424). The scores
themselves, as expected, also show a negative correlation (r = −.33)

With this, it is interesting to see that trust plays a larger role in the need
for regulation than distrust in our sample (see Fig. 2). We see no correlation
between distrust and both measures for the need for regulation (|r| < .13, p >
.05). Meaning that a general distrust in AI does not translate to a stronger
need for regulation directly. However, trust is correlated with both measures.
It is weakly correlated with the need for regulation regarding data persistence
(r(101) = −.22, p < .05), meaning that the higher the users trust in AI the less
they are concerned about data storage. This effect is even larger for data usage
(r(101) = −.31, p < .01). Here, a medium effect is seen, meaning that the more
a user trusts AI in general the less they are worried about the use of data by AI.

Fig. 2. Evaluating how users perceptions of AI related to the need for regulation.
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H3: Trust and Distrust in a Technology Play a Significant Role in the
Perceived Fairness of AI. As trust towards a trusted subject is associated
with fair behavior we also test whether trust in AI plays a role in the perceived
fairness of AI. Indeed we find that trust is positively associated with perceived
fairness (r(101) = .41, p < .001). This means that users that show high trust
in technology also expect AI to be fairer than users that show lower trust in
technology. Interestingly, the inverse measure—distrust—is also correlated with
fairness, yet at a lower effect (r(101) = −.26, p < .01).

H4: People Who Are Highly Sensitive to Justice Are Critical of the
Fairness of Artificial Intelligence. One of our assumptions was that the
perception of fairness of AI would also be connected to a general sensitivity
towards injustice. If a person is more aware of injustice by being more sensitive,
they should also be more attuned to detecting injustice and thus the lack of
fairness in an AI system. However, this association is only very weak (r(102) =
−.16, p > .05) and not statistically significant. We must assume that participants
that are more sensitive to injustice do not expect AI to be more unfair—in our
scenarios at least.

H5: The Required Need for Regulation Varies Between the Different
Use Cases. Although factor analysis did not reveal a clear factor structure in
our dependent variables from all three scenarios, we still can investigate differ-
ences in means between the different scenarios. The resulting short scales also
show high reliability, but they are highly correlated. A shift in average evaluation
between scenarios is still imaginable and thus tested here.

We use a repeated-measures ANOVA to test for differences between scenario
choices and both fairness and need for regulation (both scales combined).

For fairness, we see that the ANOVA yields significant differences between
contexts (F (2, 204) = 6.75, p < .001). Post-hoc Tukey corrected tests show that
there is only a difference in means between the teaching and the recruiting
scenario (t(204) = −3.64, p < .001, see supplementary materials for the full
ANOVA tables). The expected fairness is highest in recruiting (M = 3.52, SE =
0.104), and lowest in teaching (M = 3.14, SE = 0.104). The expected fairness
is on a medium level for the medicine scenario (M = 3.38, SE = 0.104). It
is important to note that the overall fairness is rather low (below or near the
scale mid-point of 3.5). For visual inspection, we plotted the means and the
Cosineau-Morey within-subject confidence intervals (95% CIs) in Fig. 3.

For the need for regulation (both scales combined) we also significant dif-
ferences between usage scenarios (F (2, 204) = 37.4, p < .001). Here, all sce-
narios show different means when looking at Tukey-corrected p-values (all
p < .05). Interestingly, the need for regulation in medicine scores lowest
(M = 2.92, SE = 0.09), while the need for regulation in teaching scores highest
(M = 3.57, SE = 0.09). Recruiting is in the middle place with a mean of 3.16
(SE = 0.09).
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Fig. 3. Comparing perceived fairness and the need for regulation between contexts.

When viewed together with the fairness findings it is interesting to see that
teaching plays a different role in the evaluation of fairness and the need for
regulation.

5.3 Main Research Question

The main research question of this article was whether the need for regulation
impacts the perceived fairness of AI in different contexts. We have already seen
that the teaching context might be peculiar in our data, and therefore resort
to investigate this effect using the combined factor scales for fairness and the
two scales for the need for regulation. We use multiple linear regression to test
whether the other correlated variables (trust, injustice sensitivity) also impact
the perceived fairness. We do this by using the enter method and comparing
three models.

The first mode uses both regulatory needs as predictors. The second model
adds trust as a predictor and the third adds injustice sensitivity. The multiple
regression analysis showed that the initial two-predictor approach was sufficient
in explaining 37% of the variance in the perceived fairness (F (2, 100) = 29.6, p <
.001). Adding trust into the equation increases the explained variance only to
43% (F (3, 99) = 25.7), but at the same time causing the 0 to inside the 95% con-
fidence interval for the coefficient of data use regulatory needs. Adding injustice
sensitivity did not make two predictors become not significant.

Therefore, we also tested a model that uses data persistence and trust to
predict fairness. This model able to explain 41% of the variance (F (2, 100) =
36, p < .001, see Table 2). The need for regulation had a standardized coefficient
of –0.51, while trust had a standardized coefficient of 0.3.
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Overall, we can say that the perceived fairness of AI is thus strongly influ-
enced by the need for regulation regarding data persistence and weakly influ-
enced by a general trust in AI.

Table 2. Linear regression table for perceived fairness of AI

Variable B SE Stat t p

(Intercept) 3.66 0.42 8.80 8.80 <.001

Need for regulation - data persist −0.45 0.07 −6.54 −6.54 <.001

Trust in AI 0.33 0.09 3.84 3.84 <.001

We can also look at the individual fairness ratings for each context (see
Fig. 4). Here, we look at whether to mean rating of a value is significantly
different from the scale mean of 3.5. We can see that our participants do believe
that AI is able to assess personal skills more objectively, while at the same time
thinking that the evaluation of soft skills was maybe insufficient. In the medical
scenario, users are afraid that data is used to their disadvantage from insurance
companies and that AI might make incorrect diagnoses from data. However,
they do think AI can help in making better and fairer appointment schedules
for patients. In the teaching scenario, participants do believe that the quality
of teaching will improve fairly and that an AI system will be able to evaluate
learning progress more objectively.

6 Discussion

After presenting our findings, we contextualize our results in light of other
research. We first look at the individual hypotheses before discussing the impli-
cations of the findings regarding the main research question.

6.1 Discussion of the Hypotheses

The first hypothesis People who generally show low technology affinity exhibit a
high need for regulation of AI was not found to be true and could therefore be
rejected. According to the state of research, only accepted products are used. If
this acceptance is missing, this leads to restrictions in the willingness to use. This
leads to the expectation that people who are generally not open to new technolo-
gies will also be negative towards artificial intelligence and that this will result in
restrictions on the unaccepted product through regulation. Since the hypothesis
could be rejected, the result does not match the expectation derived from the
current state of research. One possible reason that technology acceptance has no
influence on regulatory needs is that the respondents assess technology accep-
tance based on current technical products and therefore cannot directly imagine
artificial intelligence as a technical product and there is, therefore, no correlation



Fairness and the Need for Regulation of AI 291

jo
b 

se
ek

in
g

m
ed

ic
al

te
ac

hi
ng

1 2 3 4 5 6

I assume that the AI can identify
 the skills I am looking for and 

recognize my strengths.

I think that AI evaluates all
 personal data objectively.

I am sure that the 
information to the employment 

office will improve my job offers.

I am sure that appointment
 scheduling is fairly optimized by an AI.

I am sure that the AI is safe
 and always makes a correct diagnosis.

I am sure that the information
 to the health insurance company 

will improve preventive care.

I think AI objectively assesses all
 learning outcomes.

I am sure that the quality of
 teaching will improve for everyone.

I am sure that the progress of
 each participant can be promoted equally.

I think that the AI does not give enough
 importance to my soft skills.

I fear that the AI will discriminate
 against certain groups of people
 (e.g. based on age or gender).

I fear that the information to the employment
 office will create disadvantages in everyday life.

I can imagine that certain groups of patients,
 such as smokers, are disadvantaged
 when it comes to appointments.

I am worried that the AI has been tampered with
 and is making an incorrect diagnosis.

I fear that the information to 
the health insurance company will 
create disadvantages in everyday life.

I fear that the AI will discriminate
 against certain groups of people (e.g. on the 
basis of origin or mother tongue).

I fear that for non−technical participants, the
 quality of teaching will deteriorate.

I am afraid that not all individual
 learning types are addressed.

Agreement

Evaluating Fairness of Potential AI

Mean plus standard errors shown as error bars

Fig. 4. Comparison of fairness evaluations for all contexts

between the two variables. To confirm or re-examine this, another study should
be conducted in the future that examines the acceptance of artificial intelligence
and not only the general acceptance of technology.

According to the state of research, for people with low trust in technology,
regulating AI is a possible solution to improve their trust in AI. As an expec-
tation, it follows that there is a negative correlation between trust in AI and
desired regulatory needs, as well as fairness.

The second and third hypotheses People who exhibit strong trust in AI have
low regulatory needs when using AI and perceive AI as more fair were found to
be true. Thus, the result is consistent with the expectation.

Interestingly, we found that trust and distrust towards AI are not full
antonyms using factor analysis. This indicates the multi-faceted nature of AI
and that future evaluation should focus on more detailed aspects of AI when
evaluating trust and distrust. Moreover, it is recommended to study the general
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propensity to trust both individuals and technology as possible confounds in
future research.

Unexpectedly, we found that the persistence of data played a larger role in
determining the fairness of AI than the use of data. Other studies in the field
of privacy research have found conflicting evidence for this finding [3]. Here,
secondary use is considered particularly harmful for acceptance. However, we
did not ask for “secondary” use, but for primary use, which could explain the
increased importance of data persistence in our scenarios.

Another expectation based on the current state of research was that injustice
sensitivity can be generalized to different situations and that this generalization
can also be applied to new technologies such as artificial intelligence. The fourth
hypothesis People who are highly sensitive to justice are critical of the fairness
of artificial intelligence followed from this expectation and could not be found to
be true and therefore is rejected. This means that the expectation is not consis-
tent with the hypothesis. One possible reason for this would be that respondents
do not (yet) associate injustice sensitivity with technical situations. For exam-
ple, people could not be able to imagine different ways that AI can treat users
unfairly. This lack of “negative creativity” could have caused users with higher
injustice sensitivity to react similarly to users with lower injustice sensitivity. At
the same time, it would be possible that people find it difficult to imagine AI
and thus evaluate the trust in AI, the fairness of AI, and the desired need for
regulation with the same tendency every time.

Furthermore, another expectation derived from the state of research was
that the desired regulatory needs differ between different application areas or
scenarios. The fifth hypothesis The required need for regulation varies between
the different use cases was found to be true, as there was at least one significant
difference. Thus, the result is in line with the expectation.

This study shows that there is a difference between the scenarios and further
research should investigate which regulatory needs differ in the different scenarios
and which regulatory needs are valued the same in each scenario. For a future
study, it would therefore be interesting to investigate which regulatory needs are
labeled as primary (in each scenario) and which regulatory needs are labeled as
secondary (different in scenarios). A possible conjoint study could help identify
the relative strengths of individual regulatory needs depending on the different
types of benefits AI could provide.

6.2 Answering the Research Question

To answer the research question RQ: What is the effect of technology acceptance
and trust in technology on the need for regulation and how does it impact the
perception of fairness of artificial intelligence?, five different hypotheses were
formulated and examined. The first hypothesis was rejected, but findings for the
general research question show that the evaluation of the fairness of AI is influ-
enced by the desired regulations. We proposed that the perceptions of fairness
are determined by the perceived need for regulation. However, it is equally valid,
to assume this association going the other way. With larger samples and using
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structural equation modeling, the direction of this association could be identified
more clearly. We intend to investigate this relationship in more detail in later
research.

According to the second hypothesis, there is a negative correlation between
technology trust and the need for regulation, where the third hypothesis assumed
a positive correlation between trust and perceived fairness. Both were confirmed.
The fourth hypothesis was rejected and tells us nothing about the research ques-
tion. The fifth hypothesis describes that there is an additional difference in reg-
ulatory needs between the scenarios of medicine, teaching, and human resource
management.

Overall, it follows from the results that technology trust has an influence on
the evaluation of the fairness of AI and that technology trust correlates with
regulatory needs. In addition, the evaluation of the fairness of AI and the reg-
ulatory needs influence each other. According to this study, technology affinity
does not correlate with regulatory needs. For further research, it would be inter-
esting to investigate how people generally accept AI and what influence this AI
acceptance has on the regulatory needs, and the evaluation of the fairness of AI.
In addition, it would be interesting to investigate which regulatory needs are
designated as primary and secondary and which other characteristics besides
technology trust have an influence on the desired regulatory needs and on the
evaluation of the fairness of AI.

7 Conclusion

This paper opened with the observation that fairness in the use of artificial
intelligence is one of the central aspects of the public discourse. With the help of
a survey, the regulatory needs and expectations for fairness were queried based
on concrete scenarios. This study has attempted to answer the question RQ:
What is the effect of technology acceptance and trust in technology on the need
for regulation to ensure the fair use of artificial intelligence?

We confirmed an influence of technology trust on low regulatory needs as
hypothesized. Furthermore, it is crucial for the participants to which scenario
the need for regulation refers to. It is also interesting to note that the influence
of technology trust on the regulatory need for data use was more pronounced
than on the regulatory need for data persistence. Based on the results, however,
the hypotheses that a high injustice sensitivity leads to a critical evaluation of
the fairness of AI and that a low affinity towards technology leads to a high need
for regulation had to be rejected.

The reason for the different impact of technology trust compared to technol-
ogy affinity on regulatory needs should be investigated in further studies. Further
results from acceptance research specifically focused on AI are also needed. Dif-
ferent application scenarios are evaluated differently, with high relevance for the
practical development of AI. For further research, it is recommended to explore
more details about these assessments and to divide the regulatory needs into
primary and secondary requirements.
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The establishment of new technology depends on the assistance and accep-
tance of consumers. This study is a first step in understanding the influences on
the requirements for fair AI in more detail and can serve as a starting point for
further research.
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12. Schäffer, U., Weber, J.: Künstliche Intelligenz. Controlling Manag. Rev. 65(2), 3–3
(2021). https://doi.org/10.1007/s12176-021-0370-0

13. Mainzer, K.: Künstliche Intelligenz - Wann übernehmen die Maschinen?. Springer,
Heidelberg (2016)

14. Makridakis, S.: The forthcoming artificial intelligence (ai) revolution: Its impact
on society and firms. In: Futures (2017)

15. Miller, D., Brown, E.: Knowing what we know: supporting knowledge creation and
sharing in social networks. Am. J. Med. 131(2) (2018)

https://CRAN.R-project.org/package=distill
https://CRAN.R-project.org/package=distill
https://www.ingenieur.de/karriere/bildung/weiterbildung/vertrauen-ersetzt-wissen/
https://www.ingenieur.de/karriere/bildung/weiterbildung/vertrauen-ersetzt-wissen/
https://www.zeit.de/arbeit/2019-05/kuenstliche-intelligenz-arbeitsplatz-fairness-algorithmen-diskriminierung
https://www.zeit.de/arbeit/2019-05/kuenstliche-intelligenz-arbeitsplatz-fairness-algorithmen-diskriminierung
https://www.zeit.de/arbeit/2019-05/kuenstliche-intelligenz-arbeitsplatz-fairness-algorithmen-diskriminierung
https://doi.org/10.1007/s12176-021-0370-0


Fairness and the Need for Regulation of AI 295

16. Rahwan, I.: Society-in-the-Loop: Programming the Algorithmic Social Contract.
Springer, Netherlands (2017). https://doi.org/10.1007/s10676-017-9430-8

17. Ray, S., Danks, N.P., Calero Valdez, A.: seminr: Domain-Specific Language for
Building and Estimating Structural Equation Models (2021). r package version
2.0.0

18. Renn, O.: Akzeptanzforschung: Technik in der gesellschaftlichen Auseinanderset-
zung. Chem. unserer Zeit 20(2), 44–52 (1986)

19. Revelle, W.: psych: Procedures for Psychological, Psychometric, and Personality
Research. Northwestern University, Evanston, Illinois (2020). https://CRAN.R-
project.org/package=psych, r package version 2.0.12
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Abstract. Modern and fast-paced lifemakes people reluctant to and cannot spend
too much time choosing. What users need is efficient, accurate and affordable
marketing that is convenient to the naked eye. Convenience, affordability and
profitability are in great demand for both the customers and the business. It relies
on companies’ ability to catch users’ psychology accurately, to determine their
needs and provide complementary products. Community e-commerce applies to
all population clusters, and the future is promising as long as a business model
suitable for local conditions and regional characteristics is used. As community e-
commerce penetrates deeper and deeper in life, it will gradually shift from mainly
selling Fast Moving Consumer Goods (FMCG), especially fresh goods, to a full
range of products. The tourism industry is looking forward to recovery after the
Novel Corona Virus Pandemic and we should innovate the tourism marketing in
the latest period based on better user experience, take the strengths, complement
the weaknesses, and make cross-border integration.

Keywords: Community e-commerce · Tourism marketing

1 Introduction

In recent years, community e-commerce has been rapidly promoted and popularized
in China, which is inseparable from the rapid development of the Chinese Internet and
consumer psychology changes. As of December 2020, the size of Chinese Internet users
reached 989 million, the size of mobile Internet users reached 986 million, and the
Internet penetration rate reached 70.4%. Meanwhile, advanced 5G devices have been
rolled out to the most remote locations in China. It can be said that fast Internet access
can be achieved anywhere in China. Community e-commerce is an online transaction
behavior for users with community attributes in counties, villages, towns and communi-
ties, etc. It provides a more convenient way to sell goods online, with a significant user
scale, good experience, fast&direct access, low cost, and high user stickiness. Mean-
while, the tourism industry, which was hit hard by the global outbreak of COVID-19
in 2020, is looking forward to recovery. In the post-epidemic era, the tourism indus-
try should integrate across borders with a development perspective and develop more
suitable marketing methods for travelers and tourism enterprises.
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2 Community E-commerce

2.1 Community E-Commerce Overview

Community e-commerce is a sinking market for traditional e-commerce based on the
fissionof community groupbuying. It is amodel of e-commerce+ social+groupbuying,
“an online trading behavior for users with community attributes and community as the
basic unit, and it provides a more convenient way to sell goods online” [1]. In China,
community e-commerce is a large market of 2–3 trillion, but the market is relatively
fragmented. In addition to the first and second-tier cities, the layout of low-tier cities is
relatively blank; besides, the continued epidemic objectively let the industry on the cost
of user habits cultivation significantly reduced, especially to pry the original penetration
of difficult sinking market demand, which gives new entrants to the opportunity. More
importantly, there are many big V involved, such as Alibaba Group, JD.COM, Meituan,
and other e-commerce giants incubated brands. However, community e-commerce is a
local life class warehouse with all the differences, and quality control is more complex
than before. There is a dependence on local offline physical stores, the distinction is
not apparent, “winner takes all” situation is difficult to form in the short term, there is
The opportunity for new entrants with strength is still there, which is why major Internet
companies are joining the competitive queue one after another. Community e-commerce
is not only a promising business model, and it is a better way for users to experience
shopping: faster, more efficient, and more direct.

2.2 The History of Community E-commerce in China

“The opportunity for the development of Internet Electronic Commerce (IEC) first
appeared in the 1990s. After U.S. President Clinton raised concern about the devel-
opment of e-commerce at the fifth APEC informal summit (APEC) at the end of 1997,
internationally renowned information technology vendors such as IBM, HP and Sun
declared 1998 year of e-commerce” [2]. In March 1998, China’s first Internet online
transaction was successful. With the popularity of the Internet, the continuous increase
of national income, and the continuous improvement of technologies related to electronic
commerce (EC - Electronic Commerce), e-commerce in China has developed rapidly.
Some data show that in 2019, China’s e-commerce transactions reached 34.81 trillion
yuan.

In the author’s view, the development of e-commerce in China has experienced
two major turning points: First, in 2003, due to the impact of SARS, online shopping
began to enter the public eye. Alibaba Group, founded in 1999, created Taobao in May
2003 and launched a third-party payment tool called Alipay in October of the same
year. In October of the same year, it launched Alipay, a third-party payment tool with
a “secured transaction model,” which led to a significant transaction volume increase.
JD.COM, formerly founded in 1998, started its involvement in e-commerce in January
2004 and has grown into a large e-commerce platform with a scale of several hundred
billion dollars and continues to fracture; secondly, the community closure policy based
on containing the spread of COVID-19 from late 2019 to early 2020 has disrupted cross-
territory express logistics, and people are starting to choose more local network-based
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community e-commerce. Opt for community e-commerce based on local networks. The
community e-commerce model began to take shape in China in 2014, but it was not
until 2017 that it gradually reached various residential communities in the city, but it
has been lukewarm. With the outbreak of COVID-19, the community closure policy has
led to the rapid entry of community e-commerce to community residents, allowing them
to experience a convenient, fast and efficient shopping experience fully. Community
e-commerce applies to all population clusters, and the future is promising as long as a
business model suitable for local conditions and regional characteristics is used.

2.3 Community E-commerce Business Model Analysis

Community e-commerce complete transaction chain consists of e-commerce manage-
ment, suppliers, e-commerce platform (generally based on the WeChat applet), head,
and group members. Traditional e-commerce has various business models such as
B2B/B2C/C2C, but the author believes that community e-commerce is closer to the
new B2B2C or B2T model. “The first B refers to the seller in a broad sense (i.e., fin-
ished products, semi-finished products, material providers, etc.), the second B refers to
the trading platform, which provides a platform for the seller to connect with the buyer,
while providing additional quality services, and C refers to the buyer. B2T, originally the
definition of “group purchasing,” i.e., Business To Team, is for a team to purchase from
a merchant” [3]. The popularity of the Internet has made group purchasing a consumer
revolution in which many Chinese people are involved. Consumers who initially did not
know each other, using the opportunity to live in a similar geographic area, the commu-
nity shopping organizer (head) organized as many community members as possible to
place orders for pre-sold goods, increasing the negotiating power of the merchant to get
the best price. Although the emergence of online group buying has only been a few years,
it has become a trendy new consumption way. It is worth noting that the e-commerce
trading platform (e.g. WeChat-based applet, which plays a crucial role in the community
e-commerce transaction chain), simultaneously undertakes multiple functions such as
placing orders, making payments, soliciting leaders, and soliciting goods, and conse-
quently provides a convenient and efficient channel to expand more communities and
various goods in the process of transactions. Currently, there are many community e-
commerce business platforms with similarities and differences and different business
models. Community e-commerce is a shopping model of e-commerce+ social+ group
buying, all starting from the proximity of community network socialization, gradually
completing the shopping process, and generally relatively low. This is the similarity
between them.

(1) Different operating methods

From the author’s personal experience and research for more than two years, it is clear
that the difference ismainly the difference in arrival time,which ismore typical of the two
ways of next day delivery and daily delivery. The next day that the community members
through the shopping applet the same day & the next day before the afternoon order,
pre-sale goods to the community on the third day; daily that the community members
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through the shopping applet the same day order, pre-sale goods to the community the
next day.

(2) Differences in main products

The next-day delivery method is diversified and currently mainly involves Fast Moving
ConsumerGoods (FMCG) such as vegetables, fruits, eggs,milk, laundry detergent, toilet
paper, and other types of products, as well as home department stores such as underwear,
shoes and socks, hangers, dishes, and other items; Daily Delivery is more focused on
FMCG products and is more affordable.

Even if there aremany competitors, a mature system has not yet emerged in this field.
It provides space for new entrants to explore. Compared to traditional e-commerce, com-
munity e-commerce involves new categories, sources, warehousing, logistics system are
different, sources, new categories are complex, the origin is more scattered, warehousing
and logistics, new e-commerce is exceptionally dependent on the front warehouse, the
offline network requirements are high. Nevertheless, the other side of the difficulty is the
huge demand potential and industry value. There are many pain points for consumers
when purchasing in community retailing system, which covers fresh food most of the
time, namely, the standardization of new food categories, the convenience of shopping
and the richness of products. As a result, different experiences appear among consumers
in different areas. Good news is that these pain points can be solved by increasing the
penetration and enormous consumer potential will be released. That is why community
e-commerce is widely favored.

3 Current Status of the Tourism Industry

3.1 Tourism in the Post-epidemic Era

Affected by COVID-19, compared with the rapid development of tourism before 2019,
countries around the world have generally seen a sharp decline in the annual income
of tourism-related industries, with the United Nations World Tourism Organization data
showing that the global tourism revenue loss in the past year reached the order of trillions
of dollars. The tourism industry in various countries has stagnated inbound and outbound
travel, a large number of tourism enterprises have closed down, and many tourism work-
ers have changed jobs or lost their jobs. With data suggesting that more than 100,000
tourism businesses, large and small, China is no different, will close between the end of
2019 and mid-2020. However, data shows that by mid-February of 2021, nine provinces
and cities have generated more than 10 billion yuan in tourism revenue during the Spring
Festival, the most important traditional Chinese holiday, although the government advo-
cates “spending the Chinese New Year in place,” and “enjoying a local Spring Festival”.
We can see that the epidemic is under continuous and effective control and a full recovery
in tourism is within reach. TheWorld Tourism Organization (UNWTO) and the Chinese
travel industry predict that tourism will fully recover by 2022. The tourism industry
belongs to the category of high-end services, and with China’s large population, abun-
dant tourism resources, and the continued growth of people’s income and strong desire
to travel, the trend is for tourism to continue to develop at a high quality and rapid pace.
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The China Tourism Research Institute released a report at the end of 2020, predicting
that a large domestic tourism market with an annual average of 10 billion travelers and
a 10 trillion yuan consumption scale is expected to form in the next five years.

3.2 Commodity Properties of Tourism Activities

Tourism activities are composed of various aspects such as food, accommodation, trans-
portation, tourism, shopping, and entertainment. Each element has commodity proper-
ties and can be circulated as long as it is a commodity. This chain of tourism has made
numerous tourism enterprises. Tourism is the synthesis of various economies, and it
has a robust driving effect on related industries. Someone once joked that tourism from
a certain point of view is the activity of a person who is tired of staying in his living
environment and looking for freshness in another living environment where others are
tired of staying. Thus it can be seen that the essence of cross-regional tourism activities
is to experience life.

3.3 Tourism Marketing Trends

After COVID-19 in 2020, the trend of Chinese national tourism activities has changed
significantly. In the past, when people used public holidays to go out, they usually chose
places that were usually difficult to reach, such as outbound trips, or geographic areas
that were completely different from the local flavor, such as from the south to the north,
feeling that this would make the tourist activity worthwhile. The scenery around people
can be seen at any time and can go back later. Due to various factors such as national con-
ditions and transportation, people are starting to change their mindset and relax, friends
and family travel together to become mainstream, and peripheral tours, rural tourism,
and B&Bs become hot spots of concern. These local characteristics, non-famous district
attractions, and B&Bs do not have marketing advantages in OTAs or large travel agen-
cies. Local tour operators should seize the opportunity to take advantage of the location
and look around. As long as they are good at discovery and management, there will be a
diverse landscape around them. Research proves that tourism recovery should start from
suburban and peripheral tourism, play the familiar scenery and style of the character-
istics, dig the local niche attractions, and promote the recovery of tourism has become
a top priority.Besides, new tourism supply methods will drive new tourism demand
and tourism growth points, such as self-guided travel for small groups of family and
friends, cultural and creative travel, study tours, rural folklore tours, etc. The evolution
and alienation of cell phones havemade life easier and faster and created various tourism
marketing possibilities.

Moreover, the tourism industry’s recovery is bound to trigger a strong rebound of
retaliatory travel activities. On one side is the people’s strong willingness to travel, on
the other side is the OTA digging the design of long and short travel programs and push,
the lack of useful links in the middle, travel companies should also consider expanding
channels, change passive push to active strike, this channel is the pain point.
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4 Tourism Marketing Based on Community E-commerce

Every new social form has its justification for existence, and at the same time, has
unknown risks and challenges. The interdisciplinary integration of professions and the
cross-border integration of industries must find the right combination to achieve the
effect of 1 + 1 > 2. As community e-commerce penetrates deeper and deeper in life,
it will gradually shift from mainly FMCG, especially fresh goods, to a full range of
goods. Then, it will face is in the 35 trillion yuan of e-commerce market discourse.
The traditional travel agency, OTA, modern short video, live are not to achieve the
precise positioning of tourism marketing, inconvenient, too passive, these ways rely on
the initiative of potential tourists, be mobilized, belong to the half-hearted marketing
methods and ways, the conversion rate can be how much? This is precisely where the
strength of community e-commerce lies.We should be based on a better user experience,
take the strengths and complement the weaknesses, cross-border integration, innovation
in the new era of tourism marketing methods.

4.1 Tourism Goods and Community E-commerce

There are single-factor products and combination products, single-factor products are
separate travel goods, such as tickets, beds, food, etc…, while combination products are
group goods, such as airline tickets+ beds+ breakfast, visa+ airline+ beds, etc. Com-
munity e-commerce currently operatesmainly inFMCG(FastMovingConsumerGoods)
products, and from the perspective of source channels and product attributes, single-
factor travel products are more suitable for sale in community e-commerce platforms
at the beginning of marketing. When selling travel goods in community e-commerce,
separate FMCG,or single-factor product, would be a must in the initial stage. The prod-
uct characteristics should be focused on travel products that are easy to reach, low cost,
temporary substitution and with family leisure, or even a trip without plan. Consumers
in community are price-sensitive and longing for high quality. Single-factor products
can be sold in a faster speed and the quality is easier to be monitored and controlled.
Once the popularity is gathered, a combination of products can be gradually launched.
In the view of industry insiders, China’s community e-commerce is still in the stage of
platform promotion to seize the market, and user word-of-mouth is significant. In this
case, pre-sales and after-sales issues need to invest in human resources to solve. The
major e-commerce platforms mainly focus on the formation of offline teams and the
expansion of purchasing channels, and the categories of products they operate are rela-
tively concentrated, with less attention paid to the expansion of product categories. At
present, the primary community e-commerce business is focused on fresh and household
goods and almost no travel goods. This is an opportunity.

Community e-commerce operations success stories are mainly characterized by the
head of the affinity and patience, flexible and accessible business hours and pick-up
locations, open channels of rights, a variety of business commodities, are essential goods,
timely delivery, etc., which greatly enhance the stickiness of community e-commerce
users. At the same time, community e-commerce sellers have collected various strategies
to increase user residence time and enhance user stickiness. For example, they will
declare in advance to postpone the delivery time of some popular and quality goods,
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two intervals for instance, to lengthen the time-line. The user is free to choose, to wait
or quit. If buyers can not resist the temptation, a period of shopping will be extended
to a equivalent two periods of time. It also works well in tourism goods marketing.
Whether it is tourist cultural and creative products, or scenic spot tickets, performances,
B&B inter-nights, or even short-term travel routes, the same operation can be carried
out. Community e-commerce also has a unique community e-commerce culture. Users
gradually form public order and self-governance conventions based on value recognition
in participating in community e-commerce, with a high degree of inclusiveness and firm
exclusion, and prone to the agglomeration effect in shopping. Modern, fast-paced life
makes people not want to and cannot spend too much time choosing what they need are
more efficient and accurate marketing and naked-eye benefits and convenience.

4.2 Tourism Marketing Based on Community E-commerce

In summary, community e-commerce and tourismmarketing integrate across borders and
are mutually fulfilling relationships. By analyzing community e-commerce operations’
characteristics and incorporating tourism commodity information, successful tourism
marketing can be achieved. Tourism-related goods generally do not need to be stored
and do not occupy space; they are less risky to use or trade and are easier to maintain;
they are FMCG goods with fast circulation and high customer loyalty and relevance.

(1) Advantages of community-based e-commerce for tourism marketing

The community mentioned here, i.e., it can be a residential community or an adminis-
trative community, including school campuses, and the clustering of people with needs
can be regarded as a community, which has an extensive outreach. Cross-border integra-
tion should be based on the needs and recognition of the audience. The ultimate goal is
to achieve a win-win or even multi-benefit. This marketing approach involves multiple
disciplines, tourism, psychology, marketing, ergonomics, quality control, and after-sales
aremore accessible to grasp than fresh and can be said to have a hundred benefits without
harm. The main advantages are the following.

Faster, direct access and larger mass of users. Take a shopping platform’s commu-
nity e-commerce group as an example, a group of 500 people, a city has as many
communities as there are such groups, the author’s city has about nearly six hundred
communities to join this shopping platform. After research and access to information,
China’s first and second-tier cities in the community e-commerce group situation are
the same and continue to radiate and promote. Simultaneously, community e-commerce
members’ conversion rate when shopping is much higher than that of users of large
e-commerce platforms such as OTAs because large e-commerce platforms are passively
waiting for customers, while community e-commerce platform users are actively plac-
ing orders. It achieves user reachability, changing passive waiting to active, short arrival
cycles, and a large group portfolio base. If people look at each community as a point,
the community marketing model is multi-point with a surface. It is not an exaggeration
to say that community e-commerce can even pry the epidemic that hinders the entire
tourism industry from moving forward. The vast community and the base population in
the community provide us with a vast space for research.
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Relatively stable clientele and accurate marketing. Modern, fast-paced life makes
many people have a phobia of choice, and precisely targeted marketing is more suit-
able for establishing a stable customer base while building intimate social relationships,
which we can call group-buying social or community e-commerce social. Tourism com-
panies can provide both package and sell tourism lines in the community e-commerce
platform, such as suburban leisure tours; and they can split the tourism lines and con-
tact each link for wholesale sales, such as hotel inter-nights, tickets to scenic spots or
shows, or even transportation charters & tickets. This flexible sales approach into the
community with community e-commerce as the entry point can involve multiple parties,
benefit multiple parties, and be very accurate and stable. In the post-epidemic era, the
community e-commerce platform can achieve precise targeting marketing to the cus-
tomer base and combined with the people’s strong willingness to travel. It can lead to a
rapid recovery of the tourism industry.

Unnecessary e-tourism products storage. For example, tickets to attractions, accom-
modations, etc., are digital tourism goods that do not require storage space and are
shipped quickly and easily. Digital tourism products are completed as a pre-sale of
goods because they can be shipped at any time, without the quality control risks and
storage needs of general fresh goods; at the same time, the user of this product is first
identified with the product, unless it is force majeure, there is no risk of after-sales. Both
sides of the transaction can agree in advance on the validity period of the goods, beyond
the deadline, no consumption can be returned to the customer 80%, the other 20% as the
user consumption records occupy the server storage operating costs deducted, people
can also agree to exempt customers from liability for 100% refund of extraordinary cir-
cumstances, attributed to force majeure. This point can be borrowed from the airline’s
liability-free refund clause. It is also possible to open channels for early replacement of
the next stage of travel products.

Effective triage and risk avoidance. Local tourism enterprises’ geographical advan-
tages are not easily replaced, so tourismmarketing by local tourism enterprises based on
community e-commerce can avoid the vicious competition between regions to a certain
extent. Tourism enterprises can also form a regional cooperation relationship with each
other for mutual tourism distribution and agency of products and grow together. In this
way, once there is a public crisis, each region is relatively independent and can spread the
risk, and after the crisis is lifted, this cooperative relationship can also help tourism enter-
prises quickly revitalize. Community-based e-commerce tourismmarketing can help the
sales of tourism products and form a safety net. Tourism has a strong dependence on a
stable social environment, and whether it is an epidemic or war, whether it is a natural
disaster or a human factor, it can hit the tourism industry hard. How to avoid risks is a
topic worth studying. The question of how to achieve steady developments and relieve
the worries of tourism practitioners and tourism enterprises is well worth exploring.

(2) Approaches to E-tourism implementation

Community-based e-commerce tourism marketing is relatively easy to achieve. Due
to the different personalities and travel needs of people and scattered locations, it is
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not easy to achieve precise targeting of tourism marketing worldwide or in a particular
country or region, while there are many competitors. If the target group of tourism
marketing is divided into groups organized in communities, precise marketing becomes
relatively easy. Three approaches are listed below to enhance implementation of E-
tourism marketing.

To divide the area and plan multi-point attacks. Community e-commerce must be
carried out in a community. The community mentioned here, that is, can be a residen-
tial community, can also be the administrative community, including school campuses,
etc., there is a demand for the settlement of people can be seen as a community; it is
a vast extension. There are many communities in a city in China, which are relatively
independent and have different needs and characteristics. If a tourism company wants
to carry out community-based e-commerce tourism marketing, it should first conduct
research and gain a deeper understanding of the community and then cooperate. This
can start with the communities where members of the tourism business live. Communi-
ties in China will commonly have online community groups, and community members
who join the community group may not know each other. However, they will help each
other by exchanging and communicating through this group about life issues, property
problems, difficulties they encounter, good content sharing, etc. It is also possible to get
in direct contact with the head of the community e-commerce, who will assist in tourism
marketing activities. As mentioned earlier in this article, in order to avoid vicious com-
petition, an e-commerce platform in a community will only arrange ahead, so as long as
people can reach a cooperation agreement with this head, tourism marketing activities
are almost half successful, the other half, of course, depends on the quality of tourism
products. The head of the group is a rebate in the community e-commerce operation
process, which needs to be well researched in advance. Even members of the tourism
business themselves can apply to become community e-commerce leaders so that both
can better avoid the risk of unemployment. School campuses are also good community
options, and tourism enterprises can conduct tourism research and tourism promotion
and marketing through student unions, which will not be repeated here.

To establish long-term partnerships with community e-commerce platforms.
Tourism enterprises can establish a two-way communication channel by establishing
long-term partnerships with community e-commerce platforms for tourism marketing
activities. This can be understood in twoways: on the one hand, through the e-commerce
platform to push marketing objectives or tourism products to the head of its multiple
communities, through the head of tourism product marketing and tourism activities
organization, it is characterized by the ability to implement corresponding marketing
strategies for the needs of users in diverse communities; on the other hand, it can also
provide only tourism products to the e-commerce platform directly to the users for sales.
Tourism enterprises can choose flexibly according to the enterprise’s specific situation
and the characteristics of tourism products.

The advantage of this method is that it is simple and straightforward, and it also
provides direct access to the sales data of each community’s tourism goods in the region.
The disadvantage is that it is more dependent on e-commerce platforms and has certain
risks.
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To discover highlights and improve tourism products. No matter who the target is,
cooperation is only one aspect. Want to make tourism marketing successful, the quality
of tourism products is another aspect and the core issue. An ancient Chinese saying -
“wine is not afraid of the alley,” tourism products stand the test, tourism marketing will
eventually be successful. Community-based formation of a very stable customer base,
especially after a period of operation, based on community e-commerce social relations
and family and friends’ synergy, community tourism marketing target customers will
establish a solid social network between them, spontaneous formation of an interrelated
travel team. This is entirely different from the ad hoc travel groups organized by travel
agencies. They are like-minded and very close, and even over time, this network becomes
larger and larger. Of course, this marketing process can also feed the tourism enterprise.
Travel companies can analyze the large amount of data generated during the travel
marketing process, helping them discover users’ preferences and characteristics and
find the uniqueness and attractiveness of travel products. Therefore, in the process of
tourism marketing based on community e-commerce, tourism enterprises should be
good at finding the highlights, paying attention to collecting feedback from community
members, analyzing sales data, continuously developing and improving tourismproducts
with more uniqueness and attractiveness, and organizing colorful tourism activities, so
as to have a long-term and stable customer population. As long as the community does
not disperse, marketing is eternal.

4.3 Big Data Analysis in Community E-commerce

Community e-commerce sales data is easy to collect, less invalid data, easy to analyze,
and accurate targeting. A large amount of data is automatically generated in community
e-commerce activities, authentic and valid, and can be used directly as the primary data
for data analysis without even data cleaning. Data is the most valuable resource in the
digital age, and its value is incalculable. Of course, this requires much research data
and sales data, such as the community’s district, the age & gender composition of users,
whether they are working, economic level, travel mode, destination selection preference,
travel partners, etc. A rich enough data sample can help travel companies make decisions
for different user characteristics. It is not just the number of collections that matters here,
but the nature and richness of the data at all levels and the fact that this data can only be
obtained through an authentic community marketing process.

5 Conclusions

Looking back, we found that very few platforms in the Internet era started and grew
with an apparent goal of making profit, although the ultimate goal of everyone is to
be profitable. The essence of internet commodities is to create value, but it is based on
mobile phone traffic and data. Tourism can both be classy and close to life at the same
time, so tourism enterprises should give up the negative attitude of waiting for chances
and become active to strike at the right time. Modern and fast-paced life makes it hard
for ordinary people to spend toomuch time choosing.What users needmost are products
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that are efficient, convenient and affordable with accurate marketing. The achievement
of convenience, affordability and corporate profitability relies on companies’ ability
to understand users’ psychology accurately, that is to say, to analyze and catch their
needs, and provide complementary products. As a quotation from Auguste Rodin, the
French sculpture artist says: “The world never lacks beauty, but lacks the eyes to find
it.” What tourism marketing lacks is never the source of visitors and attractions but the
wide dissemination of tourism information and accurate digital marketing channels. It
is well known that we are in an era of rapid development with sufficient opportunities
and challenges for everyone and every industry, resulting in a win-win cross-border
integration and mutual achievement business for both sides. As long as we face the
chance in front bravely, respond and take actions promptly, unlimited possibilities will be
created in themoment of crisiswith the help of high-tech tools and good user experiences.
It is time to face the present squarely and embrace the future tightly.
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Abstract. According to the recent study, barrage video website gradually spreads
throughout people’s lives. This research analyzes the influencing factors of the
user experience of barrage video website in order to provide basis and reference
for improving user experience and increasing the attractiveness of the website. A
conceptual model of the influential factors of the user experience for barrage video
website was constructed based on UTAUT and APEC theories. Taking Bilibili as
a case study, user experience data was collected by a questionnaire. The data was
then used to quantitatively analyze the impacts of factors on user experience by
the regression analysis. The results show that the variables including content and
function of barrage video website significantly impact the user experience. User’s
emotion has a partial mediating effect in the relationship between content and user
experience, and has a full mediating effect in the relationship between function
and user experience. But the influence of environment and website interaction
design on user experience is not significant.

Keywords: User experience · Barrage video website · Influencing factors ·
Bilibili

1 Introduction

Barrage video website is a subcategory of network video sharing sites. Compared with
general video sharing sites, users can post some instant thoughts on this type of site, and
the site will record these comments in this video. When other users watch this video, the
recorded comments can float horizontally across the screen like captions and users can
discuss what happened at this time together, thus increasing the interaction between the
audience [1]. According to “The 46th China Statistical Report on Internet Development”
issued by China Internet Network Information Center (CNNIC), as of June 2020, the
number of Internet users inChina has reached 940million, and the scale of videowebsites
has also developed rapidly with the development of China’s network environment. The
number of online video users in China has reached 888 million, accounting for 94.5%
of the total Internet users [2]. At present, almost all mainstream video websites have
launched the barrage function, which have become barrage video websites in a broad
sense. Researches have showed that the user experience of website can greatly affect
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users’ memory of website content [3] and the choice of website [4], and it is also a key
factor affecting customer loyalty [5]. Thus, finding out the main factors that affect the
user experience of the barrage video website and analyzing the relationship between
them will play a positive role in the design and operation of the barrage video website.

Because the barrage video website is different from the general website in the way
of use and use environment, its user experience and influencing factors will also have
its own characteristics and require specific analysis. Bilibili is one of the well-known
barrage video websites in China. In 2019, the number of its daily active users reached
37.9 million, and it was an increase of 41% year-on-year. The scale of users continued
to expand, especially among young people. It has become the most concentrated video
community for young people in China [6]. Based onmany researches about Internet user
experience, this study constructed a comprehensive user experience model for barrage
video website to discuss the impacts of the influencing factors on the user experience,
which can be used to reveal the occurrence mechanism of the user experience for barrage
video websites. Bilibili was taken as a case study. The research conclusions can provide
a reference for the user experience design of barrage video websites, help them improve
the design quality, and then enhance the market competitiveness.

2 Related Researches

User experience was first proposed by Norman, who pointed out that a successful user
experience design must first meet the needs of users without harassing and annoying
users. Second, the products provided should be simple and elegant to make users happy.
In addition, to be able to bring additional surprises to users [7]. With the development of
the theory of user experience, the connotation of user experience is constantly expanded,
but the essence of its “user-centered” design has not changed.

Different researchers had different opinions on user experience, and different
research models of user experience had also been proposed. Davis proposed the TAM
model (Technology Acceptance Model), which analyzed the cognitive process of the
user experience about the information system, and pointed out that the actual use of
the information system was determined by user’s behavioral intention, while the human
behavioral intention was co-determined by user’s attitude and user’s cognition of the
system [8]. Perceived usefulness and perceived ease of use were two key factors in this
model. Perceived usefulness referred to the degree to which the system could help users
improve work efficiency, and perceived ease of use referred to the degree to which the
system could be mastered by the user. From awebsite design perspective, the two factors
mainly show the interaction design, content design and function design. Venkatesh et al.
proposed the UTAUT model (Unified Theory of Acceptance and User of Technology)
[9]. In the study of Venkatesh et al., the measurement items used for UTAUT model
verification also revealed that functional design, interaction design, and content design
were key factors that affected website user experience. Vyas, Gerrit, and Vander pro-
posed the APEC model of user experience for interactive systems, pointing out that the
use of a system was a complex, changeable, interactive, and feedback process. When
users experienced a system, the system’s interaction, appearance and functional design
would affect user experience (aesthetic, practical, emotional & cognitive), which in turn
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affected user’s behavior and the system’s feedback to users [10]. Garrett designed a
five-level model of the user experience of the website. The five levels were the presenta-
tion layer including the visual design, the frame layer with the interface and navigation
design, the structural layer of interaction and information architecture design, the scope
layer including function and content design, and the strategic layer including product
goals and user needs [11]. It’s not difficult to see that interaction design, content design
and function design are the key factors affecting the user experience of the website.

At present, the researches on barrage video websites mainly focus on operation,
management mode, audience analysis and so on. From the perspective of user experi-
ence, there are few researches that comprehensively consider the relationships among
human cognition, environmental factors, and the design of the barrage video website
(one special system) to guide the optimization design of the barrage video website. With
the continuous increase in the number of users of barrage video websites, it is necessary
to study the user experience for barrage video websites.

3 Research Hypotheses and Conceptual Model

Based on the UTAUT model and APEC model, this research takes three design dimen-
sions that can affect the user experience, i.e., the interaction, function and content of the
barrage video website, as the system factors. The influence of emotion on user experi-
ence is based on the design of the information system itself, so emotion is often placed
at the center of many empirical studies related to user experience [12]. This research
assumes that emotion has a mediation effect between user experience and the system
factors and it can also directly affect the user experience. In addition, the existing studies
have verified that the personal characteristics of users such as age and gender will affect
user experience when users are using the website [13, 14]. Considering the large number
of users and user diversity of barrage video websites, this research considers multiple
variables including user’s usage characteristics and demographic characteristics as the
main content of environmental factors. Taking these variables mentioned above, i.e.,
system factors, user emotion and environmental factors, as the influencing factors, this
research studies the impacts of the influencing factors on user experience. Thus, the con-
ceptual model of the influential factors of the user experience for barrage video website
is construct, as shown in Fig. 1.

According to the research model and the relationships between constructs, the
following research hypotheses are proposed:

H1: Interaction has a significant impact on user experience.
H2: Content has a significant impact on user experience.
H3: Function has a significant impact on user experience.
H4: Emotion has a significant impact on user experience.
H5: Interaction has a significant impact on emotion.
H6: Content has a significant impact on emotion.
H7: Function has a significant impact on emotion.
H8: Emotion plays a mediating role in the relationship between interaction and user
experience.
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Fig. 1. Conceptualmodel of the influential factors of the user experience for barrage videowebsite

H9: Emotion plays a mediating role in the relationship between content and user
experience.
H10: Emotion plays a mediating role in the relationship between function and user
experience.
H11: Environment has a significant impact on user experience.

4 Research Method

4.1 Data Acquisition and Sample Statistics

Data for analysis was collected through questionnaire survey, and the corresponding
questionnaires were designed according to the influencing factor model of user experi-
ence. The questionnaire consists of three parts: ➀ One question “Have you ever used
Bilibili ?” used to screen out subjects who are the effective subjects; ➁ Basic user infor-
mation survey to measure the construct of “Environment”. Five one-choice items were
used as shown in Table 1. ➂ Twenty-one items used to measure the other constructs,
i.e., measuring “Interaction”, “Content”, “Function” and “User Experience” with four
items respectively, and measuring “Emotion” with five items, as shown in Table 1. The
twenty-one items were all based on previous researches, and they were screened and
adjusted appropriately to ensure the validity of the questionnaire. Subjects were invited
to evaluate the questionnaire using a Likert five-point scale, with a score ranging from
–2 (completely disagree) to + 2 (completely agree).

Questionnaires were distributed on the online questionnaire survey platform “wen-
juanxing”. Themain respondents were college students. After data cleaning and process-
ing, 166 valid questionnaires were collected. In the effective samples, the proportions of
men and women were 48.19% and 51.81%, respectively. Students accounted for 89.76%
and non-students accounted for 10.24%. In terms of age, the general age distribution
was mainly concentrated in the 19–24 years old range, accounting for 90.36%, 7.83%
for 25 years old and above, and only 1.81% for 18 years old and below. In terms of using
time, respondents having used Bilibili for one year, 1 to 2 years and more than 2 years
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Table 1. Constructs and items

Variable
types

Constructs Number Items Main literature

Independent
variable

Interaction A101 It is simple to use [15–17]

A102 It’s easy to find the function you are looking for

A103 The operation is relatively smooth, not stuck

A104 There are few black screens and flashbacks

Content A201 The quality of video resources is excellent [5, 18]

A202 Video resources are rich

A203 Video resources are updated timely

A204 There are video resources you like or useful to you

Function A301 Video playback and related functions can meet your own
needs for video browsing

[19, 20]

A302 Barrage evaluation function can meet your needs for video
evaluation and communication

A303 Recommendation function can recommend content that is
suitable for you

A304 Special functions such as interactive videos are attractive

Mediating
variable

Emotion A401 Bilibili is interesting [21, 22]

A402 Bilibili can give you satisfaction

A403 Bilibili can make you happy

A404 The popularity of Bilibili is high

A405 You can find potential contacts by Bilibili

Dependent
variable

User
experience

A501 Overall, the user experience of Bilibili is satisfactory [20, 23]

A502 You will recommend Bilibili to others

A503 Bilibili is useful for you

A504 Bilibili is easy to use

Environment
variable

Environment A601 What’s your gender?

A602 How old are you?

A603 How well do you know it?

A604 When did you start using Bilibili?

A605 How often did you use Bilibili?

accounted for 31.93%, 19.88% and 48.19% respectively. In terms of use frequency,
respondents who use it almost every day accounted for 38.55%. 33.13% of respondents
used it 1 to 3 times a week, and 28.31% used it rarely.

4.2 Data Analysis and Results

Reliability Analysis. SPSS 20.0 was used to analyze the reliability of Interaction, Con-
tent, Function, Emotion and User Experience. The results (Table 2) show that the Cron-
bach’s α coefficients of each influencing factor and user experience are all greater than
0.8, indicating that the reliability of the questionnaire is good. At the same time, the total
correlations of corrected items are all greater than 0.4, indicating that there is no need to
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delete any item, and the deletion of any item does not greatly improve the Cronbach’s
α coefficient. Therefore, the quality of the questionnaire is good and the questionnaire
data can be used for further analysis.

Table 2. Results of reliability analysis

Constructs Items Corrected item-total
correlation

Cronbach’s α if item deleted Cronbach’s α

Interaction A101 0.727 0.791 0.848

A102 0.693 0.805

A103 0.633 0.834

A104 0.702 0.800

Content A201 0.453 0.846 0.806

A202 0.653 0.741

A203 0.691 0.724

A204 0.727 0.711

Function A301 0.660 0.752 0.811

A302 0.597 0.777

A303 0.652 0.753

A304 0.617 0.768

Emotion A401 0.777 0.885 0.907

A402 0.785 0.883

A403 0.795 0.880

A404 0.696 0.901

A405 0.786 0.882

User
experience

A501 0.750 0.878 0.897

A502 0.747 0.890

A503 0.836 0.842

A504 0.805 0.859

Validity Analysis. In SPSS 20.0 software, the factor analysis method was used for
validity analysis. First, KMO value and Bartlett sphericity test were used to determine
whether the datawas suitable for factor analysis. The results (Table 3) show that theKMO
value of each construct is greater than 0.7, and the significance probability of Bartlett’s
sphericity test is less than 0.01, indicating that the data is suitable for factor analysis.
Then, factor analysis was performed. The results (Table 3) show that the factor loading
of each item is greater than 0.6, and the interpretation level of each construct is higher
than that of the 30% standard of social science research. In summary, the questionnaire
has good validity.
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Table 3. Results of validity analysis

Constructs Items Factor
loading

Eigenvalues KMO value % of
variance

Sig. of
Bartlett
sphere test

Interaction A101 0.862 2.767 0.752 69.164 .000

A102 0.842

A103 0.786

A104 0.834

Content A201 0.639 2.595 0.778 64.884 .000

A202 0.830

A203 0.859

A204 0.872

Function A301 0.821 2.565 0.782 64.132 .000

A302 0.777

A303 0.818

A304 0.787

Emotion A401 0.861 3.655 0.877 73.107 .000

A402 0.868

A403 0.875

A404 0.801

A405 0.868

User
experience

A501 0.859 3.114 0.830 77.856 .000

A502 0.855

A503 0.916

A504 0.898

Correlation Analysis. The Pearson correlation was used to measure the linear rela-
tionship between the constructs. The results (Table 4) show that Interaction, Content,
Function and Emotion are all significantly related to User Experience. In detailed, the
correlation coefficients of Content, Function, Emotion and User Experience are above
0.6, and the correlation coefficient between Emotion and User Experience is 0.8. Com-
bined with the results of previous user interviews, it can be preliminarily judged that
Emotion plays an intermediary role in the relationships between Interaction, Function,
Content and User Experience.

Regression Analysis. Park et al. found that the simple linear model could be used to
obtain relatively stable results of quantitative analysis of user experience [21], so the
linear regression analysis was used to study the relationship between influencing factors
and user experience and three linear regression models were established. Model 1 was
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Table 4. Results of correlation analysis

Constructs Mean Standard
deviation

Interaction Content Function Emotion User
experience

Interaction 4.012 0.702 1

Content 4.208 0.549 0.348** 1

Function 4.051 0.581 0.262** 0.655** 1

Emotion 4.258 0.615 0.303** 0.714** 0.706** 1

User
experience

4.258 0.625 0.303** 0.708** 0.611** 0.800** 1

Note: ** represent the correlation is significant at the 0.01 level (2-tailed).

established to test the impacts of Interaction, Content and Function on Emotion in the
certain Environment. Model 2 was used to test the impacts of Interaction, Content and
Function on User Experience in the same Environment, and Model 3 was used to test
the impact of Interaction, Content, Function, and Emotion on User Experience in the
same Environment.

The specific linear regression models are as follows:

YEmotion = α1 + β1(Interaction) + γ1(Content) + k1(Function) + θ1(Gender)

+ λ1(Age) + ϕ1(Degree of Understanding) + ω1(Use Time) + σ1(U se Frequency) + ε1i

Y 1
User Experience = α2 + β2(Interaction) + γ2(Content) + k2(Function) + θ2(Gender)

+ λ2(Age) + ϕ2(Degree of Understanding) + ω2(Use Time) + σ2(U se Frequency) + ε2i

Y 2
User Experience = α3 + β3(Interaction) + γ3(Content) + k3(Function) + μ3(Emotion)

+ θ3(Gender) + λ3(Age) + ϕ3(Degree of Understanding) + ω3(Use Time) + σ3(U se Frequency) + ε3i

According to the three models, stepwise linear regression analysis is performed on
the above linear model in three steps. Put the result data of the questionnaire survey into
the model, and get the regression results. See Table 5.

Table 5 shows that the adjusted R-squares of the three models are 0.631, 0.564, and
0.692 respectively, and the goodness of fit is acceptable. According to the regression
results of Model 1, both Content and Function have significant impacts on Emotion, but
Interaction andEnvironment (at the significance level of 0.01) don’t. The results ofModel
2 show that Content and Function also have significant impacts on User Experience,
while Interaction and Environment (at the significance level of 0.01) have no significant
impact onUser Experience. In the previous correlation analysis, it was concluded that the
correlations between Interaction and Emotion or User Experience were both significant.
This paradoxbetween correlation analysis and regression analysismaybe interpreted that
the relationships between Interaction and Emotion or User Experience aremainly caused
by the correlation between Interaction and Content or Function, so once controlling
the Function and Content, the net correlation between Interaction and Emotion or User
Experience are not significant. Inmodel 3, Emotion andContent have significant impacts
on User Experience, and Emotion has a greater impact on User Experience. Because of
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Table 5. Regression analysis results of the three models

Independent
variables

Dependent variable:
emotion

Dependent variable: user experience

Model 1 Model 2 Model 3

SE SC Sig SE SC Sig SE SC Sig

(Constant) 0.357
—

0.004 0.394 — 0.244 0.34 — 0.453

Interaction 0.045 0.029 0.576 0.05 0.031 0.573 0.042 0.014 0.759

Content 0.077 0.362 0 0.085 0.444 0 0.078 0.23 0.001

Function 0.068 0.425 0 0.075 0.267 0 0.071 0.016 0.814

Emotion —
— —

— —
—

0.074 0.593 0

Gender 0.061 0 0.995 0.067 0.034 0.533 0.057 0.034 0.462

Age 0.045 –
0.073

0.133 0.049 0.053 0.315 0.042 0.096 0.032

Degree of
understanding

0.057 0.034 0.603 0.063 0.046 0.521 0.053 – 0.066 0.272

Use time 0.026 –
0.039

0.513 0.029 0.043 0.51 0.025 0.066 0.228

Use
frequency

0.031 0.211 0.011 0.034 0.166 0.016 0.03 0.041 0.486

Adjusted R2 0.631 0.564 0.692

Note: SE represents Standard Error. SC represents Standardized Coefficients.

the involvement of Emotion, the impact of Function on User Experience becomes no
longer significant, and Interaction and Environment (at the significance level of 0.01)
neither show significant impacts on User Experience.

In the three models, the regression coefficients of Interaction are all small, and the
significances are all greater than 0.01. It shows that Interaction has no direct significant
impact on User Experience, and Emotion does not play the mediating role in the rela-
tionship between Interaction and User Experience. The results of Model 2 and Model 3
show that the impacts of Content and Function on User Experience changed after adding
the variable Emotion, i.e., the impact of Content on User Experience is reduced, while
Function has no impact on user experience. Therefore, Emotion has a partial mediating
effect in the relationship between Content and User Experience, and a full mediating
effect in the relationship between Function and User Experience.

5 Conclusions and Suggestions for Improvement

5.1 Research Conclusions

Based on the above data analysis, the verification of the hypotheses is summarized as
shown in Table 6.
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Table 6. Hypothesis testing results

Hypotheses Results

H1: Interaction has a significant impact on user experience Not support

H2: Content has a significant impact on user experience Support

H3: Function has a significant impact on user experience Support

H4: Emotion has a significant impact on user experience Support

H5:Interaction has a significant impact on emotion; Not support

H6: Content has a significant impact on emotion Support

H7: Function has a significant impact on emotion Support

H8: Emotion plays a mediating role in the relationship between interaction and
user experience

Not support

H9: Emotion plays a mediating role in the relationship between content and user
experience

Support

H10: Emotion plays a mediating role in the relationship between function and
user experience

Support

H11: Environment has a significant impact on user experience Not support

Except for H1, H5, H8, and H11, other hypotheses are supported. The research
conclusions are as follows:

1. Function and content are the twomain factors that affect user experience, and content
has a greater impact on user experience than function. This shows that most users
are more concerned about the video resources of barrage video websites. The better
the video resources are, the better the user experience is. After considering the
function and content, the interaction does not show a significant impact on the user
experience, indicating that the interaction cannot directly affect the user experience.
The interactivity of the website can be experienced after users are satisfied with the
function and the presentation of the content, which in turn affects users’ emotion
and the user experience.

2. Emotion has a significant mediating effect on the relationship between the system
(function, content) and user experience. Emotion has a completely mediating role in
the relationship between function and user experience, and has a partially mediating
role in the relationship between content and user experience. Based on this, it can
be inferred that good functional design and high-quality content are the foundation
of high-quality user experience on barrage video websites. Users pay attention to
the both firstly when using Bilibili. If users’ needs are met, users will have better
emotional cognition, which in turn will help produce a high-quality user experience.

3. In terms of environmental variables, including users’ gender, age, etc., they have no
significant impact on emotion and user experience. It shows that users with different
backgrounds do not have many differences in user cognition and experience about
Bilibili, one of the barrage video websites.
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5.2 Suggestions for Improving the User Experience of the Barrage Video
Platform

According to the above research results, suggestions for improving the user experience
of the barrage video platform are as follows:

1. Because content and function are the two key factors that can directly affect the user
experience and the users’ emotion, we can start with enhancing the richness of the
website’s content and the usability of its functions to improve the user experience of
the barrage video website. Through the improvement of website resources and func-
tions, the website can more directly meet users’ needs and increase user stickiness,
which is also conducive to improving website reputation. The effective improvement
of a single website will also cause healthy competition in the market, which will help
promote the upgrading and improvement of the video industry.

2. Interactivity is the foundation of the website, which can affect users’ perception
of the content and function of the barrage video website. Although the interaction
doesn’t significantly affect the user emotion and user experience, it does have a
high relevance with user emotion and user experience. The website needs to have a
friendly interactive design to be convenient for users.

6 Limitations

Although we try our best to be scientific and rigorous in this research, there are still some
limitations. First, due to the impact of Covid 19, we have not carried out large-scale user
surveys on the basis of ensuring certain research reliability and validity. The accuracy of
the research results needs to be improved. Second, the measurement of environmental
factors is not detailed enough, such as age, which is only divided into three categories, so
the analysis of the relationship between environment and emotion or user experience is
not accurate enough. Finally, this research usesBilibili as the research object, which can’t
represent all the barrage video websites, so the universality of the research conclusion
needs to be improved.
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Abstract. After having a short overview of the new approach, the paper will
introduce the possible future of design thinking and launch its opportunity, espe-
cially in the organizations dedicated not as primarily profit-oriented, like the state-
maintained educational segment. The paper offers an insight into the practical
application of today’s design thinking approach, covering its main background
and observes its methods and tools in the pragmatic operation involving segment
fields like education. Paper introduces the design process with diverse characteris-
tics from the former project management processes, highlighting the significance
of covering all the segments and activities applied to design thinking. Moreover,
the paper aims to provide a detailed research plan including research fields for
demonstrating the optional change of the stakeholders’ attitude, opinion, and cus-
tomer satisfaction among students caused by the measurements due to COVID
pandemic, closely related to the digital transformation in a sense and higher level
of human-computer interaction’s need.

Keywords: Service design · Educational design · Design thinking

1 Introduction

The paper intends to introduce the application possibilities of the design thinking mind-
set in an education service segment. The paper aims to highlight the design thinking
mindset’s role in a segment where profitability is not the key driving force through its
advantages and future potentials. Design thinking as an innovative mindset [1] appeared
inmanyorganizations; also, ones are in particular situations: they are state-maintained, so
they are not primarily similar to the profit-oriented business organizations. The observa-
tion of framing and the novel, innovative process intended to call attention to the exam-
ined mindset’s usability, effectiveness, and competitiveness [2, 3]. The paper focuses
primarily on the state-maintained higher education segment, given the unique features
the examined service has in Hungary. After discussing the design thinking mindset and
its role and place in organizations, businesses, and education, the research method’s
planned research fields are detailed. Countries are nowadays actively reorganizing their
pedagogical, educational models, moving away from standardized approaches and “a
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one-size-fits-all experience” toward new and individualized learning modes based on
what students learn rather than on their time in a classroom [4].

Furthermore, the research aims to approach the question, if the players are aware
of being service providers and customers, or the operation follows other principles.
The author intends to reconsider the traditional concept created for education and bring
a new perspective by defining the higher education segment’s relevance to having the
characters similar to the examinedHungarian one. The paper focuses on determining and
evaluating the design thinkingmindset as a service developmentmethod and not covering
the aspects for teaching design thinking, so the new mindset’s education is out of scope
in this research. Moreover, the aim is to discover how the current pandemic situation
influenced decision-makers’ thinking can have an impact on the application of the design
thinking mindset. The research consisted of two phases. First, discovering the design
thinking mindset as a critical driver of the innovation, parallel with highlighting the
examined service segment’s unique features. Paper summarizes main findings, including
the literature reviews, and points out the research plan for a future conclusion stems from
qualitative data.

2 Literature Review, Innovation in Designing Process

Design thinking can be described in diverse ways as having significantly various rela-
tions with today’s research and practical expert fields. Design research started in the ‘60s
and has a broad role and application within innovation, society, and industry [5]. Design
fields have become cross-disciplinary and multi- faceted [4]. Cross highlighted the main
essence of design: the appropriate design methods are modeling, pattern-formation, syn-
thesis, while the values of design are practicality, ingenuity, empathy, and concern for
“appropriateness” [6]. However, there are some differences in explaining the design
thinking approach; the paper focuses on their similarities and points out the relevancies
for businesses and the education segment. Today, the design has presumably become
a complicated way of thinking and guiding principles that concern all life situations
[7]. The differences are possible based on the actual focus of the approach, the type of
segment researchers is examining at that time, or the type of the product, experts tend to
apply any practical methods of the approach. In an age of mass production greater under-
standing of the people is demanded by those who practice design and more insight into
the design process by the public, according to Victor Papanek [8]. Understanding and
applying theway of thinkingwasmainly used successfully by tangible product designers
in the past. Definition of design thinking similar to the historical focus points may vary
in the literature, but they have similar points for expressing its essence. The design pro-
fession and the context for design practice have changed relevantly over the past 50 years
[9]. Design thinking can be defined as a mindset, approach, or even a discipline, method,
and toolkit; it is also determined as a mix of different thinking [10]. According to Nor-
man [11], attention must be paid to the entire experience, which means the aesthetic of
form and interaction quality. The point is to determine that the focus is always on creat-
ing solutions by contacting a problem, defining that, and finding solutions creatively by
involving people who affect the phenomenon put into the focus. As having a comprehen-
sive understanding of design, the designer’s name is also applied for all the researchers
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and experts develop any processes regarding thismindset in this paper. Someuniversities,
organizations, and institutions started to create in-depth research about and establishing
related programs and schools for design thinking [9, 12]. Facilitating the more in-depth
understanding and spread of the mindset into many segments. The other crucial point is
discovering the highlighted role of customers and stakeholders in how designers intend
to find the right solutions to the carefully defined problems. Understanding and a clear
definition of problems and needs from a customer-aspect are critical factors in the design
thinking mindset [11]. As Norman determined, “good design starts with an understand-
ing of psychology and technology” [11]. The human-centered and iterative characteristic
of the design thinking let researchers concentrating on the stakeholders, discovering the
needs and frustrating issues concerning the examined process. The final goal of the pro-
cess is to create a product, service, process, or experience that people need, have real
potential to become useful, and quickly or conveniently be built in terms of technology
[13]. Moreover, design thinking is about learning, putting in the right effort and learn
from the mistakes, lead to success. Over the ergonomics, the culture and the context are
as relevant as the physical aspects. In order to create a long-term relationship with the
stakeholders, designers should be aware to involve partners actively instead in a passive
way. Author introduces the design process with diverse characteristics from the former
mindsets and development processes, highlighting the significance of covering all the
segments and activities applied to design thinking. Instead of pre-defined series and
phases, the design process can be interpreted as a creative, human-centered discovery
process followed by iterative prototyping cycles, testing, and refinement [13]. One of
the special features that it moves along iterative, circular processes, instead of the tradi-
tional linear process. The iterative, circular feature of the mindset’s practical application
ensures the continuous learning and therefore, the correction and perfection of a human
centered solution, based on an emphatical attitude. A deep understanding of the people
may be affected by the product or process designers intend to make any developments is
crucial, as unless they have a clear vision about the design process, so the design thinking
mindset cannot drive success. In an organization the place and role of the design thinking
mindset and so the designers are significant, as unless creating a strategic importance
of the mindset integrated into the strategic implementation, the right success and results
are not achievable. The involvement of stakeholders interested by the approach, collab-
oration of diverse professional and scientifical fields is essential. Design thinking is a
mindset to address wicked problems with multidisciplinary and cross-functional inno-
vation teams [1]. Multi-professional’ designers and planners are needed whose intuitive
leaps are informed by knowledge and experience of change at all levels from community
action to component design [14]. Unless creating a wide range of perspectives derives
from diverse professional background, additional value of the design thinking mindset
could not validate the right and special effect that makes it different from other process
development methods. Individual designers have to collaborate for designing a unified
whole: foreign circumstances and experts from different cultures with disparate ways
of thinking and working increase the ambiguity [15]. Norman described the Iterative
Cycle of Human-Centered Design in the ‘80s contains phases as observation, ideation,
prototyping, and testing [11]. Before creating of the stages described by Norman, the
artificial intelligence and cognitive science researcher, Simon defined seven phases in
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1969, as the definition, the researching, the ideation, the prototyping, choosing, the
implementation, and the learning [16]. Paper aims also to point out the learning pro-
cess provided by the design thinking mindset. “Designing is thus not something one is
instructed how to do, but something one learns how to create” [14]. The design process
in case of products and services also covers the emphasizing phase according to another
model [17] followed by the definition, where framing gets a special attention. Designers
often deal with complex and, sometimes wicked problems. The challenge of managing
these open problems leads to a particular interest in the ways they construct ‘frames’ and
how to design organizations deal with frames in their field of operation [10]. Framing
is an applied term for creating a new outlook and how designers can manage a complex
problem or a situation that tends to be solved [18]. Throughout the observation phase,
empathy had a crucial function. Empathy and design are in compelling combination;
Cross [6] defined empathy as a critical value of design. The ideation stage of process
needs an open creative mindset for discovering and expressing all the optional solutions
suitable for the well-defined problems. Designers should build deeper impressions, so
prototyping so getting feedback from users as testing [19].

3 Design Thinking in Organizations

Design is not just successfully acceptable for creating material, along physical aspect,
but the thinking perspective, itself, the way designers come closer, and define problems
were more relevant. This mindset flowed into new segments and sectors like the busi-
nesses by discovering the advantages of the promising and practical approach in the
physical product developments and designing artistic and technical artifacts. A designer
can transform the way team develops products, services, processes, and even strategy
[13]. Design thinking can be defined as a fresh new approach enough infiltrating into
the businesses and public services having the courageous and dynamic engagement for
creating some more efficient, creative and profitable solutions both in the present activ-
ities and the innovation field desired by the market players, customers, and concerned
stakeholders. Design thinking is a stimulating and exciting new paradigm for dealing
with problems in many professions, like IT and business [10]. To understand the main
points of the approach in businesses and management, managers suggested adopting the
growth mindset drawn up by Carol Dweck [20]; this kind of mindset as effort plus learn-
ing equals growth and success. By coming to the business world as a new approach, the
managers reason mostly in an inductive or deductive way, having an analytical thinking
instead of intuitive one [21], and waited at the same time for any kind of advantages can
be expressed in a monetary unit for proving its real importance similar to all other per-
formance indicators. The management and the customers’ expectations are diverse: the
board prefers to have loyalty, trust, and high customer lifetime value, while the customer
needs a smooth, customized, and fast solution. However, organizations strive for inno-
vation, managers and decision-makers rely incomparably on analytical thinking, which
slightly improves current information and knowledge, creating modest improvements to
the status quo [21]. According to Martin [21], the competitive advantage is achievable
by applying a kind of thinking: how knowledge advances from one step to another-from
mystery to heuristic to the algorithm, which is a predictable key for creating an answer
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giving to the mystery question. Design can be profitable for organizations. On the one
hand, design thinking determined as a simple, temporary, and passing new wave in the
product- and service development; on the other hand, we can observe a brand-new aspect
having a relatively profound impact on all of the affected organizational units from the
strategic level through the employees finally, until the customers, stakeholders, involving
all of them into the creation of a more valuable future cooperation, together with the
environment in a broad sense.

3.1 Design Thinking in the Education

The paper intends to introduce the possible future of design thinking and launch the
design thinking’s opportunity, especially in the organizations dedicated not as primarily
profit-oriented, like the state-maintained educational segment. Design thinking extends
for segments, activities, and processes beyond the businesses targeting the increasing
profits, incomes, and market shares along with providing the mindset, methods, and
toolkit for meeting the real needs of services’ stakeholders not necessarily or primarily
connected to the revenue-expenditure-profit “triangle.” Moreover, the author offers an
insight into the practical application of today’s design thinking approach and observes
its methods and tools in the practical application involving segment fields like education.
Their introduction is provided by a research plan containing the targeted methods for
evaluating the future research questions. Trends can indicate significant future challenges
and areas of benefits. Education has a crucial role in all societies concerning all directly
or indirectly. The examined higher-educational segment can cover state-maintained, not
primary profit-oriented institutions. The profit-oriented institutions are out of the scope
of this research. However, the situation, opportunities, and discipline of players in higher
education show a varied picture worldwide; the author focuses on the ones maintained
by the state and offers technical or economic studies for students on all levels. State-
maintained higher education is defined as all the services offered for the graduated and
undergraduate students, in this case, covering all the processes, activities, and stakehold-
ers impacting the services themselves. It is crucial to consider its features, highlighting
the possibilities and advantages from a design thinking aspect. Over the last two decades,
the popularity of design thinking in higher education for undergraduates, managers, and
executives has grown worldwide [10, 22]. The idea’s promotion stems from using the
perspective of design for problem-framing and problem-solving in large multinational
companies. They argue in favor of the design thinkingmindset as a driver of innovations.
Examples listed by de Figueiredo are theAmerican design company IDEO and the books
published by its CEOs, and the inspiration from celebrated designers’ work, the architect
Frank Gehry [22]. Design education has diversified and developed considerably in the
art academies, and increasingly in universities and technical education [9].

4 Research Fields

Research questions cover the three main fields suspected to achieve relevant findings
and further developments. Research fields are equaled research questions. The first field
to be improved is the innovation’s design thinking approach, qualitative research about
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what decision-makers think of design thinking, including assessing the knowledge about
and the attitude and conditions for integrating the mindset into the everyday operation,
in a whole or part. The design thinking-led process makes the problem definition and the
team collaborationmore impactful, affecting the development process’s final output. The
observation and understanding of possible barriers influence the mindset’s integration
as a research question as to the second field. The second research question includes the
intended determination of possibilities can provide a more straightforward intention for
being open to accepting and understanding its advantages, especially in the educational
sector. To draw appropriate conclusions from the difference between the results derived
in the case of questioned people from the business segment and the ones belong to the
educational segment, the author plans to make comparative analyses. The third research
question aims to provide a detailed research plan for demonstrating the optional change
of the customer satisfaction among stakeholders of the education segment caused by the
measurements due to the COVID pandemic, closely related to the digital transforma-
tion in a sense and higher level of human-computer interaction’s need. Table 1 gives a
summary of the leading research fields.

Table 1. Main fields of research

Filed of research Business relevant question Educational relevant question

Basic background Educational and
demographical background

Academical background

Attitude and motivation Attitude of working Motivation, research fields

Currently applied methods IT systems and Educational systems,
infrastructure for teaching

Problem-solving
techniques

Methods for cooperating in
projects

Methods for creating new
subjects, courses

Decision-making Process of decision-making
and information about
decisions

Process of decision-making and
information about decisions

Involvement of
stakeholders

Partners, customers,
employees, stockholders and
other companies

Students, offices, partners,
Significant relationships, and
cooperations

Digital transformation Opinion about pandemic
changes in business,
profitability and human
resource questions

Opinion about pandemic
changes, educational needs and
transformation

Customer complaint
management

CRM systems Student offices and other contacts

Visions Short- and long-term vision of
the organization

Short- and long-term vision of
the organization
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The author designed an investigation to connect these challenging fields, the user-
centered design, with the opportunity-driven technology-based innovation. The purpose
for clarifying the research questions is twofold; firstly, to explore in a controlled research
environment how innovative and exact results can be created for the research fields, and
secondly, how new knowledge or a deeper understanding of design thinking can be
gained for the invited stakeholders participated in the research.

4.1 Education as a Service

The research tends to apply the suitable design thinking methods for precise and pro-
found observation and examination, especially in the education segment, from relevant
stakeholders’ and customers’ aspects, i.e., from the teacher to the management students’
perspective. First of all, a relevant question should be answered at the beginning of
the research. Is education a service? What is the opinion of the critical stakeholders
about? Services cover a massive variety of different and often very complex activities.
In time, a broader association emerged, captured in the dictionary definition of “the
action of serving, helping, or benefiting; conduct services contrasted them against goods
and described services as “acts, deeds, performances, or efforts” and argued that they
had different characteristics from goods in services. The word service was originally
associated with the work tending to the welfare or advantage of another” [23]. Today,
our thinking has advanced and focuses on the lack of ownership transfer when buying a
service. Education as a service aims to meet the need for studying, acquiring knowledge-
providing an intangible benefit and skills, produced with the guidance of a set of tangible
infrastructure, where the customer of the service does not get any ownership [24], similar
to services, in general.

5 Research Method

Research starts with defining and understanding the problem. The required goal is to
choose tools for understanding to help discover the problem’s meaning in this phase.

Effective design practice is based not on widespread problem analysis but adequate
‘problem scoping’ and a focused or directed approach to gathering problem information
and prioritizing criteria [25]. Therefore, the opening point of designing is the dilemma
itself, i.e., designers do not have a ready solution or ready plan.

5.1 Market Analysis

Themarket analysis includes interviews and field research. In the part of themarket anal-
ysis, 30 face-to-face or online interviews are planned to be conducted. For an in-depth
understanding, it is crucial to invite people who use and provide services. In one-half
of the personal interviews, the business segment’s participants: experts and managers,
will be interviewed who mostly perform innovative and development tasks. The author
will discover their official duties, communication, devices applied, working method,
and environment. In the other half of the interviews, decision-makers, stakeholders, and
customers will be interviewed from the education segment about the aspects they have
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about the provider and customer relation, how they judge the service innovation option
and the opinion. During the interviews, design thinking methods will be applied, as the
mom test. The method is about having real conversations with people and draw feed-
back from there [26]. Moreover, both interviewed groups will have questions regarding
the new situation: changes reasoned by COVID pandemic, therefore the impact of the
digital transformation in the segment. Interviews will be followed by field research at
workplaces and educational or research institutions and customer attitude surveys.

5.2 Field Research

Field study belongs to the observation design phase. Design research varies from sci-
entists’ research. It occurs directly at the users themselves to have a clear picture of
their needs, interests, motives, and understanding of the real situations they face, not
some actual separate experiences [11]. In this phase, empathy has a significant role in
imagining the observed people’s situation with all the feelings and thoughts. The author
tends to conclude field research for discovering the circumstances of the working meth-
ods, environment, and possible cooperation among the different expert fields. Moreover,
design empathy is thought being taken to improve by certain types of methods such
as research techniques for setting contact between users and designers, procedures for
reporting findings of user studies to design teams like the storytelling, or the ideation
methods to evoke a designer’s own experiences in a field connected to the user [6].
By taking a “people first” strategy, designers can imagine constitutionally acceptable
answers and meet specific unknown needs [13].

5.3 Mapping

The visualization is a crucial element of the design thinking mindset for clarifying
the discovered connections, roles, and essential details. Synthesis maps mix examina-
tion data and information, system expertise, and design schemes into visible stories.
These narratives encourage interaction and decision-making among stakeholders. Syn-
thesis mapping is a method that promotes learning, description, and discussion of views,
actors, and links in compact system challenges. Synthesis maps combine knowledge
from research cycles and iterative sensemaking to establish a consistent design story,
represent relationships among parts. Its mission is to support shared understanding while
exploring the design options available in these systems [27]. The author prefers to create
visualization by applying two maps followed by the researches because the research
fields are instead referred to as a complex system challenge than a dedicated service
description.

6 Expected Research Benefit

To create a transparent service offer from a process-approach supported by the design
thinking mindset, the paper intends to determine key performance indicators (KPIs)
related to the research results. Measurable value demonstrating how effectively an orga-
nization is achieving its key business, social, environmental, and other relevant objec-
tives. As the social and ecological advantages for any organization, the monetary units
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for the getting to know, the implementation, and applying the design thinking mindset
are quite a challenge as proving its ability to return. Famous business metrics concentrate
on the performance, measured quantitatively and accurately, based on stockholders’ and
stakeholders’ interests and aspects. The truth is that business indicators can follow the
customer experience by a time-shift, providing a late interruption into affected processes.
Evaluation of customer experience might be based on reference points incorporated in
the customer journey covering the total numbers and types of interaction between the
customer and representatives of the product or the service provider. Metrics specialized
to brand loyalty, and customer satisfaction can optionally be applied; organizations also
can create their metrics-system for evaluating customer experiences.

7 Conclusion, Findings and Limitation

Design thinking is a holistic, integrated mindset, having a clear place among mindsets
present in the businesses and the educational segments. Design Thinking mindset might
be the most relevant differentiating factor in the next years. Whether they are profit-
oriented companies or non-business ones, organizations are indifferent to the sector they
operate in; pursuing an approach of customer-oriented focuswill have a clear competitive
advantage. Researches are planned to be concluded, followed by a detailed evaluation
of all the types of analysis and research. The research is planned to be conducted from
a process-oriented view to gain new insights into a new way of thinking. Questions of
the exploratory analysis are also determined by this aspect, reflected in the process of
innovation. Throughout the entire process, the user-centered approach is remaining in
focus, involving them in all the phases, was as close to them as possible for explor-
ing and answering the real problem. The project had not covered the implementation
phase, though, put into vision, results would have been the real consequence could be
further developed, refined, and finalized before a transformation into a final evaluation
and conclusion. The next step is to examine the results and findings. A significant result
is the literature review and former findings for the examined research fields, including
methodologies. The relevance of the participatory design, the cooperation, and mul-
tidisciplinary are crucial elements of the research as having particular importance of
innovation of participants into the operation. The concept is expended for proposals for
the optional application of the design thinking methods in the public sector, particularly
regarding an organizational transformation brought by the new means of this aspect and
even for the educational field having strong constraints. Finally, the research draws up
the advantages and further opportunities of the design thinking mindset based on the
former experiences and researches, especially for the educational segment.
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Abstract. The purpose of this study is to tailor a “streamline design lesson plan”
for students of design departments in the hope of promoting it in the design-related
courses of various universities. The lesson plan is based on the Revised Bloom’s
Taxonomy (RBT). The subjects came from industrial design departments (The
first teaching course) as well as multimedia and computer entertainment science
departments (The second teaching course), both of which received a pre-test and
post-test.

Three professors from the industrial design department and two designers
were appointed to grade the pre-test and post-test works of the students. Five
scoring criteria were obtained: drag value, smooth, dynamic, speed, and flow.
After modifying the first lesson plan (p-value > 0.05), the second experiment was
carried out. Since the number of student samples (n < 30) did not conform to
the normal distribution, the one-sample sign test of nonparametric methods was
adopted. Students’ learning results (p-value = 0.006363) < 0.05 indicated that
the overall learning effect of students had significantly improved.

In order to explore the overall learning effect of the second lesson plan, this
study selected five students with the highest scores in the post-test evaluated by the
five experts to build 3D models. Ten models were built for the pre-test and post-
test, combined with SolidWorks software computational fluid dynamics (CFD) to
analyze the air resistance and wind drag coefficient of the streamline. Finally, the
satisfaction questionnaire designed with RBT was discussed and the feedback of
students showed a high degree of satisfaction.

Keywords: Streamline · Aerodynamics · Design education · Modeling design ·
CFD

1 Research Background and Motivation

The streamline design started in the 1930s when Raymond Loewy applied stream-
line design to product and transportation vehicle design, which were well-received by
entrepreneurs and consumers, and officially made him an industrial designer. At the end
of 1980, the first generation of Ford Taurus became the best-selling car in the United
States.
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Streamlining has become one of the key modeling styles. Therefore, it is mentioned
in the art classes of high schools, design groups of higher vocational colleges, in design
departments of universities. Unfortunately, it is not explained in-depth, which makes
it difficult for students to grasp the requirements of streamlining, and they generally
cannot understand the concept correctly. Especially in the design of transportation tools,
many students cannot properly combine the streamline concept with the functions. This
problem often occurs in cross field cooperation, for example, the National College SAE
(Society of Automotive Engineers). It requires students to think about how to reduce
friction loss and improve energy efficiency based on the same power unit, so as to reduce
energy consumption and thereby win the competition. In addition to reducing the power
consumption, students should also consider the body styling design and how to meet the
aerodynamics needs for reducing wind drag while designing a streamlined result with
pleasing aesthetics.

2 Instructional Design

Instructional design is also called lesson planning. Instructional design has significance
in two aspects: the first is the mode of teaching to be followed; the second is teach-
ing prescription, which selects specific methods, contents, and strategies according to
specific objects and objectives.

2.1 Instructional Structure

There are six levels of progressive requirements in Revised Bloom’s Taxonomy (RBT).
The design should help students learn interdisciplinary knowledge, cultivate their inno-
vative ability, and improve their knowledge acquired rather than just accept the knowl-
edge. Therefore, “learning” and “creative” production are necessary (Koh et al. 2015).
The first is the Remembering (LV. 1); it requires students to remember what they have
learned, then Understanding (LV. 2) and being able to Apply (LV. 3) what they have
learned, Analyzing (LV. 4) the concepts learned and learning to Evaluate (LV. 5) the
good streamlined design. Finally, students should be able to Create (LV. 6) their own
design.

Instruction of the Course
Streamline of Creatures. Biological streamlining can basically be described as clean
modeling in aerodynamics. Take birds as an example: the head, neck, and feet cause
turbulence. If they are retracted close to the body, the outer layer of smooth feathers
can form a good streamline. In that case, an estimated wind drag coefficient of nearly
0.08 indicates that the bird body has a good streamline shape (Pennycuick et al. 1996).
Examples ofGoodStreamlineProfile, one is the Isurus oxyrinchus andTursiops truncates
in the sea, because they display the streamlined, so they can get high swimming speed.
Another is Thrush Nightingale and Peregrine Falcon in the sky.

Streamline Shape and Design. Geddes’s expanded his new direction in the late 1920s
and started his career in industrial design. He promoted the streamline design con-
cept through his book Horizons. This book focuses on the visual streamline design of
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streamlined coach cars, trains, airplanes, ships, and automobiles (Brunswik and Kamiya
1953).

Geddes’ speech at stage design mentioned that streamline is the beauty of motion
and dynamics. It applies speed and power to the visual reference of living and inanimate
objects. In terms of living objects, historians point out that the development of modeling
is influenced by evolution (Cogdell 2003).

To this day, the most effective and best design is still observed and discovered in
nature. Many scientists and engineers have succeeded in transferring natural phenomena
to design via science and technology. The aerodynamics of traditional automobiles com-
bined the background of human and engineering, organized in body engineering or the
vehicle engineering group. Designers provide aerodynamic forms or styles for aesthetic
pleasure and introduce aerodynamics (Le Good et al. 2011).

2.2 Topic of Test

SAE Supermileage Competition. SAE Supermileage Competition provides a chal-
lenging design project for engineering and technology students. In this paper, SAE
Supermileage Competition is classified into low-level and high-level courses. The cur-
riculum is planned for one year and is divided into two groups: the body and frame
group, and the engine and drive system group. Here we will only focus on the body
(Hardin 2006).

The body design is mainly shifted from human prediction to CFD calculation. This
literature-related course is designed as a one-year course, but according to the experience
of the university in this study, it took two weeks to develop and revise the concept of
body design, and a month to reach a consensus with the mechanical department and
finalize the design. The problems of SAE and the external factors of the above-mentioned
vehicles and other wheeled vehicles with experts, the experts thought that in order to
implement the specialized study on streamline modeling design, it is necessary to reduce
the generation of complex factors as much as possible. Therefore, it is not recommended
to use wheeled transport vehicles, nor to use the SAE Supermileage Competition as the
theme of the lesson plan design.

Aircraft. As for the revision of the topic, the experts suggested two kinds of transport
vehicles as references for the design of the topic. The expert replied: “it is aircraft and
ships that exclude the physical phenomena generated bywheels. It will be simpler for the
aircraft against air and the ship against water. The concept of streamlined design based
on aircraft only has to conform to streamline, interpret streamline, combine appearance
streamlined with aerodynamics, focus on the theme, and exclude functional factors. For
example, the engine, motor and other mechanical power are hidden within the shape,
and the shape should be simplified to the optimal extent (Maeda 2006), as it is more
suitable to study streamline design. “Finally, this study will only discuss whether the air
resistance and wind drag coefficient for air and the design can be reduced as verification.

An introduction to the aircraft that have been discussed and experimented on many
times academically. There are two types of aircraft: the first is the type with a cockpit,
and the second is the straddle and riding type. The first one is Cockpit Type Aircraft.
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Its cruise speed is 180 km/h, which is equal to 50 m/s. The total length of the aircraft is
6000 mm, the width without wings is 1600 mm, and the width with wings is 8200 mm
(Rajashekara et al. 2016) with a single-seat; the second one is Straddle, Riding Type
Aircraft. After comparing the two aircraft, Malloy Aeronautics and Hoversurf, the data
on Malloy Aeronautics were selected as the parameter setting of CFD for analyzing
students’ works.

The CFD analysis here is operated by this study andwill not be included in the lesson
plan. The reason is that after asking the experts of mechanical engineering whether the
students of design department need to learn CFD analysis, the experts replied, “No, they
don’t, because it is too professional and complicated, and that is whywe need the division
of labor among different departments.” Therefore, this part is only used to verify the
effectiveness of the resistance effect of students’ works; it will not be helpful for students
to learn how to use SolidWorks Flow Simulation to operate CFD in the experiment.

2.3 Learning Satisfaction

In the selection of student learning questions, Paechter et al. (2010) classified the online
course satisfaction questionnaire into five major items, each with three to five related
questions. His research proved that these questions are the best predictive indicators, so
this study will continue to use his question structure in the questionnaire on learning
satisfaction. In addition, by interviewing relevant education experts, we can use their
teaching experience and the difficulties encountered by students or what they have to
learn to formulate questions. Academia generally believes that feedback is an essential
part of the learning cycle, which can provide reflection and development (Weaver 2006).
When students fill in the learning satisfaction questionnaire, it is also a kind of feedback.
It not only tells the teacher what needs to be strengthened but also reminds students
whether they have learned something.

Likert Scale. The Likert scale is a psychological response scale, which classifies the
opinions on each question from very negative to very positive; it is widely used in
research. The use of the Likert scale is like: Totally Agree scores 5 or 7 points; totally
disagree is 1 point. Therefore, attention should be paid to the narration to see if it is in
positive narration or the reverse narration before the subsequent operation. Considering
the reliability of the subjects’ responses, the scale items defined by the survey structure
were selected. The 7-point scale provides more choices, thus increasing the possibility
of being in line with people’s real situation, so it could really stimulate the “rational
ability” of the subjects (Joshi et al. 2015). Some scholars have sorted out various forms
of Likert’s options, such as acceptability, probability level, importance level, difficulty
level, etc., which can be used directly together with the 3-point scale, 5-point scale,
and 7-point scale (Vagias 2006). This method was applied to the learning satisfaction
questionnaire and the expert grading questionnaire. The Likert 5-point scale was used
in the learning satisfaction questionnaire, and the Likert 7-point scale was used in the
expert questionnaire.
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3 Research Methods

3.1 Statistical Methods

Normal distribution: a convenient mathematical model (Hogg et al. 2005). The mean
value of the probability density function of the normal distribution is μ, the variance is
σ 2, and the standard deviation is σ:

f (x) = 1√
2πσ

exp

{
− (x − μ)2

2σ 2

}
, for −∞ < x < ∞ (1)

σ(sigma) is the standard deviation, which measures the dispersion of a group of values
in probability statistics. The research uses the Randomized Complete Block design
(RCBD).

Nonparametric methods: nonparametric statistics is particularly suitable for the anal-
ysis of qualitative data. The categorical data (nominal scale) and sequential data (ordinal
scale) usually do not belong to the normal distribution but rather to the multiple distri-
bution types. Therefore, the data cannot obtain the population parameters (parameters)
such as mean value and variation number, so it is more suitable for statistical analysis
without parameters rather than thosewith parameters (normal distribution). The research
uses the One sample sign test referring to the book (Daniel 1978).

3.2 Computational Fluid Dynamics (CFD)

CD =
D
A

1
2ρν2

(2)

CD is the wind drag coefficient (dimensionless quantity). D is the air resistance, also
known as the shape resistance (N, N = kg · m/s2). A is the orthographic area (m2). ρ is
the air density of 1.29 kg/m3, and V is the velocity (m/s).

The orthographic area (A) means the cross-sectional area under the action of the
air resistance (D). Generally speaking, the wind is flowing from the X direction to the
object. Therefore, orthographic projection is selected to calculate the area.

ρ is the density of the fluid or air. In this study, the topic for the students’ design was
a flying machine, and the flight altitude was set to be below 10 km. Therefore, the air
was used as the flow field, and the density of air was about 1.29 kg/m3. If water was the
flow field, the density of water was about 997 kg/m3 (Blevins 1984).

4 Research Procedures

The research steps architecture is shown in Fig. 1:
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Fig. 1. Detailed architecture of the research procedures

Three professors from the industrial design department and two designers were
appointed to grade the pre-test and post-test works of the students (Table 1).

Table 1. Qualifications of the experts

Current occupation Expertise in design area Years of service

Professor of the vehicle design group of the department of
industrial design

Airplanes, automobiles, motorcycles Over 30 years

Professor of the vehicle design group of the department of
industrial design

Bicycles, motorcycles Over 30 years

Professor of the vehicle design group of the department of
industrial design

Motorcycle, ATV Over 20 years

Transportation Designer Automobiles and motorcycle Over 10 years

Industrial Designer Golf cart, baby carriage Over 10 years
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4.1 The First Lesson Plan

First of all, the vocabulary related to streamlining was extracted from the relevant litera-
ture and books. After interviewing five experts, five scoring criteria were obtained: drag
value, smooth, dynamic, speed, and flowing. The questionnaire was based on a 7-point
Likert scale with 1 representing. Before starting the course, we briefly introduced the
configuration diagram of the SAESupermileage competition vehicle and then conducted
a pre-test with reference pictures, such as Fig. 2 and Fig. 3. The test paper given was as
shown in Fig. 4.

Fig. 2. (a) The template of SAE; (b) the pre-test description

Fig. 3. Reference pictures for pre-test

Finish the pre-test, take back the test paper and start teaching.

Content of the Course. Unit 1, what is streamline? First, the masters and history of
streamline; second, feature recognition of streamlined modeling.

Unit 2 was about the principle of streamline - biological modeling. The first was the
streamline shape of fish; the second was the form of diving animals; the third was the
form of birds; the fourth was the transformation of biological modeling.

The third unit was the principle-bionic design of streamline; the first point was the
patent category of bionic design; the second point was the transformation of animal
modeling. It explained the case of the designer using the bionic streamline design in
transport vehicle modeling and other cases, as well as the conversion process from the
biological modeling of unit 2 to the transport vehicle.
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Fig. 4. (a) The stereogram of SAE environmentally-friendly and energy-saving vehicle; (b) the
three-dimensional view

Unit 4 was about fluid and aerodynamics; point 1 was the bicycle frame modeling;
point 2 was the tail of a racecar; point 3 was the case sharing of the SAE Supermileage
Competition.

After the completion of the course, a post-test was carried out. The teaching content
and test papers were the same as those of the pre-test.

RCBD Statistical Results
The first lesson plan experiment’s p-value > 0.05. It means there was no significant
difference, as shown in Table 2. However, the nuisance factor “score difference between
experts” in this study was the experts, and p-value (0.00726) < 0.05 means that there
was a significant difference. But, the p-value of the target factor excluded the confusing
factors, and there was still no significance. Therefore, it could be seen that there may
be problems in the lesson plan for the Industrial Design Department, resulting in no
significant difference between the students before and after learning. Since the difference
was not significant, it was unnecessary to do further computer CFD verification. We
discussed the possible causes and tried to solve the problem with experts.

Table 2. RCBD statistical results of the first experiment

SV SS df MS F P

Treatment 0.4 1 0.391 0.355 0.56313

Expert 8.5 4 8.502 7.777 0.00726

Residuals 471.2 428 1.101
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4.2 The Second Lesson Plan

The second lesson plan experiment was conducted in the Multimedia and Computer
Science and Entertainment Department.

Content of the Course
The first lesson plan was used to revise and solve the problems discussed above. The
following is a brief description of the revised course. For details of this lesson plan,
The pre-test was conducted before teaching, and the reference pictures were attached,
as shown in Fig. 5.

Fig. 5. (a) The description of performing the pre-test; (b) the use of reference pictures for the
pre-test

There are the front of the reference drawing and the back of the reference drawing
Fig. 6.

Fig. 6. (a) The front of the reference drawing; (b) the back of the reference drawing

After finishing the pre-test, the test paper was collected, and formulating the content
of the lesson plan started.

Unit 1: what is streamline? First, the masters and history of streamlining; second,
streamline features recognition, 1. visual psychology. 2. Hydromechanics; 3. Q&A.

Unit 2: the principle of streamline, point 1: biological modeling - the sense of speed
in nature: 1. the streamline shape of fish; 2. the form of diving animals; 3. the form of
birds; 4. Q&A time, learning the sense of speed and hand-painted streamline practice,
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point 2: conversion of biological modeling: 1. Sketch case; 2. Design application; 3. The
practice of the drawing of animal contour (streamline design).

After this part of the teaching was finished, the exercise paper would be given. Its
content was the prediction of streamline in the flow field. At the end of the first day’s
course, two drawings were handed out as homework for students to set up the related
concept in a week. Before the second class, we spent an hour discussing homework with
23 students.

Unit 3: bionic design, point 1: industrial design cases sharing; point 2: cartoon
concept design case sharing; point 3: Q&A time.

After the above teaching, the same test paper as that of the pre-test was used in the
post-test, and the test papers were collected after being finished.

Questionnaire Design Based on Revised Expert Scoring. The requirements for scor-
ing remained the same as those of the first test. After the discussion with several experts,
“mobility” was removed because it was too general and not clear enough. The scoring
method was changed from a Likert 5-point to a 7-point scale: 7 to 1 for the best to the
worst. The purpose of this part was to make it easier for experts to fill in the scoring
table and reduce the difficulty of evaluation.

One Sample Sign Test. As the number of samples was insufficient and did not conform
to the normal distribution, the one sample sign test of nonparametric methods was used,
which could also eliminate the influence caused by the score difference between experts.
In other words, if several experts had special scoring ways, only the total number of
positive signs (high scores in the post-test) would be considered in thismethod. Observed
value Xi = post-test − pre-test; if it was 0, it would be excluded directly. If the score
of the post-test is higher than that of the pre-test, it is a positive sign; otherwise, it is a
negative sign. After the analysis of this study, the total effective data calculated was S =
15, with a significant p-value (0.006363) < 0.05, which means that the post-test score
was better than the pre-test score, that is, the teaching effect was significant, as shown
in Table 3.

The purpose of the second lesson plan was to reduce the difficulty without changing
the necessary knowledge of the streamlining, and to increase the time for students to
interact with the teacher, whether to ask questions or engage in discussions with the
teacher; this process is the key to enhancing students’ memory and learning motivation.

4.3 CFD Analysis

In order to explore the overall learning effect of the second lesson plan, this study selected
five students with the highest scores in the post-test evaluated by the five experts to build
3D models. Their scores in the post-test were 25, 16, 29, 29, and 34, with a full score
of 35. Ten models were built for the pre-test and post-test, combined with SolidWorks
software computational fluid dynamics (CFD) to analyze the air resistance and wind
drag coefficient of the streamline. After CFD, the wind drag coefficients of the students’
post-test works were 0.15, 0.20, and 0.19 (the lowest drag is 0 and the highest drag is
1). The post-test results of the three students tended to be 0, belonging to the streamline
of low drag. The drag coefficients of the other two students were 0.31 and 0.46, which
were relatively mediocre.
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Table 3. The score of the post-test of the second lesson plan was better than that of the pre-test.

4.4 Question Design of the Learning Satisfaction Survey

The questions and details of the first edition after three modifications are as follows:
According to the satisfaction questionnaire, 8 questions were deleted and 12

questions were added as follows.

(1) In this unit, I learned about visual psychology.
(2) I am satisfied with the practice of streamline’s streakline and streamline prediction

in this unit.
(3) In this unit, I can understand the importance of the direction of visual psychology.
(4) In this unit, I can apply visual psychology to design.
(5) In this unit, I can predict whether my design is a good streamlined one by using

streakline and streamline.
(6) From this unit, I can successfully use the designed streamline to complete the

conceptual design of a single-seat aircraft.
(7) From this unit, I can analyze whether there is obvious directionality.
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(8) From this unit, I can observe the trend of streakline and streamline of aerodynam-
ics.

(9) From this unit, I can observe the outline and characteristics of living things.
(10) I can design streamline with obvious directionality.
(11) I can design streamline with an obvious sense of speed.
(12) I can use streamline to design a single-seat aircraft.

Experts thought that the paper questionnaire was not convenient for students to fill in.
Therefore, Google form was used to make the questionnaire.

4.5 Analysis Diagram

After dual verification, students progressed through the lesson plan designed by this
study, not only in the streamline design but also in the function. Finally, the satisfaction
questionnaire designed with RBT was discussed. The satisfaction questionnaire was
designed as a 5-point Likert scale. There was no “very dissatisfied” response received
in this questionnaire.

The statistical percentage of students who responded “very satisfied” was 53% in
Remembering (LV. 1), 50% in Understanding (LV. 2), 44% in Application (LV. 3), 46%
in Analysis (LV. 4), 33% in Evaluation (LV. 5) and 29% in Creation (LV. 6). From
Remembering (LV. 1) to Analysis (LV. 4), most responded “very satisfied”, and the
level receiving most “very satisfied” was remembering (53%). Through the research and
analysis, we could know that the former level affected the later one, so if the Application
(LV. 3) of the lesson plan could be further strengthened, the learning satisfaction of the
latter three levels (LV. 4 to LV. 6) would be improved accordingly, as shown in Fig. 7.

In other words, the learning satisfaction of the self-designed lesson plan in the six
levels, after the feedback of students, showed a high degree of satisfaction, of which
the contents, test papers, and questionnaires in this study are expected to be used as
reference materials for teachers in the future.

4.6 Results

After two experiments, the results were divided into three parts:

1. Regarding the lesson plan after the second modification, if seen from the aspects of
expert’s score, satisfaction survey, and CFD analysis, its design of the content was
suitable for students, and the learning effect was good.

2. Integrating the evolution of “streamline” in nature and the principles of hydrome-
chanics, while referring to the application of design cases, can be integrated into the
teaching unit of the lesson plan, which can help students have a structural basis for
learning.

3. The lesson plan can help students integrate design and function practically. It could
stimulate students’ thinking and enable them to analyze and evaluate the streamline
relationship between fluid and flow field when designing streamlined vehicles.
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Fig. 7. Learning satisfaction diagram

The most fundamental reason for the failure of the first lesson plan lies in the fact
that the students cannot absorb the complex contents with unsuitable topics in a short
period of time. However, it is the limitation of time that constrains and affects students’
learning. If SAE is used as a streamline design topic, one year’s teaching will be needed
to achieve the desired effect. Therefore, the second lesson plan focused on simplifying
the content, extending the class time, and finding suitable topics. Thus, we can see from
the modification part of Chapter 4 Research Steps that the second lesson plan was more
cautious and detailed than the first one. The second teaching plan focused on simplifying
the content, making it easy to understand, adding cases of industrial design and cartoon.
The improvement effect can be seen from the feedback from both students and experts.

In order to enable the students of the Multimedia and Computer Entertainment Sci-
ence Department to acquire knowledge and apply what they have learned, the second
edition also increased the time for hand drawing exercises, so that they could try to make
designs in a field they were not familiar with in the past; this was not limited to the
transport vehicles that can be seen in the market but included the concept vehicles in
cartoon, film, and fantasywith science fiction themes. The lesson plan let students design
a single-seat aircraft before the class and kept bringing up this concept until the end of
the course, and the cases mentioned were also relevant; this helped students gain a cer-
tain understanding of the streamline of the aircraft. They could only focus on streamline
design without considering the operationmode and complex structure.While paying full
attention to making the whole concept of the aircraft meet the aesthetic requirements of
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streamline design and the functional requirements of low resistance through the stream-
lined housing, students could concentrate on learning the core of this study, streamline
design.

The experiment of the second lesson plan alsomet the expectations of this study.Most
students (75%) were willing to study hard and cooperated with the teachers’ teaching
with high participation. For the students who did not learn about streamline or had never
heard of streamline in theMultimedia and Computer Entertainment Science Department
(there were 23 students of this department participating in the whole teaching process),
the teaching content of the second lesson planwas not only simple and easy to understand
but also paid attention to the connection and application. As long as the students could
learn step by step with clear logic, they performed well in the study and learned to
consider the functional conditions. Through the dual tests of experts and CFD, this
study can confirm that the students did perform well in learning.

Finally, in the part of the satisfaction, by analyzing the satisfaction and questions
of each level, we found that the lesson plan of this study could be further improved in
the content of LV. 4 to LV. 6. If this part can be strengthened (for example, LV. 4 can
incorporate cases of streamline state of different shapes in the flow field while covering
up the real streamline, and let students do analysis exercises), it will certainly help
students learn better. On the topic discussion, we can see the distribution of the units
with which the students were more satisfied in each level. After analysis, the first unit of
the lesson plan “what is streamline?” was the only unit covering LV. 1 to LV. 6, indicating
that most students were satisfied with this (what is streamline) unit. Whether it was the
lesson plan itself or the ability of students, this study believes that the first unit should
satisfy the students so that the subsequent units can be carried out smoothly, which is
one of the reasons for the success of the second lesson plan.

5 Conclusions

The purpose of this study is to propose a “streamline design lesson plan” in a design
course in Universities. The plan is designed based on the Revised Bloom’s Taxonomy
(RBT), which has six levels of progressive requirements. The first is the Remembering
(LV. 1); it requires students to remember what they have learned, then Understanding
(LV. 2) and being able to Apply (LV. 3) what they have learned, Analyzing (LV. 4) the
concepts learned and learning to Evaluate (LV. 5) the good streamlined design. Finally,
students should be able to Create (LV. 6) their own design. The subjects came from
industrial design departments and computer entertainment science departments. They
both received a pre-test and post-test. The first teaching was conducted for students in
the department of industrial design. The problems were found and improved. After the
adjustments, the revised second lesson plan was given to the students of multimedia and
computer entertainment science departments to verify the effectiveness.

Three industrial design department professors and two professional designers were
appointed to grade the pre-test and post-test works of the students. Five scoring criteria
were obtained: drag value, smooth, dynamic, speed, and flow. The questionnaire was
based on a 7-point Likert scale. A statistical analysis was conducted after the scoring.
The first lesson plan experiment (p-value > 0.05) was modified. The second lesson
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plan experiment ((p-value= 0.006363) < 0.05) indicated that the overall learning effect
of students had significantly improved. The purpose of the second lesson plan was to
reduce the difficulty without changing the necessary knowledge of the streamlining, and
to increase the time for students to interact with the teacher, whether to ask questions or
engage in discussions with the teacher. This process is the key to enhancing students’
memory and learning motivation.

In order to explore the overall learning effect of the second lesson plan, ten 3D
models were built from the students’ pre-test and post-test works using SolidWorks
software computational fluid dynamics (CFD) to analyze the air resistance and wind
drag coefficient of the streamline. After dual verification, students progressed through
the second lesson plan designed by this study, improved not only in the streamline design
but also in the function design. Finally, the satisfaction questionnaire designed with RBT
was discussed. The satisfaction questionnaire was designed as a 5-point Likert scale.
There was no “very dissatisfied” response received in this questionnaire. The statistical
percentage of students who responded “very satisfied” was 53% in Remembering (LV.
1), 50% in Understanding (LV. 2), 44% in Application (LV. 3), 46% in Analysis (LV. 4),
33% in Evaluation (LV. 5) and 29% in Creation (LV. 6). From Remembering (LV. 1) to
Analysis (LV. 4), most responded “very satisfied”, and the level receiving most “very
satisfied” was remembering (53%). Through the research and analysis, we could know
that the former level affected the later one, so if the Application (LV. 3) of the lesson
plan could be further strengthened, the learning satisfaction of the latter three levels (LV.
4 to LV. 6) would be improved accordingly. In other words, the learning satisfaction of
the self-designed lesson plan in the six levels, after the feedback of students, showed a
high degree of satisfaction, of which the contents, test papers, and questionnaires in this
study are expected to be used as reference materials for teachers in the future.
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Comprehensive Study of Digital Restoration
of Buddha Statues in Qingzhou by 3D

Technology

Yunqiao Su(B)

Shandong College of Arts and Design, No. 1255, College Road, Changqing District, Jinan, China

Abstract. The significance of the digital restoration of the Buddha statue in
Qingzhou by three-dimensional technology lies in the use of three-dimensional
digital technology to study the style, craft and artistic characteristics of the restora-
tion of the Buddha statue in Qingzhou, and to explore the laws contained there-
from. Thus open up a new horizon of Qingzhou style Buddha statue research and
aesthetics, and deepen the research connotation of archaeological disciplines. It
not only interprets the overall restoration and beauty of Qingzhou-style Buddha
statues from a new perspective, but also explores new integration points between
archaeology, science and technology and art.

Keywords: Qingzhou Buddha statue · 3D digitalization · Recovery performance

1 Introduction

Beauty is “a fundamental feature of a work of art, and that is a principle”1. We should
analyze the artistic value of its own connotation rather than the modern conception
“in accordance with the law of beauty”. This kind of artistic analysis should naturally
include appreciation from an aesthetic point of view. The outstanding feature of beauty
appreciation is its entertainment, but also let us from the complicated and boring type
of ranking out, into the field of art, with the help of the basic knowledge of art history,
to carry out in-depth multi-disciplinary analysis and research.2

Compared with the “restoration understanding” of art archaeology analysis, this
intuitive aesthetic re-creative understanding is a kind of double artistic understanding,
which determines that the restoration understanding of art archaeology should be in-
depth from these two aspects: on the one hand, restore its practical function. “Historically,
looking at things from a conscious utilitarian point of view has tended to predestined
things from an aesthetic point of view.” On the other hand, it is possible to restore the
original artistic composition of ancient art, including the ability of people’s aesthetic
re-creation activities at that time. In general, archaeologists pay little attention to this
problem. Only the aesthetic re-creation activities of art can produce a certain amount of

1 By Clive Bell, Zhou Jinhuan andMa Zhongyuan: Art, Chinese Publishing Company, 1987, 129.
2 By Liu Fengjun Introduction to Fine Arts Archaeology, Shandong University Press, 2002, 101.

© Springer Nature Switzerland AG 2021
V. G. Duffy (Ed.): HCII 2021, LNCS 12778, pp. 348–359, 2021.
https://doi.org/10.1007/978-3-030-77820-0_26

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-77820-0_26&domain=pdf
https://doi.org/10.1007/978-3-030-77820-0_26


Comprehensive Study of Digital Restoration of Buddha Statues 349

plastic arts, in order to “be people’s aesthetic feelings.”3 When people appreciate it for
aesthetic purposes, its main function changes to a beauty function, so it becomes a work
of art with a practical mechanism.4

When an ancient stone statue was placed in front of us, art archaeology consid-
ered it to be a practical product with artistic components, and the artist, in addition to
understanding the original stone statue, “can’t help but” regard “mottled” as an aesthetic
value that has nothing to do with the original work. The erosion of a statue due to the
wind and rain that has been suffered over time is not the original author’s intention, for
archaeologists how to protect and strive to restore its original appearance. But the artist
can think that this kind of statue after the storm, in the process of aesthetic re-creation of
modern people’s intuition, can make the senses produce the pleasure of “old-style” and
“simple”: “If these statues are really preserved like the original, our aesthetic pleasure
may be seriously damaged”.5

The essence of the three-dimensional digital restoration of the Buddha statue in
Qingzhou is to summarize the law of programming information processing in the ont
body of the restoration object, describe it in computer language, make the computer have
the ability of information processing, and complete the three-dimensional restoration
work through the information exchange between man and machine under the guidance
of the theory of optical research. Through the analysis of the shape, color and material
of Qingzhou Buddha statue, this paper studies the three-dimensional digital restoration
Buddha statue in detail.

2 Digital Restoration of Buddha-Shaped Systems

2.1 The Expression Element of the Buddha’s Image

From the shape of the statue, the Longxing Temple statue mainly has a statue monument,
back-screen image, and a single round sculpture like three shapes. The Buddha image
is the main element of the spatial form of the restoration work, and also the main body
of the restoration work, that is, the ontology. Its surface form directly affects the overall
image of the restored work space. The overall shape of Buddha statue refers to the
condensation and agassing formed by points, lines, faces and bodies in space.

Point: Of all the graphical elements, points usually refer to the absence of mass size,
which is an abstract concept. The point in the shape of the Buddha refers to the structural
points on the Buddha’s body, such as the forehead, cheekbones, jaws, elbows and other
structural points. It has the significance of focus, hint and so on in the facade layout,
and can play a relationship with some elements that are related and responsive to each
other. Therefore, digital performance, should also pay attention to these details of the
portrayn, when the performance, often can play a dragon’s eye.

3 By Liu Fengjun Introduction to Fine Arts Archaeology, Shandong University Press, 2002, 107.
4 Yan Ji-man: “On Archaeology and Identification: Basic Research in the History of Fine Arts”,
“Art Research”, 1988, (3).

5 (U.S.) E. Pannowski, Fu Zhiqiang translation: The Meaning of Visual Arts, Liaoning People’s
Press, 1987, 18.
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Line: A line is the trajectory of a point. The line in the shape of buddha statue refers to
themovement of the image limb, the shapeof the garment, the bumpydecorative line, etc.,
which can make the statue facade into zero, and form a horizontal and vertical direction
of the hierarchy changes. Therefore, in the Buddha statue, these lines have the function
of dividing, changing the scale relationship, shaping the character and temperament of
the image. When digitally restoring an image, the wire is handled properly, which helps
to properly express the character characteristics of the image. Such as Qingzhou North
Qi single round Buddha statue pay attention to the carving of clothing pattern, body
proportion and clothing pattern matching, in the treatment of the tattoo, with a large arc
of the shading line to show the image of a thick sense of mass, and a small arc or vertical
parallel clitoris to express the body volume of the feeling of tall.

Face: Relatively speaking, it is a relative concept, which can be large or small.
Buddha’s forehead, cheeks, clothing on the “Fukuda” and so on are the categories of
the face, it has the meaning of cohesion and radiation. In the digital performance, the
expression of the face has a considerable weight, should cause enough attention.

Body: The body in the shape of the Buddha refers to the overall outline of the image
and the local space with independent form. The shape of the body has the function of
embodying the whole charm of Buddhist statue.

The head works of the two Buddha statues of the Beiqi period (see Fig. 1, Fig. 2)
have the same styling characteristics, but there are obvious differences in the overall
charm of the statue. I think this is due to the composition of the head shape in the point,
line, surface of the clustering pattern changes and resulting in the final charm of the
very different. The sculptors of these works have skilled carving skills, for the shape of
the works features in the chest, in the production process, echoing back and forth, the
overall air. Realistic art can certainly be more real Linyi nature, the painter’s heart is also
“like a mirror, their own into the color of the object, and truthfully into the image of all
objects in front of them.” Beauty is also “completely based on the sacred proportional
relationship between the parts”, the characteristics “at the same time, in order to produce
the viewer often like intoxicated harmonious proportion.”6

2.2 The Content of Digital Restoration of the Buddha Statue

The digital restoration of Buddha statue is a very complex process, which combines
technology and art and requires the operator to make a systematic comprehensive anal-
ysis and feasibility study. The restoration of the Buddha image system by the operator
generally adopts a combination from the whole to the local, from the internal structure
to the outer space.

The contents are as follows:
Buddha preservation environmental analysis: geological conditions, unearthed

conditions, preservation status and so on.
Buddha technology analysis: that is, in the production of Buddha body all related

technologies, such as structure, materials, tools, workmanship and the corresponding
process technical indicators.

6 Dai Ying compiled: “Da Vinci’s Paintings”, Carrying a stream Such as “Art Characteristics”,
culture and art publishing Society, 1984, 56.
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Fig. 1. Buddha statue head I Fig. 2. North Qi period Buddha statue head II

The spatial analysis of Buddha’s mass: that is, the study of the internal and external
spatial relations of Buddha statues, from local to overall spatial connections. Because the
Buddhist statue in Qingzhou pays more attention to the performance of service system,
the mass performance of the Buddhist statue in Qingzhou is not obvious compared with
that of India.

Buddha animation route analysis: research according to the characteristics of the
Buddha to choose suitable animation methods.

The composition analysis of Buddha statue display: that is, the analysis and research
on the spatial combination, space and structure, the law of formal beauty, spatial form
processing, group combination, etc.

3 Color Analysis of Digital Restoration of Buddha Statues

In addition to the harmonious appearance of the beauty of the Buddhist statue in
Qingzhou, fine painting art is also an important factor. The expression of Buddha image
is through color, material, style and process, among which color is one of the most
dynamic, visual impact and expressive factors. The use of color not only reflects the
human characteristics of the Buddha statue, reflects the style of the times at that time,
but also bears witness to the development of history. The color of the Buddha statue can
arouse people’s association, trigger the aesthetic demand at a higher level, it interacts
with many factors, and together affects the expression of the Buddha statue. Therefore,
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the success of the performance of Buddha color is very critical to the shape of the Buddha
statue and even the shaping of the charm.

But in the overall shape, the color must obey the whole, that is, the color and the
shape must complement each other, and work together to shape the overall effect of the
Buddha statue. The Buddhist statues in Beiqi, Qingzhou, are extremely concise. There
are only three kinds of mud strip-shaped folds, shallow folds and no folds on the cursive
decoration. After carving the image, and then with red, green, blue, and other colors
of the painting of the dragonfly, some of the body without any folds of the image, it is
entirely by painting to deal with.7 Therefore, the colors in the Buddha statue in Qingzhou
have the function of strengthening the shape, enriching the shape, perfecting the shape
and so on.

3.1 Coloring Technology of Buddha Statues

Unlike the fresco painting on the plane, Longxing Temple is like a stone statue of a round
sculpture, using the decorative techniques of painting on the round sculpture, previously
only used on the pottery, Dunhuang Mogao Caves, although there are also painted mud
statues, but most of them appeared in the Tang Dynasty, slightly later. This decorative
technique of coloring stone tires is less common than.8

Neolithic pottery in the painting before the general first on the ceramic tire to apply
a layer of white clothing, in order to facilitate the painting, Qin Terracotta Warriors
before painting also to the pottery tire treatment and dressing, “the surface of the pottery
painting process in three steps, that is, raw paint - pig blood - painting…. The ceramic
surface can not be directly colored, must be treated first, that is, painted raw paint to
fill the loose gap in the surface of pottery products, and can increase adhesion, and then
apply a layer of pig blood or bean juice, and then paint, and have before coloring the
application of white clothing.9 The ancient tomb frescoes were first painted with lime,
white and other white mineral materials before they were flattened and the wall surfaces
trimmed.10

Stone tire statue is very smooth, is not conducive to painting and gold attachment,
so Longxing Temple statue also exists the problem of stone tire dressing. After careful
observation, in the image painting and paste gold partial shedding place, also found a
layer ofwhite similar to porcelain on themakeup soilmaterial attached to the image stone
tire, must also be used to trim the uneven stone and surface gaps in order to facilitate the
color paste gold. The color of the painting attached to the stone tire is still very bright, the
particles are not big and delicate and uniform, before the color may have been carefully
treated.

7 Xia Famous: “The Artistic Characteristics of the Buddhist Statue of Longxing Temple in
Qingzhou”, From the Museum of Chinese History, 2000, (1):102.

8 Li Jia: “The First Study of Buddhist Image Art at Longxing Temple in Qingzhou”, Master’s
degree thesis from Southeast University, 2005, 28.

9 Wang Xueli: “The Costumes and Paintings of QinWeiwei’s Armor”, Shaanxi People’s Fine Arts
Publishing House, 1990, 312.

10 Li Jia: “The First Study of Buddhist Image Art at Longxing Temple in Qingzhou”, Master’s
degree thesis of Southeast University, 2005, 28.
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3.2 The Mineral Composition of Buddha’s Color

We observed the painting decoration effect in the image, and found that its painted
colors are: Zhu sand red, peacock blue, stone green, zircon, black, white and other
primary colors and modulated meat colors. I roughly divide them into red, cyan, green
and black, white and other primary color systems. From the situation of ancient painting
can be found, in fact, in Wei Jin and the Six Dynasties, The pigment color system
in the frescocreation has been basically complete, and as early as the Qin Dynasty,
there were examples of coloring on the statue, although in the history of the time did
not make relevant records of the painting pigment, but from the Terracotta Warriors,
Dunhuang murals and color plastic, Tang Dynasty tomb frescoes used in some mineral
color analysis, can make some measurements, so that the composition of these mineral
colors used in the Longxing Temple statue more clearly.

4 Material Analysis of Digital Restoration of Buddha Statues

Qingzhou region has a traditional stone carving technology, and many production of
stone. The Buddhist statues unearthed at Longxing Temple are mainly made of locally
made limestone, and there are a small number of other materials. According to the
different material classification can be divided into the following seven categories. The
following table shows:11

Dragon Xing Si out Soil Made Like Limestone statue About 95% of the stone statues are
made locally in Qingzhou

Han Baiyu statue The quantity is small

Granite statue The quantity is small, the stone is
gray-white granite

Pottery statue The quantity is very small and the
fire waiting is low

Iron statue The number is very small, for the
small body of the altar-based sitting
posture, rust serious

Mud shapes like A number of, are color plastic, but
because of the long burial time and
located at the bottom of the pit
preservation is too poor, difficult to
clean up

Wood makes like The quantity is very small, the
wood has decayed, the paint residue
can be seen is three layers of linen
plus a layer of fine cloth made of
ramie the tire on the tire

11 Li Jia: “The First Study of Buddhist Image Art at Longxing Temple in Qingzhou”, Master’s
degree thesis from Southeast University, 2005, 28.
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The influence of the natural geographical environment on physical plastic arts in
various regions goes far beyond the influence on other arts. Japanese art theorist Takeshi
Takei is quite objective in his views on this issue, and he believes that in architecture and
sculpture it is subject to the nature of the materials produced by the region. All areas of
art can distinguish between “local styles”.12 It can also be said that this “local style” is an
inherent and established concept that must exist in all material remains. For example, in
a region as rich in fine marble as Italy, it is preferable to use this material and require the
production of three-dimensional or embossed human images using engraving methods
suitable for the characteristics of the substance.13

Proper virtual expression of the color, texture and texture of differentmaterials is also
very important. Generally according to the roughness of the surface of the material can
be divided into rough, medium and fine three levels, namely, high-brightness material,
medium-brightness material and low-brightness material. In the performance of these
materials, the surface roughmaterials, such as pottery, wood, etc. often reflect the texture
of the weight, color for the second. This material is insensitive to the surrounding envi-
ronment, the color change is simple, the transition between cold and warm is regular,
often based on the inherent color. Relatively speaking, the surface rough medium mate-
rial, in addition to reflecting its own characteristics, should also show the impact of the
surrounding scene on the object, the intensity of the reaction depends on the smoothness
and reflective degree of the material itself. Fine texture or processing of fine material
surfaces such as metal, polished stone, etc., mostly very shiny, and reflective, responsive,
the surrounding environment has a greater impact on it. The performance of this material
to environmental color, light source color-based, inherent color next.

5 The Process of Digital Restoration of Buddha Statues by 3D
Technology

5.1 Design Scripts for Simulation and Reproduction of the Buddha Statue

The content of this part mainly shows the delicate degree of the structure of the Buddha
statue. Break down the entire simulation process to determine the operating time for
each stage of work.

5.2 Collect Footage

The structural data, video materials and features of the statue in Beiqi, Qingzhou, were
investigated and collected, includinghistorical documents, photographicmaterials, video
materials, text materials, audio materials, etc.

5.3 Create a Model

According to the characteristics and historical data of the statue geometry, a suitable
modeling method is chosen to model and reproduce the objects. The concepts of curves,

12 (Day) Toshio Takeuchi Translation: The Theory of Art, Chinese University Press, 1990, 211.
13 By Liu Fengjun Introduction to Fine Arts Archaeology, Shandong University Press, 2002, 98.
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surfaces, polygons, elements, or objects are common in general moulding systems. The
general practice of curves is: to establish splines, circles, ellipses, take boundaries, pan,
edit, modify, subdivide, break points, close, join and reverse, etc. Surface operations
are: to establish off-the-go surfaces, rotation, fill, sample, stretch, subdivide, disconnect,
join, close, reverse, etc. Objects can be surfaces, polydes, or a combination of them.
The difference between surfaces and polythymes is that surfaces store less information,
only vertes, radii, and so on. Rendering is calculated directly from the equation and is
therefore fast. Polyhedrons exist many vertestments, there are points, edges, faces of the
order and adjacent relationship, the direction of the face of themain line, and so on, so the
storage volume is large: its advantages can be transparent, can interpolate, deformation,
can do Boolean operations, calculation is accurate. In general, multi-faceted styling is
used where complexity permits, and if the shape is too complex, a portion of the object
can be represented by a surface. A key factor to keep in mind during modeling is that
the number of polygons and nodes an object contains can have a significant impact
on computer resources. During rendering, the more complex the object, the slower the
system reacts. It is important to keep the minimum number of faces and nodes in each
site scene as much as possible.

There are several ways to keep a small model small: break down large scenes into
smaller files, do not create or mount objects that are not visible, determine details based
on the resolution of the view, and reduce the number of segments when using basic
objects, such as cylinders. When you sample objects, use optimization or appropriate to
reduce the number of steps for paths and samples.

3D operations can usually be performed using 3D software such as 3DS MAX and
MAYA to form a spatial 3D mesh system according to demand, on the basis of which
modeling research is carried out. Let’s take the more complex head as an example to
parse the modeling steps:

(i) Select two head images of the North Qi Buddha statue in Qingzhou, one as the
front view and the other as the side view, as a reference for the creation of the
Buddha statue’s head model. The previous view is primary and the side view is
complementary, and it is imported into the 3DMAX9.0 3D software, placing the
front view of the Buddha statue in the Front window and the side view in the Leaf
window (see Fig. 3).

(ii) Create a cube in top window the size of the Buddha’s head, edit it to polygon level,
subdivide the cube with Smoth, and set the subdivision level value to 2, resize the
model to match the size ratio of the Buddha’s head in the photo (see Fig. 4).

(iii) The left half of themodel may be deleted to reduce the amount of data calculated in
the computer, depending on the symmetrical styling characteristics of theBuddha’s
head as the center axis. Refer to the photo, adjust the Vertex in the head model,
appropriately add more structural lines, and produce more Vertex to add more
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Fig. 3. A diagram of the head-creation model of the North Qi Buddha statue in Qingzhou

Fig. 4. A model step diagram of the head creation of the Statue of North Qiffer in Qingzhou

detail to the Buddha head model. Adjust the Vertex position on the head model to
create a specific position and shape of the pentagon.

(iv) Use Split Polygon Tool to increase the cut line of the nose, create the nose, and
use Extrude to adjust the Faces at the bottom of the nose to create nostrils.

(v) Since the muscles around the eye are made up of the surrounding eye cylindrical
muscles, the eye model should be modeled with the eye as the center of the ring cut
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when creating the eye model. Add more detail with Split Polygon Tool, remove
the black cut, and use Extrude to make the model’s eye socket. Finally, the sphere
is used to create a model of the eyeball, with the eye as a reference, adjust the
position of the eye Vertex to adjust the shape of the eye, so that the position of
Vertex can match the arc of the eye (see Fig. 5).

Fig. 5. The North Qi Buddha statue in Qingzhou creates a step diagram of the eye model

(vi) Continuously add new cutting lines on this basis, and then adjust the direction of
the cutting lines according to the arrangement pattern of the muscles. Adjust the
Vertex position, create a model of the mouth and chin, pay attention to the mouth
is made on the same principle as the eyes, with it as the center of the ring cutting
modeling.

(vii) Use Extrude to create a model of the neck and finally add ears.
(viii) Copy this half of the Buddha head model along the X axis to the other half, the

main parameters are detailed in Fig. 6, select the two halves of the head model,
with Merge it with Merge to become a whole, so that the Buddha head modeling
is complete. Add the adjustment details as needed.

In the digital restoration performance of Qingzhou Buddha statue, the grasp of the
texture of The Buddha statue material is accurate and needs to be complemented by
many aspects. In order to express it more accurately in digital restoration, in the process
of modeling, we should start with the analysis of the carving process and techniques of
the Buddha statue, so as to express the hardness of the material through the knife effect
of the carving of the Buddha statue lines, while the nuanced character emoticons can be
expressed through the delicate degree of parameter adjustment.

5.4 Lay Out the Scene Lights

After the Buddha statue has built a model, it is necessary to lay out the lights in the scene
and lay the foundation for the material design behind it. The environment is different,
the method of arranging the light is also different, but basically still using a three-point
cloth light method, in this scene is to use a main light to illuminate the entire scene, use
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Fig. 6. North Qi Buddha statue in Qingzhou Head creation model step (Fig. 3)

a secondary light to increase the brightness of the local area of the Buddha statue, and
then use a backlight to increase the scene contrast. If the size of the scene is large, you
can first divide into several areas, and then make a three-point lighting method in each
area.

5.5 Define the Material of the Object

In a computer, to represent different materials, you need to define materials and lights.
Such as stone, soil, wood and metal and other materials. Defining a material is generally
divided into two parts: determining the basic parameters and specifying the map. Basic
parameters generally include three basic colors and a thick and light approach. The three
basic colors are: the color of the shadow part, the color of the material, the color of the
highlight part. Of these three, the material’s nature has the most obvious effect and is
the easiest to define. The material of the statue of Beiqi Buddha in Qingzhou is locally
produced limestone, which sets the material into a real-world color, and sets the color of
limestone as amaterial color. Copy thematerial’s color value to the color of the highlight,
and then make the highlight portion more saturated. Finally, concave maps are used to
represent the surface effect of the Limestone material of the Buddha statue, resulting in
shadows and highlights. The bump map doesn’t actually change the geometry, and the
unevenness of the Buddha statue is just an effect that simulates highlights and shadows,
and it’s very effective for textures that produce real effects.

5.6 Define the Decoration of the Buddha Statue

In the 3DSMAX 3D software operation, the original pattern of the Buddha statue model
is coated, mainly through 2D map and 3D map technology. The image file is projected
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directly to the surface of the Buddha statue with a two-dimensional plan map, and the
texture is automatically generated by a 3Dmap, using numerical values to adjust its final
effect.

In this case, the key step in defining the decoration is to create a two-dimensional
map with the Buddha’s own pattern. Through the graphics software Photoshop, draw
a fully expanded buddha statue around the pattern, the color of the decoration through
multi-point sampling, respectively, set the value of its inherent color, and then, through
parameters to adjust the special effects of the decoration. For example, during the process
of cellaring for thousands of years, because of the factors that preserve the environment,
some colors have changed, the area box of the change can be selected as a selection,
through the color adjustment command, so that it produces a realistic color chemical
change effect. After being stored in image format, 3DSMAX is introduced through
Bitmap and can be used as a map.

For the coloring process of the Buddha statue, synthetic maps are applied here,
which can combine multiple map types to produce rich composite effects. A poster will
show the white layer of the trimmed Buddha statue stone tire, which is located between
the ornament and the stone tire, the upper layer of which places the Buddha statue’s
ornamental map, in order to truly show the surface thickness effect at its mottled place,
the top layer will be placed a bump map, according to the need to adjust its parameters
separately.

5.7 Rendering

When the previous work is complete, the image you made is rendered. This is set up
differently depending on the situation. If you are simply simulating the appearance of
the Buddha statue on your computer, the rendered image should not be too large, it is
best not to exceed the resolution of 640× 480, and the resulting file format is preferably
GPEG image format. If you want to use for paper printing, printing, then it is best to as
required, rendered to a resolution of 600 × 800 or more, the file format is best in TIFF
image format. Softimage’s famous rendering engine, MentalRay, delivers high-quality
visuals.

The general process described above. In real-world production, each stage can be
repeated multiple times.

When people express the basic reasons and basic laws in art, they do not use the
boring definition that the public cannot understand but only the experts understand, but
in a way that is easy to feel, not only to reason, but also to the senses and feelings of the
most ordinary people. Art has this characteristic, art is “high-level and popular things,
the highest level of content to the public.”14

14 (Law) Danner, Fu Lei Translation: Philosophy of Art, Anhui Literary Publishing House, 1991,
75.
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Abstract. This paper reports on two experimental psychology studies on influ-
ence of the color and logo position in the field of HNB product, which used to
measure the user experience. Based on the eye trackingmethod, we conducted two
experimental studies. The independent variables were the different colors and logo
position of HNB products. The dependent variables include first fixation time, first
fixation duration, total fixation duration, second fixation time and subjective evalu-
ation. A total of 68 people participated in the experiment. Themain findings of this
study were as follows: (1) In terms of HNB color preference, black and white were
the most acceptable colors. (2) In the selection of logo position, the lower right
and upper right position were more popular with users. (3) The first fixation time
and the second fixation time can reflect the most real inner experience. In addition,
this study provides a method for reference value with consumer decision-making
for the industrial design optimization in relate consumer electronic product fields.

Keywords: User experience · Eye tracking · Logo position · Color

1 Introduction

HNB product (Heat-not-burn product) are the new type of product made by heating
shredded tobacco in low temperature. The advantage of HNB product are as follows:
➀ no need to burn, greatly reducing the harmful components produced by combustion,
and less harmful than traditional cigarettes; ➁ no second-hand smoke produced; ➂ high
safety, avoiding the open flame of traditional cigarettes. The most noteworthy aspect of
HNB product is its safety features. Various studies have shown that its safety is much
higher than traditional cigarettes. In terms of emissions, HNB product account for 5%
of traditional cigarettes. From the perspective of cytotoxicity, HNB product are only
14% of traditional cigarettes. How to make HNB products that meet the user needs and
improve user experience is new problem that needs to be considered and solved in the
related industrial fields.
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User experience is an extension of HCI technology, and the quality of interaction
technology is studied from the perspective of considering product construction, product
function, users’ emotional needs and user experience. Most of the previous researches
were based on the internal structure of the product. In this paper, the influence of HNB
product color and logo position on user experience is discussed in terms of the external
manifestation of the product.

In summary, this research studies the influence of color and logo position in the field
of HNB products based on eye tracking technology to measure user experience. The
purpose is to better grasp the target consumer’s visual preference for HNB products, to
grasp the direction of the design, development and upgrade of HNB products. Help com-
panies to better understood the decision making of consumers, and promote sustainable
economic development.

2 Literature Review

In the eye tracking evaluation of logo design research field, Gong Yong (2018) used
nomenclature and scale rating methods to test the visual complexity, familiarity and
semantic distance of 270 icons in order to investigate the influence of cognitive attributes
on icon understanding [1]. Xu Zejun (2018) used eye tracking technology to analyze the
difference in cognitive tendency of passengers in different culture when watching the
subway guide system [2]. Li Hongxia (2018) evaluated the effectiveness of emergency
signs in large shopping malls by using eye tracking to solve the problem of whether
emergency signs were effective in the emergency safety accident [3]. Zhang Xiongfei
(2017) sorted out and summarized the domestic and foreign researches on the complexity
of icons through literature analysis, and proposed the possible different dimensions of
the complexity of icons [4]. Zhu Zhijuan (2017) used the eye tracking to evaluate the
influence of brand logo on people’s attention andmemory under the conditions of design
form, contour, graphic structure and complexity [5]. Gong Yong (2016) studied the
effects of color number and consistency on the visual search efficiency of icons [6]. Luo
Zhaofei (2015) studied children’s visual attention characteristics for warning signs with
different shapes of fonts [7]. Niu Guoqing (2014) studied the influence of auxiliary text
on the identification of safety signs [8].

In the literature on eye tracking evaluation on food labels and product placement,
Denize (2016) conducted eye movement test on label attention of 60 consumers in
order to study the differences between ordinary food and functional food labels [9].
Anna (2018) investigated the relative effects of choice labels and traffic light labels on
consumers’ visual attention and food choices, and found that attention to health labels
was not a good predictor of subsequent health choices [10]. Anstrijana (2020) found that
front nutrition labeling is gradually becoming an important public policy tool to promote
healthy eating [11]. Fu Guo (2018) combined eye tracking and EEG techniques to study
the effects of exposure on viewer brand reactions. The results showed that viewers
exposed to product placement information disclosure tended to display longer gaze time
on placed products [12]. It can be seen from related research that eye tracking technology
provides a scientific and objective basis for the directivity of interface identification and
food labeling. However, there are few eye tracking evaluation studies on color and logo
position of HNB products.
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3 Method

This paper explores the influence of different color and logo positions of HNB products
on consumers’ visual attention and subjective attitudes. In this experiment, Tobii X300
desktop eye tracker was used to record the eye movement of 68 participants when they
looked at pictures of HNB products in different colors and different logo positions. The
68 participants were divided into 4 categories according to different attributes: gender,
age, occupation and education background. The population distribution and proportion
of each attribute were shown in Table 1.

Table 1. The population distribution and proportion of the 68 participants

Gender Male Female

53 people
(77.94%)

15 people
(22.06%)

Age 20–30 years old 30–40 years old Over 40 years old

29 people
(42.65%)

24 people
(35.29%)

15 people
(22.06%)

Occupation Corporate
management

Professional skill
worker

Administration
staff

Other

14 people
(20.59%)

42 people
(61.77%)

6 people
(8.82%)

6 people (8.82%)

Education Bachelor degree or
below

Bachelor degree Master’s degree and above

34 people
(50.00%)

25 people
(36.76%)

9 people
(13.24%)

3.1 Method of Experiment 1

Definitions: to explore the influence of different color of HNB product on consumers’
visual attention and decision-making. (a) The independent variable of the experiment
was the color of HNB product. (b) The dependent variables of the experiment were
eye movement data and subjective score. (c) The control variables are the proportion of
shape and the position of logo. The main hypothesis of this study were as follows. H1:
The color of HNB product cause significant difference in users’ visual attention. H2:
Color cause significant differences in participant’ subjective attitudes.

Stimuli: six color samples (white, yellow, green, red, blue, black) of the HNB products,
as shown in Fig. 1.
Equipment: Tobii X300 desktop eye tracker made in Sweden.
Procedure: present the color sample of HNB product picture, let users observe freely in
15 s, find out their favorite color design, and collect user’s eye movement behavior data.
Finally, users perform subjective scoring, as shown in Fig. 2.
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Fig. 1. The experimental stimuli in experiment 1

Fig. 2. Participant in the experiment and the environment of experiment 1

3.2 Method of Experiment 2

Definitions: to explore the influence of different logo positions of HNB product on con-
sumers’ visual attention and decision-making. The independent variable of the experi-
ment is the logo position of HNB products. The dependent variables of the experiment
were eye movement data and subjective score. The experimental control variables were
color. The main hypothesis of this study were as follows: H1: The logo position of
HNB products cause significant difference in users’ eye movement attention. H2: The
logo position of HNB products cause significant differences in participant’ subjective
attitudes.

Stimuli: The logo position of HNB products divided into five types: respectively
upper left, lower right, middle, lower left, upper right, as shown in Fig. 3.

Equipment: Tobii X300 desktop eye tracker made in Sweden.
Procedure:The logoposition sample ofHNBproducts is presented as awhole picture,

so that users can observe freely in 15 s, find out their favorite logo layout design, and
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collect user eye movement data. Finally, the user subjective scoring was collected, as
shown in Fig. 4.

Fig. 3. The experimental stimuli in experiment 2

Fig. 4. Participant in the experiment and the environment in experiment 2

4 Result Analysis

4.1 Result of Experiment 1

The heat map mainly used to reflect the situation of users browsing and watching. Red
represents the most concentrated area of browsing, and yellow and green represent areas
with less gaze. It can reflect the process of information extraction and selection in subtle
ways, and can detect the subject’s choice of information. The heat maps of the overall
68 people’s eye movement data in this experiment. The most focused place on the HNB
product is the logo position, which can help researchers understand which features of
the product are the most concerned or easily overlooked, as shown in Fig. 5.
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Fig. 5. The heat map visualization in the experiment 1

Experiment 1 studied the influence of color factors on the HNB product. There are 4
main eye tracking parameters studied in this experiment, namely the first fixation time,
the first fixation duration, the total fixation duration and the second fixation time. Next,
themeaning of different parameters and the data performance under different parameters
analyzed in detail.

First fixation time (unit: s): the time taken for the user to first gaze at the area of
interest. Figure 6 shows the difference in the first fixation time of 68 participants in
color. The first fixation time of 68 participants were as follows: green (0.5415 s), yellow
(1.3222 s), red (1.7535 s), blue (2.2731 s), white (2.8457 s), and black (3.3121 s). As
can be seen from the data trend, green is the first color to be noticed, and black is the
last color to be noticed.

Fig. 6. First fixation time in the experiment 1

First fixation duration time (unit: s): The duration of the first fixation point that the
subject appears in the area of interest. Figure 7 shows the overall difference in the first
fixation duration time of 68 participants in color. The first fixation duration time of 68
participants were as follows: white (0.2487 s), black (0.2336 s), green (0.2179 s), red
(0.1918 s), blue (0.1875 s), and yellow (0.1871 s). As can be seen from the data, among
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the indicators of the first fixation duration time, white and black are the longest, while
yellow is the shortest.

Fig. 7. First fixation duration time in the experiment 1

Total fixation duration time (unit: s): The sum of time spent by the subject at all
fixation points in the area of interest. Figure 8 shows the overall difference of the total
fixation duration time in color. The total fixation duration time of 68 participants were
as follows: green (2.3531 s), red (1.9128 s), yellow (1.8415 s), white (1.6475 s), black
(1.6041 s) and blue (1.3238 s).As can see from the data trend, green is themost persistent,
while blue is the least persistent.

Fig. 8. Total fixation duration time in the experiment 1

Second fixation time (unit: s): The time of the second fixation in the interest area,
that is, the duration of the second fixation point. Figure 9 shows the overall difference
in the second fixation time in color. The second fixation time of 68 participants were
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as follows: black (0.2260 s), white (0.1856 s), green (0.1749 s), red (0.1356 s), blue
(0.1144 s) and yellow (0.1060 s). As can be seen from the data trend, the duration of the
second fixation time parameter is longest in black and shortest in yellow.

Fig. 9. Second fixation time in the experiment 1

Among the 68 participants’ subjective choices, the number of black participants
(44.1%) is the largest, followed by white (27.9%), yellow (8.8%), green (8.8%), red
(5.9%) and blue (4.4%), as shown in Fig. 10.

Fig. 10. Subjective score in the experiment 1

The above analysis of the four technical parameters in the experiment and the sub-
jective choice were carried out separately. The first fixation time reflects the unconscious
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interest area of the subjects to some extent, but the short first fixation time does not mean
that the area is positively attractive to the subjects. It may be attracted by the other fac-
tors. The research purpose is to dig out the most real psychology of the subjects through
the correlation between the parameters. Therefore, this experiment combines various
parameters for comparative analysis, as shown in the Table 2.

Table 2. Comparison of four parameters and subjective score in the experiment 1

White Yellow Green Red Blue Black

First fixation time 2.8457 1.3222 0.5415 1.7535 2.2731 3.3121

First fixation duration time 0.2487 0.1871 0.2179 0.1918 0.1875 0.2336

Total fixation duration time 1.6475 1.8415 2.3531 1.9128 1.3238 1.6041

Second fixation time 0.1856 0.1060 0.1749 0.1356 0.1144 0.2260

Subjective score 19 6 6 4 3 30

In the analysis, it can be found that the performance state of the subjects shown
by the 4 technical parameters is multi-dimensional. The color that pay attention to first
and total fixation duration time is green and the longest first fixation duration time is
white, but the longest second fixation time is in black. At the same time, the color that the
participants choose themost is also black, which reflects that the participants be attracted
by the bright colors in the color observation of HNB products, but in preference is not
the bright color. It is consistent with the hypothesis of this experiment.

4.2 Result of Experiment 2

The experiment 2 studies the influence of logo position factors on the HNB product field.
The experiment is consistent with the research method of experiment 1. The heat maps
of the 68 participants when they observe the logo position picture, as shown in Fig. 11.

Fig. 11. The heat map visualization in the experiment 2

The first fixation time of the logo position in HNB product were as follows: upper
left (3.4647 s), lower right (3.8389 s), the middle (2.2210 s), lower left (4.0838 s), the
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upper right (4.7120 s). It can be seen from the data trend that from the overall data, it
can be concluded that the first place the subjects focused was the middle logo position,
followed by the upper left and lower right logo positions, and the last place they attention
was the lower left and the upper right logo position, as shown in Fig. 12.

Fig. 12. First fixation time in the experiment 2

The first fixation duration of the logo position was as follows: upper left (0.2974 s),
lower right (0.2525 s), middle (0.2649 s), lower left (0.2353 s), upper right (0.4153 s).
The longest first fixation duration is the upper right, followed by the upper left, and the
position with the shortest duration is the lower left, as shown in Fig. 13.

Fig. 13. First fixation duration time in the experiment 2

The total fixation duration time of the logo position of HNB product were as follows:
upper left (0.6759 s), lower right (0.8985 s), middle (0.9462 s), lower left (0.5974 s),
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upper right (0.8166 s). From the data trend, it can be seen that the position with the
longest overall fixation duration was the middle, followed by the lower right, and the
shortest position was the lower left, as shown in Fig. 14.

Fig. 14. Total fixation duration time in the experiment 2

The second fixation time of the logo position were as follows: upper left (0.0747 s),
lower right (0.0468 s), middle (0.0496 s), lower left (0.0421 s), upper right (0.0693 s).
From the data trend, it can be seen that the positions with the longest second fixation
duration are the upper left and upper right, followed by the lower right and the middle,
and the shortest last is the lower left, as shown in Fig. 15.

Fig. 15. Second fixation time in the experiment 2
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It can be found that among the 68 participants’ subjective score, the number of
people choosing the logo position in the lower right is the most (44.1%), followed by the
upper right (35.3%), and the middle (10.3%), upper left (8.8%), and lower left (1.5%),
as shown in Fig. 16.

Fig. 16. Subjective score in the experiment 2

The above content is analyzed separately for the data which we can initially find the
participant’s visual performance in the logo position. The following will combine the
experimental data, as shown in the Table 3.

Table 3. Comparison of four parameters and subjective score in the experiment 2

Upper left Lower right Middle Lower left Upper right

First fixation time 3.4647 3.8389 2.2210 4.0838 4.7120

First fixation duration time 0.2974 0.2525 0.2649 0.2353 0.4153

Total fixation duration time 0.6759 0.8985 0.9462 0.5974 0.8166

Second fixation time 0.0747 0.0468 0.0496 0.0421 0.0693

Subjective
Score

6 30 7 1 24

It can be found the logo position that the participants paid attention first was the
middle, and the longest first fixation duration time was the upper right position. In
subjective selection, 30 of the 68 participants chose the lower right position, which
reflects that when the participants are observing the product, they are easily attracted by
the content they are interested in, but on the contrary, it is not true that the attracted area is
the user’s final choice. It is consistent with the hypothesis of this experiment. Therefore,
in the analysis, unilateral data is difficult to feed back the participants’ psychology, to
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combine objective data and subjective data for comprehensive analysis, which is also
one of the finding of this experiment.

5 Conclusion

Traditional user testing methods and performance measurements may indicate that the
user has a problem or obstacle, but do not explain the “problem of why” or reveal the
implicit cognitive process, which eye tracking does. Based on the eye tracking method,
we conducted two experimental studies. The independent variables were the different
colors and logo position of HNB products. The dependent variables include first fix-
ation time, first fixation duration, total fixation duration, second fixation duration and
subjective evaluation. A total of 68 people participated in the experiment.

Themain findings of this studywere as follows: (1) in terms ofHNBcolor preference,
black (44.1%) and white (27.9%) were the most acceptable colors; (2) in the selection
of logo position, the lower right (44.1%) and upper right (35.3%) position were more
popular with users; (3) the results showed that the subjective choice was correlated with
the first fixation time and the second fixation time, the first fixation time and the second
fixation time can reflect the most real inner experience.

In this experiment, 77.94% of the participants were male, so the feedback to female
users may awaits further research, which is one of the limitations of this study. It is hoped
that in the future research, the EEG physiological signal of users for HNB products
could be analyzed more comprehensively. In addition, this study provides a method for
reference value with consumer decision-making for the industrial design optimization
in relate consumer electronic product fields.

Acknowledgments. The research supported by research on quantification analysis technology of
eye tracking in user experience of HNB product (project number: 202034000034009).
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Abstract. Consumers are considered to adopt a higher degree of involvement
and a stronger purchase purpose, when they view the vertical searching ads. But
the conscious process is still not explored exactly yet. In this paper, the effect of
online vertical searching advertising design factors on customer’s presence and
the relationship between presence and customer’s behavioral intentions are found
through the eye movement and questionnaire. The data of 30 subjects is collected
jointly through the eye-tracking technology and questionnaire survey, including
their eyemovement toward the different ads, the subjective evaluation of presence,
trust, pleasure and behavior al intentions. On this basis, the multivariate analysis
of variance method is used to analyze the influence of online vertical searching
advertising design elements on user’s presence and behavioral intentions. The
results show that the vivid model and background picture of vertical searching
advertising as well as other consumers’ evaluation information listed below can
shorten customer’s the time and difficulty of advertising information extraction,
and improve customer’s presence which will affect customer’s behavioral inten-
tions through trust and pleasure. The vertical searching advertising with mouse
interaction can reduce the difficulty of customer’s information extraction, but as
the dynamic screen will interfere with customer’s continuing browsing, it should
be carefully applied. What we’ve found can be useful in exploring the consumer’s
conscious process and give a reference for the ads designers on how to attract and
persuade consumers to buy through vertical searching ads.

Keywords: Online vertical searching advertising · Presence · Eye-tracking ·
User experience · Behavioral intention

1 Introduction

Vertical search advertising refers to the ad provided by online shopping websites, such
as Amozon, Macy’s, Taobao etc. From the perspective of interactive process, vertical
search ad can help users in B2C business websites to obtain the information integrating
product image, advertising copy, sales and purchase entrance by entering keywords,
which thus can help online consumers to make purchase decisions and even complete
online purchase. Due to the precise positioning and accurate marketing, this kind of
advertisement has been favored by many people since its birth and has a strong devel-
opment momentum till now. Consumers tend to adopt a higher degree of involvement
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and a stronger purchase purpose, when they view the vertical search ads. As this kind
of consumers are always accompanied by time and budget pressure, it has become the
first concern of the advertising designers who need to show the users’ most concerned
information in the limited advertising page, in order to stimulate user’ click and help
users to make purchase decisions. In addition to general advertising, vertical search ad
also needs to consider the virtual nature of the network. As a direct purchase entrance,
vertical search ad holds the key to success by creating online environment as field sale
and enhancing user’s presence experience.

Presence can be illustrated as the individual’s perception of the environment (Montes
1992) which can describe the true degree of an individual in a virtual environment, as a
sense of “being there” (Peukert et al. 2019). In 2004, Lee divided this sense of presence
into three levels, namely physical presence, social presence and self-presence according
to the process of human perception. Throughout the current research, most scholars only
discuss the sense of presence at one level.

At the physical level, scholars mostly study how products or objects from a remote
distance can be vividly presented in front of them through media. As early as 2000,
Jahng pointed out that physical presence would bring the “immediate” psychological
and physical experience of products to consumers. Fiore (2001) also points out that
physical presence can be expressed through rich media, allowing consumers to interact
with products’ images, so as to achieve users’ perception of products’ proximity. The
presence at this level makes people realize that the vividness and verisimilitude of the
product image display will have a positive impact on customers’ perception and attitude.
At the level of social presence, many scholars have contributed a lot in their researches.
Xiaojun et al. (2018), Quesnel and Riecke (2018), De La Rosa and Breidt (2018) all
take the social presence as the evaluation index of virtual reality, and adopt the method
of questionnaire survey to measure the friendliness and accessibility of a media. Their
research results make people realize that in the network, through the shaping of social
situations, communicating and sharing with others, the customer’s sense of social pres-
ence will be enhanced, thus influencing the customer’s purchasing intentions. In terms
of self-presence, scholars mainly focus on the field of online games and e-commerce.
Oatley (1994) pointed out that users can improve their self-presence, understand the
purpose of the game and have more fun of the game by imagining themselves as the
protagonist. Chuan-Hoo et al. (2012) andNamkee et al. (2010) have also verified through
experiments that realistic avatar design and emotional background stories can improve
users’ sense of self-presence in online games, thus leading to a better task performance.
Jeong et al. (2017) combined the sense of self-presence with the sense of immersion and
flow experience to illustrate the impact of customers’ loyalty on purchasing intentions.
The results of these studies showed that the customers who enhanced their self-presence
were more immersed in the virtual environment and thus complete the tasks better. In
short, presence, as an important factor influencing the interaction between users and
virtual environment, has been more and more recognized and valued.

As an engine entrance that can assist customers to complete purchase, vertical search
advertising must create presence experience as offline for customers through effective
information arrangement, so as to stimulate customers to make purchase behaviors. This
paper will make a combination of eye tracking experiment and questionnaire survey,
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introduce the variable of presence into the evaluation of effect of the vertical search
advertising, and analyze the influence of different design elements on users’ presence
perception. On this basis, further exploration will be made on the effect of presence on
users’ behavioral intention.

2 Research Model and Research Hypothesis

2.1 Research Model

Morphological analysis method is used to contrast, analyze and filtrate design elements
of vertical search advertising. Combinedwith the samples from seventeen B2Cwebsites,
seven design elements which have influences on users’ presencewere selected, including
image display, location, copywriting, sales information, store information, purchase
assistance and mouse interaction. Each design element was leveled two, 0 represent a
low level of the element, while 1 represents a high level. The specific design elements
and their two levels are shown in Table 1.

Table 1. Design elements and their two levels of vertical search ads influencing presence

Design elements Levels Levels explanation

A Image display Product Picture (0) Only product picture is shown in
advertising

Model and Background
Picture (1)

Product, model and background
pictures are all shown in advertising

B Location Not show the location (0) The location of the product is not
shown in this advertising

Show the location (1) The location of the product is shown
in this advertising

C Copywriting The copywriting only
describes the product (0)

The copywriting only describes the
product objectively in advertising

The copywriting has some
subjective assessment (1)

The copywriting not only describes
the product but also show some
subjective assessment information in
advertising

D Sales information Sales volume (0) Only sales volume is shown in
advertising

Sales volume and comments
(1)

Besides sales volume, the
consumers’ comments are also
shown in advertising

E Store information Show the basic information
(0)

The store image and name is shown
in advertising

(continued)
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Table 1. (continued)

Design elements Levels Levels explanation

Show the detailed
information (1)

Besides store image and name, the
ratings and credit of the store are
also shown in advertising

F Purchase assistance Without purchase button (0) Without purchase button, Just click
on the picture to enter the product
details page

With Purchase button (1) Set three buttons to view details, to
purchase and to add to favorites

G Mouse interaction Without mouse interaction
(0)

When the mouse is over the product
picture, the product picture will not
show any reaction

With mouse interaction (1) When the mouse is over the product
picture, the product picture will pop
up big picture to display information

In order to explore the influence of each design element of vertical search adver-
tising on the sense of presence of customers and the relationship between the sense
of presence and other variables (emotion, trust and behavioral intention), a theoretical
model as shown in Fig. 1 is proposed. The model reflects the relationship among online
advertising design, presence, customers’ emotional response, and behavioral intention.
As can be seen from Fig. 1, online advertising brings different immersive experience to
users through different design element combinations. In addition, the sense of presence
will affect people’s eye movement, pleasure and trust, and further affect the behavioral

location

Sales
information

Presence
Physical presence
Social presence
Self-presence

Behavioral
intention

pleasure

trust

HIa

H4a
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Fig. 1. Theory model
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intention of customers. The following will review the research results involved in the
theoretical model first and then propose the research hypothesis of this paper.

2.2 Research Hypothesis

Relationship Between Design Elements and Sense of Presence. Combined with the
research results of e-commerce and online advertising in recent years, it can be seen
that: advertising pictures with characters and social situations can better stimulate cus-
tomers’ sense of social presence and purchase loyalty (Cyr et al. 2007). The closer the
geographical distance of the product (for example, in the same city), the more likely
the user is to make online impulsive purchase (ZhangXuan 2012). Users’ perception of
other customers (Wang et al. 2007), store image (Lv 2012), comments of other users
or product reputation (Lv 2012; Wen and Sha 2011) on the website all enhance users’
sense of presence, thus stimulating users’ trust, purchase intention and purchase loyalty.
In addition, Shatnawi et al. (2020) found that the level of website interactivity affects the
degree of virtual experience (sense of presence) of consumers, that is, the stronger the
interactivity, the better the sense of presence experience (Skadberg and Kimmel 2004).
Zhao et al. (2014) also found that the interactivity of online stores has a significant
positive impact on the formation of consumers’ virtual sense of finger-touch (one of the
manifestations of presence). Jiang et al. (2014) further divided this online interaction
into four dimensions, and found that except the perception of personalization, the other
three dimensions of perceived control, perceived response, and perceived mutual assis-
tance all have a significant impact on consumers’ sense of presence when they are online
purchasing.

Based on the above research results and combined with the specific design elements
of vertical search advertising, relevant hypotheses are proposed as follows:

H1a: vertical search ads implanting images that reflect the lifestyle and values of the
target users can help to enhance the user’s sense of presence.
H2a: vertical search ads display the product’s geographical location information, which
helps to improve the user’s sense of presence.
H3a: the placement of emotional copywriting in vertical search ads can help enhance
users’ sense of presence.
H4a: the presentation of product sales and comments information in vertical search
advertising can improve users’ sense of presence;
H5a: vertical search ads that reflect the store’s information (e.g. ratings, credits etc.)
contribute to the user’s sense of presence;
H6a: behavioral assistance (perception mutual assistance and perception control) set in
vertical search ads can improve users’ sense of presence.
H7a: vertical search adswithmouse interaction (sensory interaction) can help to improve
the user’s sense of presence.

TheRelationshipBetweenPresenceandOtherDependentVariables. Many scholars
have made research in exploring the influence of presence on customers’ pleasure, trust
and behavioral intentions. Jahng and Jain (2000) demonstrated that physical presence has



A Study on the Effect of Online Vertical Searching Advertising Presence 379

a positive impact on users’ behavioral intention through different product presentation
methods. Sajjadi et al. (2019) studied the positive impact of social presence on users’
trust, pleasure and loyalty by implanting a discussionmodule in the ticket advertisement.
Heng et al. (2019) confirmed that social presence has a positive influence on users’
pleasure, trust, similarity attraction, perceived usefulness and purchase intention through
implanting social clues in clothing websites. Chuan-Hoo et al. (2012) found that by
comparing different online chat rooms, the one with self-presence can stimulate users’
positive emotions and promote task completion. Namkee et al. (2010) also pointed out
that online games with story background can enhance users’ sense of self presence and
bring better task performance. These results show that physical presence, social presence
and self-presence all have an impact on users’ emotion, trust and behavioral intention.
In view of this, the following hypotheses are proposed:

H2: presence has a positive effect on customer pleasure;
H3: pleasure positively affects customers’ behavioral intention;
H4: presence has a positive effect on customer trust;
H5: trust positively influences customer behavior intention.

The Relationship Between Eye Movement Index and Presence and Other Depen-
dent Variables. In addition to the traditional questionnaire survey, the development of
eye movement tracking technology makes it possible to evaluate online advertisements
objectively. Wedel and Guitart et al. (2019) used the position and duration of the first
fixation point to investigate the effect of advertising on people’s attention (Guitart et al.
2019). Xu and Wang (2020) used fixation counts, fixation duration and pupil diame-
ter changes to illustrate the consistency between consumers’ memory score and their
eye movement parameters. According to SOR Model (Mehrabian and Russell 1974),
external stimulation can cause changes in physiological and psychological states, and
then affect people’s behavioral intentions. Similarly, different presence designs of online
advertisements can affect people’s psychological and physiological responses (Chuan-
Hoo et al. 2012; Cyr et al. 2007; Zhaoxiaoyu 2010). However, there is no research on
which specific eye movement indicators are used to reflect the sense of presence, but
it is generally accepted that pleasant visual stimulation can cause pupil dilation. Fur-
thermore, Van and Mathot (2019) further demonstrated that pupil size can be used to
measure emotion (Van Hooijdonk et al. 2019). Based on this, the following hypotheses
are proposed:

H6: different sense of presence will lead to changes in customers’ eye movement
behaviors;
H7: eye movement index can reflect customers’ pleasure;
H8: eye movement index can reflect customers’ behavioral intention (attention, click
and memory).
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3 Research Methods

3.1 Experimental Advertising Design

After determining the design elements that affect users’ presence, we combined them
and created 8 vertical searching advertising samples on clothing through SPSS based on
the orthogonal design principle, as shown in Fig. 2.

Fig. 2. Eight experimental treatments obtained through orthogonal experiment
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3.2 Selection of Subjects

Thirty subjects (15 males and 15 females) aged between 19 and 45 were selected to
participate in this experiment, with an average age of 28.1 years (standard deviation
was 6.31). The mean time of exposure to network was 4.58 years (standard deviation
was 2.50). All subjects had good physical health, normal vision or corrected vision, and
right handedness during the week before and during the test. In the three months prior to
the experiment, 93% of the participants had purchased clothes online through a vertical
search advertising at least once. It can be seen that the participants of this study are
familiar with the vertical searching advertisements on clothes, where their comments on
the vertical searching ads are predicable.

3.3 Experimental Equipment, Browsing Task Design and Experimental Process

The RED telemetry eye-movement instrument was used as the experimental equipment,
mainly including the iView PC test computer, Stimulus PC image display computer, and
two sets of infrared light sources and cameras installed below. The tester controls the
contents displayed on the Stimulus PC through the iView PC test computer. The camera
installed below the Stimulus PC screen captures the eyes of the subject and sends them
to the iView PC test computer to collect and analyze the eye movement data of the
subject. The Experiment task was designed by the Experiment Center 2.5 software, the
data collection was completed by the iVewX 2.5 software, and the data analysis was
completed by the BeGaze 2.5 analysis software.

In order to simulate the purchase behavior of users when they view vertical search-
ing ads in the real world, the task of the following situation was set. As Christmas is
approaching, an e-commerce company is preparing to sell sweaters with moose patterns
on them.Now there are several advertising designs as follows. Please imagine yourself as
a customer with actual purchasing needs and evaluate each advertisement. After seeing
each advertisement, fill in the questionnaire to evaluate its sense of presence and your
behavioral intention towards it. After all eight ads have been evaluated, select one of
them to complete the purchase behavior (adding to the cart is considered as purchase).

The whole experiment was carried out in the eye movement laboratory, with one
subject completing the test at a time. Firstly, the subjects were briefly introduced to the
experimental purpose, experimental process and matters needing attention, and were
asked to fill in a personal information questionnaire. Then, the subjects were seated in a
chair in front of the stimulus imagedisplayof the eye tracker. The experimenter started the
iVewX 2.5 and Experiment Center 2.5 software and calibrated the eye tracker’s tracking
system through the five-point method. After reaching the experimental requirement
of calibration where the accuracy should be less than 0.5, the formal experiment was
started. The order of the experimental instructions and the online advertising used in the
experiment were designed by the Experiment Center 2.5 software. The eight advertising
designs were presented in random order. After viewing one advertisement, the subject
clicked the space to switch to another. After seeing all the eight advertising designs, the
participants fill in the questionnaire.
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3.4 The Selection of Scales and Eye Movement Indexes

In order to evaluate the sense of presence and its impact on visitor’s psychology and
behavior, the questionnaire includes the items to measure the three different levels of
presence, user’s trust, pleasure and behavioral intentions. The physical presence was
measured from the breadth and depth of vividness. The social presence was evaluated
according toHassanien (2007) andGefen and Straub (2004) in terms of intimacy,warmth
and personal feelings. The items of evaluating self-presence based on Namkee et al.
(2010) and make some corresponding adjustments on the content. When measuring
the latent of trust, one item was selected for each typical dimension of trust, including
goodwill, integrity and ability (Gefen and Straub 2004; Gefen et al. 2003; Wang et al.
2009).

Joyfulness was measured according to the PAD scale and the items that were
frequently used, including vitality, comfort, happiness and excitement.

Behavioral intentionwasmeasured by typical advertising behaviors, includingmem-
ory effects, attention and clicks. 7-point Likert scale is adopted for all the above parts,
ranging from strongly disagree (1) to strongly agree (7). The detailed item and their
reliability test are shown in Table 2 as follows.

Table 2. Items of scale, factor loading and Cronbach’s coefficient

Latent variables Items Standardized factor loading Cronbach’s α

Presence Physical presence This ad is colorful and vivid
The product display in this ad is
lifelike

0.916
0.913

0.966

Social presence This ad is friendly to the
customers
This ad is considerate
This ad makes us feel very warm

0.948
0.953
0.932

Self-presence After watching the advertisement,
I temporarily forgot that I was in
the laboratory, but felt as if I was
in the product scene or advertising
scene

0.903

Pleasure This ad makes me feel energetic
This ad makes me feel good
After seeing this ad, I feel very happy
After seeing this ad, I feel so excited

0.890
0.884
0.908
0.940

0.924

Trust I believe that the shop in this ad is kind to customers
I believe the products advertised in this ad are of high quality
I believe the shop in this ad is very professional, and can provide
excellent service

0.948
0.944
0.940

0.939

Behavioral intention I can easily remember this ad
On the web page, I can see the Ad at a glance
I would like to click on the Ad

0.966
0.959
0.959

0.959

The selected eye movement indicators include browsing duration, fixation duration,
fixation counts, scanning counts, maximum pupil diameter, minimum pupil diameter,
average pupil diameter, and first fixation point position etc.
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4 Experimental Data Processing, Results and Analysis

4.1 Data Processing

BeGaze 2.5 was used to analyze and export eye movement data. SPSS18.0 software
was used to process the subjective questionnaire data. First, the abnormal values were
removed according to the frame diagram, followed by the normality test, and then the
abnormal data were removed according to 3 times of the standard deviation. The maxi-
mum likelihood estimation was used to evaluate the validity of the factor structure of the
scale using theAMOS18.0 software. The CFI and SRMRof the test scale were 0.961 and
0.0368, indicating that the model was well adapted (Hu and Bentler 1999). The factor
loading of the scale is significant, ranging from 0.884 to 0.966, and the combination
reliability is 0.978, indicating that the reliability of the factor is at an acceptable level
(Raykov 1997).

4.2 Analysis of the Influence of Advertising Design Elements on the Sense
of Presence

In order to study the influence of design elements with different levels of presence on
the eye movement indicators, multivariate analysis of variance (MNOVA) were applied,
which takes presence (physical presence, social presence, self-presence), browsing dura-
tion, fixation counts, saccadic counts and blink counts as the dependent variables, and
takes product design elements including image display (A), location (B), copywriting
(C), Sales information (D), store information (E), behavior assistance (F) and mouse
interaction (G) as the independent variables. The Bonferron post mortem was used to
compare pairs of levels of the same design element. The alpha level was set at 0.05 for
all statistical analyses.

Table 3. Influence of design elements of vertical searching ad on the indicators of presence

Design
elements

Physical presence Social presence Self-presence

F p Partial
eta

F p Partial
eta

F p Partial
eta

A 175.689 <0.001 0.431 316.751 <0.001 0.577 128.319 <0.001 0.356

B 6.266 0.013 0.026 0.622 0.431 0.003 2.435 0.120 0.010

C 0.608 0.436 0.003 0.702 0.403 0.003 0.404 0.526 0.002

D 6.266 0.013 0.026 3.697 0.056 0.016 4.573 0.034 0.019

E 0.487 0.486 0.002 0.087 0.768 0.000 0.030 0.863 0.000

F 0.743 0.390 0.003 0.855 0.356 0.004 2.647 0.100 0.855

G 106.093 <0.001 0.314 24.305 <0.001 0.095 25.867 <0.001 0.100

As can be seen from Table 3, when the significance level is 0.05, the design ele-
ments that have a significant impact on physical presence include A (image display),
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B (geographical location), D (sales information) and G (behavioral assistance). Design
elements that have significant influence on social presence include A (image display),
G (mouse interaction), and an edge significance (p < 0.1) on design element D (sales
information). Design elements that have significant influence on self-presence include A
(image display), D (sales information), G (mouse interaction), and an edge significance
(p < 0.1) on design elements F (behavioral assistance).

Vertical searching ad design elements of A (image display), B (location), D (sales
information), F (behavioral assistance) and G (mouse interaction) has a significant influ-
ence on presence, which means H1a, H2a, H4a, H6a, and H7a hypothesis are verified;
Design element C (copywriting) and F (store information) have no significant influence
on the sense of presence, that is, H3a and H5a hypothesis are not supported.

4.3 Influence of Presence on Behavioral Intention

After verifying the influence of advertising design elements on the sense of presence,
the structural equation model was further used to test the relationship between the sense
of presence and subsequent variables. AMOS was used to analyze the data and the
following results were obtained, as shown in Table 4.

Table 4. Influence of presence on users’ behavioral intention

Hypothesis Normalized path coefficient t Result

H3: presence → pleasure 0.834*** 13.135 Support

H4: pleasure → behavioral intention 0.344** 7.814 Support

H5: presence → trust 0.881*** 16.308 Support

H6: trust → behavioral intention 0.688*** 14.110 Support

4.4 The Influence of Design Elements of Vertical Searching Ads on Eye
Movement Index

Table 5 shows the MNOVA results of the influence of vertical searching ads design
elements on eye movement indicators.

As can be seen from Table 5, when the significance level is 0.05, advertising design
element A (image display) has a significant impact on users’ fixation counts, browsing
duration and saccade counts. Design factor D (sales information) has an edge significant
influence on fixation counts, browsing duration and eye saccade counts (p< 0.1). Design
factor G (mouse interaction) has a significant impact on fixation duration, and has an
edge significant impact on browsing duration, saccade counts and blink counts (p< 0.1).
Other design factors had no significant effect on eye movement index.

In order to further explore the influence of vertical searching ads with different levels
of presence on customers’ eye movement behaviors, two extreme advertising samples
were selected on terms of the design element ADG, to analyze and make a comparison
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Table 5. Influence of design elements of vertical searching ads on eye movement index

Design
elements

Fixation counts Browsing duration

F p Partial eta F p Partial eta

A 15.798 <0.001 0.064 21.059 <0.001 0.083

B 0.182 0.670 0.001 0.933 0.335 0.004

C 0.353 0.553 0.002 1.994 0.159 0.009

D 2.571 0.100 0.011 3.704 0.055 0.016

E 0.113 0.737 0.000 0.439 0.508 0.002

F 0.238 0.626 0.001 1.130 0.289 0.005

G 5.730 0.017 0.024 2.652 0.100 0.011

Design
elements

Saccade counts Blink counts

F p Partial eta F p Partial eta

A 16.352 <0.001 0.066 1.875 0.172 0.008

B 0.387 0.535 0.002 0.132 0.717 0.001

C 0.666 0.415 0.003 0.750 0.387 0.003

D 2.809 0.095 0.012 0.226 0.635 0.001

E 0.316 0.575 0.001 0.413 0.521 0.002

F 0.517 0.473 0.002 0.176 0.675 0.001

G 3.438 0.065 0.015 2.906 0.090 0.012

of customers’ scanning path diagram and hot area map. The scanning path diagram and
the hot area map can directly reflect the subjects’ overall attention on the advertisement
in the experiment.

The scanning path diagram can reflect the position of fixation points, the process
of the sight shifting and the duration of each fixation point when browsing the adver-
tisement, so that it can reflect the whole browsing process of the subject on the vertical
searching advertisement. Figure 3 (a) and (c) are the scanning path diagrams of two
subjects on vertical searching ads in the experiment. The center point of the circle in the
figure represents the fixation point of the subject when observing the advertisement, the
circle represents the fixation time of the subject when observing the point, the size of
the circle is positively correlated with the fixation time, and the line segment represents
the route of the subject’s gaze shift. According to the scanning path diagram of the
subjects, the scanning path of users also presents significant differences in two vertical
searching ads with significant differences in design elements A (image display), D (sales
information) and G (mouse interaction).

When browsing the vertical searching ads with the design of model display, sales
information and mouse interaction, the subject’s scanning path is clear and orderly, and
their focus stays on the main design elements, which indicates that the subjects can
comprehensively read the ads and obtain the advertising information.
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When browsing vertical searching ads without the design of model displays, sales
information, and mouse interaction, the subject’s scanning path is chaotic, with more
fixation points but a shorter time on each point. Some fixation points even scattered out
of the advertisement, which suggests that when participants watch these ads, they cannot
grasp the advertising information effectively, so that this kind of advertising design is
difficult to meet the needs of the users when they browse ads to make purchase decisions.

Heat map can vividly reflect the degree of attention paid to different areas of visual
stimulation. Different degrees of attention aremarked by different shades of color, which
makes eyemovement data clear. Figure 3 (b) and (d) are theHeatmaps superimposing the
fixation points of the 30 subjects in two vertical searching ads, where different colors in
the map shows the fixation duration of the subjects in the area. The warm area represents
the concentration degree of the subject in this area, where the fixation duration is longer.
That means the “hot spot”, while the cool area has the opposite meaning. It can be seen
from the figure that the subjects’ attention on vertical searching ads with model display,
sales information and mouse interaction is mainly distributed to the key design elements
such as advertising images, copywriting and sales information. For vertical searching
ads with no model display, sales information, or mouse interaction, the subjects only
focused on the pattern of the product, which is just one part of the product.

Thus, it can be seen from the heat map that users’ focus areas are concentrated on key
design elements when the ad designed with model display, sales information and mouse
interaction. While when the ad designed without image display, sales information and
mouse interaction, the users’ focus areas mainly appeared on the pattern of the product,
and the size of the heat is bigger.

It suggests that when the user views the vertical searching ad to complete purchasing
task, the ad with model display, sales information and mouse interaction will help users
to grasp advertising information and make decisions easily; on the contrary, it is difficult
for users to have references from vertical searching ads without these designs. However,
driven by tasks, users need information to make decisions. So that users search for
information in this ad with low level of design elements constantly, resulting in more
fixation points and larger hot areas.

Fig. 3. Scanning path diagram and hot area diagram of the subjects on vertical searching ads
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4.5 The Analysis of the Relationship Between Other Dependent Variables
and Eye Movement Indicators

The following results are obtained by one-way anova of each eye movement index on
pleasure, trust and user behavior intention. As shown in Table 6, Users’ pleasure, trust
and behavioral intention can be reflected by eye movement indicators at the significant
level of 0.1. The eye movement indicator that reflects pleasure is browsing duration, that
reflect trust include average fixation duration and blink counts; and that reflect behavioral
intention include average pupil diameter and average fixation duration.

Table 6. Results of one-way Anova of other dependent variables on eye movement indicators

Eye movement indicators Pleasure Trust Behavioral intention

F p F p F p

Average pupil diameter/mm 0.598 0.916 1.363 0.160 2.083 0.007

Fixation/count 1.162 0.288 0.491 0.956 0.991 0.472

Average fixation duration/ms 1.124 0.325 1.955 0.015 1.493 0.094

Blink/count 1.272 0.196 1.512 0.092 0.758 0.747

Saccade/count 1.239 0.221 1.340 0.170 0.943 0.527

Browsing duration/ms 1.797 0.020 0.713 0.788 1.103 0.351

This table shows that in the process of viewing vertical searching ads to complete
the purchase, users need to drawmore mental participate in decision-making due to their
strong involvement. Users’ eye movement behavior not only reflects obvious psycho-
logical feelings such as pleasure and trust, but also reflects users’ behavioral intention.
Hypothesis H6, H7, H8 and H9 were verified.

5 Conclusion

The development and application of presence technology can help to make up for the
lack of interpersonal warmth and cold sense of unapproachable in the network. It can
take into account the psychological demands of consumers and thus bring better user
experience. In this paper, the influence of presence on the trust, pleasure and behavioral
intention of customers is discussed by means of experimental research and subjective
and objective measurement, which provides a new perspective for the designers and
publishers of online advertisements.

The conclusions of this study are as follows:

1. When a customer checks vertical searching ads to complete the purchase, the ads
with model display can help to reduce user’s fixation counts, saccade counts, and
shorten user’s browsing duration, which will greatly improve the efficiency of user’s
information searching, and bring better user’s experience on presence;
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2. The behavior-assistance buttons in vertical searching ads can help to improve users’
subjective self-presence, but has no significant influence on users’ objective eye
movement behavior;

3. The mouse interaction function of vertical searching ads can reduce the user’s blink
counts, illustrating that the interaction function can help users to analyze and extract
information easily. However, as the dynamic picture caused an increase of the user’s
saccadic counts, fixation counts and an extend of the user’s browsing duration, this
element should be carefully applied in advertising design;

4. Presence positively influences users’ behavioral intention through mediating vari-
ables of pleasure and trust.
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Abstract. This paper reports on an experimental psychology study in the field of
HNB packaging design, which used to measure the influence of health warning
design on consumer’s risk perception. Based on eye tracking method, we con-
ducted an experimental design. The independent variables were the presentation
form of the health warning design (text warning, picture warning). The depen-
dent variable included the eye movement data and subjective scores. A total of
68 subjects participated in the experiment. The main finding of this study were as
follows: (1) the presentation form of the health warning design significant affects
the consumer’ visual attention; (2) picture warning has stronger visual impact than
text warning which easier to stimulate the user’s pupil diameter; (3) the presen-
tation form of the health warning design significant affects the consumer’ risk
perception. Furthermore, the research results provide an approach of using eye-
tracking evaluation method in the relevant consumer products packaging design
field.

Keywords: Health warning · Eye tracking · Risk perception · Packaging design

1 Introduction

With the implementation of the WHO framework convention on tobacco control, espe-
cially the gradual expansion of smoking bans in public places around the world, global
tobacco control actions continue to advance [1]. The tobacco epidemic is one of the
most serious public health problems in the world. The current tobacco epidemic causes
more than 5million deaths each year. If effective tobacco control measures not taken, the
annual death will exceed 8 million by 2030. China has more than 300 million smokers
and more than one million deaths per year from smoking-related diseases [2]. Therefore,
tobacco control has become an important issue of public health in China.

Nowadays, HNB product (Heat-not-burn) have become an important replacement
product to traditional cigarette, because it can bring the same taste as real cigarettes
while reducing the harm to the human body. Various studies have shown that its safety
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is higher than traditional cigarettes. The advantage of HNB product are as follows: ➀
No need to burn, greatly reducing the harmful components produced by combustion,
and less harmful than traditional cigarettes; ➁ No second-hand smoke is produced, and
it is not harmful to the public environments; ➂ High safety, avoiding the open flame
of traditional cigarettes. Research from the Royal College of Medicine in the UK has
been committed the impact of HNB product on the human body is significantly lower
than that of traditional cigarettes. In terms of emissions, HNB product account for 5% of
traditional cigarettes. From the perspective of cytotoxicity, HNB product are only 14%
of traditional cigarettes.

Smoking behavior and motivation are complex and influenced by many environ-
mental and situational factors. For products that are potentially harmful to consumers,
warnings labels on packaging are important tools that be used in public health policies
[3, 4]. Such warnings and disclosure of information can inform consumers of the risks
and potential dangers associated with product use. Public health researchers believe
that warning labels are part of the education process, which aims to provide consumers
with information to influence their attitudes, intentions and behaviors. Many countries
in the world have enacted laws to regulate the tobacco packaging design. For example,
The United States, Australia and European Union have printed serialization of warning
pictures on cigarette packaging and introduced tobacco plain packaging. For tobacco
use, key policy issues include informing consumers of the risks of smoking, trying to
persuade smokers to reduce smoking behavior. However, in this paper, an experiment
carried out by using the eye tracking technology, in order to explore the influence of
consumer’s visual attention and risk perception of the health warning in different HNB
product packaging design.

2 Literature Review

In recent of research literature on eye movement evaluation of consumer packaging
design, Li (2019) proved through eye movement tests that the position of the product
on the shelf, the shelf area occupied and the color of the packaging have a greater
impact on visual attention. Product packaging located in the upper part of the shelf,
occupying a relatively large area and forming a strong color contrast with the surrounding
products is easy to be noticed [5]. Zhang (2019) extracted key design elements that
affect consumer emotions in product packaging design through eyemovement indicators,
obtains consumers’ perceptual image evaluation through semantic difference method
[6]. Cheng (2016) analyzed the perceptual factors in packaging design with Kansei
engineering methods, understands user’s psychological perceptions [7]. Zhang (2018)
perfected the design and optimization of ceramic packaging containers for food by
applying the concepts of Kansei engineering and Kano model [8]. Zhao (2009) studied
the potential value of eye tracking in packaging design evaluation [9].

The current research based on eye tracking in the field of cigarette packaging design
was as follows. Sillero (2021) examined howcigarette pack features affected visual atten-
tion and self-reported avoidance of and reactance to warnings [10]. Zhu (2015) studied
the cognition of smoking group to different tobacco warning label, and compared the
warning effectiveness with different warning label [11]. Byrne (2018) examinedwhether
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patterns of visual attention to graphic warning labels on images of cigarette packs predict
key outcomes associated with warning label effectiveness [12]. Ranney (2019) used eye
tracking method to test the effectiveness of messages about the harmful chemicals in
cigarettes smoke among adult smokers. Find out that anti-smoking messages, contain-
ing chemical information, can successfully increase negative attitudes toward smoking
cigarettes and potentially encourage quitting [13]. Londerée (2018) examined the rela-
tionship between adolescent attentional bias and willingness to try flavored e-cigarettes.
The result showed that flavored e-cigarette marketing attracts the attention of adoles-
cents, increases their willingness to try flavored e-cigarette products [14]. Nonnemaker
(2018) used eye-tracking to examine how little cigar and cigarillo (LCC) pack features
influence adults’ (aged 18–34) visual attention to warning labels [15]. From the related
research, that eye tracking technology provides a scientific and objective basis for the
users’ visual attention to packaging design. However, there are not enough eye tracking
evaluation studies on the risk perception of the health warning design of HNB product
packaging.

3 Experiment Method

3.1 Definition

In order to confirm the following hypotheses, we designed an experimental psychology
study. In this paper, we measure consumers’ visual attention and risk perception using
eye-trackingdata (objectivemetric) combinedwith a subjective questionnaire (subjective
metric). The independent variables were the presentation form of the health warning
design (textwarning, picturewarning). The dependent variable included the participants’
eye movement data (AOI time to first fixation, AOI first fixation duration, AOI total
fixation duration, AOI the second fixation time, pupil diameter). The subjective scores
collected by the five-point Likert scale questionnaire. This paper use three subjective
indicators to measure the risk perception: 1) perceived significance of warning design
(significance); 2) perceive the severity of smoking hazards (severity); 3) reduce the
willingness to smoking (reduce smoking). The control variable is the brand type.

3.2 Hypothesis

The main hypothesis of this study are as follows:

H1: The presentation form of the health warning design (text warning, picture warning)
affects the consumer’ visual attention.
H2: The presentation form of the health warning design (text warning, picture warning)
affects the consumer’ risk perception.

3.3 Stimuli

The packaging design of “TOOP” HNB product in Anhui Tobacco Industrial from dif-
ferent countries adopted (Including six countries: China, Japan, Korea, Thailand, Russia
and France). The packaging of China and Japan belong to the form of text warning, and
the packaging of Korea, Russia, Thailand, and France is belong to the form of picture
warning. As shown in Fig. 1.
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Fig. 1. Six form of the health warning design in the experiment

3.4 Equipment and Environment

The Tobii X300 desktop eye tracker manufacture from Sweden used in this experiment
(300 Hz, 23-inch screen size, 16: 9 screen resolution, 1920*1080 pixels). The eye track-
ing experiment carried out in a quiet and undisturbed indoor laboratory. The participants
sat in front of the eye tracker with their eyes facing the center of the screen and the
distance between the eyes and the screen was about 40 cm–50 cm. Desk and monitor
position and height fixed. The chair was adjustment to fit participant’s natural angles
of elbow and knee. Participants instructed to switch off their mobile phones to reduce
possible distractions. As shown in Fig. 2.

Fig. 2. The participant in the experiment and the environment

3.5 Participants

A total of 68 participants randomly selected to participate in this experiment. Male
subjects accounted for 77.94% of the study, female subjects accounted for the remaining
22.06%. The age distribution is 20–30 years old, 30–40 years old and over 40 years old,
accounting for 42.65%, 35.29%, and 22.06% respectively. On the smoking status, there
are 38 smokers, accounting for 55.88%, and 30 non-smokers, accounting for 44.12% of
the total number. All participants had normal or corrected-to-normal color vision. None
of the participants had prior eye surgeries or eye problems such as “droopy” eyelids.
The specific groups shown in Table 1.
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Table 1. The categories of the 68 effective participants in this experiment

Gender Male Female

53 people
(77.94%)

15 people
(22.06%)

Age 20–30 years old 30–40 years old Over 40 years old

29 people
(42.65%)

24 people
(35.29%)

15 people
(22.06%)

Smoking status Smoker Non-smoker

38 people
(55.88%)

30 people
(44.12%)

3.6 Procedure

Before the experiment began, participants asked to read an introduction of the exper-
iment requirements and then sign the “experimental consent”. Next, they read a short
manual about the experiment stimuli to insure they were able to understand and solve
the given task. When the participant was ready, we started the eye-tracking experiment.
We designed a within-subjects study design with 68 participants. All participants were
involved in the six eye-tracking task (China, Japan, Korea, Thailand, Russia and France).
Each picture of HNB product packaging design randomly presented, allowing users to
observe freely in 10 s, and collect participants’ eye movement data. Data gather by the
eye tracker analyzed using Ergo Lab 3.0. After the tasks were finished, participants com-
pleted the subjective evaluation questionnaire. Finally, 68 participants completed all the
408 tasks (68 participants * 6 tasks).

4 Experiment Results

4.1 Heat Map and Gaze Plot Visualization

Firstly, the participants’ attention behavior visually displayed through qualitative analy-
sis visualization, such as heat map and gaze plot. By using different colors to display the
number of gaze points of the subject. Red indicates that the fixation duration is longer;
green indicates the fixation duration is the shorter. It can help researchers understand
which visual elements of packaging design are most concerned or easily ignored. Gaze
plot can record the coordinates and sequence of eye movements, which can help the
researcher explore the pattern of the participants’ eye movement. The health warning
design area of the text warning type is more distracted, while the logo area attracts longer
and more concentrated attention. The health warning design area of the picture warning
type attracts most of the participants’ attention with large pictures, thereby increasing
the heat intensity, as shown in Fig. 3.
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Fig. 3. The first line is the experimental stimuli; the second line is the heat map visualization; the
third line is the gaze plot visualization.

4.2 Eye Tracking Data in AOI

The experimental materials divided into two types of health warning designs. The warn-
ing in China and Japan are belong to text warning types, and the Korea, Thailand, Russia
and France are picture warning types. We calculated the average value of eye tracking
data (AOI time to first fixation, AOI first fixation duration, AOI total fixation duration,
AOI the second fixation time) when 68 participants observe the health warning design
of HNB product packaging.

The specific numerical distribution is as follows: (1) AOI time to first fixation (China
= 1.58 s, Japan = 0.56 s, Korea = 0.37 s, Thailand = 0.32 s, Russia = 0.59 s, France
= 0.30 s). (2) AOI first fixation duration (China= 0.19 s, Japan= 0.19 s, Korea= 0.44
s, Thailand = 0.42 s, Russia = 0.19 s, France = 0.39 s). (3) AOI total fixation duration
(China = 2.42 s, Japan = 4.21 s, Korea = 5.04 s, Thailand = 4.63 s, Russia = 4.87 s,
France = 5.43 s). (4) AOI the second fixation time (China = 0.40 s, Japan = 0.49 s,
Korea= 0.59 s, Thailand= 0.64 s, Russia= 0.50 s, France= 1.09 s), as shown in Table
2.

AOI Time to First Fixation: The time from the start of the stimulus to the first time
the participant looked at the AOI. The data showed that the AOI time to first fixation
of France packaging is the shortest, followed by Thailand packaging, Korea packaging,
Japan packaging and Russia packaging. China packaging has the longest AOI time to
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Table 2. Eye tracking data of health warning design AOI (s)

China Japan Korea Thailand Russia France

AOI time to first fixation 1.5825 0.5622 0.3700 0.3219 0.5878 0.3010

AOI first fixation duration 0.1881 0.1943 0.4359 0.4207 0.1943 0.3897

AOI total fixation duration 2.4213 4.2050 5.0351 4.6257 4.8743 5.4281

AOI the second fixation time 0.4000 0.4869 0.5871 0.6391 0.4994 1.0938

first fixation. The result showed that the average time from the start of the stimulation
to the first time the participants looked at the France packaging was the shortest, which
quickly attracted the participants’ visual attention, while the China packaging required
more time to notice and had the lowest visual prominence. The overall trend showed that
compared with the text warning type, the time-required participants notice the picture
warning type is shorter, and obtain higher visibility, as shown in Fig. 4.

Fig. 4. AOI time to first fixation of health warning design (s)

AOIFirst FixationDuration:Theduration of the participants’ first fixation point in the
area of interest. The data showed that the AOI first fixation duration of Korea packaging
is the longest, followed by Thailand packaging, France packaging, Russia packaging
and Japan packaging. China packaging has the shortest AOI first fixation duration. This
showed that the participants have the longest average duration of their first visual focus
when observing Korea packaging, and its first user engagement is the largest, while the
first user engagements of China packaging, Japan packaging are significantly smaller.
The overall trend showed that compared with the text warning type, the participants
observe the picture warning type is longer, and can generate greater visual interest, as
shown in Fig. 5.

AOI Total FixationDuration: The total time of the participants in all fixation points in
the area of interest. The data trend showed that the AOI total fixation duration of France
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Fig. 5. AOI first fixation duration of health warning design (s)

packaging is the longest, followed by Korea packaging, Russia packaging, Thailand
packaging and Japan packaging. China packaging has the shortest AOI total fixation
duration. This showed that the participants have the longest time of all their visual
attention when observing France packaging, which is the most attractive, while China
packaging and Japan packaging are significantly less attractive. The overall data showed
that compared with the text warning, the participants observe the picture warning type
is longer, and it is easier to attract the user’s visual attention, as shown in Fig. 6.

Fig. 6. AOI total fixation duration of health warning design (s)

AOI The Second Fixation Time: The time of the second fixation in the area of
interest. That is the duration of the second fixation point. The data trend showed that the
AOI the second fixation time of France packaging is the longest, followed by Thailand
packaging, Korea packaging, Russia packaging and Japan packaging. China packaging
has the shortest AOI the second fixation time. This showed that the second focus point



398 L. Sun et al.

of the participants when observing France packaging has the longest duration, which
has stimulated the participants’ interest and received the most attention, while China
packaging and Japan packaging have a significantly weaker ability to stimulate interest.
The overall trend showed that comparedwith the textwarning type, when the participants
observe the picture warning type is longer, and it stimulated more participants’ interest,
as shown in Fig. 7.

Fig. 7. AOI the second fixation time of health warning design (s)

4.3 Pupil Diameter

Pupil Diameter represents the consumer’s emotional activation level, contains the aver-
age pupil diameter, minimum pupil diameter, and maximum pupil diameter. This paper
calculated the average value of different pupil diameters (average pupil diameter, min-
imum pupil diameter, maximum pupil diameter) when 68 participants observe HNB
product packaging design. The text warning type includes two countries, China packag-
ing (Mean = 3.08 mm, Min = 2.52 mm, Max = 3.47 mm); Japan packaging (Mean =
3.20 mm, Min = 2.56 mm, Max = 3.58 mm). The picture warning type includes four
countries: Korea packaging (Mean = 3.19 mm, Min = 2.58 mm, Max = 3.55 mm);
Thailand packaging (Mean = 3.24 mm, Min = 2.57 mm, Max = 3.63 mm); Russia
packaging (Mean = 3.09 mm, Min = 2.54 mm, Max = 3.51 mm); France packaging
(Mean = 3.23 mm, Min = 2.61 mm, Max = 3.63 mm), as shown in Table 3.

The data trend showed that the average pupil diameter of Thailand packaging is
the largest, followed by France packaging, Japan packaging, Korea packaging, Russia
packaging and China packaging. It indicates that compared with the text warning type,
the average pupil diameter when the participants observe the picture warning type is
larger. Studies have shown that changes in pupil diameter closely related to consumers’
emotional activation. Sincewarning picture has stronger visual impact than text warning,
it is easier to stimulate the user’s pupil diameter, as shown in Fig. 8.
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Table 3. The average value of different pupil diameters (mm)

China Japan Korea Thailand Russia France

Average pupil diameter 3.0768 3.2046 3.1868 3.2365 3.0910 3.2349

Minimum pupil diameter 2.5199 2.5575 2.5807 2.5738 2.5372 2.6104

Maximum pupil diameter 3.4699 3.5825 3.5534 3.6256 3.5078 3.6328

Fig. 8. Different pupil diameters of health warning design (mm)

4.4 Subjective Evaluation

Finally, we calculated the average values of the subjective evaluation perceived by 68
participants. The data showed that the average of subjective evaluation is: (1) the text
warning type includes two countries, China packaging (significance = 3.59, severity =
3.32, reduce smoking = 2.94); Japan packaging (significance = 3.25, severity = 3.00,
reduce smoking = 2.69). (2) The picture warning type includes four countries, Korea
packaging (significance = 4.21, severity = 4.25, reduce smoking = 4.09); Thailand
packaging (significance= 4.16, severity= 4.38, reduce smoking= 4.18); Russia pack-
aging (significance= 3.96, severity= 4.09, reduce smoking= 3.99); France packaging
(significance = 3.62, severity = 3.68, reduce smoking = 3.59).

The data trend showed that the picture warning design of HNB product packaging
design has stronger significance (3.99 points), severity (4.1 points) and reduce smoking
(3.96 points). The text warning design of HNB product packaging design has lower
significance (3.42 points), severity (3.16 points) and reduce smoking (2.82 points). The
result showed that compared with the text warning type, the warning design perceived
by the participants through the picture warning type are more significant and the severity
of smoking hazards, and for consumers to change their smoking attitudes and reduce
their willingness to smoke, as shown in Table 4, Fig. 9.
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Table 4. The average value of subjective evaluation (point)

China Japan Korea Thailand Russia France

Significance 3.5882 3.2500 4.2059 4.1618 3.9559 3.6176

Severity 3.3235 3.0000 4.2500 4.3824 4.0882 3.6765

Reduce smoking 2.9412 2.6912 4.0882 4.1765 3.9853 3.5882

Fig. 9. Subjective evaluation of health warning design

5 Conclusion

Traditional user testing methods and performance measurements may indicate that the
user has a problem or obstacle, but do not explain the “problem of why” or reveal the
implicit cognitive process. Researchers in the data age can make design decisions based
on data analysis. The development of quantitative data collection such as eye tracking
has changed theway researchers think and the research perspective of experience design.
Based on eye tracking method, we conducted an experimental design. The independent
variables were the presentation form of the health warning design (text warning, picture
warning). The dependent variable included the eyemovement data and subjective scores.
A total of 68 subjects participated in the experiment. The main findings of this study
were as follows:

(1) The presentation formof the healthwarning design significant affects the consumer’
visual attention. The AOI time to first fixation is shorter and higher visibility for
picture warning than text warning. The AOI first fixation duration is longer, and
can generate more first user engagements for picture warning than text warning.
The AOI total fixation duration of picture warning is longer than text warning, and
it is easier to attract the user’s visual attention. The AOI the second fixation time is
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longer in picture warning, and it stimulated more participants’ interest for picture
warning than text warning.

(2) The picture warning has stronger visual impact than text warning. The picture
warning is easier to stimulate the user’s pupil diameter.

(3) The presentation formof the healthwarning design significant affects the consumer’
risk perception. Picture warning allows participants to feel the significant and the
severity of smoking hazards more than text warning and it is easier for consumers
to change their smoking attitudes and reduce their willingness to smoke.

HNB product packaging regulations are constantly being strictly in the world. This
research could help academia to evaluate consumers’ risk perceptions of the health warn-
ing design and the mechanism of their psychological impact on consumers. However,
this study still has some limitations: (1) 77.94% of the participants were male, so the
feedback to female users may need to be further research; (2) the study based on the eye
tracking and Likert scale method. Future research may include other biofeedback mea-
sures, such as EEGand other physiological signal. Although this study has its limitations,
we hope that it can serve as a basis for the future research.
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Abstract. On the basis of previous researchers’ impact of image aesthetics design
on user purchasing behavior, this article uses classic aesthetics, performance aes-
thetics, S-Q-Randother theories from the perspective of user emotional experience
to classify products into search and experience types, and analyze its influence
mechanismon user emotional experience and purchase decision in different forms.
This article summarizes the questionnaire based on the related theories of APP
aesthetic design and user emotional experience in human factors engineering,
determine the independent variables (different types of aesthetic design: symmet-
rical simple, symmetrical complex, asymmetrical simple, asymmetrical complex)
and dependent variables (user’s emotional experience and purchase decision), and
the questionnaire survey dividesTaobaoAPP interface design into four types: sym-
metrical simple, symmetrical complex, asymmetrical simple, and asymmetrical
complex, and discusses using repeated measures two-factor analysis of variance.
Finally, it is concluded that the asymmetric design of search products can make
users have greater desire to buy, and the asymmetric and complex design of expe-
rience products can make users have greater desire to buy. The research results of
this paper are the perfection and supplement of APP emotional design and human
factors engineering theory and methods. The application of research results is of
great significance for guiding APP design, improving APP user experience and
enhancing APP competitiveness.

Keywords: Taobao APP aesthetics design · Expressive aesthestics · User
emotional experience · Purchase decision

1 Introduction

As of June 2020, the number of monthly active users of my country’s mobile Internet has
reached 1.155 billion, and the monthly active users of Taobao Tmall mobile reached 742
million, an increase of 119 million compared with last year. In the past ten years, with
the increasing number of online shopping users, various shopping apps have appeared
one after another. As the influential Taobao APP shopping software, if you want Taobao
online stores to continue to attract consumers under fierce market competition, interface
design is very important, and aesthetic design is an important part of interface design.
It allows users to resonate emotionally when they first see the app, and improves users’
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purchasing decisions on Taobao. Based on the actual situation, this paper uses question-
naires to get the influence of different types of aesthetic design on the user’s emotional
experience and purchase decision.

Han Fangfang [1] pointed out that aesthetics is getting more and more attention
in web design. Through questionnaire and observation methods, it is concluded that
the classic aesthetics of product pictures are negatively related to consumers’ arousal,
and performance aesthetics is positively related to consumers’ arousal; classic aesthet-
ics and performance aesthetics can improve consumers Comparing with the pictures
of functional products, the experience-based product pictures are more awakening to
customers, and the functional products pay more attention to customers, Yan Huimin
[2] experimental results show that the interface layout is a palace-like frame, and the
interface design with high brightness, saturation and light background has the highest
evaluation. Bhandari [3] proposed the influence of visual aesthetics on user evaluation.
The conclusion is that the underlying reasons for users to choose certain applications
are applications based on aesthetic evaluation and “emotional” responses. The downside
is that different categories bring different design types, and it is not absolutely certain
which emotions are at work; Huang Li [4] fully considered the user experience in the
process of APP interface design.Wang Lei and Guo Hang [5] showed that APP interface
design has a greater impact on user emotional experience.

At present, the research in this area is difficult to achieve the aesthetic design expected
by users. Few researchers compare symmetry and asymmetry in classic aesthetics. The
simplicity and complexity in performance aesthetics are compared, andmany researchers
have only proposed certain ideas, but they have not proposed specificmethods to improve
user emotional experience and purchasing decisions.

2 Method

2.1 Research Design

For this research, first, the purpose of the questionnaire survey is to understand the
impact of different types of aesthetics (classic aesthetics, performance aesthetics) of
Taobao APP interface on user emotions and purchasing decisions.

Independent variable: Different types of aesthetic design (symmetrical simple, sym-
metrical complex, asymmetrical simple, asymmetrical complex), Dependent variable:
user’s emotional experience, purchase decision.

The survey content is based on the assumption of certain price, quality and other
conditions, users need to buy two types of products: search-type products and experience-
type products (the photos of the products have been placed, and each is divided into
four types of aesthetic design, including symmetrical simple, symmetrical complex,
asymmetrical simple, non-Symmetrical and complex). The questionnaire includes a total
of 8 pictures, four of which are shown in the figure below (Fig. 1):

The purpose of this design is to ensure that users really need to buy the product, and
to exclude the influence of other factors such as price and quality. Investigate people’s
judgments on classic aesthetics and performance aesthetics, and if the judgment is the
same as the answer expected in your mind, the subsequent investigation is meaningful;
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Fig. 1. Four different types of pictures

Then investigate the relationship between the four aesthetic designs of each type of
product and user emotions and purchasing decisions.

2.2 Participants

Fig. 2. Geographical distribution of the questionnaire

In Fig. 2, It is known thatAnhui Province has the largest number of people completing
the questionnaire, with a rate of 57.52%; Hainan Province has the smallest number of
people completing the questionnaire, with a rate of 1.31%.
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2.3 Data Collection and Analysis

First, Investigate people’s judgments on symmetry and asymmetry, simple and complex,
and investigate the impact of the aesthetic design of pictures on users’ emotional expe-
rience and purchasing decisions; The questionnaire uses the “Wenjuanxing” website as
a research platform, and distributes the questionnaire through WeChat, QQ, Weibo and
other communication channels. In the end, 12 invalid questionnaires were eliminated.
We analyzed the data of 153 valid questionnaires.

After data collection, a reliability and validity analysis is performed and it is found
that Alpha= 0.981> 0.8, so there is no need to delete the data. The value of the correla-
tion between the revised item and the total is far greater than 0.3, and the questionnaire
data can also pass the validity test well, which reflects the authenticity and reliability of
the questionnaire.

The verification of the manipulated variables, and then uses the repeated measure-
ment two-factor analysis of variance method to obtain the influence of different types of
aesthetic designs on user emotions and purchasing decisions.

For experiential products and search products, users’ judgments on symmetry and
asymmetry, as well as simplicity and complexity:

Table 1. Experiential products -symmetrical and asymmetrical, simple and complex judgments

Aesthetic design type Average score for symmetry and
asymmetry

Simple and complex average
score

Symmetrical and simple 3.61 4.97

Symmetrical and complex 3.84 3.96

Asymmetrical simplicity 4.24 4.58

Asymmetric and complex 4.39 3.86

Table 2. Search products -symmetrical and asymmetrical, simple and complex judgments

Aesthetic design type Average score for symmetry and
asymmetry

Simple and complex average
score

Symmetrical and simple 4.24 5.06

Symmetrical and complex 4.48 4.16

Asymmetrical simplicity 4.73 4.99

Asymmetric and complex 4.48 4.18

The average score of symmetrical and asymmetrical, simple and complex judgments
varies from 1 to 7. The larger the number, the more it shows that it is consistent with the
default answer in your mind. In Table 1 and Table 2, it can be seen that the numbers are
all greater than 3.5. It is learned that users’ symmetrical and asymmetrical, simple and
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complex judgments of experiential products and Search products conform to their own
assumptions. Therefore, it is meaningful to study the influence mechanism of website
aesthetics design on purchase decision.

3 Result

3.1 Emotional Experience

The influence of experiential product and search-type product aesthetic design on emo-
tional experience is divided into the influence on happiness, relaxation, fun, and pleasure,
as follows:

For experiential product, after the within-subject effect test and analysis, the P value
of classical aesthetics (F value is 1.862 and the error df value is 152) is 0.174, and the P
value of performance aesthetics (F value is 6.222 and the error df value is 152) is 0.014,
both The P value of the interaction effect (F value is 2.24, and the error df value is 152)
is 0.137.

It is found that only the p-value of expressive aesthetics is 0.014< 0.05, so expressive
aesthetics has a significant impact on the user’s happy emotion. Because the performance
aesthetics has a significant impact on the user’s happy emotion. So there are the following
studies:

In the comparison of simple and complex aesthetic design to happy emotions, it is
found that the simple average value of performance aesthetics is 3.163, and the aver-
age value of complex performance aesthetics is 3.288. Therefore, complex designs in
performance aesthetics make people feel more happy than simple designs.

After the within-subject effect test and analysis, the P value of classical aesthetics
(F value is 6.055, the error df value is 152) is 0.015, and the P value of performance
aesthetics (F value is 5.074, the error df value is 152) is 0.026, two The P value of the
interaction effect (F value is 4.456 and the error df value is 152) is 0.036. It is found that
the P value of the three is less than 0.05, so the three have a significant impact on the
user’s emotion-easy. So there are the following studies:

In the comparison of symmetrical and asymmetrical aesthetic design to relaxed
emotions, it is found that the average value of symmetry in classic aesthetics is 3.271,
and the average value of asymmetry in classic aesthetics is 3.386. Therefore, in the
classic aesthetics, asymmetrical design is more relaxing than symmetrical design.

In the comparison of simple and complex aesthetic design to relaxed emotions,
it is found that the simple average value of performance aesthetics is 3.268, and the
average value of complex performance aesthetics is 3.389. Therefore, in the performance
aesthetics, a complex design is more relaxing than a simple design.

In Fig. 3, it can be seen that a simple asymmetric design will make users feel more
relaxed than a simple symmetrical design. Comparedwith a complex asymmetric design,
the difference between a complex symmetrical design and a complex asymmetrical
design on the user’s ease of emotion is not different. Big. When the symmetrical design
is gradually converted to asymmetrical design, the user’s ease of emotion is gradually
increasing.

After the within-subject effect test and analysis, the P value of classical aesthetics
(F value is 16.820, df value of error is 152) is 0.000, and the P value of performance
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Fig. 3. Interactive aesthetic design affects relaxed emotions

aesthetics (F value is 10.536, df value of error is 152) is 0.001. The P value of the
interaction effect between the two (F value is 0.005, error df value is 152) is 0.945. It is
found that the P value of both classic aesthetics and performance aesthetics is less than
0.05, and the P value of the interaction effect between the two is greater than 0.05.

Therefore, the classic aesthetics and performance aesthetics have a significant impact
on the user’s emotion-interesting, and the interactive effects of the two have no significant
impact on the user’s emotion-interesting. So there are the following studies:

In the comparison of symmetrical and asymmetrical aesthetic design to interesting
emotions, it is found that the average value of symmetry in classic aesthetics is 2.997,
and the average average value of asymmetry in classic aesthetics is 3.222. Therefore, the
asymmetrical design in the classic aesthetics makes people feel more interesting than
the symmetrical design.

In the simple and complex aesthetic design compares interesting emotions, it is found
that the simple average value of performance aesthetics is 3.010, and the average value
of complex performance aesthetics is 3.190. Therefore, in the performance aesthetics, a
complex design is more interesting than a simple design.

After the within-subject effect test and analysis, the P value of classical aesthetics
(F value is 7.110, the error df value is 152) is 0.008, and the P value of performance
aesthetics (F value is 3.103, the error df value is 152) is 0.08, ThePvalue of the interaction
effect between the two (F value is 0.063 and the error df value is 152) is 0.803. It is found
that only the p-value of classic aesthetics is less than 0.05, so classic aesthetics has a
significant impact on user emotion-pleasure; performance aesthetics and the interactive
effects of the two have no significant impact on user emotion-pleasure. Therefore, which
of the simple and complex aesthetic designs is more pleasant to the user.

In the comparison of symmetrical and asymmetrical aesthetic design to pleasure
emotions, the average value of symmetry in classic aesthetics is 3.167, and the average
value of asymmetry in classic aesthetics is 3.304. Therefore, asymmetrical design is
more pleasant than symmetrical design in classic aesthetics.

For search products, after an analysis of within-subject effects, the P value of clas-
sical aesthetics (F value is 455.057, error df value is 152) is 0.000, and the P value of
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performance aesthetics (F value is 450.803, error df value is 152) is 0.000, The P value
of the interaction effect between the two (F value is 450.387 and the error df value is
152) is 0.000.

It is found that the P value of the three is less than 0.05, so the three have a significant
impact on the user’s emotion-happiness. So there are the following studies:

In the comparison of simple and complex aesthetic design to happiness, the simple
average value of performance aesthetics is 3.598, and the average value of complex per-
formance aesthetics is 41.797. Therefore, a complex design in the performance aesthetics
will make users feel happier than a simple design.

In the comparison of symmetrical and asymmetrical aesthetic design to happiness,
it is found that the average value of symmetry in classic aesthetics is 41.810, and the
average value of asymmetry in classic aesthetics is 3.585. Therefore, symmetrical design
in classic aesthetics will make users feel happier than asymmetrical design.

Fig. 4. The influence of interactive aesthetic design on happiness

In Fig. 4, there is no difference between asymmetric and simple design and asym-
metric and complex design on the impact of user happiness. Symmetrical and com-
plex design makes users feel happier than symmetrical and simple design. Under the
premise of simple design, Symmetrical and asymmetrical design is irrelevant to the user’s
happy emotions. Only under the premise of symmetry, the user’s sense of happiness will
increase when the user changes from simple to complex.

After the within-subject effect test and analysis, the P value of classical aesthetics
(F value is 0.095, the error df value is 152) is 0.759, and the P value of performance
aesthetics (F value is 0.899, the error df value is 152) is 0.344, The P value of the two
interaction effects (F value is 0.483, error df value is 152) is 0.488. Because the P values
of the three are greater than 0.05, all three have no significant impact on the user’s
emotion-relaxed.

After the within-subject effect test and analysis, the P value of classical aesthetics (F
value is 0.726, error df value is 152) is 0.396, and the P value of performance aesthetics
(F value is 0.000, error df value is 152) is 1, The P value of the two interaction effects (F
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value is 0.027, the error df value is 152) is 0.869. Because the P values of the three are
greater than 0.05, all three have no significant impact on the user’s emotion-interesting.

After the within-subject effect test and analysis, the P value of classical aesthetics
(F value is 0.530, the error df value is 152) is 0.468, and the P value of performance
aesthetics (F value is 0.08, the error df value is 152) is 0.778, The P value of the two
interaction effects (F value is 0.029, and the error df value is 152) is 0.864. Because the
P values of the three are greater than 0.05, all three have no significant influence on the
user’s emotion-pleasure.

3.2 Perceived Attractiveness

For experiential products, after the within-subject effect test and analysis, the P value
of classical aesthetics (F value is 29.895, the error df value is 152) is 0.000, and the P
value of performance aesthetics (F value is 23.474, the error df value is 152) is 0.000,
The P value of the interaction effect between the two (F value is 9.411 and the error df
value is 152) is 0.003. It is found that the P values of the three are less than 0.05, so the
three have a significant impact on the user’s perceived attractiveness.

So there are the following studies:
In the comparison of symmetrical and asymmetrical aesthetic design to perception, it

is found that the average value of symmetry in classic aesthetics is 3.003, and the average
value of asymmetry in classic aesthetics is 3.294. Therefore, asymmetrical designs are
more attractive than symmetrical designs in classic aesthetics.

In the comparison of perception between simple and complex aesthetic design, it is
found that the simple average value in performance aesthetics is 3.003, and the complex
average value in performance aesthetics is 3.294. Therefore, the complex design is more
attractive than the simple design in the performance aesthetics.

Fig. 5. The impact of interactive aesthetic design on perception

In Fig. 5, it is found that a symmetrical and complex design gives users greater per-
ceptual attractiveness than a symmetrical and simple design. Asymmetrical and complex
designs and asymmetrical and simple designs do not have much difference in perception
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of attractiveness to users. In the transition from simple design to complex design, the
perceived attractiveness of users is increasing.

For search products, after an analysis of within-subject effects, the P value of clas-
sical aesthetics (F value is 1.209, df value of error is 152) is 0.273, and the P value of
performance aesthetics (F value is 1.227, df value of error is 152) is 0.273, The P value of
the two interaction effects (F value is 0.362, the error df value is 152) is 0.548. Because
the P values of the three are greater than 0.05, all three have no significant influence on
the user’s perceived attractiveness.

3.3 Purchasing Decision

The influence of search-type product and search product aesthetics design on decision-
making is divided into two types: the influence on meeting purchase requirements and
the influence on willingness to purchase, as follows:

For experiential products, after the within-subject effect test and analysis, the P value
of classical aesthetics (F value is 37.214, the error df value is 152) is 0.000, and the P
value of performance aesthetics (F value is 30.495, the error df value is 152) is 0.000,
The P value of the interaction effect between the two (F value is 9.076 and the error
df value is 152) is 0.003. It is found that the P value of the three is less than 0.05, so
the three have a significant impact on the user’s purchase decision-meeting the purchase
requirements. So there are the following studies:

In the comparison of simple and complex to meet purchase requirements, it is found
that the simple average value of performance aesthetics is 2.807, and the average value
of complex performance aesthetics is 3.137. Therefore, the complex design in the per-
formance aesthetics will make people feel that the product is more in line with their
purchase requirements than the simple design.

In the comparison of symmetrical and asymmetrical aesthetic design to meet pur-
chase requirements, it is found that the average value of symmetry in classic aesthetics
is 2.807, and the average value of asymmetry in classic aesthetics is 3.137. Therefore, in
the classic aesthetics, asymmetrical design makes people feel that the product is more
in line with their purchase requirements than symmetrical design.

In Fig. 6, users feel that the symmetrical and complex design ismore in linewith their
purchase requirements than the symmetrical and simple design, and the asymmetrical and
complex design is more in line with their purchase requirements than the asymmetrical
and simple design. In the transition from simple design to complex design, users feel
that products meet their purchase requirements are increasing.

After the within-subject effect test and analysis, the P value of classic aesthetics
(F value is 26.892, the error df value is 152) is 0.000, and the P value of performance
aesthetics (F value is 20.970, the error df value is 152) is 0.000, The P value of the two
interaction effects (F value is 5.156, and the error df value is 152) is 0.025.

It is found that the P values of the three are less than 0.05, so the three have a
significant impact on the user’s purchase decision-willingness to purchase. So there are
the following studies:

In the comparison of willingness to buy between symmetric and asymmetric pairs, it
is found that the average value of symmetry in classic aesthetics is 2.814, and the average
value of asymmetry in classic aesthetics is 3.114. Therefore, in the classic aesthetics,
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Fig. 6. The impact of interactive aesthetic design on meeting purchase requirements

asymmetrical design will make people more willing to buy the product than symmetrical
design.

In the comparison of simple and complex aesthetic design to willingness to buy, it is
found that the simple average value of performance aesthetics is 2.837, and the average
value of complex performance aesthetics is 3.092. Therefore, a complex design in the
performance aesthetics will make users more willing to buy the product than a simple
design.

Fig. 7. The impact of interactive aesthetic design on willingness to buy

In Fig. 7, it is found that symmetrical and complex design brings users greater
shopping desire than symmetrical and simple design, and asymmetrical and complex
design brings users greater shopping desire than asymmetrical and simple design. There
is a gradual shift from simple to complex, and the user’s purchase decision-willingness
to buy is also increasing.

For search product, after the within-subject effect test and analysis, the P value of
classical aesthetics (F value is 3.478, the error df value is 152) is 0.064, and the P value
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of performance aesthetics (F value is 0.823, the error df value is 152) is 0.366, The P
value of the interaction effect between the two (F value is 0.006, error df value is 152)
is 0.937.

Because the P values of the three are greater than 0.05, all three have no significant
influence on the user’s purchase decision-meeting the purchase requirements.

After the within-subject effect test and analysis, the P value of classical aesthetics
(F value is 6.178, the error df value is 152) is 0.014, and the P value of performance
aesthetics (F value is 2.702, the error df value is 152) is 0.102, The P value of the two
interaction effects (F value is 0.436, the error df value is 152) is 0.510. Because the P
value of the performance aesthetics and the interaction between the two is greater than
0.05, and the P value of the classic aesthetics is less than 0.05, the modern aesthetics
and the interaction effect of the two have no significant impact on the user’s purchase
decision-willingness to buy. Classic aesthetics has no significant impact on the user’s
purchase decision-Willingness to buy has a significant impact. So there are the following
studies:

In the comparison of symmetrical and asymmetrical aesthetic design to willingness
to buy, it is found that the average value of symmetry in classic aesthetics is 3.327,
and the average value of asymmetry in classic aesthetics is 3.441. Therefore, in the
classic aesthetics, asymmetrical design can make users have greater shopping desires
than symmetrical design.

4 Conclusions and Limitations

Through the research of the aesthetic design of Taobao APP on user emotional experi-
ence, it is found that there is a connection between aesthetic design and user emotion
and purchase decision:

1. For experiential products, users prefer asymmetrical and complex designs, asym-
metrical designs make users’ emotions more pleasant, asymmetrical and complex
designsmake usersmore perceptually attractive, Asymmetrical and complex designs
will also Increase users’ purchasing decisions;

2. For search products, symmetrical and complex designs will also feel happier, and
asymmetrical designs will give users greater desire to buy.

3. Aesthetic design has different emotional experiences and purchasing decisions for
different people.

The shortcomings of this research are: the content of the research only contains
a small part of the classic aesthetics and performance aesthetics. It only studies sym-
metrical design and asymmetrical design, simple design and complex design. If time
is sufficient, we will study classic aesthetics and aesthetics. Show other aspects of the
content to make the research content more complete. Aesthetic design is very important
to the interface design of Taobao APP, and its research results provide an important
reference basis for the interface design of Taobao APP.
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Research on Chinese Traditional Garden
Immersive Aesthetic Experience in the Era

of Artificial Intelligence
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Abstract. Artificial intelligence is the greatest opportunity ever faced bymankind
and is now permeated every aspect of our lives and is changing our future. Chinese
traditional garden is a comprehensive art hall of literary beauty, philosophical
beauty, painting beauty, architectural beauty, plant beauty and so on, and it is the
carrier that carries themost concentrated oriental style, which preserves the unique
“life imprint” of the Chinese nation and embodies the survival wisdom and life art
accumulated by the Chinese cultural elite. In the era of artificial intelligence, the
research and expression of immersive experience in traditional Chinese gardens
is very important.

Keywords: Traditional Chinese gardens · Immersive · Aesthetic · Experience

1 Introduction

Once the term “immersive experience” was born, it was quickly applied in various fields,
making people’s senses detached from the real world and pleasant and satisfying in the
current situation. The threshold for the immersion experience is rising, and in this day
and age, simple scenic tours, flat exhibitions, or traditional performances are becoming
increasingly difficult to satisfy the audience. The exhibition, exhibition and scenic envi-
ronment of traditional Chinese gardens urgently need to “seek new, change and upgrade”,
inject intelligent elements into the garden space, andmake cultural consumers get a richer
aesthetic experience through the “all-immersive” sensory feast.

Many places have joined the immersive experience, quickly become a popular net
red card, which can be seen the value of the immersive experience. At present, China has
become a large spending power for leisure and entertainment activities, as a comprehen-
sive art hall of Chinese traditional garden “flowbody IP” immersive experience prospects
can be spent. There is no shortage of precedents: Disneyland, for example, has brought
real entertainment to users through immersive experiences, aswell as huge economic and
brand benefits for Disney. In 2019, Disney’s Q3 media networking business generated
revenue of $6.713 billion, compared with $5.534 billion a year earlier; Among them,
parks and resorts accounted for more than 30% of total revenue, and increased by 3%
year-on-year. This reflects the business value and prospects of an immersive experience.
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Also such as Beijing SKP Immersive Shopping Center” shopping mall in November 14–
24, 2019 held an anniversary event, during which SKP single-store sales reached 1.01
billion yuan a day, in the context of the global new crown epidemic, China’s epidemic
prevention and control of the normal maintain, for all Chinese enterprises to create a
unique business environment. Under such circumstances, Beijing SKP will maintain
double-digit growth for the whole of 2020 and expects full-year results of about 17.5
billion yuan. In 2019, Beijing SKP single-store sales achieved 15.2 billion yuan, sales
output per square meter of single-store ranking the world’s first, single-store sales output
of the world’s second.

Compared with the industrial revolution that began in the 18th century, the now
ubiquitous artificial intelligence has gone far beyond the economic field and is moving
forward in the field of upper-level construction. People’s lives, learning, education, etc.
are integrated into the intelligent ecological system; the operation, management and
Internet of Things, cloud computing, big data, blockchain are closely linked; people
live in intelligent communities and smart cities where artificial intelligence is every-
where, fully enjoy the convenience of intelligent medical care, smart home, intelligent
transportation, intelligent travel; even in the face of natural disasters, people rely on
modern communication technology, smartphones, drone monitoring, GPS positioning,
life detector robots and other intelligent tools. There is no doubt that artificial intelligence
has opened up an unprecedented new era in human society, an era of social productivity
development that is completely different from the industrial revolution.

Throughout the history of garden development, the purpose of gardens of any era is
to serve people, and its form and style depend on the way of life, cultural orientation
and economic and technological level of people in this era. Chinese gardens are unique
in the world garden art, not only because of its extremely high ornamental value and
material wealth, but also because it transcends the basic needs of housing, embodies
the Chinese’s ideological pursuit and values, creates a good ecological environment,
the formation of a pleasant living space. It is good at discovering beauty in the daily
life environment, creating beauty and feeling beauty, emphasizing the unity of life and
aesthetic characteristics, full of ecologicalwisdom.However, as a valuableworld cultural
heritage, Chinese traditional gardens need to adapt to the era of artificial intelligence
with a new look, not only to retain the essence of traditional Chinese culture, but also
to enable young people in the A-I era to feel the charm of traditional culture. It’s not
enough to do this by relying solely on unchanging visits, exhibitions, and displays, and
to rely on the “immersive experience” of artificial intelligence to showcase the beauty
of the garden.

“Immersive experience” and VR, virtual reality are the hot words of the day “high-
tech”. In fact, almost everyonehas had a similar experience. Such asKTV, the lighting and
surround sound, it is easy to let people into the “singing” atmosphere; Fantasy movies,
realistic images call out, the audience feel the same way, creating a wonderful and
shocking view…Under the environment of artificial intelligence, we take the traditional
Chinese garden as the center, let the experience process revolve around the aesthetic
theme, use digital media means to create immersive scenic spots, theatres, exhibitions,
and feel the charm of “immersive” culture. For example, take 360-degree holographic
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ultra-high-definition laser projection equipment and VR realistic virtual reality tech-
nology, reproduce the traditional garden space holographic video image works, with
different themes and experience scenes, the garden life scene restored, visitors into the
exhibition area as if walking into the garden house of the literary Gauss, you can hear the
conversation of the people in the park, a total of bird flukes, rain banana, fish watching,
not happy. Bring the traditional culture, which seems to be “qu Gao and the widow”,
closer to the audience and create a “immersive experience” of traditionalChinese gardens
and a new “national tide”.

2 Pay Attention to the “Scripted” Immersive Experience
and Construct the “Narrative Space” of Traditional Chinese
Gardens

Immersive, the Xinhua Dictionary interprets it as: “Soak, immerse in water”. Multi-
figurativeness is completely in a certain realm or ideological activity, focused on some-
thing”. In the French dictionary Le Petit Robert, it is defined as “the act of immersing
the body in a liquid” and “the act of finding oneself in it without direct contact with its
surroundings”. Today, “immersion” means staying in an unknown situation for a certain
amount of time. This is actually a process in which individuals actively or passively
integrate into it, inextricably linked to the surrounding environment. In this process, the
individual is driven by the outside world at the same time as self-driven. The whole
body is involved in the situation also experienced a change of consciousness and loss.
It’s like playing a role in a play and connecting with other individuals in your surround-
ings. Immersive art is the art of immersing oneself in an unexpected effect and sensory
interaction. By activating the perception in our bodies, we further explore our bodies.

In recent years, there is no shortage of artists and experts and scholars on the study
of immersive art. For example, artist Miguel Chevalier argues that “immersion is the
central concept [1] of digital art” and Philippe Baudelot and Thierry Giannarelli argue
that “immersive art is aesthetic creation, and they create or rebuild the world with all
their senses” [2].

So what is “narrative space”? The term narratologies was proposed by the French
critic Grammaire du decameron in The Ten-Day Talk in 1969. It is an important concept
in the field of literature, which emphasizes the relationship between the expression,
content structure, form and meaning of the text, and is then introduced into many artistic
fields. In the narrative design expression of space environment and architecture, the
narrative structure is connected with the spatial structure, so that it produces the spatial
order of inner logic and meaning. Through time, the narrative main line and clues,
behavior patterns and narrative cultural symbols are spatially expressed, emphasizing
the communication of the narrator’s thoughts through the medium, establishing a certain
connection between time and space, and creating an immersive, resonant space and
environment. Narrative design is like directing a play, a film, the behavior of the whole
scene, the environment and events in full control, which requires that in addition to the
necessary functions, characters, but also have enough wonderful theme, script and plot,
in order to attract and move the viewer.
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As a form of attention to the world, aesthetic behavior connects people with objects.
The space constructed by immersive art subverts the sense of time and space and the
traditional aesthetic experience, and greatly broadens the aesthetic dimension. From the
point of viewof artistic viewing, it can arouse people’s deep perception in an environment
with aesthetic experience. Like Beijing SKP-S, this new, futurist, sci-fi immersive three-
story commercial space tells the story of a “100th anniversary of the successfulmigration
ofmankind toMars” through space design. The theme of “Digital-Analog -NotComing”
creates a “sci-fi world”-like shopping scene (Fig. 1).

Fig. 1. SKP-S’s entrance to “Mars” space

Here, likeEarth’s humanentrance toMars, it presents “the reverie of humanmigration
to Mars” and tells the story of a “human landing on Mars”.

The first creation is “Future Farm” in collaboration with SKP X Gentle Monster, on
the left hand side is a simulated sheep ring, a group of sheep with fake real sheep vividly
presented in a traditional sheep ring, lamb nose lips pink, belly uniform ups and downs,
regular breathing, each sheep has its own different delicate expression and movement,
occasionally make a cry, auspiciously eat grass, only next to the robot arm to remind the
audience that they are a group of machine bionic sheep. On the right hand side is the
mechanical sheep area. The sense of conflict between the two regions foreshadows an
upcoming dialogue between reality and the future. Step by step to guide customers to
immersive interpretation (Fig. 2, Fig. 3).

SKP-S’s digital use of digital technology to create a retail experience scene, com-
pletely refresh people’s awareness of department stores, modern retail, and even immer-
sive experience scene, but also for the “scripted” immersive experience narrative space
provides a textbook case.

Chinese traditional garden itself is the perfect cultural and artistic space, carrying the
Chinese cultural elite group’s concept of life, such as the “Garden of theMillionGarden”
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Fig. 2. SKP-S “Future Farm” and bionic sheep

Fig. 3. Deconstructed mechanical sheep

known as the Chinese Royal Garden Yuanmingyuan, once furnished with countless
bronze, ceramics, jade and other artistic treasures and a large number of precious books;
The existing 40-view view of Yuanmingyuan and poems can be seen (Figs. 4, 5 and 6).

There are also Suzhou private home forest famous park lion forest, according to
ancient records, the lion forest temple has been renamed Bodhi authentic temple, The
Temple of Saint En. At the end of the Yuan, the monks were like disciples of the Zen
Master for the residences they had built. The name of the garden is the meaning of Leo
in the Buddhist scriptures. In the garden, the fake mountain meanders and is interesting
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Fig. 4. Scenes taken by foreign photographers before Yuanmingyuan was burned down

Fig. 5. The forty-view view of Yuanmingyuan is in full light

to the water. Lion Forest’s fake mountain is the only remaining garden fake mountain
representative in Chinese classical garden-making technology. It has great historical
value as well as artistic value. Lion Park false mountain through the simulation of human
body, animals, Buddha statues, will be a variety of Buddhist stories in the mountains,
to achieve the purpose of rendering the Buddhist atmosphere, this kind of unrecosted
practice is very consistent with China’s ancient advocacy of the concept of “the one
of heaven and man”. Garden Zen is full of meaning, but also in Jiangnan garden is
extremely rare temple garden (Fig. 7).

Such as the above existing Chinese traditional garden cases are numerous, each
garden has a unique history and story, the use of “scripted”, “narrative space” to create
a method, so that the viewer immersed in the unique story of the garden, scenes, in the
garden’s cultural interpretation and aesthetic experience will be qualitatively enhanced.
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Fig. 6. Yuanmingyuan is bright 3D recovery map

Fig. 7. Lion Lin Shengjing

3 Highlight the Immersive Experience of “Science and Technology”
and Give Full Play to the Advantages of “Flow Body IP”
in Traditional Chinese Gardens

The fusion of space, narrative and scene constitutes the best immersive experience. The
addition of IP operations will make immersive projects more thematic. The traffic from
the famous IP will help the immersive experience “Green Cloud Up”. The so-called IP,
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in fact, is the cultural accumulation to a certain level after the output of the essence,
with a complete world view, values, have their own vitality. Can be called IP, such as the
United States Disney, Marvel, World of Warcraft, Lord of the Rings; The focus is not
just on IP themes, but on the thousands of fans who stand behind IP and their spending
power.

TheWizardingWorld of Harry Potter, located at Universal Studios Japan, is a classic
example of the reality of film and television and game IP. TheWizardingWorld of Harry
Potter is the place where fans around the world get stuck. It consists of Hogwarts Castle,
The Village of Hogsmod and taboo forests, as if crossing into the wizarding world of
Harry Potter. Among them, Harry Potter’s Taboo Tour project, using 4K holographic
technology, allows visitors to hover over Hogwarts at a rapid pace, accompanied by a
gorgeous lighting experience of a stimulating flying experience. And in “The Duke of
Honey” there are countless boxes with wands, you can buy the wand used by any of the
characters in “Harry Potter”, you can also experience the “magic wand selection wizard”
classic scene, attracting a large number of tourists (Fig. 8).

Fig. 8. The Wizarding World of Harry Potter at Universal Studios Japan

And theworld’s firstVR themepark, TheVoid,whose surreal extremeVRexperience
is known as “the strongest entertainment facility on the surface”. The Void uses VR
technology to blend with architecture for the best experience of gaming, with director
Spielberg praising “Woah, that was a great adventure! This is a wonderful adventure!”.

The Void captures the user’s motion trajectory all over the body, and the planks and
stones touched in reality can be key props in the virtual world; And its “redirect walk”
will deceive your motion senses, in the virtual world you may have gone through several
bends, but in reality still take a straight line. The Void Technology and the adventure of
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an immersive VR experience allows everyone who comes to experience it to marvel at
the most (Fig. 9).

Fig. 9. The Void high-tech theme park VR virtual experience

For a city, a large theme park has a strong pull effect on the city economy. In recent
years, the Great Wall, Temple of Heaven, Summer Palace, these ancient historical build-
ings after thousands of years of “shake-up”, to a younger and more fashionable image
appeared in front of people, the original appears to be “high and widowed” traditional
culture close to the audience, so that cultural relics “high” and not “cold”, grounding gas,
human touch, not old-fashioned, new enough, the cultural charm in the ancient history
immersed in the heart.

Chinese traditional garden is a comprehensive art hall of cultural beauty, philosophi-
cal beauty, painting beauty, architectural beauty, plant beauty and so on, bearing themost
concentrated and elegant carrier of oriental style, it preserves the unique ‘life imprint’
of the Chinese nation, reflecting the survival wisdom and life art accumulated by the
Chinese cultural elite [3]. The connotation of Chinese traditional gardens in China and
the United States is rich and diverse, and the garden space created by them embodies
the characteristics of harmonious unity between the living environment and the natural
ecological environment. It can be said that “advocating nature, the pursuit of the beauty
of heaven, the expression of natural landscape interest, the pursuit of things I blend,
things I have the same mood beauty is the connotation of China’s traditional garden eco-
logical view” [4]. Gathers the beauty of a full natural ecology. Green plant space has also
gained new vitality under the support of science and technology and art. For example,
at the Desert Botanical Garden in Phoenix, Arizona, artist Klip Collective incorporates
projection andmusic into the desert botanical garden landscape, breaking the boundaries
between people and plants and making them instantly alive, creating an immersive tour
of the desert botanical gardens (Fig. 10).
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Fig. 10. Desert botanical garden in Phoenix, Arizona, USA

As a world-renowned high-quality IP, in the garden space implanted “science and
technology sense” immersive experience, play the traditional Chinese garden “flow body
IP” advantage is the future direction of development. The young cultural consumers of
the future are unique, aesthetically diverse, like to explore, like to express themselves,
and IP immersive experience is precisely to meet this point.

4 Solidified “Perceived” Immersive Art, the Discovery
and Re-design of the Aesthetic Experience of Traditional
Chinese Gardens

People are more accustomed to feeling the real things in front of them, this feeling does
not need any auxiliary conditions, is naturally produced. However, perception is deeper
than sensation, and it usually occurs after a mental or physical response and is the accu-
mulation of deep emotional experiences. So can people’s perception and understanding
of the world around them be acquired in the process of aesthetic experience? As one of
the forms of attention to the world, aesthetic behavior connects people with objects, and
its support for satisfaction falls within the category of perception. From the point of view
of artistic viewing, immersive experience subverts the aesthetic cognition of time, space
and tradition, and the aesthetic dimension is greatly increased, thus triggering profound
perception.

Aesthetic experience belongs to a specific way of thinking in immersive art. Because
it returns to the direct relationship between the body and the world, people pay more
attention to the perceived world, thus triggering the visitor’s experience of space. Cre-
ated by the Japanese team TeamLab, “Flower Dance Forest and Future Paradise” is the
use of new media technology to place people in the illusion of light, shadow, sound
composition of the space, from hearing, vision, smell, touch to feel an immersive inter-
active experience. Participants can interact with the elements in the exhibit, experience
different scenes, and create their own “world” (Fig. 11).
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Fig. 11. Flower dance forest and future paradise
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Man is part of nature, “and any living space can evolve through interaction and
evolution”. If immersive experiences emphasize perception, further reveal people’s
interactions with their surroundings, their coexistence with others, and their interactions.

4.1 Build a Delicate Relationship with the World by Creating an Immersive
Art Space in Traditional Chinese Gardens

In the garden, an immersive installation is adopted to bring the viewer into focus and
connect his surroundings with his or her emotional changes, resonating with them to
complete the work together, which is a place of spatial experience. We can imagine that
in this, from the cultural background to the landscape of the garden, to the grass and
wood, like a picturesque display of the beauty of the garden, the work of creation. Being
in it, the most subtle movements will affect the whole landscape. Everyone is an artist
involved in life, creation, and perception through external devices. As a result, people’s
bodies have become involved in the garden world, opening the door to perception and
synchronizing with it. As a result, the viewer is more sensitive to the connection with
other environmental factors around him, which strengthens the aesthetic experience and
increases happiness.

4.2 Explore the Three Key Points of Creating an “Immersive” Space
in Traditional Chinese Gardens

Location - subject - Process is the three main factors that make up the immersion mode.
Location - Where, this is the first question of “immersion”. It should be a huge

environment that can envelope the audience, or a real environment (natural landscape,
exhibition halls, theatres, etc.), or a virtual world.

The subject - who, refers to the audience in the scene, more precisely, should be the
“subject”, because it can be the human body. Or by digital technology to create virtual
characters, the innate of human beings. It can interact with people’s bodies through
virtual devices.

Process - How, it’s an experience of immersive processes that should be as natural
as possible and not interrupted.

4.3 Classification of Chinese Traditional Garden Immersive Aesthetic Experience

The way of immersion can be broadly divided into three categories in the field of art:

(1) True way to immerse yourself. Immerse yourself in real-world environments such
as immersive exhibitions, cinemas, theatres, etc. In the field of art, such as theatre
or exhibition, immersion is the interactive space provided to the audience, which
involves the physical, psychological and emotional participation of the object in
the physical environment, directly by its environment to activate the main body’s
attention.

(2) Virtual immersion. Virtual characters are immersed in virtual environments, such
as virtual reality. With technology and virtual devices, visitors are immersed in
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virtual environments created by digital technology and re-question the relationship
between perceived objects and the environment. This kind of immersion has certain
ability of expansion, because it breaks the space and time limit, presents the things
that are not seen by people, and stimulates people’s imagination.

(3) The immersive way of combining reality with virtuality. Such as holographic
technology, augmented reality. This immersion is somewhere between the first two
immersion experiences, and it enhances the virtual immersion in the real world.
For example, in 2010, the Japanese virtual idol first sound future 3D holographic
projection form concert.

To sum up, in the traditional Chinese garden to create immersive space art, “im-
mersive experience” gives people a different sensory stimulation from traditional
media, greatly improve the aesthetic experience of the viewer, with great prospects
for development.

5 Conclusion

An artificial intelligence study wrote in such a literary stroke: “If time were to go back
500 years, how would you tell the world of today to the people of the time?” At that
time, Gopani had just published the theory of the sun, Galileo was throwing iron balls
at the Leaning Tower of Pisa, and Wu Cheng-en was writing “The Travel of the West”
with a brush.We seem to have entered an immersive era of “all things can be immersed”,
the long history of Chinese civilization, prosperous cultural works never lack of mellow
“good wine”, “immersive experience” is such a “good-looking bottle”, it can be written
in ancient books, displayed in the vast land of the heritage are alive, really close to our
lives, become our cultural life and spiritual world of an oasis.
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