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Metaverse and Innovative Design
——A Speech at the Inaugural Meeting of ISDS-Meta

ZHOU Wuzhong

Professor of School of Design, Shaghai Jiao Tong University

President of the International Society for Design Science

Distinguished Moderator Professor Wan Yin⁃
sheng, Ladies and Gentlemen!

ISDS-Meta was established through the joint

efforts of all. On behalf of the ISDS Presidium, I

would like to express warm congratulations for

the establishment of ISDS- META and sincere

thanks to President Zhang Dong, six Vice Presi-

dents Lu Xiaoxin, Zhou Zhiying, Chen Pu, CAI

Qingqing, Zhao Hui, Yang Zili and Secretary

General Wang Xiaowen! Without your under-

standing and support, it would not have been pos-

sible for ISDS-Meta to complete the preparations

in such a short period of time. Special thanks al-

so go to the VSWORK team, for preparing the

Meta Room for us, which made our inaugural

meeting more professional, demonstrative and

meaningful.

In 1992, Neil Stephenson described a surreal-

istic three- dimensional digital space parallel to

the real world in his novel Avalanche, and pro-

posed the concepts of“Metaverse”and“Avatar”,

which are recognized as the official proposer of

metaverse. In 2020, the COVID-19 has swept the

world, the online operations in various fields

have increased significantly, and there is a ten-

dency to become the norm. The year 2021 is the

first year of the Metaverse, and it is also the year

of development when human beings start to mi-

grate from the real dimension to the virtual

world. From Roblox, a sandbox game platform,

being the“first meta- universe stock”, to Face-

book officially changing its name to Meta shortly
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afterwards, leading to a surge in“meta- universe

concept stocks”, the meta- universe boom has

sparked a lot of“curiosity and ambition”. Howev-

er, as Meta’s stock price plummeted in February

this year, the overzealous enthusiasm for the

metaverse began to fade, and people began to

wonder what the true value of the metaverse was.

It was during this“sanity and exploration”phase

that we at ISDS stepped in and planned ISDS-Me-

ta, a timely move, so to speak.

First, the establishment of ISDS- Meta is in

line with the purpose of the ISDS and the essence

of Shanghai Declaration on Design Science.

When ISDS was founded, I talked about explor-

ing science for design, and this article became

the inaugural word of International Journal of De-

sign Science. Design is one of the earliest practi-

cal activities of human beings, and it promotes

the development and progress of human society.

With the advent of the“Great Design Era”, the

role and influence of design in human life is ev-

erywhere. Design has become and will be a huge

industrial system in the future, with attractive de-

velopment prospects. And will speed up the pro-

cess of human society development.

As a disciplinary group consisting of multi-

ple art-related majors, design science encompass-

es all art- related design activities today. The

scope of design is not limited to the fields of hu-

manities and arts, but also includes a wide range

of natural sciences and engineering science and

technology. As a special art discipline with inno-

vative and leading value between the humanities

such as philosophy and technical sciences such

as engineering, design is also an emerging inter-

disciplinary subject that naturally fits the future

development trend of human society and the

needs of today’s development, it integrates multi-

ple attributes of art, science, technology, humani-

ties, society, and commerce. At present, all coun-

tries have pushed the design industry to an un-

precedented height of industrial development and

social prosperity. In order to achieve these grand

goals, not only a high- end design talent team

armed with forward-looking design theory and in-

ternational standard design cases is needed, but

also new design ideas and innovative research

thoughts. The Metaverse is a new wind and a

dose of fresh blood blown by the world today for

international design science.

The hierarchical structure of the virtual

world is complex and with many components, so-

cial governance is difficult, supporting technolo-

gies are constantly updated, and the integration

of virtual and real is unpredictable. In 2018, at

the first annual meeting of ISDS,“International

Symposium on Regional Revitalization and Ho-

listic Design”, we proposed the concept of“holis-

tic design”, which is a design methodology based

on Complex Adaptive Systems(CAS) or Com-

plexity Science. Using the holistic design think-

ing and the design concept of“harmony between

production, living and ecology”, accelerate the in-

tegration and innovation of“design”and“indus-

try + life + environment”, and build a new land-

scape. This is not only the direction of the efforts

of the innovative design discipline group of

Shanghai Jiao Tong University, but also makes it

possible for design science to be one of the back-

bone forces in building the meta-universe edifice.

As early as the early 1990s, Qian Xuesen, a

predecessor of Shanghai Jiao Tong University,

noticed“Virtual Reality”while reading literature

and named it“Spiritual Realm”. Qian Xuesen at-

taches great importance to the“spiritual Realm”

technology. In his letters to Dai Ruwei, Wang

Cheng, he predicted that“Spiritual Realm”tech-

nology is another technological revolution after

the computer technology revolution. It will trig-

ger a series of changes that will shake the world.

It must be a major event in human history.”We

advocate the establishment of ISDS- Meta today,

which is also a kind of nostalgia for Qian Xue-

sen, the“Father of the Metaverse”.

Secondly, designers should grasp the oppor-

tunity of meta- universe development and do a

good job in innovation and design. Metaverse-

based innovation, design and application in-
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volve: meta finance, meta real estate, meta archi-

tectural design, meta museum, meta hardware

(VR AR, etc.), meta communication, meta biolo-

gy, meta industry/manufacturing, meta business,

meta games, meta film and television entertain-

ment, meta cultural tourism, meta artificial intel-

ligence, meta big data, meta management/consult-

ing, meta scientific research, meta energy, meta

urban governance, meta agriculture, meta media,

meta transportation and logistics, meta public

health, meta education, etc. , there is a lot to ex-

plore and a lot of job opportunities created. It is

hoped that senior experts, research scholars, and

enterprise pioneers from the fields of art, design,

science, and humanities, especially college teach-

ers, undergraduate students of related majors,

will jointly discuss the contents of the metaverse

and innovative design, and promote the develop-

ment of the design discipline process and the im-

provement of the theoretical system of design.

Thirdly, ISDS- Meta should plan the interna-

tional affairs of the metaverse business from a

global perspective based on the height of all man-

kind. Gartner predicts that by 2026, 25% of the

world will spend an hour a day in the metaverse,

which will be a huge opportunity. Nowadays, peo-

ple from all fields are constantly enriching the

meaning of the metaverse in their own way, and

the“metaverse”is making great strides towards

us. In this situation, we hope that we can call on

and encourage design talents in related fields to

meet challenges in the new environment of the

Metaverse, create new design logic, design sys-

tem, and design method, utilize the design to

build the scene, and make use of the innovation

to promote the metaverse’s development, at the

end become the first- generation metaverse de-

signer. Our representatives who participated in

the launch and attended the inauguration ceremo-

ny of ISDS- Meta today are all experts in the

fields related to the metaverse, with superb

skills, successful careers and prosperous enter-

prises. We can come together, and I don't think

anyone here will do it for their own selfish inter-

ests. Each representative who spoke just now

gave a very good and wonderful speech combin-

ing their own expertise and understanding of the

metaverse. I hope that ISDS-Meta, under the lead-

ership of you, will stand at the height of all hu-

man beings, position itself at a high point, con-

centrate and forge ahead in a pragmatic manner,

and contribute to the construction of the Meta-

verse Building in accordance with the“world vi-

sion and international standards”.

Thank you all!
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Reason and Inquiry: ISDS-Meta was established

XU Yuanyuan, RUI Ying, CHEN Zhixian

International Center for Design Science, Shanghai Jiao Tong University 200240 Shanghai China

ISDS- Meta, was established in both Rhode

Island and Shanghai on March 28, 2022. The in-

augural meeting of ISDS-Meta was held in an IS-

DS Metaverse conference room commensurate

with the organization's functions. Dr. Wan Yinsh-

eng, Secretary general of ISDS and Chairman of

Rhode Island Chinese Professors Association,

presided over the meeting. He first announced

the decision of the Presidium of ISDS on the es-

tablishment of ISDS- Meta, and read out the list

of President, Vice president and Secretary gener-

al. He also talked about his understanding of the

metaverse, Metaphysics is the combination of the

metaverse and physics, a branch of philosophy

that deals with the first principles of things, in-

cluding abstract concepts such as existence, cog-

nition, matter, reason, ontology, time, space. Wan

noted that the metaverse research is relatively

new, but generally considered worthwhile. ISDS

is now ready to establish a branch, ISDS-Meta, to

facilitate dialogue between artists, computer sci-

entists, augmented reality, virtual reality, mixed

reality, extended reality or AR/VR/MR/XR tech-

nologists and philosophers.

Wang Xiaowen, Secretary general of ISDS-

Meta, read out the“Working Regulations of the

ISDS-Meta”(ISDS-Meta Charter). In view of the

fact that the metaverse is an novelty, and related

researchers and research institutions are scarce,

the leadership members of the first council (list

attached) implement an appointment system with

a two- year appointment period, and will transi-

tion to an electoral system when conditions are

ripe.

President Zhang Dong made a statement,

“Metaverse, as the next generation of immersive

internet has”design + technology, is at its core.

We need to design the ecological system for meta-

verse, learn to understand its key technologies

and shape the innovative model of the metaverse.

Moreover, we need to focus on the service and

products of the metaverse, with industry, con-

sumption, cultural tourism, art, and social gover-

nance as the prominent domains used to serve the

metaverse cities, serve the metaverse industrial

base and build the overall metaverse industrial

ecology.”

Lu Xiaoxin and six other vice Chairmen de-

livered speeches successively.Lu Xiaoxin,“The

combinative effect of new and old technologies,

such as blockchain, AR, VR, sensor, camera and

5G network, has promoted the generation of meta

universe, which is a brand new form when the

mobile Internet is upgraded. The people can en-

ter the same virtual scenario along with their

friends and interact without any obstruction. In
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terms of publishing and broadcasting, the people

can enter any reading scenario; when an author is

reading his work aloud, his readers can enter the

scenario, ask him questions and interact with him

at any time, just as attending a reading sharing

session.”

Zhou Zhiying,“The application scenarios of

the industrial metauniverse can cover the whole

process from research and development to after-

sales service, guiding and promoting industrial

process optimization, cost reduction and efficien-

cy improvement from“virtual” to“real”. AR

technology is the core technology of the meta-

universe, and also one of the key technologies in

the industrial field of intellectual transformation

and digital transformation. It is shaping the struc-

ture of traditional manufacturing industry from

different aspects, including manufacturing equip-

ment, maintenance, practical operation training,

production services and other industrial scenes.

MXR company is committed to providing indus-

trial enterprises with digital vocational skills

training, digital process guidance, digital equip-

ment maintenance and remote assistance, digital

product interpretation and virtual exhibition hall

and other solutions. Through the AR technology

of the universe, it enables industrial enterprises

to transform their intelligence, reduce costs and

increase efficiency.”

Chen Pu,“The Metaverse is the next signifi-

cant development in global communications. Al-

though even experts find it difficult to agree on a

concise definition for the modern Metaverse, the

concept will remain one of the biggest buzz-

words in tech for the near future. In Microsoft’s

annual Work Trends Index survey, as shown in

the graph, 51% of respondents believe they will

be doing at least some work in a Metaverse envi-

ronment within the next two years, and many are

open to this idea. Of all 31, 102 respondents to

the Microsoft survey, only 16% could not imag-

ine working in Metaverse in the future.”

Cai qingqing,“As the basic technical condi-

tions of the meta- universe become more and

more mature, we should think more about the ap-

plication scenarios of the meta-universe. Only by

constantly creating meaningful value for human

beings and creating scenarios in which the value

can be exchanged and cashed out, can the meta-

cosmic system have sufficient motivation to con-

tinue to develop. From the perspective of the con-

sumer market, we have seen some excellent meta-

verse applications that cater to and satisfy the val-

ue needs of consumers in entertainment attri-

butes, emotional level, social affiliation and oth-

er aspects. But the exploration of the meta- uni-

verse has just begun, and the future of the meta-

universe is worth looking forward to!”

Zhao Hui,“Hello everyone, I am Zhao Hui

from the AI+Marine Science and Technology In-

novation Center. We are a technological innova-

tion platform focusing on the marine industry.

Shipbuilding and Oceanography is a huge interna-

tional application scenario. With the promotion

of intelligence and digitalization to the marine in-

dustry, It has promoted the birth of smart ships

and smart oceans, and the combination with AI,

big data, and digital twins is getting closer and

closer, such as the simulation of ship types and

sea conditions in the process of ship design, intel-

ligent operation and deployment in international

shipping, marine ecology and intelligent deduc-

tion of climate, etc. At the same time, we also

found that the combination of the metaverse and

the ship- sea scene is very imaginative: 1. Ocean

Culture and Tourism + Metaverse: The combina-

tion of ocean history and culture and the meta-

verse, an Ocean- themed metaverse. For example,

a luxury cruise company entrusted us to connect

with the metaverse technology, and proposed the

concept of“cruise metaverse”, so that customers

on board and ashore can interact, enhance the

sense of experience, and enhance the stickiness

of tourists.2. Metaverse + High Seas: The high

seas are not subject to the jurisdiction and sover-

eignty of any country in international law. Ameri-

can investors are designing and building a mari-

time city that operates on the high seas, which is
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not regulated by the laws of any country, and

transactions that take place on it use virtual cur-

rency.”

Yang Zili,“The term of“Metaverse”was

first appeared in a science fiction novel in 1992.

Thirty years later, the concept appeared in the

prospectus of Roblox (a sandbox gaming plat-

form) in 2021, hence, it is called the first“Meta-

verse”stock. Shortly thereafter, Facebook offi-

cially changed its name to“Meta”, which is fur-

ther attracting the attention of“Metaverse”in the

global investment markets and industry. Al-

though still in its initial conceptual stage, the

“Metaverse” has already occupied the topical

subject in the industry, academia, governments

and capital markets around the world. The“Meta-

verse”is like a car that doesn’t know its limit

speed and is revving up to go. It is believed that

with the development and matures of technology,

market mechanism and relevant supporting poli-

cies and regulations, the“Metaverse”will com-

pletely overturn our current cognition, just as mo-

bile phone to smart phone, offline payment to Ali-

pay and other great changes to our life mode. Let’s

get ready for it.”

Kong Fanqiang, deputy secretary general of

ISDS, Deputy Director of ICID-SJTU, and Depu-

ty Director of Design Department of Shanghai Ji-

ao Tong University also made a speech at the

meeting”. Metaverse under the new technologies

such as extended reality(XR), blockchain, cloud

computing, digital twin, etc., which will realize

the integration of virtual and real Internet applica-

tions and social forms, and realize the improve-

ment of social governance from communities to

cities by transforming entities, real scenes, and

facts into digital-driven blockchain scenarios.”

Zhou Zhicheng, deputy secretary general of

ISDS and Lecture of College of Fashion and De-

sign Donghua University, who attended the meet-

ing, believed that In the recent deep process of ur-

banization, civil architecture and landscape de-

sign industry suffers a slow growth, and even

tends to be saturated in many local areas. Obvi-

ously both China’s design industry and design re-

search community are facing such realistic prob-

lems. The implementation of the national policy

“Rural Revitalization”has opened up new space

for designers, but with limited conditions and re-

sources it needs a long time to make changes.

Meanwhile the severe modern public health and

security issues such as COVID- 19 have also led

to a negative impact. The new ideas such as the

combination of online and offline and the migra-

tion of real life to the virtual world embedded in

the popular concept of“Metaverse”provide us

with new design dimensions and inspirations,

and the expansion of virtual reality design based

on a fairly realistic basis is absolutely not“castle

in the air”. The establishment of ISDS-Meta pro-

vides a good platform, a broad stage and a wider

opportunity for the majority of colleagues in the

design field. We need to devote ourselves to the

new design- practice field with the“Metaverse”

thinking which is open, flowing, transforming

and involving multiple parties.

At the end of the inaugural meeting, Profes-

sor Zhou Wuzhong, Chairman of ISDS and Direc-

tor of ICID-SJTU, gave a speech entitled“Oppor-

tunities and Challenges, Metaverse and Innova-

tive Design”. On behalf of the ISDS presidium,

Professor Zhou first expressed warm congratula-

tions and sincere thanks to the establishment of

ISDS- Meta and Chairman Zhang Dong, Lu Xia-

oxin, Zhou Zhiying, Chen Pu, Cai Qingqing,

Zhao Hui, Yang Zili, Secretary General Wang

Xiaowen, etc. Special thanks to the VSWORK

team for preparing the Meta Room for this confer-

ence, making the inaugural conference more pro-

fessional, more demonstrative and meaningful.

Zhou Wuzhong believes that the establish-

ment of ISDS-Meta is in line with the purpose of

the ISDS and the essence of Shanghai Declara-

tion on Design Science. The ISDS needs new de-

sign ideas and innovative research thoughts. The

Metaverse is a new wind and a dose of fresh

blood blown by the world today for international

design science. The hierarchical structure of the

6
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virtual world is complex and with many compo-

nents, social governance is difficult, supporting

technologies are constantly updated, and the inte-

gration of virtual and real is unpredictable. In

2018, the concept of“holistic design”proposed

by the“International Symposium on Regional Re-

vitalization and Holistic Design”as the first an-

nual meeting of the ISDS provided a possibility

for the construction of the Metaverse Building.

Today’s advocacy for the establishment of ISDS-

Meta is also a kind of nostalgia for Qian Xuesen,

the predecessor of Shanghai Jiao Tong Universi-

ty,“Father of the Metaverse”.

Zhou Wuzhong pointed out that the craze of

the metaverse has triggered people’s“curiosity

and ambition.”However, as Meta’s stock price

plummeted in February this year, the hype over

the metaverse began to fade, and people began to

wonder what the true value of the metaverse was.

It was at this stage of“reason and inquiry”that

ISDS began to intervene and planned the ISDS-

Meta, which can be said to be a timely move. Ac-

cording to Gartner, by 2026, 25% of the world

will spend an hour a day in the metaverse, which

will be an enormous opportunity. The“Meta-

verse”is making great strides towards us.

In this situation, Zhou Wuzhong hoped that

designers should seize the development opportu-

nities of the metaverse, meet the challenges in

the new environment of the metaverse, create

new design logic, design system, and design

method, utillize the design to build the scene,

and make use of the innovation to promote the

metaverse’s development,at the end become the

first- generation metaverse designer. The Meta-

verse Research Association should plan the inter-

national affairs of the metaverse business from a

global perspective based on the height of all hu-

man beings, contribute to the construction of the

Metaverse Building, and make more contributions.
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1 Introduction

Being one of the world’s largest industries

by benefitting both economy and society, tourism

comes at a high environmental cost. For a long-

term growth and the prosperity of the global com-

munity and tourism industry, tourism must be-

come more environmentally friendly. This can be

achieved either by increasing sustainable tourism

supply or by fosteringtourists’eco- behaviour

(Miller et al., 2015). Since technological and reg-

ulatory solutions on the supply side appear to be

insufficient (Gössling et al., 2010), the focus has

therefore shifted to fostering tourist eco- behav-

iour instead (Budeanu, Miller, Moscardo & Ooi,

2016).

Eco- behaviour during tourism is vital to re-

duce the negative environmental impact of the

global tourism industry. According to Juvan &

Dolnicar (2017), tourists’eco- behaviour can be

either coincidental or intentional. Coincidental

How gamification design influences motivation for eco-behaviour during
tourism in multicultural Malaysia: Development of model and hypotheses

Rosmadi, Amalia1, Jamali, Siti Salmi2, Zhou, Wu Zhong3

1,3International Centre for Innovation and Design School of Design, Shanghai Jiaotong Universi-

ty, 2School of Creative Industry Management and Performing Arts, Universiti Utara Malay-

sia. 1amalia5388@sjtu.edu.cn, 2ctsalmi@uum.edu.my, 3wzzhou@sjtu.edu.cn

Abstract: Eco-behaviour or environmentally responsible behaviour during tourism is vital to reduce the negative envi-

ronmental impact of the global tourism industry. With this intention, in thehope that intervention technology such as

gamification which is the use of game design elements in non-game contexts is proposed in tackling this issue. In many

areas, gamification has been used as a motivational pull in achieving desired goals/behaviour. These qualities relate to

the initiators of motivation; purpose, autonomy and mastery. Therefore, the capabilities of game in causing a change in

human behaviour go beyond its intended purpose of fun. As people are familiar with the usage of technology, infusing

gamification to improve motivation for eco-behaviour may reap favourable results. Yet there has been lacking research

in the effectiveness of gamification and the model to understand the influences. For that reason, this paper presents the

development of gamification for eco-behaviour model deriving from the Norm Activation Theory in predicting eco-be-

haviour. It also recognises the cultural background as a possible moderating variable that could influence the effect of

gamification design towards the desired outcome. This paper arrived at the possible proposed model to understand how

gamification design elements and cultural background might influence in fostering tourists’motivation of eco-behav-

iour of the diverse multicultural Malaysia.

Key Words: gamification；eco-behaviour；NAM-TPB；culture；Malaysia
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How gamification design influences motivation for eco-behaviour during tourism in

multicultural Malaysia: Development of model and hypotheses.

behaviour occurs for reasons other than being

eco- friendly (for example, taking motorbike is

cheaper). Intentional eco- behaviour is undertak-

en with the purpose of minimizing negative envi-

ronmental impacts. This study recognises‘eco-

behaviour’to carry the meaning of environmen-

tally responsible behaviour or pro-environmental

behaviour specifically by minimizing consump-

tion during tourism visit. This study focuses on

fostering intentional eco-behaviour, as there is lit-

tle evidence of intended eco-behaviour occurring

during tourism (Juvan & Dolnicar, 2017).

Fostering tourists’motivation towards eco-

behaviour through technological (or technologi-

cal-related mechanics) intervention face many ob-

stacles due to many factors that might influence

as been suggested by Stern (2000) where“differ-

ent kinds of environmentally significant behav-

iour have different causes”(2000), therefore gen-

eralised interventions developed to change behav-

iour would fail to trigger some of the desired be-

haviours. For example, recycling and saving ener-

gy may be driven by knowledge and attitude, but

choice oftransport mode may be determined by

time and cost. Consequently, interventions de-

signed to encourage tourists behaving in a more

environmentally friendly way need to be specific

to the behaviour targeted for modification.

The current evolution in technology, espe-

cially with the arrival of handheld devices, has

seen the epic rise of interaction with games

where games are no longer a strange occurrence.

Instead for some, it has become a daily routine

and addictive part of their lives. A study by Mc-

Gonigal (2010) explores how multiplayer adven-

ture games such as World of Warcraft, reproduce

the seamless environment for human perfor-

mance where the player sets out on a journey,

with complete controls over movements and is

equipped with important items to be adept with

the required skills. These qualities relate precise-

ly to the essential precursors of motivation;

which is purpose, autonomy and mastery. This

further contends that updating real world social

structures to copy those of adventure games will

enhance profitability and ability to take care of is-

sues faced worldwide. From that, undeniably that

game has the capabilities in causing a change in

human lives go beyond its intended purpose of

fun. Therefore, in this study, we are proposing

gamification design as an intervention mechanic.

Gamificationis the“use of game design elements

in non- game contexts”(Deterding et al., 2011).

In many areas, gamification has been used as a

motivational pull in achieving desired goals/be-

haviour. As people are familiar with the usage of

technology, infusing gamification to improve mo-

tivation for eco- behaviour may reap favourable

results. Yet there has been lacking research in the

effectiveness of gamification and the model to un-

derstand the influences.

Another factor to be considered is the cultur-

al background of the user. Many existing studies

often neglected that cultural background might

influence the effectiveness of the applied inter-

vention. Furthermore, since Malaysia is a multi-

cultural country, it is important in understanding

how cultural background will affect the applied

intervention. Therefore, in this paper we propose-

possible model to understand how gamification

design elements and cultural background might

influence in fostering tourists’eco- behaviour of

the diverse multicultural Malaysia.

Findings are an added value to the tourism

industry for the development of interventions us-

ing gamification design in encouraging specific

tourists’eco-behaviours for specific culture con-

text. As a result, will successfully encouraging

tourists to behave in a more environmentally

friendly way will supplement supply- side mea-

sures and contribute to an environmentally sus-

tainable tourism industry.

2 Literature Review

2.1 Environmental impacts of tourism and

tourist eco-behaviour

Tourism impacted several negative conse-

quences to physical (land, water, air), biological

9
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(flora, fauna) and non- material (value) compo-

nents of the environment (Gössling & Peeters,

2015). Damage occurs as a result of tourists’ac-

tivities or their direct use of natural resources,

such as drinking water. Most studies find water,

land, air, flora and fauna to be negatively affect-

ed by the tourism which resulting from either use

or pollution. Damage to ecosystem includes dis-

turbance of wildlife, trampling of vegetation, de-

pletion of species through picking (for example

corals, shells) and invasion of foreign species.

Many existing studies highlighted the environ-

mental impact from tourism resulting from the

use of a particular tourism infrastructure or the di-

rect environmental impact of specific behaviour.

Gössling et. al. (2016) provide quantitative indi-

cators of tourism’contribution to climate change,

land use and alteration whileOkleviket. al. (2019)

quantifies tourism’s contribution to climate change/

global warming, land alteration, damage to eco-

systems and damage to fauna and flora. Many oth-

er studies acknowledge specific environmental

impacts of various tourist activities but do not

provide specific quantitative assessment of the

environmental impacts. To date, there is limited

evidence exists about the actual environmental

impact of tourism and the contribution of specif-

ic types of tourist behaviour. However, it is fore-

casted that “current resource use will double

within 25-45 years”(Gössling & Peeters, 2015),

and that tourists can play a major role in reduc-

tion of the use and damage to natural resources

(Juvan & Dolnicar, 2017) however is has to be

done through the right intervention. It is common-

ly discussed that the current state of degradation

to environment is predominantly due to lack of

appropriate human behaviour (Bardhan et al.,

2015). Therefore, reducing tourists’negative en-

vironmental impacts are critically needed.

There are many ways in minimizing nega-

tive environmental impacts. Tourists can keep

their environmental footprint low by using sus-

tainable tourism providers, visiting sustainable

tourist destinations or supporting government

regulations aimed at restricting damaging tour-

ism practices. Yet, across all types of tourism, en-

gagement in eco- behaviour drops when people

go on tourism visit (Juvan & Dolnicar, 2017) and

their consumption in overall are higher than their

usual daily life. These are behaviour which can

be changed through effective interventions.

2.2 Theoretical underpinnings of tourist eco-

behaviour

Several theories can serve as the basis for

the study of tourists’eco- behaviour such as the

Theory of Planned Behaviour (Ajzen & Fishbein,

1985), The Value- Belief Norm, Theory of Envi-

ronmentalism (Stern et al., 1999), Norm Activa-

tion Model (Schwartz, 1977) and the Theory of

Environmentally Significant Behaviour (Stern,

2000). While none of these theories fully explain-

on eco- behaviour, they do explain various as-

pects (Steg & Vlek, 2009). Stern (2000) even ar-

gues that it may not be useful to look for a gener-

al theory of eco-behaviour because motivation of

behaviour vary greatly with the behaviour, the ac-

tor and the context. The following section dis-

cussed the relevant and potential theories to be

considered in the development of the proposed

model for the understanding of the intervention

effect on tourists’eco-behaviour.
2.2.1 Theory of Planned Behaviour

Theory of Planned Behaviour (TPB) by Ajzen

and Fishbein (1985) is renowned theory that links

the belief and behaviour. Theoretically it reflects

the behaviour which exert the self- control. In

most gamification studies, it is to be said that one

of the new approach in impacting the user’s be-

haviours (Chen, 2018). TPB explains the best pre-

dictor in behaviour is the intention to perform the

behaviour. This intention is controlled by the be-

havioural beliefs in attitude towards the behav-

iour, moreover, the intention holds the control be-

liefs, especially on how to perceive the behav-

ioural control. Empirical studies in tourism that

use the theory of planned behaviour to investi-

gate tourists’eco- behaviour primarily focus on

associations between tourists’pro environmental

10
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attitudes, subjective norms and behavioural inten-

tions. Environmental attitudes, subjective norms

and perceived behavioural control are positively

associated with intentions (De Leeuw et al., 2015).

Moreover, perceived behavioural control mea-

sured as availability of opportunities for behav-

iour predicts tourist recycling, use of sustainable

transport, food purchasing and energy saving be-

haviour (Miller et al., 2015). Several attitudinal

beliefs (as an example, individual’s love for the

environment) predicts the energy- saving behav-

iour and eco purchasing behaviour of tourists

(Miller et al., 2015). An important observation

from the past research is that they mainly mea-

sured the controllability dimension of perceived

behavioural control—but hardly the role of effica-

cy byusing the theory of planned behaviour in the

context of tourists’eco-behaviour. There are clear

difference exists between the two dimensions

(Ajzen, 2002). Controllability is“the extent to

which the behaviour is up to theindividual”(Ajzen,

2012), while efficacy is the belief about“the ease

or difficulty of performing behaviour” (Ajzen,

2012). Both dimensions should be measured

(Ajzen, 2012) because different types of interven-

tions are required to achieve behavioural change.

Findings about the detailed functioning of social

norms are inconsistent. Some studies report de-

scriptive social norms as the key motivators for

energy- saving behaviour (Goldstein et al., 2008

& Baca-Motes et al., 2013), while others suggest

that descriptive norms must be accompanied with

injunctive norms to motivate the same behaviour

(Shultz et al., 2007). Despite of all positive re-

sults and validated theory in many studies to pre-

dict and explain a broad scope of public health

behaviours, however, it’s still setting in its inca-

pacity to ponder environmental and economic in-

fluences (Wayne, 2019). Thus, in this study, some

constructs will be appended to this TPB theory to

get it more integratedand effective (Liu, Sheng,

Mundorf, Redding, & Ye, 2017)over the environ-

mental issue; constructs from Norm Activation

Model theory is offered in this research.

2.2.2 Norm Activation Model & Altruistic Model

Norm Activation Model (NAM) proposed by

Schwartz (1977) deriving from his altruistic- be-

haviour model.In the theoretical frame of NAM,

personal norm represents the moral result of indi-

viduals on behaviours and decisions, determines

whether individual make moral judgments on al-

truistic behaviours, and further affects the fi nal

behaviours of individual.

Two key components in Schwartz’s altruis-

tic- behaviour model are the awareness of conse-

quences (AC) and the ascription of responsibility

(AR). Schwartz (1968) defined awareness of con-

sequences as“a disposition to become aware of

the potential consequences of one’s acts for the

welfare of others during the decision-making pro-

cess”Schwartz (1968). Schwartz defined AR as

an individual’s attribution of responsibility to

the self in the decision- making process, which

eventually influences the individual’s overt ac-

tions (Schwartz, 1973, 1977; Schwartz & How-

ard, 1980).

Personal norm (PN) is initiated by individu-

al perception about the possible consequences of

behaviours that might do harm to society and at-

tribution of responsibility about bad consequenc-

es. Therefore, personal norm, awareness of conse-

quence and the ascription of responsibility are

three major elements of NAM, which constitute

the basic theoretical model, as shown in the fol-

lowing table:
Table 1 Elements of NAM

Variable Name

Personal Norm

Awareness of
Consequences

Ascription of
Responsibility

Definition
Could drive tourist to carry out or avoid the
moral norms of specific behaviours
The awareness about the influence of own be⁃
haviours on the environment

The sense of responsibility of bad consequenc⁃
es that have negative effect on environment
because of personal behaviours

NAM has been used to explain eco- behav-

iours and its prediction effect has been recog-

nised in numerous studies, but there are different

opinions about the major components of the mod-

el, and it can be concluded as three types below:

How gamification design influences motivation for eco-behaviour during tourism in
multicultural Malaysia: Development of model and hypotheses. 11
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Awareness of consequences (AC) and ascription

of responsibility (AR) have been regarded as the

moderating variable that is used to regulate the in

fluence of behaviour decision. In this opinion, it

is believed that personal regulation has objective

in fl uence on behaviour decision, but the conse-

quence perception and attribution of responsibili-

ty are not taken as the starting condition for per-

sonal moral rules; instead, they are regarded as

the moderating variable that could affect the infl

uence degree of personal norms on behaviour de-

cision. The mutual in fl uences among latent vari-

ables can be found in Figure 1(a). Awareness of

consequences (AC), Ascription of responsibility

(AR) and personal norms (PN) and behaviour de-

cisions have been regarded as distant intermedi-

ary model that affect behaviour decisions (behav-

iour decision is similar to‘intention’in TPB).

This opinion af fi rms the intermediary effect of

personal norms on the attribution of responsibili-

ty and behaviour decision influence. Meanwhile,

it is believed that the awareness of consequences

will have direct influence of personal norms and

will affect behaviour decision indirectly. The mu-

tual influences of latent variables are demonstrat-

ed in Figure 1(b). Awareness of consequences

and ascription of responsibility are the theoreti-

cal models for the in fl uence factors of personal

norms. In this opinion, the negative consequenc-

es of behaviours and attribution of responsibility

are starting conditions for the regulation of per-

sonal moral rules. Besides, the consequence

awareness of personal norms and attribution of re-

sponsibility are regarded as the attribution of re-

sponsibility that affects behaviour decision indi-

rectly. The mutual in fl uences among latent vari-

ables are shown in Figure 1(c). Based on previ-

ous studies on NAM, it can be found that person-

al norms have direct effects on behaviourdeci-

sions. However, researchers have different opin-

ions about the relation of AC, AR and PN. NAM

has been improved and modified in Figure 1(d).

It is obvious that PN has better result with the ex-

istence of AR as the mediator and leads a promis-

Awareness of
Consequences

(AC)
Ascription of
Responsibility

(AR)
Ascription of
Responsibility

(AR)
Awareness of
Consequences

(AC)

Ascription of
Responsibility

(AR)

Awareness of
Consequences

(AC)

Ascription of
Responsibility

(AR)

Awareness of
Consequences

(AC)

Personal Norm
(PN) Behaviour

BehaviourPersonal Norm
(PN)

Personal Norm
(PN) Behaviour BehaviourPersonal Norm

(PN)

(a) Logic frame diagram of norm activation model with moderating variables (b) Logic frame diagram of norm activation model with two mediating variables

(c) Logic frame diagram of norm activation model with one mediating variable (d) Logic frame diagram of improved norm activation model

Figure 1 Logic frame diagram-Development of NAM (Chaisamrej et al., 2014)
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ing behaviour as a whole.

With the evolution of NAM’s transforma-

tion, a hybrid between TPB and NAM is built for

this research.

2.2.3 Cultural background

Culture can be an important predictor of hu-

man behaviour, including eco- behaviour. For ex-

ample, in Ajzen’s theory of planned behaviour,

culture, race/ethnicity are the background factors

in predicting behaviour.Therefore, this research

is focusing on multicultural factor of Malaysia

context, which is an ideal environment since gam-

ification is targeted to reach the mass. To extend,

Malaysia has multicultural cultural identities

which made up by different types of ethnic

groups, it includes, Malay, Chinese, Indian and

Native. Due to this multicultural society, motiva-

tion in certain cases might be various. With this

in mind, with the hope of gamification design ca-

pacity unites and influence everyone towards one

objective for instance eco- behaviour. Thus, this

research is suggested to gauge how gamification

can stimulate the motivation in a multicultural so-

ciety particularly in nurturing eco-behaviour dur-

ing tourism.

2.3 Gamification design as possible interven-

tion mechanics

2.3.1 Definition

The term“gamification”traced back in 2004

by Nick Pelling in his Conundra consulting com-

pany to make his product more profitable. Nowa-

days, the popular definition of gamification is by

Deterding etal. (2011), which is the“use of game

design elements in non-game contexts”Gamifica-

tion is used to change behaviour, to educate, or to

motivate. Many corporate gamification systems

utilised onlythe very thin layer of a game experi-

ence to engage people through points, levels,

leader boards, achievements, and badges. This

type of reward-based gamification system has be-

come common, almost to the point of being ex-

pected, in new social media and information-

based applications. Reward-based systems can be

appropriate to engage people in short-term activi-

ties or to teach people valuable skills. For long-

term usehowever, there are some significant con-

cerns about reward- based gamification; for in-

stance, does same reward keep users attached to

the system for a long duration without getting

bored. Another issue under discussion is on the

engagement factor existence if the reward system

is discontinued. Hamari & Koivisto (2013) dis-

cussed the differences of the implementation of

gamification:

(1) Gamification tries to create the game ex-

periences as if user is playing a video game, as

opposed to offering“immediate hedonic experi-

ences by method for example through audio visu-

al content or economic incentives as seen in loy-

alty marketing”(Huotari & Hamari, 2012).

(2) Gamification attempts to“influence moti-

vations as opposed to demeanour and/or behav-

iour specifically, as is the situation in convincing

innovations” (Oinas- kukkonen & Harjumaa,

2009; Hamari, 2013).

(3) Gamification refers to the presence of

gamefulness“to existing systems as opposed to

creating an entirely new game as carried out with

serious games”(Deterding et al., 2011; Huotari

& Hamari, 2012).

Based on the existing research, gamification

is a process that needs to be properlyplanned and

implemented and systematically for a longer time

frame. It cannot be assumed that results through

gamification are an immediate success. Gamifica-

tion can create a state of flow in aperson individu-

al that enables or pushes one to be in the zone to

carry out certain tasks. Having said that,the as-

pects of mastery, will only exist if the users are

immersed in the gamified system andwilling to

repeat the tasks given. It also aimed at helping us-

ers to satisfy their intrinsic need of competence

by completing series of tasks or collecting virtual

achievement (Tondello et. Al (2019). The individ-

ual will continue carrying out the tasks until they

have achieved the intended goal that allows them

to feel complete or satisfied. Feedback affordanc-

es aimed at informing users of their progress and

How gamification design influences motivation for eco-behaviour during
tourism in multicultural Malaysia: Development of model and hypotheses. 13
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the rewards for interaction and continued use

which are proportional to the amount of effort in-

vested (Tondello et. Al, 2019). By having pur-

pose, users identify a meaningful goal that will

be achieved by using the system which in turns

benefitting themselves or others (Tondello et. Al,

2019). This could be done through the system by

providing information and opportunities for re-

flection towards self- improvement and to others.

They elementsto engagement and motivation

where the user is not forced, but are induced. Be-

sides that, it is concluded that gamification can

fostermotivations on an individual via the game

mechanics; but not the behaviour itself directly.

Thus gamification creates the extra push in

achievingthe desired motivation, however it can-

not do wonders by completely changing the way

a person is or how they will behave.
2.3.2 Existing application in tourism related to eco-

behaviour

Despite all the theoretical explanations and

assumptions made by researchers about the bene-

fits of gamification, but when it came to imple-

mentation in real life, there has been contrasting

results. Therefore, a comparative analysis has

been done in the field of gamification in tourism

was relooked to identify the potential and chal-

lenges on gamification in the area. Based on the

several literatures on gamification, there are

some elements bases in the implementation of

gamification in learning. Table 2 is the summary

of the analyses.

3 Research Model Development

3.1 Model development- Proposed gamifica-

tion for eco-behaviour model

To find the influencing effect of gamification

design on the motivation for eco- behaviour in

multicultural nation, the Norm Activation Model

(NAM) and Theory of Planned Behaviour (TPB)

will be calibrated and used.From the discussion

above, a propose model has been developed

which could help achieve the desired outcome.

In this research context, based on Figure 2,

gamification elements consist of purpose, related-

ness and feedback elements which will be tested

incorporating with AR and AC for intention to-

wards eco-behaviour in tourism environment.

Game or game mechanicsare used for many

purposes, for instance, training, learning, health,

psychology, entertainment and etcetera. The‘Pur-

pose’in the proposed model is segregated by gift-

ing, knowledge sharing and altruistic purpose.

With a solid intention, objective of the game de-

Gamification
Elements(GE)

Ascription of
responsibility for
consequences of
consumption on
environment(AR)

Awareness of
Conse quences for
consumption during

tourism on environment
(AC)

Culture

Environmental
Motivation to
minimise

consumption during
tourism visit (PN)

Intention to
minimise

consumption during
tourism visit (EB)

Figure 2 The proposed Gamification on eco-behaviour model
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Table 2 Analysis of the relevant application of gamification

Research

Use of Augmented Real⁃
ity and Gamification
techniques in tourism

Mesároš et al. (2016)

Factors A ff ecting the
Adoption of Gami fi ed
Smart Tourism Applica⁃
tions: An Integrative Ap⁃
proach

Yoo et al. (2017)

Gamification approach to
smartphone- app- based
mobilitymanagement

Nakashima etal. (2017)

Gaming for Earth: Seri⁃
ous games and gamificat⁃
ion to engage consum⁃
ers in pro- environmen⁃
tal behaviours for ener⁃
gy efficiency

Morganti et al. (2017)

Designing a game based
persuasive technology to
promote pro- environ⁃
mental behaviour (PEB)

Bardhan et al. (2015)

Serious game and the
gamification of tourism

Xu et al. (2017)

Research

The implementation of Aug⁃
mented Reality (AR) and Gam⁃
ification techniques for ludic
and education content for spe⁃
cific tourism site.

This study empirically investi⁃
gated what factors a ff ect the
adoption of smart tourism appli⁃
cations that incorporate game
elements, using the Google
Maps tourist guide program.

This study develops smart⁃
phone-app-based mobility man⁃
agement (MM) using gamifica⁃
tion to change behaviour of
participants towards sustainable
transportation.

Systematic review to provide an
overview of serious games and
gamification to engage individu⁃
als in pro-environmental behav⁃
iours for energy efficiency.

To explore the use of persua⁃
sive technologies where behav⁃
iour-oriented design techniques
are employed to change behav⁃
iours of users through persua⁃
sion and social influence. It also
propose an approach for design⁃
ing persuasive technologies for
stoking pro- environmental be⁃
haviour and initiating waste seg⁃
regation at source.

To conceptualise gamification
in tourism by examining gam⁃
ing in general terms and the ap⁃
plication of it in specific tour⁃
ism field.

Analysis Review

In this article, the authors present the most outstanding examples
of Augmented Reality application focused on tourism, as well, as
their own Augmented Reality application NosfeRAtu. The appli⁃
cation creates a virtual tour in the Orava Castle (Slovakia), where
the users are accompanied by a virtual character based on a film
personage Nosferatu. During the game, the users discover and
learns about the marvellous places and a history of the castle as
they complete the different quests.

This study empirically investigated what factors affect the adoption
of smart tourism applications that incorporate game elements, us⁃
ing the Google Maps tourist guide program. As an initial approach,
we incorporated diverse theoretical approaches: perceived useful⁃
ness; perceived ease. The results of this study show that individuals
regard a GSTA as a low- level game tool. Noted in the study the
importance in pre-occupy the smart tourism application market in
terms of marketing strategy because the network effect is relevant
to both perceived usefulness and perceived enjoyment.It also
found that the need to provide personal information would nega⁃
tively affect the adoption of a gamified smart tourism application.

Although it is not in tourism field, it is somewhat related in terms
of implementation gamification in the sustainable transportation. It
tries to change the tourists’attitudes and behaviour to reduce the
car use and it is an effective travel demand management. The
study found the developed gamified application is effective for
people who do not usually walk much. The app was effective espe⁃
cially for people with high competitive spirit. Using smartphone-
app as a tool of MM has merit to decrease the burden of partici⁃
pants and surveyor-proving that additional function of game will
be effective in the future of MM.

Results showed that serious games and gami fi cation have been
used in three different areas related to energy efficiency: environ⁃
mental education, consumption awareness, and pro-environmental
behaviours. This review also showed that applied gaming interven⁃
tions can be used in more than one of these three areas (compre⁃
hensive interventions). The main observation to be drawn from
this review is that both serious games and gamification can foster
energy- saving behaviours and vary widely in terms of type of
games and of features that might be appealing and motivating

The results of the first-response experiment revealed the influence
of persuasive game in the intent creation for waste segregation be⁃
haviour. It suggests that when playing prosocial games, there is an
increase in prosocial thoughts, and a promotion of helping behav⁃
iours, which transfer beyond the gaming environment and can be
sustained. The emotional immersion and total concentration that
comes with playing a compelling game represents a uniquely pow⁃
erful environment for introducing new behaviours and habits.

Application of gamification in specific tourism field is still scarce
thus the researchers suggesting a thorough study on the design pro⁃
cess of gamification in tourism based on the nature of tourist and
the successful implication of useful gaming elements in different
sectors in tourism.

How gamification design influences motivation for eco-behaviour during
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sign is significantly focused. It fosters the user to

demonstrate and influence the behaviour as will

affect their duty for the prophecy consequences,

especially in backing up the eco- behaviour, par-

ticularly if altruism is being put up as reward in

relation to the eco-behaviour for tourism. While,

knowledge sharing can be collaborative or com-

petitive actions. However, both are frequently

havingand end- goal or win the state. Owing to

the motivation of eco- behaviour during tourism

is looked as a dynamic metric to reach the impor-

tant knowledge about environmental issue and

how they would react based on their exposure in

any gamification settings. Important to realize,

from points, scores, life spares, badges, leader-

board, timersand many more, are considered as a

well- designed gamification application. It falls

under‘Feedback’, whereby its response and an-

swering the question for the game environment.

In rationale to this model, how it can be realised

from the score which will be obtained by the us-

ers eventually will result either bad or good con-

sequences at the end of the game.

Altogether, culture will be moderating deter-

minant as to determine if culture would affect

and giving significant contribution in how gamifi-

cation can influence motivation towards eco- be-

haviour intention. With all things considered

above, therefore, the corresponding research

questions and hypotheses alternative are pro-

posed in this paper as follows:

Research Question:

RQ1: How do gamification elements influ-

ence the awareness of consequences and the as-

cription of responsibility that predict personal

norms concerning motivation to minimise con-

sumption during tourism?

RQ2: How do personal norms predict motiva-

tion to minimise consumption during tourism?

RQ3: Does culture have moderating effect to-

influence the desired motivation?

RQ4: Do the dimensions and antecedents fit

the model ofgamification design influences moti-

vation for eco-behaviour during tourism in multi-

cultural Malaysia?

Hypothesis:

H1: The gamification for eco- behaviour

model significantly predicts the motivation to mi-

nimise consumption during tourism.

H2: Gamification elements has significant in-

fluence on the awareness of consequences that

foster environmental motivation to minimise con-

sumption during tourism.

H3: Gamification elements has significant in-

fluence on the ascription of responsibilities that

foster environmental motivation to minimise con-

sumption during tourism

H4: Culture has significant interaction effect

to influence on the ascription of responsibilities

that foster environmental motivation to minimise

consumption during tourism

H5: The dimensions fit the model of gamifi-

cation design influences motivation for eco- be-

haviour during tourism in multicultural Malaysia?

4 Methodology

In order to suggest and propose an appropri-

ate gamification for eco-behaviour model in tour-

ism environment, Structural Equation Modelling

(SEM) will be used. SEM is to observe the inter-

relationships among variables in a model. Once

the model’s parameters in the proposed frame-

work have been analysed, a cross-sectional statis-

tical modelling technique for the framework will

be confirmed in terms of modelling fitness. This

model fitness will be used in AMOS software, it

has five refinement model validation steps; 1)

model specification, 2) model identification, 3)

model estimation, 4) model testing and 5) model

modification. These steps are designed to obtain

a fit for the model according to all the dimen-

sions proposed earlier for the tourism environ-

ment. The proposed model will be thoroughly

tested for suitability in tackling different issues

for eco-behaviour in tourism context.

5 Conclusion

This paperproposed a model to examine the
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effect of using gamification design on NAM and

TPB in shaping tourists’eco- behaviour in the

multicultural context of Malaysia.It is anticipat-

ed that the implementation of gamification de-

sign could foster the motivation of tourists’eco-

behaviour during their tourism visit.

In a nutshell, the power to offer a steady

“state”awareness of the user’s behaviour is one

of the primary objectives in eco- behaviour in

gamification design pillars. Through gamifica-

tion elements, a model is proposed to elevate the

motivation and influence the intention towards

eco- behaviour in environmental atmosphere.

With the suggested model, research findings will

assist practitioners, academia and policy makers

better in initiating the gamification elements to

stimulate the motivation particularly in reducing

negative environmental impact through eco- be-

haviour within tourism field.
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1 Introduction

Since the second half of 20th century, devel-

opment countries have been under intense urban-

ization process. Large size cities become the new

centralities for the flexible system of production,

as the capital started to invest massively in the ur-

ban space trough the construction of infra- struc-

ture, housing and urban equipments. While cities

in the developed world have been experiencing

this process since 18th century, in the south hemi-

sphere the late and incomplete urbanization is

characterized by large migratory influx from the

field to the urban centers, inducing serious socio-

economic issues such as lack of affordable hous-

ing, slum creation, crime and pollution.

Regarding these newcomers and their rela-

tionship with everyday space, they face particu-

lar problems like displacement and lack of identi-

ty can contribute to undermine the social and po-

litical life of the city. In this sense, regionalism,

participatory process, community and human-cen-

tered design emerged as core concepts both to a

new urban agenda and also for an academic

framework concerned with the consequences of a

fast urbanized world.

Presently, in the so called post-PC era, com-

puting capabilities are increasingly in every-

where within the major urban centers. From cell

phones to extensive surveillance structures, from

smart glasses to automated home systems, from

wearable health assistants to targeted advertising

cans, everyday life is increasingly intertwined

with pervasive and ubiquitous systems. If the pre-

vious spatial experience was defined by topologi-

cal attributes of a given space, now, the rise of ur-

ban computing establishes a hybrid reality medi-

ated by context- aware media and location based

services, due the diversity of microchips, wire-

less networks, tags, sensors and actuators at-

tached to everyday space and objects.

In such a scenario, the aim of this paper is to

discuss the possibilities of Internet of Things

technologies in the context of people-plant inter-

action as innovative tools to foster sense of place

in public urban spaces. In this sense, different ini-

tiatives have already been using Information and

Communication Technologies (ICT’s) to similar

purposes. The objective of this paper is to pres-

ent few study cases about how innovation are

been applied in the design field, specifically re-

garding with people-plant interaction.

In this sense, first I will discuss some theo-

retical background about ICT’s and the design of

urban space. The methodological approach here

will be a study case. So, I will present three expe-

riences which employ plants and physical devic-

20



Vol.2, No.1 Interactive Interfaces for People-plant Interaction: A Study Case

es as interfaces. A fourth experiment, a conceptu-

al early work in progress will be presented. Final-

ly, in order to address some key points in the

field, the cases presented will be discussed under

the theoretical background.

2 Place, ICT’s and ubiquitous computing

The ubiquitous computing paradigm consid-

ers that ordinary objects such as domestic appli-

ances, clothes, shoes, accessories, cars and even

urban space have computing capabilities. Al-

though it is not the de facto reality for common

citizens even within high developed urban cen-

ters, this condition has been guiding studies that

consider it the very next stage facing our society.

Many researchers have been studying how

ICT’s can foster space appropriateness, empower-

ing people from information consumers to produc-

ers, and consequently contributing to a new spa-

tial experience. Paulos et al. (2008) stated that in

the case of Urban Computing, there is a differ-

ence between a strictly functional service and a

tactical practice: while the former can be seen as

utilitarian, the latter is a way to add subjective

value to space. In this sense, Urban Computing is

not focused on simply solving the challenges of

social networking in public places, but exploring

the much wider gamut of urban life from personal

to social, from the solitary to the crowd, from pro-

moting passivity to inspiring activism, curiosity,

and wonderment (Paulos et al., 2008).

As well as Urban Computing, there are other

related frameworks which employed ICT’s as

meaningful ways to promote new urban experi-

ences. McCullough (2006), states that Situated

Computing becomes a tactical movement to-

wards a practice related to the context, anchoring

social experience in the territory. Similarly,

Greenfield and Shepard (2007) believes that the

emergence of Ambient Informatics, where the in-

formation would be freely available to anyone

and anywhere and at any time can turn the pas-

sive city’s user into active subjects. Also, Shepa-

rd (2011) argues that a Sentient City renounces

designing the“hardware”of material urban spac-

es, and instead, calls for the“software”infra-

structure to perform new urban experiences,

where the city would be able to feel or perceive

subjectively the things within it. About this con-

cept, De Waal (2011), point out that a sentient

city could be able to raises shared issues of con-

cern, and such interfaces could be able to pro-

mote awareness, engagement and makes users

more involved with their community.

In summary, such idealization about ICT’s

and the urban space brings the user to the center

of the stage, a prominent position where the user

is the protagonist, not the space. In this sense,

the use of ICT’s reinforced the use of the space

and turns it into a meaningful place.

The relation between the idea of place and

the use of ICT’s to foster sense of place is still in

its infancy①. In this paper, it was chosen to take

advantage of gardening because the fact that em-

pirical observation shows that gardening is a

widely engaged activity among Chinese people.

Liu et al (2013) states that successful gar-

dens are those capable to provide appropriate

spaces and times for the users, even when these

users are not spatially connected with gardens. In

this sense, a weakening in the spatial connection

does not mean a decline in community ties. More

than that, this author also agree with previous

ones, arguing that space constitute a fundamental

means to people as a support to produce sense of

community, where all the activities happens. In

this manner, community gardening constitutes a

connection between space, time and people. Try-

ing to address a gap in the literature about com-

munity gardening, the authors focused on the fac-

tors that can foster community- building in the

context of community supported agriculture

① Among some Technologies used to promote sense of place or civic engagement, it can be cited augmented reality games, mobile
applications and urban displays. As stated by Schroeter (2012) and Valkanova et al (2014), some technologies had already become per⁃
vasive among users and does not have the capabilities to grab the user attention.
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(CSA). Their findings pointed that while the sym-

bolism of community supporting agriculture is

not lost on people involved at activities, it is the

individual embodied experience of a farm or gar-

den that impacts on a deeper level to create psy-

chological and therapeutically results on users.

3 Study cases: experiences in people-

plant interaction

3.1 My green pet

This experiment addressing people- plant in-

teraction was conducted by Hwang (2010), aim-

ing to understand how is children’s perception to

plants as living organisms. Although this experi-

ment was not related with the space itself, it also

shows possibilities to foster people-plant interac-

tions through physical computing.

The experiment used a plant under low elec-

tric current and an Arduino board as a microcon-

troller to detect different patterns of gesture ap-

plied to the plant: stroking, tickling and slapping.

Depending on the type of gesture applied, the sys-

tem output a different sound message. To make

the user experience much close with the reality①,

all the artificial parts were hidden inside the

plant pot.

Figure 1 “My green pet”, design concept

Basically the experiment use electrode as in-

put devices, an Arduino microprocessor for proto-

typing, while the outputs are performed through

LEDs and a wave shield with SD card to play au-

dio files.

Figure 2 “My green pet”, interaction

The experiment uses the electrical current to

detect when a gesture is applied to the plant, caus-

ing different signals accordingly with the type of

gesture applied: hit, stroke and tickle. The algo-

rithm filters this variation in electrical current

and interprets it, using different profile of reac-

tion to the gesture. In this case, the authors used

sound to interact with users.

Findings showed that not only children

could perceive plants like a living organism after

this experiment, but mainly, they showed in-

creased interest in the interactive plant, spending

longer time with it.

3.2 The PLEASED experiment

The second case, PLEASED (2013) tried to

demonstrate that the low cost of plants, their per-

vasiveness and sensing capabilities makes then

powerful means to be employed as interface for

physical computing systems. In this case the au-

thors have a different approach, using plants as

an interface and in same time to act as biosen-

sors. The initial result of the project is an experi-

mental set-up to record an open dataset of electri-

cal activities of plants in reaction to gestures and

stimuli.

The experiment can be described as a 3 elec-

① Another experiment that tried to give plants emotions is detailed by Seungsoon Park et al (2008), The Emoti-Pot, uses a LED-dis⁃
play to express the plant“mood’based on sensor capable of sensing gesture, need of water and lighting. While similar regarding
showing emotions, this previous experiment could not interact with the users, and mainly, the use of LED-panel made the plant dis⁃
play to the users as an artificial being.
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trode system placed directly into the plant’s

steam. At while, the experiment is still undergo-

ing and the algorithms for classification of differ-

ent stimuli are under development as well as the

integration of measure devices and sensors. Ap-

plying stimuli such as cuts, flames, electrical cur-

rent, chemical and gases, it was possible to cre-

ate an open datasetin order to construct a finger-

print from the signals generated by plants in reac-

tion to each different stimulus.

Figure 3 “PLEASED experiment”, conceptual design

diagram

3.3 Table-top community garden

Calderon (2014) depart from the same point

of this proposal when he states that third places

are important to anchor our everyday experience.

Accordingly with Oldenburg (1982), third places

are spaces where people come together to social-

ize as individuals, being important to create so-

cial bridges and strengthen community sense. In

this sense the authors tried to understand how

ubiquitous computing which turned pervasive in

third spaces (large displays and mobile phones)

can support the interaction that already happens

on such spaces.

In order to understand if collaborative inter-

faces can both encourage playful conversation be-

tween strangers while supporting long- term com-

munity interaction, they deployed an experiment

in the field. It consisted in a LCD screen, a sofa

and a box with plants, altogether supported by

sensors, actuators and a mobile digital interface.

Figure 4 “Table-top experiment”

(1) physical garden, (2) touchable projection, (3) display, (4) sofa with
connected sensors.

Users were invited to interact with each oth-

er, inviting others to seat on the sofa. When the

application senses two users seated, information

to water the garden is displayed on the display,

where QR- codes need to be scanned in order to

activate a touch sensitive interface capable of

turning on a water pump. The total number of

people who’s watered the garden is also showed

on the display.

Findings showed that, even using a relative-

ly well know metaphor (the garden), the users

felt intimidated by novel technologies like furni-

ture sensors and interactive displays. Another in-

teresting finding is related with the behavior of

the users, whose were interested for other user’s

information (name, picture, last visit), pointing

that sharing these types of information between

them can play an important role to engage users.

Figure 5 “Table-top experiment”; conceptual diagram
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These experiments, although in early stages

and not directly aimed to foster interaction in

green public spaces, function as experimental cas-

es of people-plant interfaces allowed by program-

ming codes and electronic devices.

At School of Media and Design at Shanghai

Jiao Tong University (SJTU), a prototype, here

called SISYS (simple system shell) is also being

developed to test interactive features. The system

should be able to recognize inputs such as temper-

ature, UV exposition level, soil moisture and

touch. An Arduino UNO microcontroller is em-

ployed to process, that will be send to both a wa-

ter pump and a remote server running a SMS

Chabot platform.

The figure 6 presents the conceptual system

architecture:

Figure 6 “SISYS”; conceptual diagram

The concept diagram shows the different

phases of the project, consisting in two stages:

first a local input/output system based solely on

set of sensors, actuators and the microcontroller,

and the second stage consisting on the remote

server system responsible to allow the communi-

cation between the mobile phone (SMS) and the

microcontroller. The image 7 shows the schemat-

ics for the stage 1 and the image 8 and assembled

functional prototype on this early stage.

4 Discussions

The innovation in the field of Internet of

Things (IoT) can have been contributing to ad-

vancements not only in hard sciences, but also in

social sciences, art and design. In the case of ur-

ban and landscape design in particular, physical

computing and IoT can contribute to push its

boundaries beyond their traditional limits and

contribute to new urban experience. The cases

presented in this paper can show the possibilities

and constraints posed to ongoing experiences in

this field.

The first experiment,“My green pet”, shows

a simple but innovative interface which employs

electrical signage to recognize different types of

touch. But also, as a remarkably point is the lack

of any mobile or desktop interface to interact

with the plant. In this case, using gestures, lights

and sounds, the interaction can grab the attention

of the user in a playful strategy. The second ex-

periment,“PLEASED”, while dealing with the

plant as a natural sensor, also uses electrical sig-

nage, but rather than aimed on the final user, it

Figure 7 Schematics, stage 1

Figure 8 SISYS prototype, stage 1
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can recognize any type of external agent capable

of give stimuli to the plant. Finally, the Table-top

garden presented is the only one specifically de-

signed to public spaces, although the experiment

was deployed in a closed room. Using displays as

interface and a garden as a metaphor, this case

shows that the interaction between users is the fi-

nal aim, regardless the way to achieve. One re-

markably point here is the group engagement,

and how the experiment can foster contact be-

tween users.

Regarding the fourth experiment, although it

is a work in progress, it aims to be a case (shell)

able to host a persona. In this case, sensors

should be able to fulfill this empty space with da-

ta regarding the plant and the algorithm process

the communication between the interface and the

user. In this case, the study case points that top-

ics must be addressed and added to the future im-

plementation for proper achievement:

1) Design of a playful interactive device

based on non mobile interface.

2) Widening the range of inputs allowing the

collection of bigger amount of data.

3) Foster group engagement between strang-

ers.

The SISYS experiment is a work in prog-

ress, aiming to implement new methods and tools

to foster the urban experience at public spaces.

The design of urban and landscapes areas should

incorporate in a critic way the innovations and ad-

vancements in the field of engineering and IoT in

particular. The points added in this paper can con-

tribute to future developments in our experiment

and should be reported in the future.
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1 The development of Longquan Cela-

dons in China

What is the definition of Longquan ware? It

is well- recognised that Longquan ware is a kind

of celadon that was made in the kilns in

Longquan Hsien, Zhejiang. Although Longquan

Hsien was famous for the swords made by Ouy-

ang Ye from Ancient Yue, it is also known for its

celadons. Longquan ware is thought to be the

next step on from Yue ware, having been influ-

enced by it, and marking the peak of celadon.

Both of their kilns were around Shanglin Lake

(Ye, 2017a).

The classification of Longquan ware in Chi-

na is quite complex. This kind of ware could not

be admired by only one or two characters. It is

complicated, mysterious and unique. There is no

serious classification of this kind of celadon and

people tend to group them by their time.

The beginning of Longquan ware has caused

a divergence of views. Chen Wanli holds the

view that it started after the decline of Yue ware

in the late Five Dynasties (Chen, 1956, p.124).

Zhu Boqian considers that it begins in the South-

ern dynasty and ends in the Qing (Zhu, 1990, pp.

149-204). There is another idea from a Japanese

specialist called Meitoku that the production

starts at the middle of the eleventh century. (Mei-

toku, 1994) Ye Yingting-considered to be one of

the greatest specialists as well as one of the most

successful dealers of Longquan wares in China-
has made great progress in the research of

Longquan ware. He has attributed the time period

of Longquan ware as being from the Three King-

doms and Jin dynasty to the late Qing dynasty

and on to the Republic of China. Although there

are some twists in the styles and characters due

to the change of aesthetics and techniques, the

production history of Longquan almost has 1600

years, which is the longest history of celadon pro-

duction in China.

At the beginning of the Three Kingdoms and

Jin period, Longquan ware could be easily con-

fused with Yue ware- the difference between
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them could hardly be seen. In the Sui and Tang

periods, Longquan celadons were affected by Ou

ware. Things start to change from the time of the

Five Dynasties and early Northern Song dynasty,

when the light green glaze appears. This fantastic

glaze becomes the trait of Longquan ware. The

rule of traditional Longquan ware is this:‘Learn

from nature and make the celadons poetic’,

which is known as“道法自然，诗意龙泉”in Chi-

nese. Most of the Longquan wares in this period

were misrecognised as Yue ware. When it comes

to the Song dynasty, Longquan ware stepped for-

ward and became pre- eminent. The famous top

five of Song ceramics showed up in the span of

Northern Song. As people in that period pre-

ferred to be a literati other than a warrior, the ap-

preciation of ceramics became popular since

then. The diplomacy and foreign trade were very

strong in Song. The affluent economy conduced

to the booming of handcrafts. (Kang, 2016) How-

ever, the weakness in military lead to the perish

of Northern Song dynasty. Longquan ware took

the role of Ru ware and Ding ware when these

took a bad turn during the warring period. The fa-

mous celeste and plum green glaze showed up in

the Song dynasty as a result of the application of

lime- alkali glaze. Due to wars and the change of

taste, shape and design underwent great changes.

When the capital moved southward to Hangzhou

during the Southern Song dynasty, the aesthetic

taste became more graceful and gentle. The

craftsmen tended to make the glaze more elegant

rather than focus on the shapes or clay. As a re-

sult, the colours of Southern Song Longquan

ware became extraordinary while the shapes of

the ware fell behind.

Except for the handed down Ge ware people

always know, there are Ge ware and Di ware in

the history of Longquan ware as well. Zhang

Shengyi, as the elder brother, created the special

category of Longquan ware called Ge ware while

Zhang Shenger, the younger one, created Di

ware. Gompertz, Chen Wanli and the well-known

book Taoshuo by Zhuyan addressed that the Ge

ware could be characterised by its cracks (Gomp-

ertz, 1980, pp. 147-172). Ge ware is famous for

its well-defined cracks and the cracks make it eas-

ily confused with Guan ware. Di ware improves

the techniques from both Southern Song Guan

ware and Ge ware and then makes itself well-

known to the world. Di ware items are admired

for their un- cracked surfaces and extraordinary

designs. However, whether Ge ware is one of the

‘Top Five Song Wares’remains unknown. Even

though it is widely accepted that both Ge ware

and Di ware existed in Southern Song dynasty,

there are no clear records of them. None of the

specialists has claimed any clear kiln sites for Ge

ware. Thus, the attribution of Ge ware remains

doubtful (Koyama, 1949).

The Silk Road appears in the Han period,

but people relied more on sea transportation after

the late Tang period. The silk road on the sea is al-

so known as the Ceramics Road due to the large

amount of ceramics that were exported. Longquan

ware was one of the most significant types of ex-

ported ceramics. Taking the number of existing

Longquan wares from different periods into con-

sideration, the period spanning the Yuan and

Ming dynasties is the golden age of Longquan ex-

ports. Overall, there were two routines for the ex-

port of Longquan celadons during that span. One

started from Qingyuan port or Wenzhou port and

went to Japan. The other one started from Quan-

zhou and went to South East Asian countries

such as the Philippines, Indonesia, Singapore,

and so on and ended in the Islamic region along

the coast of the Indian Ocean. Due to the policy

benefits and the interference through the use of

force in the Yuan period, many Islamic people

were forced or attracted to come to this country.

The production of celadons was affected by this

phenomenon. Absorbing the elements from Islam-

ic culture, the design of Longquan wares became

acclimatised to the taste of Islamic people. As a

result, the museums in the Middle East, such as

Turkey’s Topkapi Palace Museum and Iran’s

Golestan Palace, all have fabulous collections of
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Longquan wares (Ye.1, 2017).

However, it was the Mongoloid who ruled

the country after Genghis Khan passed the domin-

ion to Kublai. Thus, the celadons produced in this

period were affected greatly by the Mongolian

culture. The style was heavier and rougher than

before. As Ningbo, which was known as Qingyu-

an in the Yuan period, was a significant port, the

Japanese called the Longquan celadons exported

from Ningbo the‘Dragon Temple Celadon’. Por-

celains in Jingde Zhen started to boom in this peri-

od as well. Both Longquan ware and blue and

white porcelain used iron and copper in their dec-

oration. It is called stippling in Longquan ware,

while in Jingde Zhen it is called underglaze co-

lour (Ye.1, 2017). It is widely accepted that the

Ming dynasty witnessed the decline of Longquan

although it had its renaissance at the beginning,

and in the Qing period there were few Longquan

kilns in existence. However, some people argue

that Longquan did not decline in Ming dynasty

from the perspective of raw materials. The schol-

ars analysed the chemical elements inside the

sharps from imperial pieces in Hongwu and Yon-

gle era in Ming dynasty as the components of raw

materials from different peroids were different.

Compared to the elements in Southern Song dy-

nasty, the composition of the imperial pieces

from Ming was very different while there were

more K2O and TiO2 and less CaO. But by means

of PCA (Principle Component Analysis), the re-

sult turned out to be the raw material of civilian

and imperial pieces of early Ming were not alike

in Hongwu while kept similar in Yongle. Howev-

er, the component analysis showed the inherited

relationship between Hongwu and Yongle periods

as there was no obvious changes. (Li et al., 2015)

2 Kinuta, Tenryuji and Shichikanin Ja-

pan

Time witnessed the changes of design in

Longquan ware. It was largely exported from Chi-

na to other parts of the world, the fragments

found along the trade routes giving witness to the

commercial behaviour of past centuries. These

fragments have been found from Central to South-

ern Asia, and down to the coasts of African coun-

tries such as Tanganyika and Kenya. Additional-

ly, unbroken pieces of Longquan wares were pre-

served along the Silk Road, traversing Asia and

the Middle East, and even into Europe. The ex-

porting of Longquan ware to Japan and Korea

was recorded in many documents. Indeed, the

Japanese have always been the most enthusiastic

admirers of this kind of celadon, it being strongly

related to the aesthetics and culture of this coun-

try.The Japanese scholars divide Longquan cela-

don into three different classes: Kinuta, Tenryuji,

and Shichikan (Gompertz, 1980, pp.147-172).

Kinuta means mallet in Japanese; it refers to

the highest class of Longquan ware in Japanese

culture. This word was first used to refer to the

specific vase owned by a famous tea master

called Sen no Rikyū (1591). The vase was given

its name due to its special shape, looking just

like a mallet. This vase has received the highest

praise in Japan and is now preserved in the

Bishamondo Temple in Kyoto, although there re-

main other vases that claim to be the original

Kinuta vase. The word“crack” has the same

meaning as the sound made by wooden mallets in

Japanese (Gompertz, 1980, pp.147-172). The ex-

act origin of the word Kinuta is unclear, but all

the potential Kinuta vases shared the same char-

acter in that all of them had a graceful bluish-

green colour. Gradually, Kinuta is a term that ap-

plied to all the Longquan wares that have this

kind of pale blue- green colour, regardless of

their shapes. This ethereal colour is known as fen-

qing in China. Kinuta items were usually regard

as made in the Song dynasty.

Tenryuji was first used as the name of an in-

cense burner. The burners, with embossed peony

decorations, are now kept at the temple in Kyoto

(Gompertz, 1980, pp.147- 172). According to Dr

Spinks (1956, p.91), these items were shipped to

Japan in the fifteenth or sixteenth century. Today,

Tenryuji wares refer to the pea- green Longquan
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wares (Hobson, 1915). This kind of celadon was

manufactured from the Yuan to early Ming peri-

od and has a unique yellowish-green glaze. Hob-

son described the colour as fine sea- green. This

pale olive- green makes the Tenryuji class of

Longquan wares distinct from the other kinds.

The last type is known as Shichikan. Mass

produced from the middle Ming period onward,

Shichikan has undertaken huge changes in co-

lours and tones. It usually has a watery green co-

lour with a blue hint, while the glaze is almost

transparent (Gompertz, 1980, pp.147- 172). Al-

though the Japanese tried to distinguish Longquan

wares by their unique characters, the truth is that

the condition in the kilns during the manufactur-

ing process was unstable, so it is hard for people

to simply group them by one quality; there are al-

so gradations among Kinuta, Tenryuji, and Shichi-

kan that could not be put easily into words.

3 Oriental Aesthetics and Design

Although the concept of aesthetics comes

from western culture, there are aesthetic thoughts

has been discussed in oriental cultures as well.

As part of philosophy, aesthetic reflects people’s

thoughts and feelings about the surroundings and

would influence on the behaviour of design. As

Longquan ware is popular especially in China

and Japan, the theories and history in these two

countries would be discussed as examples of ori-

ental aesthetics.

3.1 Chinese aesthetics and Longquan wares

in China

“Aesthetic”can be translated into the Chi-

nese term“美”. The character also has the mean-

ing of“beauty”, and can be divided into two

parts: the upper part is“羊”, meaning“lamb”,

while the lower part is“大”, meaning“large”. A

larger lamb was able to feed more people when

hunger was the core issue in ancient China. The

flavours mean nothing to the famished; only

when people’s initial need is satisfied can they

appreciate the taste. According to Kant (1724-

1804), the experience of aestheticism is separat-

ed from knowledge and moral duty (Kant, 1987).

The“larger lamb”enables people to enjoy senso-

ry pleasure, and is fundamental to aesthetic ap-

preciation.

Liu Gangji (b. 1933) considers primitive art

and both material and mental production to have

been developed in the evolution of the primitive

clan society (1995). Entering the slave society, the

relationships were tightly bound to blood relation-

ships. The blood relationship became a moral is-

sue as well as part of human dignity during this pe-

riod. Influenced by this kind of emotional link, an-

cient aesthetics in China were connected to human-

istic ideas and social ethics. Li Zehou holds the

view that the consistency of non-separation of aes-

thetics and ethics distinguishes Chinese aesthetics

from Western aesthetics. Ethics and aesthetics, in

the terms of Plato, were the good and the beautiful

that appeared in Greek culture, but did not persist

in the Western world (Li, 2009). Chinese aesthet-

ics began to discuss real beauty from an early peri-

od. It was thought to exist between men and na-

ture, and between individual and society. People

could achieve harmony by appreciating art and

beauty. In this point, ancient Chinese thinkers sur-

passed the western philosophers. Thus, the hand-

crafters in ancient China were influenced by phi-

losophy, the beauty of items was connected with

the moral standard of human.

During the period of slave society, there

were changes in the field of aesthetics as well.

They were also given motivations during the late

slave period and the feudal society. Although the

societies were different, the ideology was similar

with the huge impact of the long history of the

slave society. The impact was so strong that the

feudal society continued to insist on ethical rela-

tionships. Several new concepts were added to

the theories, but the aesthetics at that time were

still based on that of the slave period. After the

Ming dynasty, various kinds of orthodoxies ap-

peared and have continued until now. Although

ancient Chinese aesthetics are diverse, the differ-

ent variations have similar compositions, such as
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the aesthetics generated from Confucianism, Dao-

ism, Chan Buddhism, and so on. Li Zehou claims

that the purely chronological introduction of Chi-

nese aesthetics is not suitable. He therefore

chooses to catalogue them by their key sub-tradi-

tions (Li, 2009). Li also argues that the core of

ancient Chinese aesthetics is humanism, which

comes from Confucianism. Thus, Confucian aes-

thetics are always the most significant among all

the aesthetics, although they were also informed

by Daoism and Chan Buddhism.

The development and recession of Longquan

in China were influenced by the changes in aes-

thetics domestically. The effect of Confucian aes-

thetics, Tao aesthetics, and other theories can be

seen in pieces from different periods. Those piec-

es of celadon reflect the aesthetics of that time. It

is quite common in all of those aesthetic theories

that cultivated men should be just like the jade.

There was an old saying in Shi Jing:“There is

our elegant and accomplished prince. As from the

knife and the file, as from the chisel and the pol-

isher!”(Jennings, 1891). Although Longquan ware

is a kind of celadon, the glaze on its surface

makes the item lustrous and somehow transpar-

ent especially in the items of Southern Song Dy-

nasty. People consider the character of it is just

like jade. The aesthetics of Confucianism were

developed by Kongzi (551-479), who was known

as Confucius in the Western world. He was the

first to promote the truth of real beauty in China,

and he considered that the essence of real beauty

is benevolence. Kongzi did not advocate asceti-

cism and supported that individuals could fulfil

their own desire in an appropriate way. The indi-

viduals were able to appreciate the dignity of be-

ing human as well as the love among men. Benev-

olence (ren) is the centrality of his thought. Kong-

zi claimed that the benevolence was in people’s

own lives and their social lives, and that individu-

als should obey the rules. For instance, a man

should always love other men and treat others as

himself (“仁者爱人”,“己所不欲勿施于人”). The

men referred to here had a class without any

doubt. The largest contribution made by Kongzi

is that he pointed out that art and beauty in social

life would provoke the ethical and social satisfac-

tion of individuals and lead to the development

of people’s spontaneous good behaviour. Kongzi

had a deep understanding of the social nature of

beauty. People could not deny that the aesthetics

mirrored the ideal of such a great society and had

significant value in the world; therefore, they be-

came overly conservative for the development of

society. Kongzi inherited the prototype ideas of

Confucianism from the Western Zhou dynasty,

and the theory experienced a long period of devel-

opment beginning in the Qin dynasty. Although

new ideas were added, the main concept of Con-

fucian aesthetics remained almost the same over

time (Liu, 1995). The Confucian theory asked

people to control themselves and think about oth-

ers more. It is recorded in Kongzi’s analects“the

Book of Rites”that“a gentleman should consid-

er jade as the symbol of his virtue”(Sun, 1989).

Confucius admired jade as he thought that it was

equipped with benevolence, which was the most

important quality for a man with virtue. The

great impact of Confucian aesthetics in Eastern

Asian culture contributed to the recognition of

Longquan wares.

Unlike the Confucian suggestion to embrace

the world, Daoist aesthetics seemed to be the op-

posite, in that they encouraged forsaking the

world. This was first raised by Laozi and im-

proved by Zhuangzi. Zhuangzi later became the

representative man of Daoism. The term“Dao”

means path, way, or principle in Chinese. Daoism

advocated that the way that people would get

along well with nature was naturalism and re-

strained actions. Daoism reflected their deep un-

derstanding of purposiveness and the regularity

of nature in a philosophical way. They claimed

that the objective is not something that can be

reached; it is the result of the regulations of na-

ture, and exists within the regularity. Thus, indi-

viduals should not deny things that may happen,

but should move in synchronicity with the natu-
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ral laws. Daoists insisted that people could not

fulfil themselves when they were not able to har-

monise themselves with nature. Nature was domi-

nant in their minds, while they were quite pas-

sive in terms of human initiative. The beauty that

the Daoist could appreciate ought to have the

same free realm as natural regularity does (Fang,

2015). However, the fact was that human’s pur-

poses were always ignored in many conditions.

To reach harmony inside, Zhuangzi suggested

that people should live a happy- go- lucky life-

style (Liu, 1995). Men could relieve themselves

from suffering and unhappiness with this atti-

tude, and then their spirit would arrive at the free

realm of beauty. In Chinese traditions, Daoism

was the first one to combine beauty and art with

natural regularity, men’s freedom, and purposive-

ness. The colour of Longquan ware are always

blue and green. Blue is the colour of river, lake

and sky and green is the colour of nature and real

life. When people look at the pale blue of

Longquan, they may feel close to the after- rain

sky; when they look at the olive green colour,

they may see how the plants grow. The colour of

Longquan ware reflects the beauty of nature. Al-

so, the same appreciation of jade that Confucius

had appeared in Daoism as well:“Men with vir-

tue would hug jade when in rags” (Tang and

Wang, 2014). The jade here is the icon of the

good character that people should have. The re-

spect of jade also continues in Daoism to the pres-

ent day.

Actually, the aesthetics of a certain time peri-

od also consist of a number of theories. From this

perspective, Longquan wares were affected by

several kinds of aesthetics in different centuries.

They experienced a long period of production,

while it is generally agreed that production

reached its peak in the Song dynasty. It was not

until the early Northern Song dynasty that

Longquan celadon found its unique colour of

glaze, which appeals to the aesthetics of Song

very well.

The aesthetics that were popular in the Song

dynasty distinguished themselves by highlight-

ing the individual’s emotional pleasure and lei-

sure in daily life, which is similar to Daoist aes-

thetics. Aesthetics were the final goal of leisure,

in that leisure was the opportunity for the individ-

ual to experience aesthetic life. Zhu Xi, who is

known as a philosopher and poet in Song, devel-

oped the idea of“admiring objects for pleasure”

based on the Confucian idea of“play in arts”

(Shen and Sun, 2008). The ceramics in Song dy-

nasty shared the similarities of being tender-

hearted, restrained, earthy and emphasizing on in-

ner peace. The single colour ceramics were well-

developed due to these similarities. (Kang, 2016)

The concept of “pleasure” also came from

Zhuangzi, and was generated from Daoism. Peo-

ple in Song tended to embody art and beauty in

every aspect of daily life. It focused on the inter-

nal concepts such as the philosophical attitude to-

wards life, rather than the natural and social ex-

ternal images in the Tang dynasty. The items

used in this period had different styles, as individ-

uals cared more about their inner peace; for in-

stance, the potteries such as Longquan wares

were more elegant than before. The aesthetics

asked for simple shapes and refined colour items,

which is quite similar to minimalism today. The

craftsmen who made Longquan celadons in Song

focused on the proportion, size, colour and lustre

and the shape of the items. The production of

Longquan celadons was a procedure of deliberat-

ing it over and over. The tea ceremony was even

more welcomed in this period than in Tang by the

literati, as a way to experience a leisurely life.

There were tea competitions in the Song dynasty

as a part of people’s daily life. The tea competi-

tions contributed greatly to the flourisher of

Longquan celadons as the tea master in Tang, Lu

Yu, considered the tea cups of Longquan cela-

dons to be the best for the tea (Ye, 2017b). Peo-

ple could find tranquillity in the celadons. The

aesthetics generated from Confucianism, Dao-

ism, tea ceremony had huge influence on the en-

tire aesthetics in Song dynasty.
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3.2 Japanese aesthetics and Longquan ware

Longquan celadon is very popular in Eastern

Asia, especially in Japan. Despite the historical

issues, the aesthetics in Japan also contribute to

this phenomenon. As Chan is an essential part of

Chinese culture, the art works purely inspired by

Chan Buddhism are rarely found in China; most

of them are found in Japan. Chan Buddhism, to-

gether with wabi- sabi, mono no aware and ma,

are the most influential aesthetics in Japan. Japa-

nese aestheticsare unique, as they are totally dif-

ferent from the“non- Japanese”tradition, espe-

cially Western ones. Generated from the Heian

era, from 794 to 1185, Japanese aesthetics were

influenced by the aesthetics from China, India,

and Korea (Prusinski, 2012). Andrijauskas ar-

gues that the philosophical theories such as Con-

fucianism, Daoism, Tantrism, and Chan Bud-

dhism enriched Japanese aesthetics with new

ideas, but Shinto, which focused on the power of

nature and natural beauty, remained the most in-

fluential theory on Japanese aesthetics in this pe-

riod (Andrijauskas, 2003). Japanese culture

shared the same philosophy fundaments with Chi-

nese culture, thus it is reasonable that items popu-

lar in China, especially in Tang and Song dynas-

ty, were praised in Japan, too.

Wabi-sabi, together with mono no aware and

ma, was developed with the high appraisal of un-

derstated beauty. Wabi- sabi admired the desolate

sublimity, which could only be observed from the

view of observers themselves. This kind of aes-

thetics argues that there is strong power inside

the raw appearance. It further developed the idea

of Zhuangzi that men should accept and admire

nature. Mono no aware literally means“the pa-

thos of things”. It claims that every object con-

tains emotional feelings. Understanding and ap-

preciating these feelings was the essential part of

the aesthetic life in the Heian era. However, the

emotional qualities change when the environ-

ment changes; they are not the same in every con-

dition. Thus, individuals ought to adapt to the sit-

uation and feel the emotional qualities carefully.

They must remember every second of the falling

leaves to acquire that kind of joy, as the beauty

lies in every moment and the whole experience.

Thus, mono no aware requires the close view of

the object and its surroundings. The Japanese

people prefers to decorate their room very care-

fully. Longquan ware is usually one of their

choices. This ware would reflect the beauty of na-

ture and provide the feeling of silence.

Ma explores the beauty hidden in emptiness

and tranquillity. It can neither be seen nor

touched, nor be described. Just as mono no ware

cannot be captured in a certain moment, the beau-

ty of ma exceeds the boundary of culture and

space. It lies in the environment, but people can-

not see its presence. They can only experience

the power in the surroundings. The notable aes-

thetics in the Heian era concentrated on the beau-

ty in nature and asked for people’s sense of their

environment. After this era, Chan Buddhism en-

tered Japan in the 13th century. It is the same peri-

od in which Longquan celadons were imported in-

to the country. In the aesthetics of Chan Bud-

dhism, wabi-sabi and mono no aware also played

an important role. Hammitzsch argues that while

wabi- sabi emphasises the figurative beauty and

the beauty of sadness inside objects, Chan

shaped it as the beauty that was originally inside

the object so that people should have more self-

awareness in response to it (Hammitzsch, 1980).

In addition, Hammitzsch defines sabi as“the ab-

sence of obvious beauty”(Hammitzsch, 1980).

With the accomplishment of aesthetics, Chan

Buddhism shifted Japanese aesthetics from the

cultural refinement in the Heian era to a simpler

beauty with more natural and raw elements.

This piece of Longquan celadon in Figure 1

was produced in the Southern Song Dynasty,

around the 13th century (also considered the Ka-

makura period in Japan). The provenance written

by Itō Tōgai (1670- 1738), a famous scholar in

the 18th century, was kept in the box together

with this tea bowl. First owned by Taira no Shi-

gemori (1138- 79), it was then possessed by his

32



Vol.2, No.1 Oriental Aesthetics and the Design of Longquan Celadon

father, Kiyomori. The tea bowl was broken 300

years later, sometime during 1436 and 1490,

while it was part of Yoshimasa’s (1436-90) col-

lection. It was then returned to China to be fixed.

However, the secret of how to create a Longquan

celadon of such quality had been lost and they

could not reproduce such a tea bowl. As a result,

the tea bowl was restored using metal staples,

which were inserted carefully along its cracks, re-

sulting in its name of“Bakōhan”. (Rousmaniere

and Rousmaniere, 2007, pp. 84-86)

Figure 1 Bakōhan, or“Horse Locust Staples”Tea Bowl.

One of the best national treasures in Japan, now stored in

the Tokyo National Museum.

The special colour of the Longquan is bluish-

plum, which corresponds well with the golden co-

lour of the metal. The symbolic value of Bakōhan

was increased greatly after restoration. Its beauty

appealed to Yoshisama, and his preference for

this Chinese porcelain made it even more signifi-

cant than its unique appearance. Also, the restora-

tion treatment of this fragile work ensured it

would be preserved for longer than it ought to

have been.

There were Japanese Buddhists who trav-

elled to China in Tang and Song dynasty. The

Longquan celadon items in Japan were often de-

signed for burning incense and tea ceremony.

These Buddhists were affected by the culture

such as tea competition during that time. Thus,

the tea ceremony was praised by the Japanese cul-

ture. The preference of the Japanese people for

tranquillity and simple and natural aesthetics

would be fully reflected in the tea ceremony. The

Longquan celadons were often used in the tea cer-

emony not only as tea cups, but also for decora-

tion. It aligned with the Japanese’s preference for

a whole experience. In addition, the moral dimen-

sion in Japanese aesthetics asked for respecting

the inner quality of objects and honouring the

needs of every individual (Saito, 2007). For ex-

ample, the hosts of the tea ceremony tended to

use a rustic tea bowl when drinking Matcha in au-

tumn, and the designs and decorations in the envi-

ronment all needed to correspond to nature. Fur-

ther, the respect to others’needs promoted the

other-regarding attitude to materials and individu-

als in Japan. With the honour given to the tea it-

self, Japanese would choose the most suitable tea

cups. Lu Yu, the tea saint in the Tang dynasty in

China, appreciated celadon as the best for the tea

ceremony. Compared to the silver- like quality of

Xin ware, celadon is more like jade. Xin ware is

also like snow, while celadon resembles ice. The

most important component, the tea, would be-

come red when in Xin ware while green in cela-

dons (Ye, 2017a). Longquan wares were the most

significant kind of celadons due to their outstand-

ing quality. The simple design, elegant colour,

and glaze all appealed to the aesthetics in Japan

4 Discussion

The aesthetic preferences in Japan was great

impact by Chinese culture. The similar culture

base of China and Japan makes the same populari-

ty of Longquan ware. Aesthetics is an essential

part of philosophy while philosophy is the soul

of a culture. It may impact on people’s tastes and

preferences, thus effect the market. People tend

to buy the things that meet with their tastes. The

colour of Longquan ware shows the beauty of na-

ture and provide a silent environment. The items

are designed for tea ceremony and burn incense.

They meet with the philosophy in both China and

Japan. When handicraft industry is easily influ-

enced by aesthetics, researching on the cultural

relics would help people learn more about how

do they live and what do they think about.
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INTRODUCTION

Climate change has become a serious chal-

lenge for mankind in the 21st century, and carbon

peaking and carbon neutrality have gradually be-

come global issues. In the context of“carbon neu-

trality”, China has clearly proposed to achieve

carbon peaking by 2030 and carbon neutrality by

2060. In order to achieve this ambitious goal, the

adoption of low- carbon technologies is a matter

of urgency, and how to effectively reduce carbon

energy consumption, reduce greenhouse gas emis-

sions and prevent climate warming is the most

important issue for scholars today.

The building sector, as one of the three ma-

jor energy- using sectors of industry, transporta-

tion and construction, is closely related to energy

consumption and carbon emissions. Carbon re-

duction in the construction sector has become a

key part of China’s goal to achieve carbon peak-

ing and carbon neutrality, and is of great signifi-

cance in moving towards a low-carbon society in

all aspects and achieving high- quality develop-

ment. From construction to operation, carbon

emissions from China’s construction sector ac-

count for about 40% of total carbon emissions.

Many technical means that can achieve the reduc-

tion of building carbon emissions are proposed

and applied, and green building and low- carbon

real estate are inevitable trends in the develop-

ment of the construction industry.

The development of cities depends on the

support of the countryside, and the countryside is

the foundation of urban development［1］. Rural ar-

chitecture, as an important part of Chinese archi-

tecture, has been rarely considered in low-carbon

studies. In the past decade, 600 to 700 million
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square meters of new rural housing were built

each year, accounting for more than half of the to-

tal new housing built nationwide, so the explora-

tion of energy-saving technologies for rural hous-

ing should be given an important place in energy-

saving strategies.

1 Carbon emission problems in rural

houses

1.1 Built energy consumption

The construction of houses requires the con-

sumption of a large amount of building materials.

In rural buildings, traditional building materials

generally include cement, steel, wood, sand and

gravel and other decorative materials, etc. All of

these traditional building materials will greatly

increase carbon emissions in the process of pro-

duction and transportation. Take the production

and transportation of wood as an example,

among many tree species, only a few are suitable

for application in house construction, so the local

tree species are selected during the harvesting or

even planting process, and this selective harvest-

ing will affect the carbon emissions during road

transportation and logging site cleanup; more-

over, the harvesting will cause damage to the sur-

rounding trees and also leave branches and

stumps in the forest, and these actions will have a

great impact on the carbon cycle The impact of

these actions on the carbon cycle is significant［2］.

Rural houses are mainly self- built, and it is

difficult to strictly follow the national norms in

the construction process, thus causing many prob-

lems in future houses, such as wall cracks and wa-

ter leaks, and repeated construction will increase

construction costs and energy consumption.

1.2 operating energy consumption

At present, rural residents account for more

than 70% of the total population in China. In gen-

eral, there are problems with traditional construc-

tion methods, old building materials, unreason-

able structural design, and low energy utilization

rate in the construction of farm houses. To the

majority of rural households, building energy ef-

ficiency is still almost an unfamiliar word. Due

to the limitation of their own cultural quality, the

majority of farmers lack awareness of the envi-

ronmental pollution and excessive energy con-

sumption caused by traditional construction meth-

ods, and farmers usually only pay attention to

sheltering from the wind and rain when building

houses without considering energy saving. At the

same time, the majority of farmers are not aware

of the benefits of building energy efficiency［3］.

More than 85% of rural houses are brick and

concrete structures, with poor thermal insulation

of houses and generally decentralized heating,

which has low energy utilization, large heat loss,

energy waste and serious environmental pollu-

tion. In summer, air conditioners have low cool-

ing efficiency and high energy consumption cost;

in winter, air conditioners have low heating effi-

ciency, and if traditional heating methods such as

firewood are used, it is easy to cause safety acci-

dents while polluting the environment.

In the study of Zhao et al. mentioned that ru-

ral houses are getting more and more beautiful in

appearance, but the living comfort is poor and

the residential energy consumption is high ［4］.

First, in order to achieve aesthetic effect, rural

houses often expand the size of exterior doors

and windows arbitrarily, which greatly increases

the building geothermal loss, resulting in the

heat consumption of exterior windows account-

ing for 40% to 50% of the total building heat con-

sumption. Secondly, most of the rural houses

adopt steel and wooden doors and windows,

which are leaky and poorly airtight, and are not

conducive to maintaining the indoor temperature;

most of the walls of rural houses are clay solid

bricks, with large consumables, small use area

and poor heat insulation. Thirdly, many rural

houses are built with basement or semi- base-

ment, indoor heat is easily dissipated through the

floor, and the thickness of insulation layer used
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in the roof of houses is often not up to standard.

2 Feasibility of energy saving in rural

houses in Shanghai

As a typical city in the hot summer and cold

winter region, Shanghai has hot and muggy sum-

mers, wet and cold winters, small daily differenc-

es in temperature, high annual precipitation, and

low sunshine. In the study conducted by Chen, he

pointed out that rural houses in Shanghai have

the following characteristics［5］. First, the space

utilization is relatively independent, the frequen-

cy of use of each main functional room in the in-

terior is relatively uniform, and the main func-

tional rooms are basically air-conditioned rooms.

Second, emphasis is placed on dining and kitchen

space. Third, the importance of ventilation, the

current use of heating and air conditioning in ru-

ral Shanghai is not a lot, and most houses still ob-

tain relative indoor comfort through architectural

practices adapted to the climate.

Most of the self-built houses do not consider

energy saving and comfort issues, and the struc-

ture and form of houses are mostly built accord-

ing to living habits. The following suggestions

need to be considered in the energy- saving de-

sign of the building: organize the space structure

properly, reduce the heat and cold exchange be-

tween spaces, pay attention to the reasonable

scale of rooms and their heat insulation treat-

ment; respect the existing living habits in rural ar-

eas, improve the indoor comfort and realize ener-

gy saving under the condition that the dining and

kitchen are important activity spaces; pay atten-

tion to the organization of air paths in the house-

hold plan to form good ventilation.

3 Rural housing energy- saving design

case

Taking a residential-style building located in

the suburbs of Shanghai as an example, the green

building design is considered from multiple per-

spectives, including building envelope composi-

tion, energy use and ventilation and lighting.

3.1 House information

As shown in figure 1, the building is a com-

prehensive building integrating accommodation

and leisure, with four floors. The stepped area is

the accommodation area and the ring shape area

is the recreation area.

3.2 Enclosure structure

Insulation materials are an important factor

in the energy efficiency of buildings. The devel-

opment and application of thermal insulation ma-

terials has received a lot of attention from vari-

ous countries, and since the 1980s, more and

Research on Energy-saving Scheme Design of Rural House in Shanghai
from the Perspective of Carbon Neutrality

First floor Second floor

Third floor Fourth floor

Model

Figure 1 Building layout
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more types of thermal insulation materials have

been used in various construction projects, which

have greatly improved the quality of buildings.

As shown in figure 2, In order to improve

the thermal insulation performance of the build-

ing, the wall is composed of four layers: brick-

work outer with a thickness of 0.1m, XPS extrud-

ed polystyene with a thickness of 0.0795m, con-

crete block with a thickness of 0.1m and gypsum

plastering with a thickness of 0.013m. The combi-

nation of the four materials ensures the thermal

insulation performance of the building and al-

lows the building environment to be effectively

maintained in a comfortable temperature range.

window- to-wall area ratio is the ratio of the

total area of external windows (including trans-

parent curtain walls) in a certain orientation to

the total area of walls (including window area) in

the same orientation. Building each direction of

the window (including transparent curtain wall)

wall area ratio should not be greater than 0.70.

When the window (including transparent curtain

wall) wall area ratio of less than 0.40, glass (or

other transparent materials) visible light transmis-

sion ratio should not be less than 0.40.

As shown in figure 3, in this building, the

Figure 2 Wall composition and performance

Window to wall ratio

Louvres Overhang

Sidefins

Figure 3 Window settings
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window to wall ratio is set to 0.4, which can ef-

fectively improve the lighting effect of the build-

ing, but the excessive window to wall ratio will

increase the energy consumption, which is re-

flected in the transfer of outdoor heat into the in-

terior in summer and the transfer of outdoor cold

into the interior in winter. In order to reduce ener-

gy consumption, new sunshades, in the form of

louvres, overhang and sidefins, are added on the

outside of the windows, which can effectively re-

duce the outdoor solar radiation heat in summer,

and the window glass is made of multi- layer vac-

uum type, which is hoped to effectively isolate

the heat exchange between indoor and outdoor.

3.3 Indoor environment settings

Natural ventilation is an old technology and

is an inexpensive and proven technical measure

capable of adapting to the climate compared to

complex, energy- consuming air conditioning

technologies. Natural ventilation is generally con-

sidered to have three main roles: providing fresh

air; physiological cooling (comfort natural venti-

lation); and releasing heat stored in the building

structure, it refers to a ventilation method that us-

es the thermal pressure caused by the density dif-

ference between the air inside and outside the

building or the wind pressure caused by the out-

door atmospheric movement to introduce fresh

outdoor air to achieve the effect of ventilation

and air exchange. It does not consume mechani-

cal power, and at the same time, under suitable

conditions, it can obtain a huge amount of ventila-

tion and air exchange, which is an economic way

of ventilation. The Frankfurt Commercial Bank

achieves natural air circulation inside the build-

ing through the chimney effect; taking this ap-

proach as a reference ［6］, in the design of this

building, an open atrium is set up in the public ac-

tivity, i.e. the integrated recreation area, to

achieve the effect of natural ventilation.

As shown in figure 4, the minimum fresh air

volume is set to 10 m3 per person per hour, con-

sidering the building window ventilation, atrium

natural ventilation and mechanical air supply of

air conditioning equipment. By minimizing the

mechanical air supply, the energy consumption

of air supply can be effectively reduced, thus real-

izing energy saving in the building.

The different functional partitions within the

building determine the use characteristics of the

building, while the environmental characteristics

required for different functions are different［7］.

Research on Energy-saving Scheme Design of Rural House in Shanghai
from the Perspective of Carbon Neutrality

Nature ventilation

Norman Foster-Ecological tower
Figure 4 Natural ventilation in the building
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As shown in figure 5, the left side is divided into

residential areas and the right side is divided into

public areas. In summer, the design temperature

of the residential area is 26 degrees Celsius, the

relative humidity is less than 65% , the fresh air

volume is 25 cubic meters per person, and the de-

sign temperature of the public area is 26 degrees

Celsius, the relative humidity is less than 65% ,

and the fresh air volume is 15 cubic meters per

person; in winter, the design temperature of the

residential area is 18 degrees Celsius, the relative

humidity is less than 65% , and the fresh air vol-

ume is 25 cubic meters per person, and the de-

sign temperature of the public area is 18 The de-

sign temperature of the public area is 18 degrees

Celsius, the relative humidity is less than 65% ,

and the fresh air volume is 15 cubic meters per

person. The design light intensity of the residen-

tial area is 200lx and the lighting load is 7.5

watts per square meter, the design light intensity

of the public area is 300lx and the lighting meets

9 watts per square meter.

Solar radiation is the main

source of heat outside the build-

ing. In summer, solar radiation

transfers heat into the room, in-

creasing the cooling energy con-

sumption of the building, and in

winter, reducing the heating ener-

gy consumption of the building. In

the building dynamic load simula-

tion, solar radiation, as one of the

most influential variables in the

external disturbance on the build-

ing load, is handled correctly or

not, which directly affects the ac-

curacy of the calculation results.

Room
name

Residential
Public

Summer Winter Summer Winter
Design temperature ℃ Relative humidity % Fresh air

m3/hp

26
26

18
18

25
15

＜65
＜65

-
-

Room name

Residential

Public

Design illumination value lx Lighting power density W/m2

200

300

7.5

9

Figure 5 Functional zoning and setting of temperature, humidity and light intensity

Figure 6 Building solar radiation simulation
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As shown in figure 6, The simulation results of

the all-round solar radiation intensity of the build-

ing are as follows,

As shown in figure 7, the lighting conditions

during sunny clear day, overcast day and rainy day

are different. However, on overcast days and rainy

days, some areas on the inside of the building need

to be supplemented with artificial lighting to en-

sure the normal operation of all work.

3.4 Energy consumption simulation

Building energy consumption simulation is

an aspect of building simulation. Building simula-

tion refers to the method of simulating and analyz-

ing the overall performance of building environ-

ment and system, so it can also be called building

performance simulation. Building performance

simulation mainly includes building energy con-

sumption simulation, building environment simu-

lation (air flow simulation, lighting simulation,

pollutant simulation) and building system simula-

tion. Building energy consumption simulation is

a technology to model the building environment,

system and equipment, and calculate the hourly

building energy consumption.

The selection of the cooling and heat source

solution is an important decision- making link in

the design process of the air conditioning system.

It is related to the investment, operation cost, im-

pact on the environment, energy consumption

and other important issues of the project. The

choice of heat source equipment, should be in ac-

cordance with national energy policy and in line

with environmental protection, fire, safety and

technical regulations, as well as according to the

local energy supply to choose, should be mainly

electricity and natural gas, large and medium-

sized cities should choose gas, oil boilers, towns

and cities can choose coal-fired boilers. If the lo-

cal power supply is tight, there are thermal pow-

er stations for heating or sufficient winter heat-

ing boilers, especially when there is waste heat,

waste heat can be used, the lithium bromide ab-

sorption chiller should be preferred.

The design of air conditioning cooling and

heat source program is a combination of univer-

sality and specificity, and the alternatives that

meet the requirements should be compared in

general on the basis of considering the specific

conditions of the specific design. The compari-

son itself is a relative concept, in order to com-

pare the alternatives, a series of performance indi-

cators, economic indicators and physical indica-

tors are needed, and when comparing the solu-

tions, these indicators are required to be compara-

ble in the first place, especially the main indica-

tors representing the value of the solutions must

be comparable.

As shown in figure 8, The fan coil and water

system is used to control the room temperature.

In the simulated system, the hot and cold water

system of the building is set, and the supply and

return water temperature is set separately to cal-

culate the supply and return water consumption, i.

e. energy consumption. Fan coil water system is

a fan and coil (small surface heat exchanger) con-

sisting of a unit installed directly in the air condi-

Research on Energy-saving Scheme Design of Rural House in Shanghai
from the Perspective of Carbon Neutrality

(a) Sunny clear day (b) Overcast day (c) Rainy day
Figure 7 Natural lighting simulation results
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tioning room, the fan will be part of the indoor

air circulation process (filtered by the air filter

and coil for cooling or heating) directly into the

room to achieve the purpose of temperature and

humidity regulation of the indoor air system. The

fresh air required by the room can enter the room

through the infiltration of doors and windows or

directly through the fresh air outlet set up in the

room, or the outdoor air can be sent directly into

the room to be adjusted by the pipeline after cen-

tralized treatment by the fresh air treatment unit,

or the air inlet of the fan coil can be mixed with

the indoor air and then sent into the room after

heat and humidity treatment by the fan coil. The

coil treats the air with cold and heat media pro-

vided by a centrally set cold and heat source.

Therefore, the fan coil air conditioning system

belongs to the semi- centralized air conditioning

system. At the same time, because this air condi-

tioning system cold or heat is brought into the air

conditioning room by the air and water respec-

tively, so this air conditioning system is also

known as the air-water air conditioning system.

In the heating system, heat load refers to the

heat supply required to maintain the room heat bal-

ance per unit time, as shown in figure 9, heating

Figure 9 Heat load simulation results

Figure 8 Building energy system settings
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load per unit area could reach up to 69.49 W/m2.

The cold load of the air-conditioning zone is

one of the bases for determining the air supply

treatment process of the building and the capaci-

ty of the air-conditioning equipment, and it is al-

so the basis for calculating the cold load of each

link. The calculated cold load of each link in-

cludes: the calculated cold load of the air- condi-

tioning zone, the calculated cold load of the air-

conditioning building, the calculated cold load of

the air- conditioning system and the calculated

cold load of the air-conditioning cold source.

The definition of cold load is to maintain the

building’s hot and humid environment and the re-

quired indoor temperature, the heat that must be

taken away from the room by the air conditioning

system is called the air conditioning room cold

load, or the amount of cold that needs to be sup-

plied to the room at a certain moment is called

the cold load, the cold load includes two parts:

sensible heat and latent heat. As shown in figure

10, cold load per unit area could reach up to

119.35 W/m2.

According to statistics, building energy con-

sumption accounts for about 25% of the total en-

ergy consumption, and is increasing year by year,

so building energy efficiency is becoming more

and more important. In developed countries,

building energy efficiency is more advanced than

in China, for example, in Germany, building tech-

nology energy efficiency is mainly implemented

in three aspects: good building envelope insula-

tion materials; good door and window sealing

structure; and reasonable heating system. The

thermal insulation performance of the envelope

has a great relationship with the energy consump-

tion of the building.

The building energy consumption here is ac-

tually the building operation energy consump-

tion, i.e., it does not include the energy consump-

tion generated during the construction of the

building, because the summer and winter loads of

the building are calculated in the previous distri-

bution, so the two are summarized here. In the

summer of cooling, the cooling load shall be cal-

culated to provide matching cooling capacity; In

winter, the heat load shall be calculated to pro-

vide matching heat energy. In other words, cool-

ing is based on cooling load, and heating is based

on heat load. The energy consumption simulation

results are shown in figure 11.

Building energy consumption refers to the

energy consumption of buildings through conduc-

tion, convection and radiation in the process of

construction and use. According to the interna-

tionally accepted classification, building energy

Figure 10 Cold load simulation results
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consumption refers to the energy consumption of

civil buildings (including residential buildings

and public buildings), mainly including energy

consumption in heating, air conditioning, ventila-

tion, hot water supply, lighting, cooking, house-

hold appliances and elevators; Among them, heat-

ing and air conditioning are the main energy con-

sumption, and the general proportion of energy

consumption of each part is as follows: heating

and air conditioning account for 65% , hot water

supply accounts for 15%, electrical equipment ac-

counts for 14% and cooking accounts for 6%.

Comprehensive building energy conserva-

tion is the sum of energy conservation in every as-

pect of the building’s whole life process. It refers

to the process of siting, planning, designing, con-

structing and using buildings, through adopting

energy- saving building materials, products and

equipment, implementing building energy-saving

standards, strengthening the operation and man-

agement of energy- saving equipment used in

buildings, reasonably designing the thermal per-

formance of the building envelope, improving

the operational efficiency of heating, cooling,

(a)

(b)

Figure 11 Energy consumption simulation results
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Figure 12 Distribution of energy consumption types

lighting, ventilation, water supply and drainage

and plumbing systems, and using renewable ener-

gy, in order to ensure the building under the prem-

ise of ensuring the use function and indoor ther-

mal environment quality, reducing building ener-

gy consumption and using energy reasonably and

effectively.

In general, the overall energy consumption

of the building with energy- saving design is

shown in figure 12, which shows that the annual

energy consumption of the building is 1.56 mil-

lion kWh, and the energy consumption per unit

area is 117.64 kWh, which has reached the stan-

dard of energy-saving and comfort.

4 Epilogue

Rural houses are often neglected in the de-

sign of energy- efficient houses, but in the con-

text of both carbon neutrality and rural revitaliza-

tion［8，9］, the importance of energy-efficient house

design in rural areas is self-evident. In this study,

a complex house in a suburban area of Shanghai

is used as an example, and a variety of energy-

saving technologies are applied experimentally,

and significant energy-saving effects can be seen,

which is conducive to the achievement of carbon

neutrality. In future architectural design studies,

more attention can be given to rural houses.
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1 Introduction

The perspective adopted in this paper starts

from the notorious principle that both space and

time, the main material dimensions of our experi-

ence, go through a profound process of transforma-

tion, resulting from the evolution and use of infor-

mation technologies in various areas of life. The

advancement of technology, especially microelec-

tronics and telecommunications, has enabled cor-

porate command centers to settle in remote parts

of the globe, no longer requiring physical proximi-

ty to production or distribution units, and creating

a network structure characterized by dispersion.

and at the same time concentration of higher func-

tions in specific locations of developed economies.

Under this new process, the generalization

of the digital paradigm overlaps with social rela-

tionships previously established by direct contact

or analog technologies. In many respects, one

could suppose that the territoriality of the city

would disappear in the face of the new communi-

cational substratum based on the 'immateriality'

of bits. However, despite all the daily impact

caused by these technologies, the concrete spati-

ality in which life takes place remains used as a

means of socialization.

If in the context of the industrialist and mod-

ernist city, it was physical contact that defined a

community, now, in the midst of the information-

al society, in which the space of flows imposes it-

self as the dominant urban form (Castells, 1999),

the community sense is defined. by other forms

of communication, which are in essence mediat-

ed by electronic devices. Thus we can consider

Information and Communication Technologies

(ICTs) as means to establish social relations in

the context of a society in which the dominant

flows permeate all dimensions of life.
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In part, this process is underpinned by the

role that various types of media play in contempo-

rary society. By mediating our social relations

and extending the potential of technique, ICTs en-

able on the one hand the emergence of another

mediated or cyberspace dimension (Levy, 1999),

which overlaps with concrete spatiality, resulting

in a third, hybrid space (Lemos, 1999). On the

other hand, the tools themselves incorporate capa-

bilities to collect, process and visualize informa-

tion in real time, while new demands, discourses

and representations of the city emerge and over-

lap with existing ones. Among these, we consider

in this work the idea of Smart city and therefore

its related technologies.

The aim of this paper is to present prelimi-

nary results about how recent academic produc-

tion in Brazil has approached the Smart city

theme and paradigms such as City Information

Modeling and CityGML in particular, in their var-

ious fields of application. The path taken here

first addresses the characterization of what is

called the flow space (Castells, 1999) in an at-

tempt to contextualize the dominant spatial form

of the information society. This characterization

also works to establish the theoretical assump-

tion under which the work is anchored, demon-

strating that the spatial form of the contemporary

city is not free from the interests of groups, and

results from a particular worldview. Therefore,

the need to study in which fields and cases the

idea of Smart city has been associated in recent

academic production in Brazil, using for this

analysis not only keywords such as City Informa-

tion Modeling but also CityGML. For this we

must briefly define paradigms related to this

field, such as Geographic Information System

(GIS) and Building Information Modeling (BIM).

The second part of this paper will present a sum-

mary table of all entries obtained from a search

for the terms CityGML in Brazil, between 2014

and 2019. Finally, considerations will be made

about what was presented, in order to contribute

to the idea of open city models.

2 Caracterizing the space of flows and

the Smart City

The development and adoption of computer-

ized technologies in everyday business have a di-

rect impact on the spatial organization of cities,

mainly due to the increased interaction and ex-

change of information between distant places,

headquarters, R & D centers, production and dis-

tribution centers in emerging markets. In this

sense, Castells (1999) states that the flow space

is the hegemonic spatial form and a direct result

of the informational nature of contemporary soci-

ety, based on the predominance of knowledge ex-

change and network- based organization (Cas-

tells, 1999). This is the new structuring configura-

tion of urban forms and has a complex intertwin-

ing with the dominant spatial practices carried

out by various corporate sectors.

Such relationship can be better understood

through the works of Ferrara (2007), for whom

the city acts as a communicational support, allow-

ing interactions and sociability in the daily life

plan, and the urban structure not only communi-

cates something, but also allows processes. com-

municative viable through it. It is precisely the

most superficial feature of the city, the conforma-

tional architectural and urbanistic aspect of its ma-

teriality that transforms the environment into me-

dia, so that the image of the city becomes more im-

portant than itself, relegating the sensible experi-

ence and the relationships it contains. occur in the

background, while their ability to communicate

as a symbol becomes prominent (Ferrara, 2007).

This view is critical to explain our understanding

of Smart city and much of what is sought today in

much of the literature on cities and ICTs, where

their utilitarian value lies not in their architectur-

al elements or urban structure, but in the image

that These elements are able to communicate.

Recently, the idea of Smart City has gained

strength, especially after the new processes that

restructured capitalism with the emergence of

control and command centers of flows located at
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strategic points of the globe, and connected to

production centers through communication tech-

nologies. More than that, the idea of Smart City

is also closely linked not only with centers of po-

litical and economic control, but also centers for

research and education, services and quality of

life (Etzkowitz, 2008). It should be emphasized,

however, that in some cases Smart city does not

go beyond old planning models, conforming

much more as new conventional centralities, plus

high-tech architecture, marketing and advertising

as a means of attracting investment and labor.

qualified. In this sense, Smart Cities are much

more like a late deployment of what they mean

by a strategic city model than any kind of para-

digm shift (Watson, 2013). It is correct to state

that, in this new city model, not only do public

administrations seek to promote themselves by re-

lying on the supposed progress that such technol-

ogies are capable of bringing to society, but also

IT-related corporations chorus in unison as the ad-

ministrative staff must use their technologies to

achieve their goals (Wolfram, 2012).

This conception assumes that the city is

more than just a built artifact, being both a prod-

uct and a producer that enables the various pro-

cesses of sociability and interactivity to occur at

the level of everyday life. Information being a

productive force and the urban space criss-

crossed with all kinds of information, it is not sur-

prising that the idea of Smart city not only com-

municates consumption, but also efficient and

rapid management achieved only through the use

of proprietary technologies. Therefore, a city fo-

cused on the consumption of technologies of-

fered to public agents, which in turn present it as

a model in the market of competing cities.

3 Widening the space of flows.

From what has been exposed so far, and de-

spite the perverse sense that the notion of flow

space assumes, one can think of it from another

perspective, from which it is taken as a system ca-

pable of directing and being directed by actions.

that temporalize everyday experience. Such a sys-

tem, according to Reyes (2005) is formed by the

set of channels that make information viable,

such as radio, television, newspaper, internet and

configures a process that leads life through the in-

formation media. Considered as“mediatization”,

for Reyes (2005) this process can be considered

as a prosthesis (medium) that amplifies reality.

The sense of prosthesis is related to everything

that extends the possibilities of the body, and can

be a technological apparatus that optimizes or re-

places the functions performed by an organ or

limb, so the vision of prosthesis adopted by

Reyes acquires a broader connotation, being

linked to the new relationships that develop from

them, referring to a new ambience, “a new

world” (Reyes, 2005) with its own codes and

rules of conduct, based essentially on so- called

digital media. It is capable of traversing the en-

tire social context because of its ability to aggre-

gate from other media, and in a decentralized

way, reconfiguring the experience of time and

space in today’s society. This new reality, or this

new context parallel to physical reality, is often

called cyberspace, and is an element that perme-

ates living space, altering and amplifying the

complexity of banal reality, as Levy (1999) well

explained. Thus we increasingly perceive the con-

solidation of a new layer on the relations between

individuals, or a digital dimension of our reality,

capable of accelerating the processes of informa-

tion consumption, making it important today to

discuss reality from the logic of flows as forma-

tive and mediating element of social relations.

We consider that among these technologies

that permeate everyday life, there are increasing-

ly present in non- technical circles those such as

GIS, CityGML and possibly the City Information

Building (CIM). Much on this topic has already

been discussed in webmapping, collaborative

GIS and eGovernment in a broader way. In this

paper we will focus on the cases and ways in

which CityGML and CIM have been associated

with recent Brazilian production. To better under-
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stand these two concepts, a concise definition of

GIS and BIM is required.

3.1 GIS

For some decades now, the urban space plan-

ning and design process in its various scales has

been supported by computational tools of the most

varied types. Among the characteristics of GIS

systems are the georeferenced data storage, ac-

cess, manipulation and visualization capabilities

(Sicherman, 1981), forming an integrated deci-

sion support and resolution system (Cowen, 1988).

Traditionally, GIS systems allow the assign-

ment of information to two- dimensional carto-

graphic databases to constitute multiple layers of

data that can be checked. GIS systems present the

possibility of aggregating multiple categories of

information and overlapping them with carto-

graphic data as mappings to be used in urban plan-

ning, cartographic engineering, demographic and

tourism studies, among many other disciplines.

In recent years, with the popularization of soft-

ware and environments based on three-dimension-

al visualization, GIS programs have incorporated

this feature by adding data to three- dimensional

models and enabling the analysis and visualization

of data on three-dimensional models. 3DGIS, as it

may be called this variant, is based on programmat-

ic routines that automate the generation of 3D ob-

jects based on their geographic information attri-

butes using industry standard Class (IFC) formats,

allowing interoperability between GIS and BIM.
3.1.1 CityGML

Geography Markut Language (GML) is an

XML-based coding standard that enables the stor-

age of data and spatial, geometric and geographic

properties in digital format. CityGML is consid-

ered a GML Application Schemas, specific for

the modeling of objects related to the urban con-

text in its various scales. It was established as a

non- proprietary standard in 2008, developed by

Open Geospatial Consortuim (OGC) and current-

ly in version 2.0, consisting of an open format

for data modeling and information exchange

based on three- dimensional models. Similar to

IFC in the case of BIM, it allows interoperability

between different applications using geospatial

information and 3D visualizations.

Being an implementation of Geography

Markup Language 3 (GML3), it establishes norms

to represent information of three-dimensional ur-

ban models, composed of objects that represent

physical entities. Therefore, CityGML defines

not only the geometric characteristics of the mod-

el, but also its topology, semantics and the ap-

pearance of these objects. The CityGML standard

organizes objects into different modules such as;

Core, Relief, Building. Tunnel, Bridge, Transpor-

tation, Water Body, Vegetation, City Furniture,

Land Use, Group and Generics.

In the CityGML standard, objects are repre-

sented at different Levels of Detail (LdO, figure

1), which are intended to make data visualization

and analysis more user- friendly and facilitate in-

teroperability between models. The levels of de-

tail (LoD) defined by CityGML are defined as fol-

lows (OGC, 2012):

LoD 0- City or region scale representation,

poorly detailed and representing only the outer

perimeter of the terrain.

LoD 1-City scale representation, where build-

ings are represented by the polygons that contain

them, corresponding to the extrusion of the outer

perimeter of the building to its highest point.

LoD 2- City scale representation, where

buildings are represented with their basic vol-

ume, including inclined plane surfaces and other

features, as well as texture.

LoD 3- Representation on the scale of the

building, covering the projections and significant

details.

LoD 4- Representation on the scale of the

building, presenting internal details such as dif-

ferent spaces and furniture and important details.

Figure 1 OCG (2012)
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3.2 BIM

For a better understanding of what Building

Information Modeling is, it is better to review the

meaning of another concept widely used in archi-

tecture and design practice, which is Computer

Aided Design (CAD). CAD software for architec-

ture emerged in the late 1970s as a resource to pri-

marily assist in building design and modeling.

CAD tools are most often used for creating techni-

cal documents, three- dimensional models, per-

spectives, and photorealistic renders of both build-

ings and urban scale projects. Although the intro-

duction of CAD modeling has increased productiv-

ity, practicality and especially the possibility of

shared work, the CAD paradigm still to some ex-

tent bears many similarities to the process of man-

ual clipboard work, where each object represented

is actually a grouping of geometric entities (lines)

represented under a three-dimensional plane.

The idea of Bulding Information Modeling

(BIM) in turn represents a different paradigm in

which the three- dimensional representation of

the object is surpassed and incorporates other

characteristics or“dimensions”, especially those

related to time. While CAD software is essential-

ly based on two- dimensional constructions

(planes, sections, and elevations), models repre-

sented under BIM have three- dimensional (3D)

characteristics and further implement the time di-

mension (4D), building costs (5D), and sustain-

able analysis capabilities (6D). We can therefore

consider that the BIM paradigm covers the entire

lifetime of the object, from object modeling, con-

struction, management and simulations. There-

fore the representation of the building life cycle,

from the conception process to the demolition, in-

cluding all kinds of information linked to the var-

ious objects that compose this process.

Although the concept of BIM was coined in

the early 1990s, the massive use of technology

was only achieved in the mid-2000s with the ma-

turing of technology and offerings from a variety

of proprietary software and consequent consolida-

tion of various formats. initiatives towards stan-

dardization.

To enable the various software based on the

BIM paradigm to be compatible, it was necessary

to create a common, open and constantly revised

format. IFC is a format in development since the

1990s and currently maintained by the building

SMART Alliance, and currently in IFC version 4.

This is a format that stipulates such as geometry

information, standard quantities for measure-

ments, structural and energy analysis, among oth-

ers. others must be stored in the file.

3.3 CIM

We can consider that at least nowadays,

what is meant by City Information Modeling

(CIM) has not yet become an effective practice,

but is already an important paradigm for space

production, as this concept incorporates so much

the characteristics of BIM, as well as GIS, espe-

cially CityGML.

With the development of GIS-based applica-

tions such as 3D GIS and spatial analysis sys-

tems, the software’s own data processing capabil-

ities and increased hardware performance, there

is a convergence of technologies where the end

result is the creation of new paradigms. New

work paradigms are created not because of the

need of professionals because these needs are

met by the available software, but it is the tools

that are developing and merging or converging,

creating new work frameworks and facilitating or

enriching. the old ones.

The term City Information Modeling was

first coined by LachinKhemlami (Gil et al.

2010), and although its first appearance dates

from 2003, there is still no consensus on a single

conceptualization.

Amorim (2016) conceptualizes the idea of

CIM as a set of systems that operate at the de-

sign, construction and management level of the

city and their respective physical artifacts, being

mostly operated by the body of technicians in-

volved in this process. This system primarily

serves as support for another system set that

would conform to Smart city itself and would be
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made up of software and applications intended

for end users and administrators in general.

According to Gil, Almeida and Duarte

(2011) and Amorim (2016), ownership of a com-

mon database would be the main feature of CIM-

based urban models. Similarly, Xu et al. (2014)

point out that interoperability as the first chal-

lenge to enable CIM as a practice and as a con-

cept, as is well defined in Figure 1.

Data extraction
IFC standard

Data extraction

Integration
BIM data

CIM
CityGMLstandard

BIMdatabase

GISdatabase CityGML data

Figure 2 Xu et al (2012)

CIM can be considered as a unique database

where agents operating in the urban area can act

in a coordinated manner in the design, construc-

tion, monitoring and requalification of urban

spaces. Thus, the issue of collaborative work

seems to be one of the central features of any

CIM platform. For this to be effectively a reality,

it is essential that interoperability standards be

adopted between the various constituent applica-

tions of the CIM ecosystem. CIM has been con-

sidered to be a platform capable of integrating

the various city design and management systems

into their areas and specializations, including

those where they are not yet fully developed.

4 Methods

To obtain data in this study we used the

Google Scholar tool where we initially searched

for the terms“'CityGML”and (+)“Brazil”, since

it is understood that the search for this term in-

cludes part of the CIM searches by This is a fun-

damental concept in this topic. The range for this

survey was adjusted from 2014 to the present

date (September 2019). A total of 47 results were

returned by Google Scholar. Of these, 15 entries

were excluded because they refer to papers from

Portugal, Spain, repeated results and other re-

sults with different content from the searched but

that by some element in the metadata were re-

turned by the search. Of the remaining 32 papers,

they were individually analyzed for a second se-

lection. In this case, all papers were excluded

where their contents did not directly address is-

sues concerning CityGML or CIM. Thus, those re-

sults from studies related to the use of BIM in ar-

chitecture, traditional GIS and other works with

no direct relationship with the theme under study

were excluded. The selection of the first work

group then consists of 15 papers.

A second survey was conducted, this time us-

ing the terms“CityGML”and (+)“Cities”, cover-

ing the same timeframe between 2014 and the

present date. A result of 65 results was returned,

which after being selected in two steps as in the

first search, resulted in a second group with 8 ar-

ticles. Therefore, the entire group of papers are

23 papers, presented in the table 1.

5 Results: Brazilian experience with

CityGML

Table 1 presents an analytical framework on

part of recent academic production in Brazil,

which addresses the topic of City Information

Modeling, CityGML, or both. Most of the work

focuses on general discussion areas on the idea

of MIC, followed by very specific cases such as

the use of the CityGML standard for urban regis-

tration, visualization of urban data, or new meth-

ods for heritage conservation. architectural.

Regarding the framework adopted by these

works, stand out the theoretical discussions, ex-

ploratory studies on the subject and case studies,

where the applications of technologies related to

CIM could be very well applied.

6 Conclusions

The challenges for 21st century cities are

posed and not simple, especially in developing

countries such as Brazil, either by their size or by

how their urbanization process developed. This is

a complex phenomenon that is aggravated by the
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Table 1 papers returned by google Scholar with keywords CityGML”,“Brasil”and“Cidades”

Translation
Towards City Information
Modeling
CityGML and Digital
Photogrammetry for Architectural
Heritage Documentation:
Potential and Limitations

Discussing City Information
Modeling (CIM) and Correlated
concepts

Integration Between Bim and
CIM as Urban Management Tool
The Use of CIM and Ideas
Diffusion in the Field of Public
Policies on Urban Management
Sector
Establishing Requirements for
City Information Modeling
Smart Cities and City Information
Modeling
CIM or Not? Considerations
about City Information Modeling
Modeling 3D Cadastre of
Buildings Based on ISO 19.152
(LADM)

Analysis of the Current Situation
of 3D Buildings Cadastre

Smart Cities and City Information
Modeling

The importance of CIM to Urban
Infrastructure Management

CIM: a step towards the future

Modeling Cities for 3D_GIS
Purposes

3D Building Cadastre Modeling

Digital Heritage: ICT Application
for Documenting Immaterial
Heritage in Brazil.
Parametric Modeling as an
Alternative Tool for Planning and
Management of the Urban
Landscape in Brazil – Case Study
of BalnearioCamboriu
Considerations About the
Concept of Buildng Information
Modeling
Modeling City Information: from
estate of the art to the
construction of a CIM concept
An urban Modeling Experience
Based on Point Cloud in
Revit software
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need for quick answers to be given to urgent hous-

ing and urban segregation issues. Thus, it is neces-

sary to address the topic of Smart cities and tech-

nologies that support them in a socially responsi-

ble manner and to ensure that technologies func-

tion as tools for urban and social development.

However, it should be noted that, at least as

far as recent production is concerned, the theme

has been approached without proper articulation

with the most serious problems that permeate the

Brazilian urban problem, making it necessary, on

the one hand, to continue in the production of

knowledge. applied to ensure increasingly open

source and friendly tools and processes, and on the

other, case studies where smart new technologies

could be applied to address housing shortages, citi-

zen participation in urban planning, and communi-

ty engagement in these processes. It is about under-

standing the idea of Smart city as focused on citi-

zens rather than on technologies and the seek for a

more inclusive and open model of city.

(Marcus ViniciusSant’Anna is Architect,

professor at Federal University of Viçosa, Brazil,

and PhD candidate ate the School of Design,

Shanghai Jiao Tong University; Ekaterina

Tarasenko has a bachelor degree in History and is

a PhD candidate at the School of Media and Com-

munication at Shanghai Jiao Tong University)
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A Comparison Study of Bamboo Used as Garden Plant in China and Britain

XU Hong

School of Art, Nantong University Nantong Jiangsu 226019 China

Abstract: Bamboo has been widely used in Chinese gardens as one of the most popular plant elements for thousands

of years because of multiple and abundant reasons. To ancient Chinese scholars, bamboos were their spiritual friends

and indispensable to their gardens. The plant arrangement example of“phoenix trees in the front, bamboos at the back”

is a classic combination in ancient Chinese courtyards which reflects the oriental design connotation. Whereas in Brit-

ain, landscape gardeners show more scientific interests in bamboos and plant them in gardens mainly for their ever-

green appearance and exotic ambience.

Key Words: bamboo；Chinese and British gardens；garden plant；oriental design connotation

Introduction

Chinese architect Prof. Chuin Tung (1890—

1983) wrote in his article‘Chinese and Western

Gardens Contrasted’that‘the first European who

seriously studied Chinese gardens was Sir Wil-

liam Chambers (1723—1796) who, in his Disser-

tation on Oriental Gardening, tried to prove the

superiority of Chinese gardens. ...It is, however,

futile to debate upon the relative merits of Chi-

nese and European gardens. So long as each is

harmonious with the art, philosophy, and life of

its respective world, each is as great as the other’.

Ernest Henry Wilson (1876—1930), the Brit-

ish gardener and botanist of Kew Gardens, repub-

lished his influential book‘A Naturalist in West-

ern China’(1913) with an interesting new name

‘China: Mother of Gardens’in 1929.

Due to the fact that Chinoiserie entered Euro-

pean art and decoration in the mid- to- late 17th

century and its popularity peaked in the middle

of the 18th, when the style of British landscape

gardens and picturesque gardens was established,

there must be an intimate relationship between

Chinese classical gardens and British gardens.

This comparison study of bamboo used as

garden plant in China and Britain may provide a

specific perspective to see the similarities and dif-

ferences between Chinese gardens and British

gardens by exploring WHY and HOW bamboo is

used as garden plant in two cultures. Through

this we can also see some similarities and differ-

ences of design connotation between the oriental

and the western.

1 Why and How Bamboo Planted in

Chinese Classic Gardens

China, the hometown of bamboo, boasts the

richest resource of bamboo forest in the world

and hence is titled the‘kingdom of bamboo’.

There are about 1200 species of bamboo in the
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world and more than 500 growing in China.

Bamboo has been widely used in Chinese

gardens as one of the most popular plant ele-

ments for thousands of years because of multiple

and abundant reasons.

a. Bamboo is perennial herb and grows real-

ly rapidly than any other plant on the planet.

Most species of bamboo are tall and strong, and

look like woody plants but much less expensive

and more environmentally sustainable, as British

Royal Botanic Garden Kew editors put it‘the

fastest growing woody plants in the world, bam-

boos create a dense and vibrant landscape wher-

ever they grow’. Ancient Chinese had found

growing fast a great advantage of bamboo and ex-

ploited its practical and economic usages in all

fields such as food, transportation, stationary, in-

struments, art and crafts, building materials,

tools, other daily items and so on. Almost every-

thing you name and imagine can be made of bam-

boo.

Su Shi(1037—1101), the most talented schol-

ar- bureaucrat of Song Dynasty, expressed his

thankfulness to bamboo in his essay‘On Ling-

nan Bamboo’for its multiple usages in everyday

life.‘Lingnan people should have a guilty con-

science to bamboo. We eat its fresh shoots, fell

its branches to build houses and boats, burn it to

cook the meals, wear bamboo clothes and shoes,

write on bamboo papers...We cannot live without

bamboo for even one day!’

Like most ancient Chinese scholars, Su Shi

loved bamboo, painted it and wrote lots of poems

to praise it. One easy- to- understand poem says,

‘I would rather eat without meat, but could not

live without bamboo; Lack of meat makes men

weak, living without bamboo makes men vulgar;

Weak men can restore strength but there is no

cure for vulgarity.’Although modern Chinese no

longer rely on bamboo so much as our ancestors

did, we are still surrounded everywhere by all

kinds of bamboos in China and under the influ-

ence of bamboo culture.

Figure 1 Song Dynasty Su Shi‘Xiaoxiang Bamboo and

Rock’28×105.6cm Detail Chinese National Gallery

b. Bamboo has its slender, straight, elegant

appearance and other aesthetic features, and is ev-

ergreen even in winter, but Chinese gardeners fo-

cused more on its inner beauty and its spiritual

symbolism of a gentleman’s virtues like modesty,

bravery, independence, integrity, simplicity,

friendliness and responsibility. Bamboo is well

known as‘three winter friends’with pine and

plum trees, and‘four gentlemen’with plum, or-

chid and chrysanthemum in Chinese tradition. To

ancient Chinese scholars, bamboos were their spir-

itual friends and indispensable to their gardens.

Figure 2 Song Dynasty Zhao Ji（1082—1135）, the 8th

Emperor of Song, first-class painter and calligrapher who

was playing the Guqin with a tall pine tree and bamboo

groves at the back.‘Listening to the 7-stringed Qin’51.3×

147.2cm Detail The Palace Museum

Xu Wei (1521—1593), an outstanding paint-

er and scholar in Ming Dynasty, loved and paint-
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ed bamboo but had no money to own a garden.

He built a simple and crude study beside his

neighbor’s bamboo forest and named it‘Borrow

Bamboo Study’. Xu Wei’s friend Fang Chanzi

praised his ingenious idea by these words,‘Your

modest, upright and honest virtues and handsome

manners, your literary and elegant essays and po-

ems, are borrowed from bamboo; While bamboo

has borrowed your indefatigable spirit to grasp

the earth, your imposing manner and free style to

grow upright!’The artist and bamboo had inoscu-

lated as a whole and inspired each other as if they

were best friends. It is thus clear that bamboo can

be seen as a perfect incarnation forthose morally

lofty Chinese scholars.

c. To Chinese literati garden owners, plant-

ing bamboos is not only a perfect choice for prac-

tical usages, visual and auditory ornaments in all

seasons, but also a method to get across their ar-

tistic intention.

The plant arrangement example of“phoenix

trees in the front, bamboos at the back”is a clas-

sic combination in ancient Chinese courtyards.

It reflects the oriental design connotation which

is based on the ideal of Chinese culture——the ul-

timate harmony of“nature and human”.

Yang Weizhen（1296—1370）, a distinctive

poet in late Yuan Dynasty, visited his best friend

Gu Ying’s private garden named‘Green Phoenix

and Bamboo Study’in Kunshan, a county town

subordinated to Suzhou where gardening was

most popular and famous. He described in his es-

say that there were very beautiful buildings and

gardening elements like pools, plants, fake moun-

tains in this elegant garden but in the yards of the

main building only planted phoenix trees and

bamboos. He explained that Gu Ying was a real

gentleman that could appreciate the inner beauty

of the phoenix trees and bamboos. These propi-

tious plants, tidy and upright, green like jade,

were different in temperament from those colour-

ful and noisy flowers. Their simplicity both in

virtue and colour reminded people the beauty of

Chinese traditional ink and wash paintings, and

made people more alert to nature and the chang-

ing of four seasons.

Prof. Chuin Tung described poetically,‘The

garden wall in South China is invariably white-

washed. It lends itself admirably to bamboo shad-

ows thrown on it by sunlight or moonlight.

White, with green foliage and black roof- tiles

and wood-work, forms one of the dominating co-

lours in the Chinese garden.’

Chen Jiru（1558—1639）, a scholar and paint-

er in Ming Dynasty, collected traditional quotes

and exquisite phrases in his book‘Thoughts by a

Small Window’to express the leisurely and com-

fortable mood of reclusive hermit life. In Volume

6, he also recommended this classic and typical

case of plant arrangement,‘Every quiet study

needs to plant phoenix trees in the front yard and

bamboos at the back. The front eaves should be

broad and a northward secret window be de-

signed. In winter and early spring, the back win-

dow can be closed to avoid the rain and freezing

wind with the help of dense bamboos. While in

summer and autumn, it will be pleasantly cool

and beautiful with the shade of phoenix trees and

green bamboos surrounded. The interesting fact

about phoenix trees is that they sprout very late

in spring but fall their big broad leaves very early

in autumn. They are upright and tall, like huge

green umbrellas, shading the quiet study during

summertime, but never block the precious sun-

shine in cold winter.’

All in all, this classic garden plant arrange-

ment gives consideration to the owner’s living

comforts, aesthetic pleasure and spiritual fulfill-

ment. Therefore not only the scholars but the em-

perors appreciated it. Emperor Qianlong of Qing

Dynasty redecorated Yuanming Yuan (the Old

Royal Summer Palace) which was previously

owned by his father and ordered the court paint-

ers to paint the album of‘The Forty Sceneries of

Yuanming Yuan’. The previous‘Phoenix Study’

and‘Bamboo Garden’had been changed into

‘Green Phoenix Academy’and‘Natural Paint-

ing’, but were still quiet study surrounded by
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phoenix trees and bamboos.

Figure 3 Late Ming Dynasty GuZuntao‘Water-painting

Garden Host Mao Xiao Writing Poems on Phoenix Tree

Leaves’Bamboos were planted to the north-west side on

the left. Photo provided by Mr. Zhou Jianfeng, specialist of

Mao Xiao Study

Figure 4 Qing Dynasty The fifth garden‘Natural

Painting’with two tall phoenix trees and bamboo groves

planted in the yards. Album of‘’‘The Forty Sceneries of

Yuan Ming Yuan’

Tang Dai, Shen Yuan and other court painters painted in

1744. Photo downloaded from Philosophical Craftsmen

http://www.sohu.com/a/270264794_617491

2 Why and How Bamboo Planted in

British Gardens

Since there are so many gardens in Britain,

this comparison study has mainly adopted the

method of qualitative research to examine the

available ones. Field researches were carried out

in 2018, more than 30 photos of specific samples

were taken and specialists such as the Victoria

Park officers of Leicester City were interviewed.

Relative books and articles were searched and

found in the library and online.

Although the samples are far from being

enough, we still can tell from them that bamboo

is not very popular garden plant in Britain. For

example, there is no bamboo planted in the Victo-

ria Park, Leicester or found in St. James’s Park,

London. There are a few species of bamboos usu-

ally not tall grown in Leicester University, the

Abby Park and some private gardens in Leicester.
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Figure 5, 6 Bamboo groves planted as garden ornaments

on Leicester University Campus and in John Foster Hall.

Actually, most species of Bamboo can only

be seen in Kew’s Bamboo Garden, British Royal

Botanic Gardens. The introduction of Bamboo

Garden online indicates very strong scientific re-

search interests on the collections of bamboo spe-

cies,‘Our bamboo garden contains 1,200 bam-

boo species from China, Japan, the Himalaya and

Americas, making it one of the largest collections

in the UK. The grasses are arranged by appear-

ance to maximise their variety of forms and leaf

shapes, from wispy variegated species to foun-

tain- like cascades.’A warning tip shows that

growing fast is no longer considered an advan-

tage,‘Some species are highly invasive, so you

might notice we use durable plastic barriers to

contain their rapid growth.’It is much more like

a botanic collection with high research value than

a garden plant with profound cultural meanings.

Figure 7 Bamboo grove found in Leicester Botanic Garden.

The only big bamboo grove found in Leices-

ter is in the Botanic Garden, obviously being re-

stricted in quite limited area because they grow

so fast and could be‘invasive’to other plants.

According to Ray Townsend, Manager of

Kew’s Arboretum, who shares the story of Kew’

s bamboo collection, which he has been working

with for nearly 40 years,‘Kew’s first bamboo

plant arrived in 1826...The rate of collection in-

creased and in 1891 it was decided that a new lo-

cation was needed to house the bamboo collec-

tion which had grown to include about 40 spe-

cies. The majority of the bamboos in the collec-

tion are from China, there are also many from Ja-

pan...’

In this story titled‘Bamboos-from Victorian

curiosity to elephant food’, we can also be in-

formed that the usages of bamboo quite limited.

‘Kew has supplied bamboo canes to London Zoo-

in the late 1970s and 1980s when pandas were

housed there. I have also been called upon to ad-

vise zoo staff on the correct bamboos to use with-
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in panda enclosures. More recently I was invited

to Whipsnade Zoo to supply bamboo to the ele-

phants there!

Bamboo canes were cut for use as plant sup-

ports in the past but they only tend to last about

six months before going brittle, and are rarely

used in the Arboretum now.’

Figure 8 Bamboo groves combined with other garden

plants in the Trinity College, Cambridge.

For those British gardens which grow bam-

boos as garden plant, we can see the role of bam-

boo is not special or with any spiritual purpose.

Combined with other garden plants and flowers,

bamboo groves contribute to shape a lovely Brit-

ish border. The value of bamboo mainly lies in its

ornamental appearance and evergreen beauty.

Figure 9, 10 BambooGardenand Bamboo Gate in

Cambridge, which is obviously influenced by Chinese

gardens

But globalization has its influence in garden-

ing too. A very pleasant surprise encountered in

Cambridge is this tiny bamboo yard. It is a pri-

vate and quiet garden, using bamboo as the main

garden plant. Furthermore, the gate is made of

bamboo stems. Strolling, reading and thinking in

such a green and cool garden must be a great plea-

sure for the owner.

3 Conclusion

The reasons of Chinese gardens using bam-

boo as garden plant is multiple and abundant: for

practical and sustainable usages, for living com-

forts and enjoyment, for cultural and spiritual

considerations...While in Britain, since the broad

usages of bamboo not exploited, some of the bam-

boos regarded‘invasive’, scientific research in-

terests and ornamental species diversity for a gar-

den border are the main two reasons to plant bam-

boos. In the age of globalization, cultural ex-

change has been accelerated and we can share

ideas and appreciate interesting design connota-

tion whether it is oriental or western.
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