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Abstract

Active community engagement plays a central role in effective disaster risk reduction.
Despite its wide recognition and numerous approaches, community involvement in disaster risk
management processes still seems to be easier claimed than actually realised in most cases. In this
regard, the contribution of effective risk communication is considered sine qua non. Promoting
transparency throughout the decision-making process and disseminating risk information
empowers all involved stakeholders to make risk-informed decisions. Considering the emphasis
placed by current risk communication approaches on relationship-building among stakeholders,
such practices seem to create favourable conditions for participatory disaster risk management,
since they encourage community involvement and trust-building. Furthermore, recent approaches
involving serious gaming—i.e., games that have purposes other than only entertainment—have
gained considerable credit within the disaster risk management discourse as promising risk
communication tools to promote public awareness and support participatory decision-making for
risk-related issues.

These risk communication issues have only recently emerged considering large-scale,
complex disasters, such as technological accidents triggered by natural hazards, also known as
Natech. In cases where chemical risk communication is limited, individuals may find themselves in
lack of necessary information crucial for their effective preparedness against and appropriate
response during a potential accident. From a communication standpoint, such risk information
deficiency creates a secondary meta-problem for individuals which stems from that initial problem,
that is the exposure to the initial Natech accident risk itself. Risk perception studies have so far
explored how that initial risk is socially experienced, however, this study ventures to investigate
this secondary communication problem. In this context, this research aims to contribute to the
emerging topic of Natech risk communication by expanding the current knowledge about citizens’
communicative behaviour towards chemical risk information disclosure and further by proposing
a serious game as a means to raise awareness about Natech accident risk and communicate about
its management.

Focusing on the communication problem of lacking Natech risk information, this research
initially explores the determinants and sociodemographic influences that shape individuals’
situational perceptions and communicative behaviours. Japan and S. Korea have been selected for
a comparative study in an attempt to identify and understand any potential differences in how
individuals from analogous sociocultural backgrounds but embedded in different chemical risk
governance systems communicate about Natech risk information disclosure. In particular, these
two countries share a comparable collectivistic sociocultural structure in view of cultural
dimensions, yet they present important institutional differences in terms of chemical and Natech
risk communication. S. Korea has recently updated their regulatory framework for the
management of technological accidents introducing requirements for public disclosure of
chemical information, while Japan still has not.

This study approached the analysis of the public’s communicative behaviour through the
interpretative framework of the Situational Theory of Problem Solving (STOPS). Complementary
to STOPS, we explored individuals’ perceptions concerning the Natech risk, as well as their
relationships with governments and companies in terms of trust and decision-making power. For
the purposes of data collection, self-administered, anonymous, household questionnaire surveys
were carried out in 2018 (Japan) and 2020 (S. Korea) targeting residential, urban districts near



prominent industrial parks in both countries: Higashinada (Kobe) and Sakai-Senboku (Osaka) in
Japan, and Yeosu, Suncheon, Gwangyang and Ulsan in S. Korea. Structural Equation Modelling was
employed to validate the conceptual models and analyse the results of the two surveys, while the
differences between groups were assessed using inferential statistics. Regression analysis was
used to investigate the influence of sociodemographic variables on factors that drive individuals’
situational motivation to communicate about the issue.

The research findings suggest that Natech accident risk is perceived as a concerning issue
in both countries. However, even though households from both countries acknowledge the
Natech risk information deficiency as a serious issue, Japanese are significantly more constrained
in resolving it through communicating. In comparison, S. Korean respondents seemed to be more
communicatively active about it, and more confident in responding to potential Natech accidents.
Perhaps the chemical risk information regulation framework in S. Korea has contributed positively
in alleviating the problem of risk information deficiency. Also, trust in government and businesses
and perceived decision power-sharing seemed to have a positive effect on citizens’ situational
motivation to communicate about Natech risk by reducing the perceived meta-problem of
information deficiency. Finally, sociodemographic characteristics exhibited generally weak and—
except for gender and age—insignificant influences on the factors that shaped citizens’ situational
motivation to communicate about the issue.

Considering these findings that demonstrated the individuals’ motivation to become
informed and communicate about Natech accident risk, and aligning with the current risk
communication paradigm which promotes participatory approaches that extend the disaster risk
management discourse to involve the public, this research explored the potential of serious
gaming for Natech risk communication. This study proposed and developed EGNARIA: a novel,
educational, role-playing board game considering earthquake and tsunami scenarios that might
cause subsequent chemical accidents. Players try to survive by taking disaster preparedness
actions and responding correspondingly to the natural and chemical hazards they face. The game
is designed to raise community awareness about Natech accidents, and generate a discussion
among stakeholders about risk management strategies, chemical information disclosure and risk-
informed decision-making concerning Natech accidents. In order to assess the impact of the game
a quasi-experimental design was employed with a questionnaire survey before and after the trial
application with Kyoto University affiliates. Adhering to the conceptual approach so far in this
research, the survey was structured based on STOPS measures to understand the game’s influence
on the participants’ communication behaviour regarding Natech risk. The preliminary findings from
the game trial suggest an overall positive reception from participants as an engaging, educational
tool to introduce communities to Natech accident risk and discuss about its management.
Participants noted that the game raised their awareness about Natech accidents, highlighted the
importance of community participation and chemical information disclosure and positively
affected their intentions to actively search for and share information about Natech risk.

In sum, this study attempted to explore the communicative meta-problem of Natech risk
information deficiency and in doing so provide some rudimentary empirical evidence for risk
managers to pursue and foster chemical and Natech risk information disclosure as a way to
alleviate the secondary problem. Additionally, a novel serious game for Natech risk awareness was
developed and tested to aid risk communicators in opening the risk management discourse to
communities.



Acknowledgements

These past three years have been quite the journey for me...! Thankfully, | have not been
alone. | was fortunate enough to meet many brilliant and kind individuals that helped me
tremendously along the way. | wish to thank wholeheartedly each and every one who so
generously offered their support and guidance when | needed it the most.

First and foremost, | would like to express my sincerest and utmost gratitude to my
supervisor, Prof. CRUZ Ana Maria. Cruz-sensei provided me with an exhilarating level of creative
freedom to pursue my own academic interests. | am most grateful for her invaluable guidance
throughout my studies, and furthermore for treating me with the respect of an academic peer and
colleague, rather as an inexperienced student—which, honestly, | probably deserved most of the
time. Thanks to the ample opportunities she so generously provided me with all these years, | was
able to experience numerous exciting events, learn so many interesting, new things, and become
acquainted with countless fascinating individuals—all of which both research-related and beyond.
I would like to thank her for the patience and understanding she has shown throughout these
years. She has been a sympathetic and decisive mentor for me, always open to hear my problems
and questions with a heart-warming smile. Most importantly, she believed in my potential and
continuously supported me from my initial application at Kyoto University, until I finally graduated.
Thank you very much for everything, sensei!

Moreover, | would like to express my appreciation to the ‘father figure’ of our lab, Prof.
YOKOMATSU Muneta. Yokomatsu-sensei always had sharp comments that caught me off guard
and thus nudging me to revaluate my arguments and examine my work more rigorously and from
different perspectives. His kind demeanour and excellent work ethic set a motivating example for
me. Finally, | do not even dare to recall the number of times | bothered him, seeking his assistance
in translating and checking documents in Japanese. Thank you very much!

Additionally, | wish to thank Prof. BEAN Hamilton, who appeared so suddenly in my
academic journey, but influenced me profoundly. Bean-sensei has been a true inspiration for my
research, kindly ushering me into a deeper exploration of the ethical implications and potential
societal impact of my work. More importantly, he has been a great mentor. He encouraged me
ever so kindly during my initial academic steps, and continuously acknowledged the value in my
work and me as a peer, thus motivating me to do my best and achieve an outcome | could be finally
proud of. Thank you so very much!

Furthermore, | would like to express my gratitude to Prof. OKADA Norio. | would never
have imagined that | would meet such a world-renowned and preeminent figure in disaster risk

management studies. Yet, | have been tremendously fortunate to become acquainted with Okada-



sensei through the international society for Integrated Disaster Risk Management. His modesty
and openness encouraged me to actually talk with him at a personal level and discover a portion
of his vast knowledge. Unsurprisingly, his work has been very influential for my research, but going
beyond his fascinating research interests, | had the pleasure of sharing many stimulating
intellectual discussions with him. It has been an excellent honour to actually meet Okada-sensei
and | felt invigorated by collaborating with such an enthusiastic, ingenious and industrious person.
Thank you!

Also, | wish to convey a heartfelt ‘thank you’ to Prof. CHABAY Ilan. Chabay-sensei has been
another inspiring and caring mentor for me. | am grateful for all the hours | preoccupied his brilliant
mind with my troublesome and queries during our discussions. He is a charming and fascinating
individual I had the honour of meeting along this journey. | would like to thank him for all his kind
words of encouragement and for sharing with me so generously his awe-inspiring personal stories,
scientific knowledge and professional experiences. Thank you so much!

Additionally, | wish to express my gratitude to Prof. GARNIER Emmanuel, another inspiring
figure that visited our lab, and helped me expand my knowledge and improve my work through
his thoughtful and constructive comments. | am thankful for his kind words of encouragement
when the bitter rejections included in an academic career made their first appearance in my
journey. | had the pleasure of learning a great deal from his immense experience and appreciate
what interdisciplinarity actually means through his inspirational research. Thank you very much!

Furthermore, | am grateful beyond words to another mentor I had the honour and pleasure
of meeting and collaborating with through this research project, Prof. KIM Jeong-Nam. Although
—literally—half a world apart and with no actual obligation as a co-supervisor, he went above and
beyond, despite his many academic responsibilities, to share generously his invaluable insights. He
has helped me immensely in making a sense of and finding a direction for my research. Thank you
very much!

Moreover, | wish to express my gratefulness to Prof. SHIMIZU Mika, who played a critical
role in the completion of this research project. Indeed, in my time of desperation for the application
of the serious game and even under restrictions due to the pandemic, Shimizu-sensei quickly
mobilised her network to organise a workshop to play my game. Beyond this important
contribution, | want to acknowledge her genuine interest in my research and the invigorating,
intellectual discussions we shared over numerous occasions, which motivated me to look in depth
into risk governance and policy issues through my work. Thank you very much, sensei!

Likewise, | would like to express my gratitude to Prof. AOKI Shin-ichi. Apart from the

insightful and constructive comments he kindly offered me at every opportunity, Aoki-sensei has



always been eager to collaborate and showed a genuine interest in my research. | am thankful
beyond words for his support throughout the development of the game. Thank you so much!

Also, | would like to express my utmost gratitude to Prof. YAMA Yoshiyuki, Prof.
SAMADDAR Subhajyoti, Prof. LAHOURNAT Florence, and Prof. NAKANO Genta for following the
development of my research from its initial stages for years and so generously providing their
suggestions concerning interesting directions for research exploration, sharing their ideas for the
refinement of my work, and sympathising with my excitement when discussing about my findings.
I am thankful for all the interesting and fruitful conversations | had with each and every one of
them, and for all the moral and academic support | received from them. Yama-sensei, Samaddar-
sensei, Lahournat-sensei, and Nakano-sensei, thank you all so much.

Furthermore, | would like to convey a special ‘thanks’ to my dear friends and colleagues,
who | had the good fortune and pleasure of meeting through my studies. Particularly, | would like
to express my gratitude to Dr. SUAREZ-PABA Maria-Camila, Dr. LUO Xiaolong, Dr. PARK Hyejeong,
Dr. MISURI Alessio, Dr, LIXING Ning, Dr. KOO Bonjun and—soon to be Dr.—SONG Su for their
continuous support, kindness and sympathy over various legs of my journey. Apart from
witnessing their inspiring academic excellence, | had the pleasure of getting to know such brilliant
individuals. | am grateful for their unyielding support and friendship all these years; we
sympathised with each other’s problems and worked together towards overcoming them. My
beloved friends, Cami-san, Luo-san, Hyejeong-san, Alessio-san, Ning-san and Song-san, thank you
so much!

Additionally, our kind-hearted, patient and diligent MIYAUCHI Tomoko has always been
there for me. Miyauchi-san went above and beyond her actual duties to answer my every
question—no matter how troubling or insignificant it may had been—and efficiently respond to
all my administration-related requests. Thanks to her thoughtful and caring support, | was
empowered to dive into my research so smoothly and undistracted. | cannot thank her enough!

Finally, I want to thank each and every one of my family, friends and, of course, Cruz-ken
colleagues—my family away from home—who have treated me so kindly and tolerated me

throughout this peculiar period of mine. It’s been fun—at least for me!

)

Vi



Copyright Acknowledgements

Much of the research presented in this dissertation has been published, is currently under review,
or in preparation for submission to international peer-reviewed journals.

Part of Chapter 2 appears in:

Tzioutzios, Dimitrios; Cruz, Ana Maria; Kim, Jeong-Nam, ‘Appetite for Natech Risk Information in
Japan: Understanding Citizens’ Communicative Behavior towards Risk Information
Disclosure around Osaka Bay, International Journal of Disaster Risk Science (IJDRS) (currently
under publication).

Modified parts of Chapter 3 appear in:

Tzioutzios, Dimitrios; Kim, Jeong-Nam; Cruz, Ana Maria, ‘Investigating Citizens’ Communicative
Behaviour for Natech Risk Information Disclosure: A Comparative Study between Japan and
S. Korea’, International Journal of Disaster Risk Reduction (IJDRR) (manuscript currently under
preparation).

and:

Tzioutzios, Dimitrios; Kim, Jeong-Nam; Cruz, Ana Maria, ‘Examining the impact of Organisation-
Public Relationships on motivation for Natech risk communication: Findings from Japan and
S. Korea’, Public Relations Review (manuscript currently under preparation).

Much of Chapter 4 appears in:

Tzioutzios, Dimitrios; Cruz, Ana Maria, ‘Sociodemographic Influences on Public Interest in Natech
Risk Information: Insights from Japan and S. Korea’, Journal of Integrated Disaster Risk
Management (IDRiM Journal), 2021. <https://doi.org/10.5595/001c.29065>

Modified parts of Chapter 5 appear in:

Tzioutzios, Dimitrios; Bean, Hamilton; Chabay, llan; Shimizu, Mika; Aoki, Shin-ichi; Cruz, Ana Maria,
‘EGNARIA: Raising Natech Risk Awareness through a Serious Gaming Approach’, Geoscience
Communication (GC Journal) (manuscript currently under preparation).

viii


https://doi.org/10.5595/001c.29065

Contents

03 =T N iii
ACKNOWIEAZEIMENTS ...ttt b s b s e b s bbb ens v
Copyright ACKNOWIEAZEMENTS ...veeverereieieietiteteteee et viii
L= ) T OO xiii
=] o= Xiv
Chapter 1 INtrodUCtiON ettt saesan s 1
1.1 BaCKZrOUNG ..ttt n 1
1.2 Research Aim and ODjJeCtiVeS ....ccuiiucriiiiniininiiicnninicicnt et sae s 5
1.3 ReSArCH FrameWOrK .. cci ettt ettt saeene 8
1.4 DiSSertation OULINE c...coeeieiieeieeeeteecc ettt ettt eee 9
Chapter 2 Literatlre REVIEW..c ittt sttt sttt sae e s s st sassnis 15
2.1 Risk Communication and Chemical Information DiscloSUre.......ceeveeeveeeveeeseenseenseerseerenennnen. 15
2.1.1 Chemical Risk Information Disclosure Regulation ..........cceeeevereeerecinriecreneerenenenen. 17
2.1.2 Chemical Risk Communication in Japan and S. Korea....c.coceeevervcsueninsucncnensucnnenne 20

2.1.3 Right-to-know and Participatory Risk Management..........cccooveeeeiiciciceccnnenncnenn, 25
2.1.4 Previous RESEAINC..iii ettt ettt ce e ceesare e s e sare e sssseeeesssnaesessnnaesssnnne 32

Chapter 3 Investigating Citizens’” Communicative Behaviour for Natech Risk Information

Disclosure: A Comparative Study between Japan and S. KOrea .......ccoceeevvvvueninsicnininsicncninsnennenne 44
3.1 [ pYd oY [UTaiu o] OO PR U SUU O SUPRPPPRRRRRPPRRIRt 44
3.2 LIitEratUre REVIEW e e eeeeeeeeeeeeeeeeeteeeeteeeeeeeeeeeeeeeeeeeeeeeresesessteseteseeeteeeeesessssesssssssesseesesssessesssssesens 47

3.2.1 Cross-national Risk Perception......c.cuuevuirniininniininniiiiinicnicnicnicnnccncsnccnecneeane 47
3.2.2 Conceptualising Cultural Differences......ocieveieveiniciniiriiciiictccenaes 48
3.2.3 Audience-based Risk COMMUNICAtION.cc.ceitieriirrerireereeeeeeeee e 53
3.2.4 Situational Theory of Problem SoIving (STOPS) ...cccceviriniiuicninicnicinisicnciiescnceeannns 57
3.2.5 Organisation-Public Relationship (OPR).....ccececrurerurinniiniiinieiniiinieiseisseessesessenens 62
3.2.6 Additional Influencing FACtOrs ...ttt 64
3.3 MethOdOIOZY ...uiuviuiiuitititctc s 67



3.3.1 HYPOTNESES ..ttt 67

3.3.2 DF 1= W @] | (=Yt u o] o FR PSSO SPUPP PRSPPI 69
3.4 ANIYSIS ettt st st s e e s et e s sa e s sne s seneas 72
3.4.1 Data Screening and Preparation ... 72
3.4.2 MUIEIVAriate ANAlYSiS....ceeuiieireiiieeerteeeeeeeeees ettt s s 73
3.4.3 Descriptive ANAIYSIS c.eiiveiieiiiiiiiiitiiicicictcecsec ettt 75
3.5 RESUIES ettt ettt e s ab e s b e s sae s e st e s sresena s s see s nee s 76
3.5.1 Demographic Profile of Survey Respondents .........cccoueveieiiicnicniiicicicccicicicines 76
3.5.2 Structural Model Fit and Validity ...c.ccceeeeeireirniiiieeeeeeeeeence e 77
3.5.3 STOPS Structural EQUation Models.......cccvveireiiniinienieiiiiiinininteecsecnecseesaeans 80
3.5.4 OPR Structural EQUation MoOdels ......ccccvvirviiniiniiniiniiniinicniinntiiccnecnecnecsiesnens 82
3.5.5 1Yo Ye (<] @] 3 0] 0 T-T 5 (-To ] o O RRN 84
3.6 Response Comparison and Public Segmentation ..., 85
3.6.1 V=5 o Te] =l @a] 5 o] 0 T=1 5 =Yoo U 85
3.6.2 Public SEgMeENtation.....ccouiviiiiniiiiiiiiicici 89
3.7 DISCUSSION teitttiiittii ittt ittt saae e e sbae s e ssate s sessbt e ssesabe s sesssnessesssnessossnns 90
3.7.1 Demographic Profile ... 90
3.7.2 STOPS EVAlUGTION ettt sttt ettt s st s se st eane 93
3.7.3 Research FINAINGS ..ottt sreaes s n s san s 94
3.7.4 POlicy IMPlICAtIONS ..ciuiieiiiiiiiiiiiiiinicncnt ettt st essa s 100
3.8 [ Qo] o Tl (113 (] o SRRSO 104

Chapter 4 Sociodemographic Influences on Public Interest in Natech Risk Information: Insights

from Japan and S. KOT@a ..cucieevuiruiiiiniinniniiiiiniiiiiiiniciinint sttt ssessessesaesssssessessssssessesssens 119
4.1 INEFOAUCHION ettt ettt s st aas 19
4.2 LIt At UIE FOVIEW .cciiiiiiiiieetee ettt sttt e s cenre e e e s s e e s ssnnreeessesessnnneassssssssnsnnaasess 122

4.2.1 Perceptual and Cognitive Variables of Situational Motivation.........cccceeeveevenennne. 122
4.2.2 Sociodemographic Factors and Risk Perception.........cceeeueieiiceienicniciciicciicninns 123
4.3 LV =3d aTo e [0 o = VN 127



4.3.1 Research Aim and Hypotheses........ouiuiviiniininiiniiniiiiiinicicnrcrcsicresccncnenes 127

4.3.2 [DF 1= W @] | [=Yetu o] o HR OSSO PP PPOPRIPIN 129
4.4 ANQIYSIS ettt st et s s st s et s s ae s s saaeseneesan 131
4.5 RESUIES ettt ettt e e et st st st s st st e et e e e e e e e e e e e e e s et s nesnes 132
4.6 [0 ESY ol 1 o) 135
4.7 CONCIUSIONS 1eiireteeeeirieeeeieteeeeitteeeesiteeeesssseeeessseeessssseessssnaessssseesssssssesssssssessssseesssssesessssnees 137

Chapter 5 EGNARIA: Raising Natech Risk Awareness through a Serious Gaming Approach..... 144
5.1 [ aYd oY [UTatu o] o SRS PPPRPPN 144
5.2 LIterature ROVIEW...ucii ittt ree e s caste e e s s s ssnaees 146
5.3 Game Description and Development........cocieciieirnienienicniieniienienicniteecsceneceeceeeeaees 151

5.3.1 GAME ODJECEIVE ettt sttt 153

5.3.2 Game Rules and SEtUP ...cicuiiieiiiiiiiiiiiiintccee ettt sttt seae e 154

5.3.3 Playing the Game ...ttt 156

5.3.4 NAtECH ACCIABNTES «eviiiieeeeeetteeccee ettt ce et e s sree e e s ssa e s e s s asaeesssssaesssasaeeaes 158

5.3.5 PrOteCtiVE ACHIONS . ciiiiiiicreeeterecrreee et e e s seseereee e s s s sesssnneeesssesssssnnneassssssnns 159

5.3.6 L= 0 0 L3 @ T L) o = 160
5.4  Trial Application and Evaluation Method .........cevivvcniniiiiinininscninicncninicnenieniennene 161
5.5 Evaluating the Impact of the Game ..o 163

5.5.1 Player STrat@Eies ..ccuivviviviiiiiriiniiiiiiniciic b 163

5.5.2 CommMUNICAtiVE BENAVIOUT ..evveiereiiieiiiiiienreneiteete st sresste s et s s st e sssnesesnesesnnesane 165

5.5.3 NateCh RiSK AWAIENESS ..ceeeeriereerreeeeerireeeeerteeeesreeeeesrteesessreessssseessssseesssssessssssneesses 167

5.5.4 Natech Risk PErception .....ceeeeeereeneeseeeeeceete ettt 169

5.5.5 Natech Risk INTOrMatioN.....ccceveerrrreercieieieneseerceereeesesreesneeseneeseeeessseessnsessneessnneens 170

5.5.6 Players’ Impressions of the Game........cocuevueriniiiiiiiiciiiiiicicncncscsccteneeene 172
5.6 DISCUSSION tttttiiititiieit ettt st s sat e e saae s sessste s sesssaessesssaesessssassessssessonsns 175

5.6.1 Learning OULCOMES.....uiviiiieiieciieiicticitcitcnteste ettt s e sbssbsessenes 175

5.6.2 EGNARIA 2S @ GAM@.uuurerererererererererererereremememeremrmemememrmemmmmmemmmmmmmmmmmsesmmmmsmsssssssssssssssssssees 177

5.6.3 EGNARIA as a Tool for Natech Risk Communication .......ccccceeeeeerceircirnecnecneennnen. 178



5.6.4 Limitations and Further Development......cceviveiiiniinennicnininnicniniieenecnennenes 181

5.7 CONCIUSIONS ceiieteieeieteeieseteeeestteteesteeeesssteeesssteseesssaesssseasssssssessssssesssssssassssssesssssseessssssees 185
Chapter 6 CONCIUSIONS ..ccvuiiiiiiiiiiiiiniiiicnicnic sttt sae s ssatssaessascsnssnsssnseas 193
6.1 [0 L= o ) PN 196
6.2 ReSEArCH OULIOOK ettt 198
F Y] 0113 e PR 202
A StatistiCal TADIES w.couviriiriiiiiiiiiiiiccrcr s 202
A.2 Sample QuestionNaire iN JAPANESE ..c..civveviriiiiiiniiiiiniice ettt ae s s 215
A3 Sample Questionnaire iN S. KOr@a......ccvcvevivvrinniiinniiniiiiniiniiicnincnensesnssnessessessesseenne 224
A.4  Sample Pre-game Questionnaire for Game Evaluation.......ceeevenerivsicnenicsicncnecnnenne, 236
A.5 Sample Post-game Questionnaire for Game Evaluation.........ccceceeeeniciciiincninncnncnnene. 242

Xii



Tables

Table 3.5-1 Construct Validity MEASUIES .....coevuieviiruirniiiiiiiiciiiinicieenrcrent st sscsaesseeane 78
Table 3.5-2 Model Fit INAICES w.ouviuiiiiriiieeiertetetettcttctctc ettt st st 79
Table 3.5-3 STOPS Model Comparison between Japan and S. KOrea .......c.ccoeveviinenvcsiennenecsnennenns 84
Table 3.5-4 OPR Model Comparison between Japan and S. Korea........ccoccevevviveiveiciicnecnecnecnnne, 85
Table 3.6-1 Responses on Chemical and Natech Accident RisK ......ccceeveveiiisiineiiiniininnicniiniciinnenne 86
Table 3.6-2 Responses 0N STOPS MEASUIES ......cuiviiuiiiinieiiiiiiinriiiieencsesstesessesseesessessesssssessesnns 87

Table 3.6-3 Responses on Organisation-Public Relationship Measures and Additional Constraints

.............................................................................................................................................................. 88
Table 4.3-1 Research Hypotheses ...ttt 129
Table 4.3-2 STOPS Measurement [teMIS.....cucuiiiiiiiiicitiiiiiniteseescite st seee st st as e aees 130
Table 4.5-1 Summary of Sample CharacteristiCS ..covininiininiiniininiiicinee e 133
Table 4.5-2 Descriptive Statistics of the Situational Variables.........ccoeeivveeveiienieiieeeeeerenee 134
Table 4.5-3 Regression Model Fit Results SUMMArY ... 134
Table 4.5-4 Regression CoeffiCientS.....cuiiiiiiiininiiiiiiniiiiicrcee st sanees 135
Table 5.4-1 WOrkshop Programme.........cciiiiiiiiciciiciicicrcicscicnessses e s 161
Table A.1-1 Survey Distribution Districts and Response Rate ......ccevvevveveriisrininicsncninnicncnecnnenne 202
Table A.1-2 Summary of Demographic Characteristics of the Respondents .........cccccveevvvvuinucnnnene 203
Table A.1-3 Summary of Key Demographic Characteristics of the Population ........ccccceeeeuiucnneneee 204

Table A.1-4 Factor and Item Loadings for the Variables of the Initial Structural STOPS Model....205

Table A.1-5 Factor and Item Loadings for the Variables of the Final Measurement STOPS Model

Table A.1-6 Factor and Item Loadings for the Variables of the Final Measurement OPR-Situational

(e el=] ok o) a1/ o a =] T 207
Table A.1-7 Descriptive Statistics for Imputed Latent Variables........cceceeoeeeereineiinieeeeeeeeeene 208
Table A.1-8 Cook’s Distance for Imputed Latent Variables......cccccevirirviivinirsicninsicncniniecncnnenne. 208
Table A.1-9 Descriptive Statistics for Questionnaire [temMS . ...ccccceeeeeieerieeieeeeeeereeeeeceeeeeeeeee 209
Table A.1-10 Correlation Matrix, Means, and Standard Deviations for STOPS Items.....ccccceeeuveennee. 210

Table A.1-11 Correlation Matrix, Means, and Standard Deviations for OPR Items and Situational

] el =] o) o) o 213

Xiii



Figures

Figure 2.1-1 Arnstein’s Ladder: Degrees of Citizen Participation ........ccccoveevieiniiicicininiciiiincnnens 29
Figure 3.1-1 Conceptualisation of the meta-problem of Natech risk information deficiency........... 45
Figure 3.2-1 Hofstede’s 6-d cultural dimension scores for Japan and S. Korea .........ccceeveveuenueenennee 50
Figure 3.2-2 Conceptualisation of Communicative Behaviour..........ccviiininiiicicininininncicncnnne 58
Figure 3.2-3 Conceptualisation of the Situational Theory of Problem Solving.......cccccevevrinucnnnnes 59

Figure 3.2-4 Conceptualisation of the Effect of Organisation-Public Relationship on Situational

PEICEPTION ettt et sab e e aa s e bseane s 64
Figure 3.4-1 Initial Latent STOPS Structural Model ..., 74
Figure 3.5-1 Summary Model Results from the STOPS Structural Model for Japan..........ccccueuuuuee. 81
Figure 3.5-2 Summary Model Results from the STOPS Structural Model for Korea..........ccceuvunee. 82

Figure 3.5-3 Summary Model Results from the OPR-Situational Perception Structural Model for

............................................................................................................................................................. 119
Figure 5.3-1 Game DeVelOPMENt ...cceviiiiiiniiiiiiiiiciciicrcit st ss s saesaesanens 153
Figure 5.3-2 Gameboard and Materials ... 154
FIgUre 5.3-3 GamMe SETUP oottt bbbt e b e bssbseas 155
Figure 5.4-1 Trial Game APPlICatioN ..ot 162
Figure 5.5-1 Changes in Communicative Behaviour Pre- and Post-Game..........cceeuevveverenrenrennennene. 166
Figure 5.5-2 Changes in Natech Risk Awareness Pre- and Post-Game ........cccocvveveeerereenerinrennnenene. 168
Figure 5.5-3 Changes in Natech Risk Perception Pre- and Post-Game ........cccoevveveeerernererenrenenenene. 169
Figure 5.5-4 Changes in Natech Risk Information Priorities Pre- and Post-Game ........cccccceueveunenene 171
Figure 5.5-5 Players’ EXpectations Pre-Game .......covceniiicnieniiinniiniiniinniniininnenisnessesnesnesesssenens 172
Figure 5.5-6 Players’ Impressions POSt-Game.......cocuvveriiicnriniiniininiininininneneiisnesnesnenesnessenes 173
Figure 5.5-7 Players’ Evaluations of EGNARIA as a Natech Risk Communication Tool ...........c....... 175

Xiv



Chapter 1 Introduction

1.1 Background

Active community involvement in disaster risk management is widely acknowledged as one
of the key factors for effective disaster risk reduction. Nevertheless, unlike hard infrastructure
which can be meticulously and precisely engineered for the purpose, engaging communities in
disaster risk management processes has proven to be easier claimed than realised in most cases.
Despite continuous and extensive efforts by international organisations, such as the United
Nations, to develop sustainable programmes for disaster-resilient societies, participatory risk
management schemes are still not the norm (Samaddar et al., 2017; Pandey & Okazaki, 2005).
Approaching local communities as partners, engaging them in the disaster risk management
process and integrating their perspectives and concerns during the risk identification, mitigation,
and preparedness stages is vital (Briones, Vachon, & Glantz, 2018; Twigg & Mosel, 2017; Pandey &
Okazaki, 2005).

The contribution of effective risk communication towards this goal has been explicitly
emphasised by academics and practitioners alike, over the past few decades. It is essential to
create new and support existing information exchange channels among institutional organisations
and citizens '. Disseminating risk information allows all involved stakeholders * to make
comprehensive and risk-informed choices (Klinke & Renn, 2010). Furthermore, fostering
transparency and dissemination of risk information seems to create favourable conditions for
participatory risk management as it encourages trust-building and community engagement
(Figueroa, 2013; Klinke & Renn, 2010). Thus, it can be argued that extending such processes to the
local people and adequately informing them about the potential risks, a higher level of disaster
preparedness throughout the community can be attained.

The discussion around the contribution of community involvement in disaster risk
management, however, gains specificimportance in consideration of large-scale complex disasters,
for instance technological accidents triggered by natural hazards, otherwise referred to as Natech.

Natech are concurrent events that occur when there is a hazardous material release as a result

1 The term ‘citizen’ in this article refers to lay persons or social actors that comprise “publics, social
groups and communities” (Kennedy, 2016). This study uses the terms ‘citizen’, ‘individual’, ‘person’
and ‘community member’ interchangeably referring to the above concept, henceforth.

2 According to Okada et al. (2018, p. 431), the term ‘stakeholders’ refers to ‘those who are affected by
decisions and actions and those who influence the decisions and actions in the relevant context’.
Complementary to stakeholders stand researchers and facilitators, who should maintain a neutral
position with regard to the issue, but are not uninvested or disinterested toward the outcomes.
Henceforth, this term is used with this meaning for the rest of the dissertation.



from the impact of a natural hazard on installations that handle them (Krausmann, Cruz, & Salzano,
2017). They are defined as technological accidents caused by a natural hazard that involve the
accidental release of hazardous substances (UNDRR-APSTAAG, 2020). Natech accidents are
considered as typical low-probability, but high-impact events that entail severe and long-lasting
damages (Masys et al., 2014). The scale of such extreme events is likely to overwhelm local and
even state-level coping capacities, inhibiting emergency response mechanisms and further
hampering recovery efforts in the long-term (UNDRR-APSTAAG, 2020; Eisner, 2014; Kawata, 2011).

Prominent examples of such Natech accidents include the following events. The first case
involved numerous hazardous material releases triggered by the impact of Hurricane Katrina in
2005 (Cruz & Krausmann, 2009). The largest release incident was the oil spill at the Murphy Oil
Refinery, which threatened over 1,800 households at the nearby residential neighbourhood
(Santella, Steinberg, & Sengul, 2010). Overall, the subsequent accidental releases had severe social
and economic consequences, caused significant environmental pollution (Santella, Steinberg, &
Sengul, 2010; Cruz & Krausmann, 2009) and long-term health complications to residents (Picou,
2009). The second example involved multiple fires and explosions at oil refineries in the Sendai
region triggered by the Great East Japan Earthquake and Tsunami (GEJET) in 2011. Residents from
a 2km zone around the installations had to evacuate (WHO, 2018; Yu, Cruz, & Hokugo, 2017; Cruz &
Krausmann, 2013), while the fires and explosions triggered additional fires at neighbouring
chemical facilities (WHO, 2018). Apart from the tremendous economic impact on the chemical
industry, the released hazardous materials directly threatened the nearby population due to
toxicity or flammability, and created medium- to long-term concerns from the possible chemical
contamination of the soil and/or the underwater aquifer (Cruz & Krausmann, 2013).

Natech accidents pose a systemic risk. When Natech accidents occur, they do not only
impair considerably parts of the system, but may lead to a critical failure of the entire system and/or
incur further damages to other functionally connected systems (Okada, Chabay, & Renn, 2018).
Planning for potential Natech accidents in advance and considering their intrinsic complexities
during the risk reduction and preparedness phase are seen as equally crucial as the development
of effective post-event response and recovery strategies (Suarez-Paba et al., 2020). Moreover, a
Natech accident, as a type of compound disaster3 that unfolds into unknown risks, presents a
massive challenge for risk management authorities (Eisner, 2014); one that cannot be simply
disentangled from the general disaster risk management system. Therefore, the extent and

severity of such complex disasters demand for multidimensional responses that include actors

3 ‘Compound disasters’ or ‘cascading disasters’ refer to unexpected, successive or simultaneous disasters,
that have amplified impacts on the physical and social environment (see Eisner, 2014; Kawata, 2011).



from the government, business and local community for the purpose of addressing the associated
risk effectively (Shimizu & Clark, 2019; Shimizu, 2012).

As with any type of hazard, the involvement of community is central in Natech risk
management. Even though this is gradually being recognised by researchers and practitioners,
most studies so far focused on natural hazards. For example, they explored the significance of
community-based disaster risk reduction (Shaw, 2016); the roles of local communities during
natural disasters (Briones, Vachon, & Glantz, 2018; Twigg & Mosel, 2017; Bajek, Matsuda, & Okada,
2008); or building disaster resilience at the local level (Moreno & Shaw, 2018; Kwok et al., 2018).
There are currently only a few studies that investigated issues related to risk communication and
community engagement concerning Natech accidents (Yu, Cruz, & Hokugo, 2017; Yu & Hokugo,
2015; Funabashi, 2012; Cruz & Okada, 2008; Steinberg & Cruz, 2004). More importantly, recent
comprehensive literature reviews noted that the field of Natech risk communication is still quite
underdeveloped and called for further research (Suarez-Paba et al., 2019; Cruz & Suarez-Paba,
2019). The current study answers this call and hopes to contribute in advancing the academic area
of Natech risk communication, while also providing useful input for Natech risk management and
communication practices.

From a spatial planning and management engineering point of view, preeminent
international organisations recognised the gap in our current disaster risk management systems,
and advocated for more inclusive and transparent risk communication policies. In fact, the United
Nations’ Sustainable Development Goals (SDGs - UN, 2015) set as a target* for safe, resilient and
sustainable cities and human settlements the pursuit for inclusive and holistic disaster risk
management across all levels. Meanwhile, the Sendai Framework for Disaster Risk Reduction 2015-
2030 (UNISDR, 2015), calls for prioritising disaster education and risk awareness strategies in order
to communicate disaster risk information and knowledge with the public, and further enhance
disaster risk governance platforms through fostering transparency and involving all
stakeholders—and especially communities—in the disaster risk management process. Finally, the
recent supplement to the Guiding Principles for Chemical Accident Prevention, Preparedness and
Response (OECD, 2015) targeting specifically Natech accidents underscored that information
regarding the chemical accident risk and potential triggering natural hazards should be

communicated to the public. This study, acknowledging the contemporary needs in disaster risk

4 Goal No. 11: ‘Make cities and human settlements inclusive, safe, resilient and sustainable’; target 11.b: ‘By
2020, substantially increase the number of cities and human settlements adopting and implementing integrated
policies and plans towards inclusion, resource efficiency, mitigation and adaptation to climate change, resilience
to disasters, and develop and implement, in line with the Sendai Framework for Disaster Risk Reduction 2015—
2030, holistic disaster risk management at all levels” (UN, 2015, p. 22).



management and aligning with the priorities mentioned above, ventures to develop the field of
Natech risk communication and explore new implementation tools.

Within the abovementioned context of Natech risk communication, the motivation for this
research is founded on two pillars. First, the notion that a community’s ‘right-to-know’ (Hadden,
1989; see Baram, 1984) is not only a simple legislative matter, but rather an empowering risk
communication approach (Hadden, 1989). Strategic risk communication emphasises relationship-
building through a continuous, civic dialogue on the basis of right-to-know initiatives in order to
address public risk-related concerns and perceptions (Palenchar, 2008). However, a community’s
right-to-know is exactly that: a right. Communities are not always obliged to be aware of the risk
they are subject to, but ideally, they should have the choice of exercising their right to know. Thus,
the second pillar is the argument that effective risk communication is not only about what risk
experts believe citizens need to know, but also about what they actually want to know (Klinke &
Renn, 2010).

Itis worth noting that this study adopts an ‘interpretive/critical research’ perspective (Bean,
2021) as far as Natech risk communication is concerned. Following the discussion of Zoller and Kline
(2008), instead of a positivistic approach that focuses on evaluating the ‘rightness’ or ‘wrongness’
of communication messages against some ‘objective’ reality, interpretive/critical research engages
in a ‘double hermeneutic’ (Giddens, 1986) process of interpreting others’ interpretations of
sociocultural phenomena. Of course, this approach acknowledges that risk perception and
communication are elements that are socially constructed (see Breakwell, 2007; Douglas &
Wildavsky, 1982). Hence, this study seeks to provide an in-depth analysis and interpretation of a
discourse to shed some light on the multidimensional ways in which risk communication fosters
particular meanings to individuals (Bean, 2021; Zoller & Kline, 2008).

Finally, this study’s research approach endeavours to go beyond the traditional modus
operandi of disaster risk management, which involves top-down and centralised decision-making
processes usually carried out by risk experts and government authorities (Solinska-Nowak et al.,
2018). Such ‘command and control’ methods tend to minimise community participation and
partnership in decision-making and are often insensitive to local sociocultural norms or economic
needs (Mechler, 2016). Even though they are arguably efficient for straightforward and ‘structured’
issues (Hurlbert & Gupta, 2015), such as deciding the height of flood control dykes, for more
complex problems, such as managing Natech accident risks, such technocratic approaches may be
perceived as unsuitable and potentially impractical by affected and exposed communities,
impeding both risk communication and trust-building (Solinska-Nowak et al., 2018; Mechler, 2016).

Acknowledging such impediments to effective risk communication, researchers and practitioners



during the last decade or so progressively shifted away from the rigid, purely scientific approaches
towards more participatory and community-based disaster risk management strategies (Solinska-
Nowak et al., 2018; Yamori, 2008, 2012; Clerveaux, Spence, & Katada, 2008). These participatory
approaches do not view communities simply as recipients of disaster risk information, but as
collaborators in a co-learning environment, based on processes and products that reflect their own
contributions (Roncoli, 2006).

In fact, the communication gap between science-based risk assessment and disaster risk
reduction practices has become an increasingly important issue nowadays, while research has only
started to address some of the emerging challenges in this field (Gaillard & Mercer, 2013). Serious
gaming-based methods (i.e., games that have educational purposes, and are not simply for
entertainment) have recently started to be employed in the context of disaster risk management
with promising outcomes (for a review see Solinska-Nowak et al., 2018). Several researchers have
developed and successfully applied serious games for various disaster-related scenarios aimed at
enhancing citizens’ understanding of disaster risk management activities, encouraging
collaborative decision-making, sharing hazard-related information and raising community
awareness (Taillandier & Adam, 2018; Mossoux et al., 2016; Pereira, Prada, & Paiva, 2015; Meesters,
Olthof, & Walle, 2014). Aligning with this new epistemological paradigm, this study tries to
understand Natech risk communication and information disclosure from the perspective of
communities, taking into consideration sociocultural influences, and further address potential

implementation gaps from an empowering and collaborative angle via serious gaming.

1.2 Research Aim and Objectives

The overarching aim of this research is to contribute to Natech risk communication via
expanding our current understanding through a cross-national, comparative study of how citizens
communicate about Natech risk information disclosure, and further by exploring the potential of
serious gaming as a participatory tool for Natech risk communication and meaningful community
engagement. In more detail, this study ventures to investigate the communicative behaviour and
perceived challenges of households in Japan and S. Korea concerning the issue of Natech risk
information disclosure. In this context, the study focuses onilluminating the dimensions that shape
the community’s perceptions and communicative behaviour regarding chemical and Natech risk
information disclosure, and also evaluating any influence from sociocultural factors. Furthermore,
the study aims to include the development of a novel Natech risk communication approach based
on a serious game. This educational game is intended to become an experiential, co-learning tool

that introduces and enhances risk communication and collective decision-making among



stakeholders, targeted at raising awareness and literacy about Natech accident risk, appropriate
preparedness measures, and the importance of risk information disclosure.

The main research questions explored in this study are presented below.

What are the effects of pursuing chemical accident risk communication
in citizens’ communicative behaviour and their relations with involved

organisations concerning the issue of Natech risk information disclosure?

Could serious gaming be applied to raise Natech risk awareness and

stimulate stakeholder engagement in disaster risk management?

In this framework, the main research aim is to investigate whether residents near
prominent industrialised regions in Japan and S. Korea are motivated to communicate concerning
Natech risk information disclosure, what are their perceptions and how they communicate about
it. As an exploratory study on the subject of citizen motivation for risk communication, the
intention is to explore from a cross-national perspective the reasons behind the community’s
attitude towards Natech risk communication, shed light on the communicative problem-solving
actions residents engage in when trying to address the issue and help develop hypotheses for
future research. On the other hand, considering the methodological novelty this research presents
by using the Situational Theory of Problem Solving (STOPS) as a conceptual framework to conduct
a cross-national study in the field of chemical and Natech risk communication, a secondary
academic goal arises as well; to evaluate the interpretative power of this methodological
framework in explaining publics’ communicative behaviours pertaining to Natech risk
communication issues.

Moreover, STOPS is used as the primary conceptual building block to investigate
community perceptions and challenges regarding chemical and Natech risk communication.
However, drawing from the Organisations-Public Relations (OPR) literature, the notions of
‘Organisational Trust’ and ‘Control Mutuality’ are introduced to the situational perception part of
the model as representative dimensions of the relationships among citizens and the involved
government institutions and industrial companies. Since these concepts are ‘borrowed’ as
conceptualised from the view of OPR, they may offer an alternative approach to measuring such
aspects. Their influence on citizen’s situational perception and motivation to communicate about

Natech risk is tested.



In addition, this study considers the effects of sociodemographic factors on Natech risk
perception by approaching them through the interpretative framework of STOPS. Following this
logic, key sociodemographic characteristics are considered as determining factors of citizens’
situational perception, motivation to communicate and available ideas for solution. It should be
acknowledged that in this way these variables are not measured in direct relation to Natech risk
perception, but rather as controlling variables of the situational perception pertaining to the risk
information deficiency meta-problem. This study focuses on demographic variables in an attempt
to contribute to this discussion from a novel perspective.

Finally, transcending the traditional risk communication paradigm that dictates sharing
information to raise community awareness concerning potential hazards and preparedness
measures, the study proposes the development of EGNARIA, a novel serious game designed to
train participants critical thinking skills for various scenarios. Participants, in particular, are
expected to benefit from learning to anticipate circumstances and enrich their decision-making
criteria to adapt their actions accordingly in preparation or response to such Natech events.
Additionally, the proposed educational game will support a more participatory risk communication
approach for Natech accidents based on mutual learning and opinion plurality able to guide risk
management towards stakeholder inclusivity and collaborative decision-making. The serious game
is tested with a quasi-experiment and assessed using an original survey based on STOPS in order
to evaluate the game’s reception, educational impact and changes in intended communicative
actions.

The contribution of this study has both scientific and practical implications. On the one
hand, from an academic standpoint, it frames and analyses a meta-problem of risk communication.
Instead of looking at citizens’ perceptions about the initial Natech accident risk, this study
delineates for the first time a secondary problem of information deficiency about the Natech
accident risk and attempts to understand it through STOPS. Moreover, it aims at evaluating the
suitability of STOPS for risk communication analysis about complex disasters, such as Natech
accidents, and for carrying out a cross-national study on risk communication. This methodological
framework has not been employed under these conditions, making this a pioneering study in this
regard as well. The study aims to highlight the residents’ concern about the absence of adequate
Natech risk information in Japan and S. Korea and shed some light upon the perceived underlying
causes of this problematic situation from the citizens’ perspective through their comparison. In
addition, further expanding the scientific knowledge in the field of Natech risk communication, this
study introduces in the field of disaster risk communication two key measures from organisation-

public relations assessment research, namely Organisational Trust and Control Mutuality, ina novel



attempt to investigate the potential influence of such relationships on citizens’ motivation to
communicate about Natech risk. Moreover, this study examines social and cultural aspects to
determine potential linkages that would warrant further research. Finally, an original serious game
for Natech accident risk is proposed and developed, along with the design and implementation of
a unique survey instrument in order to evaluate its impact with regards to the communicative
behaviour of participants.

On the other hand, from a spatial planning and management engineering point of view,
the study foremost develops and tests a novel serious game for Natech risk communication.
Although there is always room for further improvement, the serious game is fully functional and
ready for deployment in its current state. As a tool, EGNARIA aims at raising community awareness
about Natech risk, highlighting the importance of risk communication and generating a discussion
among stakeholders concerning chemical and Natech risk management. Additionally, the
questionnaire instruments developed and tested over the course of this study can be potentially
employed by risk management authorities in order to assess communities’ perceptions and
intended communicative behaviour about Natech risk and information disclosure. Such insights on
community (mis-)perceptions regarding chemical and Natech accident risk can inform urban
design and spatial zoning policies by delineating areas where public concern is high and could be
prioritised in urban development and social welfare programmes. Moreover, methodologies that
support citizen participation in decision-making processes for community commons, invite
feedback, and improve the cooperation climate between all stakeholders can go a long way in
assisting urban managers with understanding better and addressing the actual needs of residents.
Overall, the aspiration is that the emergent findings concerning how people communicate about
Natech risk information emphasised in the current study will set the basis for policy guidelines to
improve risk information dissemination and encourage community participation in risk

management processes in Japan and elsewhere.

1.3 Research Framework

The current research project ventures to examine from a cross-national standpoint the
community ‘appetite’ for Natech risk information disclosure and risk communication, as well as to
understand the communicative behaviour patterns and perceived challenges in the Japanese and
Korean contexts through the prism of the Situational Theory of Problem Solving (STOPS). This
framework, traditionally employed in the domain of public relations, can be particularly helpful in
appreciating what are the citizens’ opinions about this secondary issue of chemical risk information
deficiency by measuring their situational motivation to communicate. Additional factors such as

trust and decision-making power are examined to assess the importance of establishing and



maintaining favourable organisation-public relations for Natech risk communication. A cross-
national comparison has been selected in order to identify and elucidate the influential factors that
shape community perceptions and drive communication so as to inform Natech risk
communication research and policy. These two countries offer an advantageous comparative
background because of their cultural similarities, but notable differences in their regulatory
frameworks and approach considering chemical accident risk management, as discussed in later
chapters.

Next, an in-depth analysis of the potential effects of the sociocultural context on shaping
citizens’ risk communication behaviour is conducted. The reasoning for this is to determine
whether cultural aspects play an important role in how people communicate about Natech risk and
information disclosure. Such findings are valuable in assessing the risk communication audience
and informing risk communication strategies accordingly. There is a growing interest in risk
perception and communication studies in cross-cultural issues, so this study hopes to contribute
to this discourse from this perspective.

The final step is informed from the findings of the previous analysis and builds upon the
established motivation of communities to communicate proactively concerning Natech risk, by
proposing a novel way to reach out to non-experts and encourage communication and
participation in Natech risk management processes. Hence, this study attempts to explore the
potential of serious gaming as an effective approach for Natech risk communication. With this aim,
a novel serious game, EGNARIA, is developed in an attempt to advance risk communication
concerning Natech accidents. The study contributes to the academic discourse of risk
communication through exploring and testing this novel workshop methodology with the use of
the STOPS framework to assess and understand its impact on communicative behaviour about
Natech risk. Also, from a practitioner’s perspective, the development of a serious game targeted

at raising Natech risk awareness and encouraging stakeholder engagement is quite important.

1.4 Dissertation Outline

After this introductory chapter, this dissertation is structured as follows. Chapter 2
presents a concise review of existing literature about chemical risk communication and
information disclosure for participatory risk management, as well as an overview of regulatory
frameworks that govern access to such information, both internationally and in Japan and S. Korea.
Chapter 3 examines the cross-national investigation of citizens’ communicative behaviour
between Japan and S. Korea. It introduces the methodological framework of STOPS along with
elements of organisation-public relations and additional factors that influence public risk

perceptions. Chapter 4, then, analyses the effects from sociodemographic factors on citizens’



communicative behaviour about Natech risk information based on the cross-national comparison
of Japan and S. Korea. Chapter 5 introduces EGNARIA, the novel serious game for Natech risk
awareness, discusses its trial application and impact on communicative behaviour, as well as its
contribution as a tool for Natech risk communication. The final chapter summarises the findings

and considers study limitations and future research prospects.
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Chapter 2 Literature Review

2.1 Risk Communication and Chemical Information Disclosure

Societies need the means to communicate among their members concerning present,
emerging and evolving risks (Sheppard, Janoske, & Liu, 2012). Therefore, in order to deal effectively
with hazards, a society requires—in essence—a way to exchange risk-related information, so as to
coordinate efficiently the available resources and prepare in advance to facilitate the response to
a potential scenario. Covello (1992, p. 359) described risk communication as the ‘exchange of
information among interested parties about the nature, magnitude, significance, or control of a risk’.
Risk communication is regarded as an automatic, yet essential, method for societies to exchange
information about a given risk, understand the situation at hand, deliberate and build stakeholder
consensus concerning the appropriate course of action for effectively addressing it (Palenchar &
Heath, 2007). The discipline of risk communication itself, Palenchar (2008) noted, gradually
developed from the practical needs of industrialised societies to protect their citizens’ lives and
properties from natural and technological hazards.

Originally, disaster risk communication was understood as a technical process, entailing the
unidirectional transmission of information from the authorities responsible for the management
of risk to the public (Glik, 2007; Gutteling & Wiegman, 1996). This meant that risk communication
initially was employed by experts with the aim of convincing lay audiences of their risk assessments
(Hadden, 1989), thus effectively reducing risk communication messages to digested versions of
technical information and public instructions. In contrast, the more recent approach of risk
communication is based on social dialogue, stakeholder engagement and sharing of decision-
making power (Gutteling & Wiegman, 1996); the interest is shifted from the quality of information
to the quality of social relationships (Palenchar, 2008). This democratic view sees risk
communication as an interactive and multidirectional process of information exchange (Glik, 2007).
Information concerning the potential effects from an event and how various actions may affect
the outcomes is shared via the communication channels among all involved stakeholders with the
purpose of minimising the impact on human health and the man-made and natural environment
(Bradley, McFarland, & Clarke, 2014). In this vein, the ultimate goal of risk communication is to
empower community members at risk to make informed decisions in order to protect themselves
and their properties (Bradley, McFarland, & Clarke, 2014).

Exchange of information between experts and community stakeholders is widely
recognised as the core of risk communication. Naturally, the features of the messages and the
strategies employed to convey them play a crucial role in shaping the opinions and perceptions of

involved parties. Risk perception, after all, is the outcome of acquiring, selecting and interpreting
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environmental signals related to the potential consequences of events, activities or technologies
characterised by uncertainty (Wachinger & Renn, 2010). Communication in this context attempts
to bridge the gap between the more ‘objective’, technical definition of risk as understood by
experts and its subjective, social construct as experienced by the wider community. Over the years,
risk communication has been highlighted by research scholars as the sine qua non for stakeholder
involvement and risk governance (Renn & Klinke, 2013; Aven & Renn, 2010; Renn & Walker, 2008),
and particularly so in the context of industrial, nuclear and environmental accidents (Palenchar,
2008; Shapiro, 2005).

Needless to say, open access to information is a precondition for its exchange between
involved parties. In this regard, information disclosure is intrinsically connected to risk
communication. Yet, pursuing chemical risk information disclosure policies is not always such a
straightforward decision for risk managers. This key challenge remains unresolved to this day, as
disaster risk communication becomes particularly relevant for residents and employees, who live
near or work at industrial facilities that handle potentially hazardous materials. There seems to be
no general consensus about the matter, as researchers and practitioners have often argued
against chemical risk information disclosure, claiming various issues from inciting public concern
to even threats to national security (Kinchy & Schaffer, 2018). Perhaps the most commonly invoked
reason by industries has traditionally been trade secrecy (Kinchy & Schaffer, 2018; Ingre-Khans et
al.,, 2016; Baram, 1984). Businesses claim—more often than not—that providing full access to
information about the chemicals they store and handle at their facilities would essentially mean
forfeiting their competitive advantage from the technical know-how they have developed over the
years. Additionally, disclosing such information could raise public concern resulting to negative
impact on nearby property value (McCluskey & Rausser, 2001) or on the regional image and local
economy (Slovic et al., 1991). Civic safety can be another reason against information disclosure,
because confidential information regarding the presence of hazardous materials can potentially
make industrial facilities high-risk targets for acts of terrorism (Schierow, 2013). Moreover, the
industrial sector has repeatedly expressed its concerns that sharing too much risk information
would cause unnecessary fears and worries among the populace and generate civil unrest (Renn,
1989).

One cannot help but wonder, however, whether information disclosure is an ambition for
risk managers or an actual need that originates from within the community. Kapucu (2008) came
across a similar question in his study on community hurricane preparedness. He concluded that the
views of citizens, who are typically on the receiving end of emergency management services, and

the perceptions of emergency managers, who coordinate the risk reduction strategies, might
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diverge significantly. Although he chose to focus on the perceptions of county emergency
managers for his research purposes, he emphasised the value of appreciating the opinions of other
stakeholders, such as local citizens, community leaders, or other public and elected officials, for
natural hazard preparedness.

Nevertheless, even though some stakeholders have vigorously resisted to provide open
access to chemical information over the years, implementing regulations that obliged industrial
facilities to publicly disclose such information has in fact returned positive feedback. A report by
the United States Environmental Protection Agency (2000) underscored that risk communication

and chemical information disclosure correlated with a substantial reduction in reported risks.

2.1.1  Chemical Risk Information Disclosure Regulation

Risk communication and information disclosure concerning chemical accidents entails
public access to appropriate information so that potentially affected communities can be aware of
the hazards and risks from nearby hazardous installations, and are prepared to act appropriately
in case of an accident (see Guiding Principles for Chemical Accident Prevention, Preparedness and
Response; OECD, 2003). As far as the regulatory mechanisms that deal with risk information
disclosure are concerned, there are two pieces of legislation that stand out in the global arena;
these are the Emergency Planning and Community-Right-to-Know Act (EPCRA; 1986) in the United
States (US) and the Seveso Directives (1982/501/EEC, 1996/82/EC, and 2012/18/EU) in the European
Union (EU) (Villa et al., 2016). Guidelines for the oversight of technological risks came in part as a
response to the overall lack of monitoring standards in the industrial process safety field, and after
several highly-publicised, large chemical accidents during the 1970s and 1980s (e.g., Flixborough,
UK in 74, Seveso, Italy in 76, Bhopal, India in ’84 and Three Mile Island, US in’79) (Villa et al., 2016;
Palenchar, 2008).

Section Three of the Superfund Amendments and Reauthorization Act (SARA IIl), or more
commonly known as EPCRA, was passed in 1986. EPCRA obligated chemical companies to fill in and
submit reports with data concerning their chemical inventories and their environmental releases,
and furthermore make publicly accessible information about the types and quantities of chemicals
manufactured, stored, transported and emitted at each industrial site (Palenchar, 2008). Here, it
should be mentioned that, even though over 60,000 substances were registered for commercial
use in the US at the time, this mandatory information disclosure was limited to only a list of
selected extremely hazardous chemicals. Nevertheless, the implementation of the EPCRA created
a community right-to-know tool unprecedented for the US chemical regulation arena so far (Wolf,
2018). Overnight, ordinary citizens were able to access critical information about the use and

discharge of hazardous materials during the manufacturing processes of nearby industrial
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businesses, without any special governmental intervention. The aforementioned mechanism was
based on the principles of complete disclosure from industries and the communities’ right to
access openly information about the presence and release of potentially harmful chemicals from
industrial facilities (Wolf, 2018).

The European counterpart regulation had come even earlier than EPCRA; Directive
82/501/EEC was legislated in 1982. Following the tragic industrial accident at Seveso a few years
earlier, the framework became known as the Seveso Directive. According to this regulatory
framework any industrial facility which involves and/or stores any designated hazardous chemical
substance at any point throughout its manufacturing process, was required to draft internal and
external contingency and emergency response plans that are based on arisk assessment (Fuentes-
Bargues et al., 2017). Additionally, potentially impacted communities were granted the right to be
adequately informed concerning the hazardous materials stored at nearby industrial facilities, as
well as the potential risks associated with them, and the on-site contingency and emergency
response plans in place for dealing with accident scenarios (Renn, 1989). Since the enactment of
the initial Seveso standard, over 130 severe accidents took place across Europe, while new types
of risks emerged due to technological advancements. Following these developments, the
European Commission amended the framework in 1996 through Directive 96/82/EC—Ilater dubbed
the Seveso Il Directive. These new guidelines categorised industrial facilities into three classes, on
the basis of the quantities of hazardous chemical substances present on site: i.e., ‘Not Affected’,
‘Low Risk’ and ‘High Risk’ category. Seveso Il was in turn revised in 2012 through Directive
2012/18/EU (or Seveso Il Directive). This amendment aimed at expanding the scope of the
regulation to incorporate the safeguarding of communities, property and the environment via a
more comprehensive framework (Fuentes-Bargues et al., 2017).

Whilst both EPCRA and the Seveso Directives share the overarching goal of reducing
chemical accident risks by minimising occurrence probability and mitigating the associated
consequences, indeed there is an important difference in the way they approach disaster risk
communication. On the one hand, the concept of community right-to-know constitutes the
cornerstone of EPCRA, as Palenchar (2008) underscores. This straightforward attitude towards
risk communication becomes evident even from EPA’s (1997, p. 3 in Palenchar, 2008) description:
‘Empowering the public with information helps assure [industry] compliance with existing laws and
encourages companies to take additional measures to reduce industrial chemical releases’. On the
other hand, Renn (1989) concluded that the primary focus of the Seveso Directive was on risk
management and emergency planning. In this sense, risk communication was introduced in the

agenda as necessary input to enhance and facilitate risk management, instead of a political or
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ethical duty to disclose all critical information with the potentially affected communities. Such a
superficial understanding of risk communication for communities is termed ‘need-to-know’ and is
distinguished from the more comprehensive concept of ‘right-to-know’ within risk communication
literature (Renn, 1989). Therefore, it may be argued that the goals of both regulatory frameworks
are in essence similar concerning risk communication and information disclosure, yet their
epistemological origins and approaches seem to be quite different.

As mentioned earlier, EPCRA and the Seveso Directives are generally regarded as two
exemplary policy frameworks for risk communication and information disclosure about chemical
hazards (Villa et al., 2016). Nonetheless, there are no international standards—let alone a common
global framework—on chemical risk information disclosure as of yet. For instance, a technical
report by the International Risk Governance Council (IRGC) on maritime critical infrastructure in
the South East Asia region, revealed important deficits in the risk governance of high impact events
in terms of assessing and understanding risk. One major contributing factor was that governments
did not always encourage industries in the maritime sector to publicly share data and information
on incidents, even among administrative bodies (IRGC, 2011). In such cases, both government
institutions and private companies have been found to err in trying to strike a balance between
transparency and confidentiality concerning risk information disclosure. In their defence,
government institutions mostly invoked matters of national security, while industrial businesses
mentioned concerns for economic liabilities and protecting their reputation (IRGC, 2011).

The global scene of transparency remains quite unclear. Admittedly, access to information
may be much easier and widespread nowadays compared to several decades ago, but still we are
far from realising a ‘truly transparent world’ (Florini, 2007). Among others, economic competition
and national security issues tell an even less favourable future for information disclosure from
private and public entities alike. Nonetheless, international organisations have unequivocally
recognised this issue and try to raise awareness in this direction through their guidelines and
publications. A case in point are OECD’s (2003) Guiding Principles for Chemical Accident Prevention,
Preparedness and Response, which highlight information disclosure and communication with the
public as critical elements for the preparedness, mitigation and response concerning chemical
accidents. Chemical risk communication is noted in this document as a two-way process in which
community participation is key, while the responsibility for communicating with the public is
shared among both the public authorities and the industry (OECD, 2003, chap. 7). Keeping up with
the research developments at the time, an addendum to the aforementioned Guiding Principles
was published later, which specifically addressed Natech accidents. The supplementary Guiding

Principles noted that additional information about potential triggering natural hazards should be
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communicated to the public along with the chemical accident risk information (OECD, 2015).
Another example is the United Nations’ Sendai Framework for Disaster Risk Reduction (SFDRR)
2015-2030, which placed the need to increase the availability of disaster risk information and

assessments accessible to the public among its major strategic targets®> (UNISDR, 2015).

2.1.2  Chemical Risk Communication in Japan and S. Korea

Focusing on aspects pertinent to disaster risk management, Japan and S. Korea share many
similarities at first glance concerning their climatological and topographical characteristics, as well
as the geographic distribution of chemical industries. Both Japan and S. Korea are frequently
affected by natural hazards, such as tropical storms, heavy rains, flooding and landslides, with
occasionally significant impact on communities and infrastructure (UNDRR, 2021). One difference,
though, is that Japan is located in a highly active seismic zone, and thus is exposed additionally to
intense earthquakes more often (Park & Cruz, 2022). Furthermore, Japan and S. Korea have among
the largest chemical industries worldwide. Both countries’ major industrial parks that include
facilities handling hazardous chemicals and oil refineries, are situated mostly along the respective
eastern coastlines. It should be noted that in most cases, residential areas have developed around
such industrial parks over the years, creating arguably unfavourable conditions considering the
exposure of local communities to chemical and Natech accident risk in both countries. Although
Japan and S. Korea face apparently similar situations concerning chemical accident risk, they have
developed unique perspectives with regard to disaster risk management systems and regulations
(Park & Cruz, 2022). It is noteworthy that, while efforts have been made from the authorities in
both countries to establish high process safety standards and manage chemical accident overall,
specific regulations concerning Natech risk management have yet to be legislated. Bearing this in
mind, we proceed by looking into the regulatory framework that governs chemical risk

management and communication in Japan and S. Korea.

2.1.2.1 Japan

As mentioned previously, due to the lack of a global framework on chemical risk
communication and information disclosure, each country develops ad hoc legislation to address
the subject, naturally with various degrees of effectiveness. Japan’s expertise in disaster risk
management is world-renowned, especially so in coping with natural hazards. Nonetheless, the
picture seems to be different in the field of technological and chemical hazards. Japan’s stance on

risk communication and chemical risk information disclosure led Ikeda (2014) to conclude that the

5 The SFDRR (UNISDR, 2015, p. 8) states in particular as one of its seven global targets towards its
achievement the following: ‘Substantially increase the availability of and access to multi-hazard early
warning systems and disaster risk information and assessments to the people by 2030’



country seems to lag behind the US and EU in terms of regulatory frameworks®. As far as
information disclosure about man-made hazards is concerned, the Japanese case bears strong
resemblances to the situation of other SE Asian countries; there seems to be a rigid top-down risk
governance structure with scarce publicly available information (IRGC, 2011).

The presently active legislation that defines the disaster prevention framework in Japan,
the ‘Disaster Countermeasures Basic Act’, makes no reference to technological or chemical risks (Act
No. 223, 1961). Apparently, requirements for the industries to report hazardous chemicals
inventories and publicly share such data are not included in this act. Furthermore, there is a
multitude of laws that relate to disaster prevention concerning industrial complexes with facilities
handling hazardous materials in Japan (Krausmann, Cruz, & Salzano, 2017; Cruz & Okada, 2008),
the most prominent of which are: the ‘High-Pressure Gas Safety Act’ (Act No. 204, 1951), the ‘Fire
Service Act’ (Act No. 186, 1948), the ‘Industrial Safety and Health Act’ (Act No. 57, 1972), the
‘Electricity Business Act’ (Act No. 170, 1964), and the ‘Act on the Prevention of Disaster in Petroleum
Industrial Complexes and Other Petroleum Facilities’ (Act No. 84, 1975). It is noteworthy that only
the amended High-Pressure Gas Safety Act explicitly addresses Natech accidents by requiring
industrial facilities to take measures to reduce risks from earthquakes and tsunami (Krausmann,
Cruz, & Salzano, 2017; Cruz & Okada, 2008). Ishimaru (2020) underscored the apparent regulatory
fragmentation and the absence of a cross-sectoral governing institution within the Japanese
legislative framework for the risk management of major chemical accidents at industrial complexes.
Furthermore, the aforementioned regulations prioritise industrial process safety setting
admittedly high standards, yet they do not include any provisions about chemical risk information
disclosure, let alone define a risk communication strategy with the broader public.

The only regulatory article that explicitly requires industrial facilities to publicly disclose
information regarding dangerous substances is found within the Law for ‘Pollutant Release and
Transfer Register Law and Promotion of Chemical Management’ adopted in 1999 (Act No. 86,1999a).
The Pollutant Release and Transfer Register (PRTR) system dictates that businesses which handle
chemicals potentially harmful to the environment are obligated to estimate the volume of such
releases, and report the data to the local governments. In turn, the national administration
compiles this information and publishes the aggregated results to the citizens on a yearly basis’
(Act No. 86, 1999a). However, the principal issue this regulation addresses is not that of

technological accident risks. Instead, it aims at monitoring the environmental discharge levels of

¢ Ikeda (2014, 632) noted: ‘we were far behind the US and EU countries in starting regulatory reform from the
paternalistic top-down to the informed choice on risk under proper institutional setting in Japan’.

7 Japanese PRTR data is available from the website of the Ministry of Environment, Government of
Japan (https://www.env.go.jp/en/chemi/prtr/prtr.html).



specific chemical substances to the environment. Undoubtedly, the system delineates the
foundations for risk communication between the government, the industries and the citizens, but
the main goal is to foster voluntary improvement of industries for the management and reduction
of environmental pressures from the usage of toxic chemical substances. In other words, the
preservation of the environment is the top priority. It becomes apparent that the framework does
not apply to future scenarios that involve releases of hazardous materials caused by technological
or Natech accidents with potentially severe consequences to the local community and/or the
environment.

Rather unsurprisingly, considering the aftermath from the Great East Japan Earthquake
and Tsunami (GEJET), special provisions targeted at promoting transparency of the decision-
making processes concerning nuclear disaster management were introduced. Relevant laws such
as the ‘Atomic Energy Basic Act’ (Act No. 186, 1955) and the ‘Act on Special Measures Concerning
Nuclear Emergency Preparedness’ (Act No. 156, 1999b) were amended in an attempt to restructure
the Japanese nuclear disaster management framework. As stated in the White Paper on Disaster
Risk Management 2015 (Disaster Management Bureau, Cabinet Office, Government of Japan, 2015),
a Nuclear Regulation Authority (NRA) was created based on lessons learned from the Fukushima
accident with the mission to ensure the reliability of monitoring authorities so as to foster public
trust. Thoroughly disclosing regulatory information pertaining to the related decision-making
processes is within its scope of actions. This regulatory body is still active and regularly holds public
hearings (Disaster Management Bureau, Cabinet Office, Government of Japan, 2018).
Understandably so, this publicly shared information is related to nuclear disaster management and
does not apply to the case of facilities handling hazardous chemical substances.

In sum, contrary to the modern age of proliferating communication and ease of access to
information, there seems to be little to no information disclosure concerning chemical—and by
extension Natech—accident risk in Japan. Notable efforts have been made from the government
side to address this issue concerning nuclear disaster management, and perhaps they achieved it
to a certain degree, yet the question remains for chemical accident risk. Scholars who looked into
the developments of risk communication in Japan in the post-Fukushima era noted that this
scarcity of publicly available chemical risk information has resulted in little preparedness from a
citizens’ standpoint to address low probability, but high impact technological accidents (lkeda,
2014; Kinoshita, 2014; Hasegawa, 2013; Figueroa, 2013). Moreover, a recent study which examined
risk perceptions and evacuation behaviours at household level following the Fukushima accident,
also highlighted the challenges for community preparedness against accidents given the overall

lack of publicly available chemical risk information to local residents (Yu, Cruz, & Hokugo, 2017).



2.1.2.2  South Korea

The basic structure of the regulatory system governing chemical risk management in S.
Korea is similar to the Japanese case described earlier. The Korean government has passed a
number of regulations that govern different aspects related to chemical process safety and the
handling of hazardous materials, based on the scope of their relevant agencies (Lee & Choi, 2015).
These include ‘High-Pressure Gas Safety Control Act’ (Act No. 2494, 1973), the ‘Occupational Safety
and Health Act’ (Act No. 3532, 1981), the ‘Framework Act on Fire Services’ (Act No. 6893, 2003a), the
‘Marine Environment Management Act’ (Act No. 8371, 2007), and the ‘Act on the Safety Control of
Hazardous Substances’ (Act No. 6896, 2003b). Following the GEJET, S. Korea revised its nuclear
disaster management regulation by introducing stricter safety standards through the ‘Nuclear
Safety Act’ (Act No. 10911, 2011). All the above regulations include among their objectives the
management and reduction of industrial accident risk from various types of hazardous materials
(Park & Cruz, 2022; Lee & Choi, 2015).

September 27, 2012 marked an important incident in the Korean history of chemical risk
management, which subsequently affected the direction of its related legislation. A chemical
accident attributed to human error led to the release of approximately eight tons of toxic
hydrogen fluoride (HF) gas from a facility at the national industrial complex in Gumi. This accident
resulted into the death of 23 individuals living and working nearby, and the hospitalisation of more
than 12,000, on top of the serious environmental and economic impact (Park & Cruz, 2022; Lee et
al.,, 2018). Jung and Park (2016) examined the incident looking particularly into the inter-
organisational information exchange networks during the crisis management phase, revealing
certain shortcomings of the Korean emergency response system for chemical accidents. In short,
they noted (i) the absence of a two-way risk communication strategy between emergency
response authorities; (ii) lack of staff with specialised know-how; (iii) insufficient appropriate and
up-to-date information; and (iv) overall little operational preparedness for major chemical
accidents (Jung & Park, 2016). This tragic incident demonstrated to Koreans first-hand that such
chemical accidents, although rare, can have detrimental consequences over large areas, affecting
the surrounding communities and environment (Lee et al., 2018). This served as an incentive for
the Korean government to review its laws and regulations pertaining to risk management of
chemical accidents in order to better protect its citizens. Thus, through the consolidation of
fragmented past laws on the control of toxic chemicals and in consideration of the contemporary
needs, the ‘Chemical Substances Control Act’ (Act No. 12490, 2014) was ratified in 2014.

The ‘Chemical Substances Control Act’ defines a disaster risk management framework for

all industrial companies that handle hazardous materials and conduct business in S. Korea. Its



overarching purpose is civic and environmental safety from chemicals through management and
prompt response to potential accidents (Act No. 12490, 2014). Industrial companies that handle
chemicals requiring preparation for accidents according to this legislation, bear the responsibility
of drafting and submitting a Hazard Control Program, which is to be updated at least once every
five years. This Hazard Control Program is essentially a comprehensive chemical accident risk
management plan. It is based on a wide-area consequence analysis considering not only the impact
on the facilities themselves, but also the effects on nearby communities and surrounding
environment (Act No. 14532, 2018, article 23).

Particularly with its later amendment in 2017, the law introduced chemical risk
communication together with requirements for risk information disclosure to nearby communities.
For example, article 42 states (Act No. 14532, 2018): ‘Any person who handles chemicals requiring
preparation for accidents shall give notice [...] of a risk management plan in an easily understandable
form to local residents [...] at least once a year’. More importantly, apart from submitting the
aforementioned Hazard Control Program to responsible authorities, the facility operator is obliged
to take appropriate measures to adequately inform local communities about it—including any
modifications to the plan—at least on a yearly basis. This entails, sharing information proactively
in writing (e.g., pamphlets) or through individual explanation (e.g., door-to-door meetings) or
during local community meetings to all potentially affected population. Information to be
disclosed concerns (i) hazard information related to the potential chemical accident risk and to the
hazardous chemicals handled in the facility; (ii) the estimated scale of the impact on air/water/soil
quality, and the natural environment in case of a chemical accident; and (jii) the methods via which
early warnings and instructions for protective action will be transmitted to residents in case of an
accident (Act No. 14532, 2018, article 42). Moreover, additionally to the proactive information
sharing described above, the law stipulates that facility managers must comply and respond to any
individual requests for information disclosure by potentially affected residents.

Governmental agencies also assume certain responsibilities concerning information
disclosure based on this regulatory framework. State and local governments need to mobilise their
resources to formulate and implement measures necessary to prevent risks posed by chemicals to
human health and the environment. Among other tasks, they need to include activities for
education and public relations about managing chemicals (Act No. 14532, 2018, article 4). The
Ministry of Environment, as the chief regulator, will carry out regularly statistical surveys on the
current status of hazardous chemicals and how they are handled by the respective facilities. These
results are to be made publicly available through a ‘Comprehensive Chemical Information’ platform

established and operated by the Ministry of Environment (Act No. 14532, 2018, article 48). Of



course, it should be noted that there are certain unavoidable caveats regarding information
disclosure, where information may be withheld from the public by government authorities if
deemed detrimental for public order maintenance, public welfare, national security, or due to
trade secret issues.

It becomes apparent that S. Korea has taken some significant steps towards,
strengthening its regulatory framework with the aim of reducing risks from potential chemical
accidents and protecting citizens. Another notable example was the establishment of the Joint
Inter-agency Chemical Emergency Preparedness Centres (JCEPCs) at each of the seven national
industrial complexes since 2018. These entities are tasked with activities related to risk
management, preparedness for effective response and civic safety, crisis management and
recovery support. However, despite such significant strides, there is room for further improvement,
as researchers noted (Lee et al., 2018; Jung & Park, 2016). The Chemical Substances Control Act has
been criticised for prioritising the safety of workers from exposure to hazardous chemicals over
the protection of nearby citizens from large-scale accidents (Han & Park, 2018). Han and Park (2018)
examined the levels of risk awareness of residents living near chemical industrial complexes. Their
survey results demonstrated that there is a need for the Korean chemical disaster management
framework to place further emphasis on risk communication, reiterating the importance of
community engagement and multi-stakeholder cooperation in effectively reducing chemical
accident risks (Han & Park, 2018). From our perspective, we should mention here that Natech
accidents and their inherent complexities have yet to be explicitly addressed in the currently active

Korean legislation system.

2.1.3 Right-to-know and Participatory Risk Management

2.1.3.1  Right-to-know

Mol (2006) argued that we currently live in an ‘Information Age’ that has profoundly
influenced our governance structures. Characteristic of this era is that ‘regulation by revelation’
(Florini, 1998) and ‘governance by disclosure’ (Gupta, 2008) have become the norm and are in fact
preferred compared to other command-and-control-type of regulatory approaches by
government institutions. Indeed, policymakers, researchers and activists increasingly promote
transparency as the way to oversee and effectively reduce environmental and health risks
associated with major industries (Kinchy & Schaffer, 2018; Gupta & Mason, 2014). The ‘right-to-
know’ (see Hadden, 1989; Baram, 1984) lies at the heart of this contemporary governance
approach, and it has been expanding and evolving as a policy concept over the years (Kinchy &
Schaffer, 2018; Florini, 2007). Originally, it was based on the mantra that ‘sunlight is the best

disinfectant’, which largely guided the introduction of transparency policies involving the public

25



disclosure of government documents during the ‘60s and ‘7os in the US and other western
countries (Kinchy & Schaffer, 2018). Later, a ‘second wave’ of ‘targeted transparency’ regulations
defined governance structures in the ‘9os, whereby government and business institutions adopted
public information disclosure as an alternative way to regulate environmental and health issues
(Fung, Graham, & Weil, 2007). Such targeted transparency policies, for instance enhancing public
engagement in decision-making about potentially hazardous technologies, were aimed at reducing
health, financial and safety risks, minimising corruption, protecting civil rights and improving public
services (Kinchy & Schaffer, 2018; Fung, Graham, & Weil, 2007). Needless to say, the concept of
right-to-know has significant implications for disaster risk management, too, as discussed next.

Citizens who live nearby or work at potentially hazardous industrial plants are neither
avaricious nor misguided in their basic reasons and desires to be safe. Individuals seem to be
inherently sensitive to the equality of risk distribution vis-a-vis others members of the community
as well as the environment (Palenchar & Heath, 2007). Singer and Endreny (1987) posit that these
are a few of the key motivators individuals employ in the cognitive process of deciding whether a
presented problem affects them to a degree it justifies their attention, either through taking
personal action or by seeking a collaborative solution. Mileti and Peek (2000) explained that
information about a threat and suggested protective measures against it acts as dominant stimuli
to engage in the process of forming perceptions about the presented risk. In the context of
technological risk management, the essential input for this cognitive process, based upon which
an individual can judge the situation in terms of the involved level of threat and the fairness of its
distribution, is risk information. However, access to such information becomes a challenging
discussion topic, considering that more often than not stakeholders have different interpretations
or conflicting interests.

The discourse about the citizens’ ‘right-to-know’ and the governments’ and industries’
‘duty-to-disclose’ per se has been on-going for decades (Baram, 1984). Even though there are many
approaches to the concept of right-to-know, Hadden (1989 cited in Palenchar, 2008) distinguished
four main levels: (i) an individuals’ basic right to know the situation they are in; (ii) the right to know
to take measures to reduce the risk; (iii) the right to know so as to participate in the decision-
making processes; and (iv) the right to know in order to change the power balance. In this vein,
the notion represents a linear continuum of ‘rights-to-know’, while these four levels mark the
transition points, which are not entirely alien to each other. Risk communication researchers agree
on the importance of right-to-know, emphasising its fundamental role in empowering communities

to openly discuss about risks with government and businesses on equal grounds (Palenchar, 2008).



Moreover, the amount and quality of information builds and enhances the capacity to actively
engage in risk management and environmental monitoring (Palenchar, 2008).

Communicating risk is a fundamental principle for care promotion in terms of community
preparedness aiming at risk reduction, but also for consensus-building pertaining to its
management (Lundgren & McMakin, 2013). Organisations responsible for this communication
need to inform communities of any potential consequences their activities might have so as to
ensure that all stakeholders—and especially citizens—are prepared for a chemical release accident.
As far as individuals are concerned, the merits of information disclosure include appropriate
evacuation plans and risk-informed decisions. However, this right-to-know does not apply
exclusively to citizens. Additionally, the emergency response mechanism can benefit greatly by the
disclosure of vital chemical risk information prior to an incident. For example, emergency response
teams can plan ahead and allocate more efficiently available resources and staff or arrange for
special training and equipment in order to be able to respond more swiftly and effectively during
a chemical accident. Understandably, the challenges grow exponentially when considering large-
scale and complex disasters, such as chemical and Natech accidents. After the initial hazardous
event, potential chemical releases pose another threat to emergency respond teams and evacuees
in the area, whilst complicating even further the safe return process (Yu, Cruz, & Hokugo, 2017).

But addressing the issue of citizens’ right-to-know about the risk they are subject to is only
one step towards the goal of encouraging public participation in disaster risk management, as
elaborated through Hadden’s approach (Palenchar, 2008). Community engagement in risk-related
decision-making processes, despite being strongly advocated for in academic literature, still
remains elusive in reality (Samaddar et al., 2017; Pandey & Okazaki, 2005). Risk managers have been
criticised for employing central, top-down approaches to disaster risk reduction, which generally
disregard local and social specificities and effectively shut down communities from actively
participating (Pandey & Okazaki, 2005; Burby, Steinberg, & Basolo, 2003). On the other hand,
communities tend to—erroneously—rest assured on the idea that drafting and implementing risk
reduction strategies is exclusively a government duty (Basolo et al., 2009), and therefore do not
vigorously pursue their role in maintaining and improving civic safety vis-a-vis disaster risk.

Recently, emphasis is placed by many disaster risk reduction practitioners and scholars,
especially social scientists, on bottom-up approaches, which encourage risk communication to be
undertaken throughout policymaking in order to foster more participatory methods in risk
management (Fekete, 2012). Transparency and dissemination of risk information have been widely
recognised as essential elements in cultivating a milieu of trust between institutions and

communities, and go a long way towards fostering participation in risk reduction processes



(Figueroa, 2013; Pandey & Okazaki, 2005; Burby, Steinberg, & Basolo, 2003; Maeda & Miyahara,
2003). Actors from all backgrounds are urged to engage in the risk-related decision-making
processes. Moreover, risk communication and open access to related information is important
from an ethical practice standpoint, as it fosters accountability of involved stakeholders and allows
risk-informed decision-making (Sellnow et al.,, 2009). The views of citizens, social groups,
businesses and institutions are equally valuable in deciding collaboratively suitable ways of coping
with risk (Figueroa, 2013; Klinke & Renn, 2010; Pandey & Okazaki, 2005). But the strongest
argument for strategic risk communication throughout the disaster risk management processes is
co-designing the discussion framework (Figueroa, 2013; Klinke & Renn, 2010). Klinke and Renn (2010,
p- 24) pointed out that ‘it is not the task of the communicators to decide what people need to know
but to respond to the questions of what people want to know’. Hence, risk managers should pay due

attention to the concerns and perceptions of the communities.

2.1.3.2  Participatory Risk Management

Elaborating on the subject of participatory disaster risk management, research has shown
that community response to disasters varies depending on the types of hazards and regional
characteristics of the respective disaster management system they are embedded in (Paterson &
Charles, 2019). Proactive and meaningful participation from community members is essential for
disaster preparedness and response activities (Witvorapong, Muttarak, & Pothisiri, 2015).
Witvorapong et al. (2015) investigated the contribution of social capital and community
involvement in disaster mitigation activities for earthquake and tsunami preparedness in Thailand,
and demonstrated their importance for disaster risk reduction at the local level. This ‘social capital’
refers to ‘social participation’ in community activities, such as membership in volunteering,
religious, or other types of associations, and can be seen as a local resource inherent to the
community or even as an individual attribute (Chola & Alaba, 2013; Hyyppa & Maki, 2003). Social
participation encourages individual community members to interact with each other, creates social
networks to share information, and fosters a milieu of trust among group members (Witvorapong,
Muttarak, & Pothisiri, 2015). Community participation in disaster risk management at the local level
is widely regarded as a critical component for the enhancement of community resilience (Zubir &
Amirrol, 2011).

Scholars have approached public participation from many perspectives. One of the most
influential approaches is Arnstein’s (1969) proposed ‘ladder of citizen participation’, in which she
contemplated citizen participation with regard to ‘citizen control’ and the ‘feasible involvement’ of
the community. This framework is recognized by many as the ‘cornerstone of democracy’ (Lasker

& Guidry, 2009) and discusses in detail the functions of participation. This conceptual ladder (Figure



2.1-1) describes an intentionally provocative typology of citizen participation with a total of eight
levels of community involvement in the planning process. These levels are divided into three
stages: (i) ‘non-participation’, which includes ‘manipulation’ and ‘therapy’; (ii) ‘Tokenism’, which
includes ‘informing’, ‘consultation’ and ‘placation’; and (jii) ‘citizen power’, which involves the levels
of ‘partnership’, ‘delegation’ and ‘citizen control’. The higher the level of citizen control over the
decision-making process, the greater the level of meaningful community participation (Arnstein,
1969). This framework has been extensively employed in the academic areas of urban planning,
public and health policy, and sociology (see Lasker & Guidry, 2009) and in the disaster risk

management field (e.g. see MacAskill, 2019; Samaddar et al., 2017).

Figure 2.1-1 Arnstein’s Ladder: Degrees of Citizen Participation

8 Citizen Control
7 Delegation Citizen Control
6 Partnership
5 Placation
4 Consultation Tokenism
3 Informing
2 Therapy
Nonparticipation
1 Manipulation

Source: Arnstein (1969) (available at: https://www.citizenshandbook.org/arnsteinsladder.html [Accessed 3 April, 2021])

Subsequent work has expanded upon this theoretical framework. Hurlbert and Gupta
(2015), for instance, proposed the ‘split ladder of participation’ taking into consideration the
uncertainty involved in policy decisions and trust-building as a catalyst for citizen participation. By
analysing the effectiveness of public participation under various conditions throughout the
decision-making process, the researchers noted that citizen engagement diminishes as we move
from unstructured problems to more structured problems (Hurlbert & Gupta, 2015). Typically,
unstructured problems (e.g., climate change) are associated with increased social concern,

controversy and uncertainty, and require deep social learning through citizen participation (Hoppe,



2010). On the other hand, structured policy problems can be dealt with in a more technocratic
manner requiring minimal public participation (Hurlbert & Gupta, 2015).

Other theoretical frameworks of community participation and engagement have been
developed, in part to overcome the criticisms about the ladder’s linearity (Wondolleck, Manring, &
Crowfoot, 1996), as well as to incorporate other less explored aspects (Ross, Baldwin, & Carter,
2016; Ross, Buchy, & Proctor, 2002). Significant works include Davidson’s (1998) ‘wheel of
empowerment’ which also inspired an ongoing discussion. This framework offers a practical guide
to involving the public in decision-making process, describing four key stages: initiation, internal
capacity-building, external capacity-building, and engagement. The circular depiction emphasises
the iterative and continuous efforts required to maintain social dialogue (Davidson, 1998). Even
international organisations weighed in the discussion, offering their models for citizen
participation. The preeminent international organisation in the field, the International Association
of Public Participation (IAP2) developed the ‘Spectrum of Public Participation’ to ‘assist with the
selection of the level of participation that defines the public’s role in any community engagement
program’ (IAP2, 2014). It is comprised of five participation levels that progressively increase citizens’
impact on the decision: (i) ‘inform’, (ii) ‘consult’, (iii) ‘involve’, (iv) ‘collaborate’, (v) and ‘empower’.

Despite the academic discourse and the various participation models that have been
developed over the years, significant challenges for public engagement in disaster risk
management have not been effectively addressed. Scholars have stressed that inadequate levels
of trust and poor communication with experts or governmental agencies can be detrimental for
community participation (Gaillard & Mercer, 2013; Owens, 2000), but also that active community
engagement in disaster risk management can serve as a means to (re-)build trust relations with
the government organisations (Wells et al., 2013). Additionally, Godschalk et al. (2003) found that
low public interest can have a negative impact on community participation concerning hazard
planning. On the other hand, there are issues associated with excessive effort from stakeholders
to involve the public in the risk management process. Indeed, Gaillard and Mercer (2013)
highlighted that widespread ‘participation fatigue’ may decrease citizen’s motivation to participate
in risk reduction decision-making, as it has been found to lower public interest in the matter and
widen the understanding gap between experts and citizens.

Several studies tried to identify factors contributing to active community engagement in
disaster risk management, including decision-making during emergencies. MacAskill (2019)
examined community participation during the disaster recovery phase and highlighted the
importance of local human and financial resources, changing public perceptions about what

community engagement in disaster risk management entails for citizens, as well as building trust



towards the government decisions. Other scholars highlighted the significance of leadership,
strategic partnerships, comprehensive initiatives for public dialogue, efficient governance
structures to enable local-level engagement, and suitable risk communication among relevant
stakeholders in promoting public participation in disaster risk reduction (Burnside-Lawry &
Carvalho, 2015). Mat Said et al. (2011) investigated tsunami risk management in Malaysia and
concluded that empowerment is a critical component for risk-related decision-making concerning
the allocation and utilisation of available resources. Moreover, bearing in mind that community-
based risk management requires coordination and cooperation from all involved actors, risk
governance structures need to be revaluated to avoid stifling bottom-up initiatives with rigid top-
down approaches (Mat Said et al., 2011).

Through analysing the social and political capacities of communities in response to major
flooding events in Canada and Australia, McMartin et al. (2018) indicated that enhanced risk
communication and capacity-building activities, alongside a comprehensive empowerment model
can offer avenues for identifying and tackling community vulnerabilities to extreme flood and
drought hazards. Zubir and Amirrol (2011) noted that sharing local knowledge and expertise, such
as community experiences, and setting regionally embedded disaster management systems and
coordinated community-based governance structures, can go a long way towards enhancing
citizen participation in disaster risk reduction processes. Studies in middle eastern countries also
pointed out the contribution of raising public risk awareness, enhancing capacities (such as local
knowledge and skills), and developing an enabling governance environment in positively
influencing public involvement (Valibeigi et al., 2019; Enshassi, Shakalaih, & AlKilani, 2019). Berkes
and Ross (2013) examined community resilience from the perspectives of social-ecological
systems and the psychology of development and mental health. Their findings suggested fostering
adaptive relationships, knowledge-sharing and learning across nested governance levels and
further enhancing community resilience through agency and self-organisation, with due
consideration to people-place connections, values and beliefs, social networks, collaborative
governance and economic diversification (Berkes & Ross, 2013). In this vein, Allen (2006 ) stressed
the significance of acknowledging and respecting local sociocultural characteristics vis-a-vis
community-based disaster risk management approaches. Since local communities are embedded
in different social and physical environments, they naturally develop different coping mechanisms
and capacities, including disaster risk perceptions, regional resources and engagement systems
(Allen, 2006). It is therefore, imperative that we do not treat community-based disaster risk
management as a panacea adopting ‘one-size-fits-all’ methods with hopes of resolving any issue.

In sum, certain key influential factors for community engagement in risk reduction emerge from



the academic literature. These include enhancing systemic risk governance at the regional level,
meaningful risk communication among all stakeholders, promoting a sense of community, and

incorporating existing social capital, indigenous knowledge and experiences.

2.1.4 Previous Research

Considering the virtues and furthermore the challenges involved in promoting
participatory disaster risk processes, much of the academic discourse has been devoted in
understanding the lay audience’s cognitive beliefs and risk perceptions as influencing factors of
risk communication (Wachinger et al., 2013; Slovic, 2000). Even so, only a small portion of the
literature touches upon the subject of risk communication from the perspective of community
right to demand public disclosure of chemical information.

On the one hand, there are scholars who advocate for reducing the information gap for
chemical risk by effectively addressing the ‘demand’ through regulatory action (Applegate, 2008).
Palenchar (2008) carried out an ethnographic case study, attempting to shed some light on
residents’ perceptions and level of awareness regarding federally mandated right-to-know
initiatives in the US. His observations were quite revealing; he demonstrated a generalised absence
of awareness and basic understanding of community right-to-know initiatives from the residents’
standpoint. These findings go a long way to show that residents are far from making any claims on
their right to be informed about the chemical risks they are subject to, despite the appropriate
regulation being in place to allow them to do so. In any case, Palenchar (2008) recognised that
additional research from a variety of disciplines is required in order to appreciate the role of
community right-to-know in risk communication.

It is noteworthy that the emerging area of social research on fracking® has investigated
issues pertaining to chemical risk information disclosure (Kinchy & Schaffer, 2018). Studies have
demonstrated that chemical information disclosure plays in important role in how the public
perceives the petroleum extraction industry (Mazur, 2016; Evensen, Clarke, & Stedman, 2014;
Maule et al., 2013). Also sharing information allows the responsible authorities and involved
stakeholders to better prepare against the associated health and environmental hazards (Maule
et al., 2013). Additionally, transparency has been acknowledged as a new way of governance
concerning environmental issues (Mol, 2010; Gupta, 2008; Fung, Graham, & Weil, 2007).

A few researchers examined risk communication and participatory risk management

approaches in Japan focusing on chemical and Natech accident risk. Not surprisingly, risk

8 ‘Hydraulic fracturing’ or ‘fracking’ is defined as the injection of fluid into shale beds at high pressure
in order to free up petroleum resources (such as oil or natural gas). It is employed in the in natural gas
and petroleum extraction industry.



communication practices surrounding the Fukushima nuclear accident monopolise the scientific
interest. Figueroa (2013) approached the topic through the prism of anthropological research. As
far as risk communication practices are concerned, he stressed the lack of transparency in the
decision-making processes from an administrative perspective. Along the same lines, participatory
risk management initiatives, where policymakers, stakeholders and local community
representatives can cooperatively discuss and build consensus about risk-related issues were
inadequate. Taking as an example the way public hearings discussing nuclear power plant
construction have been conducted in Japan, Figueroa (2013) concluded that public participation
remained a formality rather than an opportunity for substantial dialogue between communities
and regulators. Following our previous discussion, we would argue that issue conflicts with the
communities’ claims for their right-to-know.

More recently, Murakami and Tsubokura (2017) discussed the influences and justifications
of risk communication, and how risk communication systems are designed in the post-accident
Fukushima era. Their nudge theory approach discovered rather ‘ethically unjustifiable’ risk
communication practices that should revaluate the relationship between citizens and the
government. Apart from the characteristically scant government efforts for risk communication
pertaining to chemical accident hazard in Japan (Yu, Cruz, & Hokugo, 2017), a household survey by
Yu and Cruz (2016) also revealed that residents felt that there were no community initiatives to
disseminate information and prepare for chemical or Natech accidents. Another impediment in
participatory methods is the communities’ relatively low level of trust in the government’s ability
to protect them from potential chemical accidents (Yu & Cruz, 2016).

Furthermore, Kumasaki and King (2020) studied three recent Natech events in Japan and
emphasised once again the need to provide up-to-date risk information about the situation to all
stakeholders and potentially affected communities. Similarly, literature reviews looking at lessons
learned from the Fukushima nuclear disaster concerning radiological risk communication in Japan,
highlighted the need to promote risk communication prior to an accident in order to enhance
community preparedness (Takamura et al., 2021; Yamaguchi et al., 2018; Perko, 2016). Takamura et
al. (2021) in particular, noted the crucial function of cognitively and psychologically priming the
public through disaster education and emergency drills to assist them in receiving, processing and
responding to information during the critical hours of the event. From a risk governance
perspective, however, it should be mentioned that community involvement was only mentioned
within the context of taking part in disaster preparedness activities and information seminars,

rather than participation in a broader public discourse about nuclear risk management.



In contrast to the Japanese situation, scholars have only recently started investigating the
Korean disaster risk communication scene with regard to chemical accidents, and thus there are
only a few studies currently available®. Afterall, the change in the regulatory framework through
the ‘Chemical Substances Control Act’ (Act No. 14532, 2018) is still quite recent. As mentioned in a
previous section, while the enactment of the Chemical Substances Control Act is generally
regarded as a positive step for chemical risk management and risk communication, it has also
received its fair share of criticism (Lee et al., 2018). Han and Park (2018) commented about the
chemical risk communication setting in S. Korea that the current legislation seems to focus
excessively on the safety of industrial workers. In reality, citizens rarely receive any accurate
information in the case of chemical accidents, often on the grounds of maintaining public order,
despite the provisions incorporated in the law (Han & Park, 2018).

Overall, academics delineated a picture of no meaningful public participation in
technological risk management in Japan (Shimizu, 2016; Mochizuki, 2014). In terms of chemical and
Natech accident risk, communities seem to be mainly—or just—passive receptors of the little risk
information made publicly available. Nevertheless, other researchers noted a surge in citizen
activism recently, and suggested that this situation might be gradually changing, as communities
have been proactively seeking out opportunities to become involved in risk-related policymaking
ever since the Fukushima accident (Figueroa, 2013). For S. Korea, although a comprehensive
regulatory framework has been enacted, researchers have their reservations about how it is
interpreted and implemented by facility managers in reality.

In summary, based on the literature review presented here, we observed the following two
important points while exploring Natech risk communication. First, the topics of Natech risk
perception and communication have only just begun to emerge in the academic discourse. Within
this young body of literature there are still no studies that investigate citizens’ views about Natech
risk information disclosure. In this regard, the issue of citizens’ demand or ‘appetite’ for chemical
and Natech risk information deserves more attention from risk communicators and risk managers
alike and warrants further study. Second, from an academic and practical standpoint, it is
important to explore methods for introducing Natech risk communication and chemical
information disclosure to the public. However, as discussed earlier, risk communication is not only
a matter of publicly sharing accurate and understandable hazard information, but also entails co-
designing the risk management framework along with all involved stakeholders. Thus, it is equally

important to propose tools to actively engage communities in the Natech risk management

9 It is probable that the academic literature on the subject is not limited to the short discussion
presented here, but due to language barriers, articles written in English were only included here.
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process. Therefore, the following questions remain unanswered still. What are the effects of
pursuing chemical accident risk communication in citizens’” communicative behaviour and their
relations with involved organisations concerning the issue of Natech risk information disclosure?
How can we promote Natech risk awareness and stimulate stakeholder engagement in disaster risk

management?
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Chapter 3 Investigating Citizens’” Communicative Behaviour for
Natech Risk Information Disclosure: A Comparative Study
between Japan and S. Korea

3.1 Introduction

Active community involvement in disaster risk management is widely acknowledged as one
of the key factors for effective disaster risk reduction. Nevertheless, engaging communities in
disaster risk management processes has proven to be easier claimed than realised in most cases.
Despite continuous and extensive efforts from international organisations, such as the United
Nations, to develop sustainable programmes for disaster-resilient societies, community-based
disaster management schemes are still not the norm (Samaddar et al., 2017; Pandey & Okazaki,
2005). In most cases, disaster risk management involves ‘top-down’ approaches planned and
implemented by central government, often overlooking any spatial and social specificities that
would otherwise require special attention (Burby, Steinberg, & Basolo, 2003). On the other hand,
communities themselves tend to perceive disaster risk management as a government
responsibility (Basolo et al., 2009) and, thus, often opt to remain passive receptors. In order to
resolve this situation and actively engage local communities in disaster risk management, the
entire narrative needs to be revaluated, so as to ‘open’ the decision-making processes to the public.

There seems to be a general consensus among academics and practitioners alike that
transparency and dissemination of information create favourable conditions for sustainable
community-based disaster risk management since they encourage trust-building and participation
(van Asselt & Renn, 2011; Aven & Renn, 2010; Pandey & Okazaki, 2005). By extending such
processes to citizens and adequately informing them about the latent risks, communities can
better prepare in order to cope with such scenarios. Community right-to-know initiatives lie in the
heart of this empowering participatory disaster risk management approach by setting the
conditions for relationship-building through a continuous, civic dialogue among stakeholders
(Palenchar, 2008; Palenchar & Heath, 2007).

Remarkably, some of the most vulnerable people to natural or man-made disasters are the
ones less prepared for the risks they are subject to due to limited access to sources of key disaster
information (Hansson et al., 2020). Thus, risk communication and community involvement in
disaster risk reduction processes gain specific importance when facing large-scale, complex
disasters that combine the two types of hazards, such as Natech accidents. Natech accidents are
defined as technological accidents caused by a natural hazard that involve the accidental release

of hazardous substances (UNDRR-APSTAAG, 2020). Representative examples include the fires and
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explosions at a major oil refinery following the Great East Japan Earthquake and Tsunami (GEJET)
in 2011 (Krausmann & Cruz, 2013) and the accidental hazardous material releases triggered by
Hurricanes Katrina and Rita (Cruz & Krausmann, 2009) introduced in Chapter 1. Although not
frequent, such events pose a great challenge for disaster risk managers because of their severe
impact, causing enormous economic losses and long-lasting effects on human health and the

environment (Luo, Cruz, & Tzioutzios, 2020; Krausmann, Cruz, & Salzano, 2017; Masys et al., 2014).

Figure 3.1-1 Conceptualisation of the meta-problem of Natech risk information deficiency
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The argument for zero-risk conditions concerning chemical and Natech accidents can be
easily refuted as impossible in the disaster risk management discipline (Hansson, 2005), regardless
of the expended risk reduction efforts from involved organisations. Bearing this in mind, we would
argue that a primary ‘problem’ for potentially affected communities arises from the chemical/
Natech risk itself they are exposed to (see Figure 3.1-1). If communities do not have access to
enough risk information in order to prepare against a potential chemical/Natech accident and
participate in the risk-related decision-making, they may start to perceive a related ‘meta-problem’
of risk information deficiency. Since the primary problem cannot be completely resolved and
therefore persists, the meta-problem is perpetuated. Actually, depending on the perceived
severity of the risk, communities’ perceptions and concerns regarding the lack of risk information
may be accentuated.

However, the effectiveness of disaster risk management organisations can be enhanced
via cultivating a favourable and collaborative climate with strategic risk communication audiences

(Grunig, Dozier, & Grunig, 2002). In this regard, investing in trust (organisational trust) and shared
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decision-making power (control mutuality), community concerns vis-a-vis the meta-problem of risk
information deficiency can be addressed. Expanding on this idea, by pursuing risk communication
to comprehensively and effectively address the issue of Natech accident risk, not only yields the
immediate benefits of improving community preparedness against such disasters through publicly
disclosing critical risk information, but additionally improves the cooperation relations among
stakeholders overall. In turn, this can help moderate the perceived meta-problem of information
deficiency. Ultimately, the secondary negative effects that derive from the inherent inability to
completely address the initial risk can be mitigated. By bringing closer the government, businesses
and the public for discussion, perceived problems and barriers pertaining to the residual disaster
risk can be diminished, whilst achieving a mutual understanding over each other’s viewpoints
ensures risk-informed, democratic and legitimate decisions (Aven & Renn, 2010).

Centring on this meta-problem of information deficiency, this study ventures to explore:
What are the differences in the communicative behaviours of citizens in Japan and S. Korea concerning
the issue of Natech risk information disclosure? Through the cross-national comparison of two
relatively similar countries in terms of organisational culture (see e.g., Hofstede, Hofstede, &
Minkov, 2010; House et al.,, 2004; Hofstede, 2001), we attempt to capture any underlying
institutional factors that may influence citizens’ perceptions and motivation to communicate
about the issue. To the best of our knowledge, this is the first cross-national comparative study in
the field of Natech risk communication. It also contributes to the limited literature on risk
perception and communication focusing on cross-national comparisons among Asian countries.
Moreover, this study is a novel, yet elementary, try to examine the previously explained narrative
and understand how organisation-public relations can affect citizens’ communicative behaviour
concerning the issue of Natech risk information disclosure.

Approaches traditionally employed in the domain of public relations and mass
communication can be particularly helpful in shedding some light onto what is the public’s
perceptions about the issue at hand. The Situational Theory of Problem Solving (STOPS), proposed
by Kim and Grunig (2011), can help researchers evaluate the level of community ‘appetite’ for
Natech risk information disclosure and risk communication, as well as to understand the
communicative behaviour patterns and perceived challenges of different audiences. Thus, our
study contributes to the disaster risk communication literature by applying the STOPS framework
in the context of pre-event risk communication for preparedness, specifically looking at the
communicative behaviour of individuals before an actual chemical accident takes place to inform

research and practices at the preparedness stage. Another academic novelty of this research is



employing for the first time STOPS as a framework for a cross-national comparison within the area
of Natech risk communication.

Currently, only a few scholars have researched issues related to risk communication and
community participation concerning Natech accidents (Yu, Cruz, & Hokugo, 2017; Yu & Hokugo,
2015; Funabashi, 2012; Cruz & Okada, 2008; Steinberg & Cruz, 2004). In fact, recent literature
reviews emphasised the need to develop the emerging field of Natech risk communication and
invited further research (Suarez-Paba et al., 2019; Cruz & Suarez-Paba, 2019). Answering this call,
the current study hopes to contribute in advancing the Natech risk communication research and
further offer useful input for Natech risk management and communication strategies.

The rest of this chapter is organised as follows. Section 3.2 offers a brief overview of the
literature on cross-national risk perception and presents a conceptualisation of cultural differences
considered in our approach. Additionally, we explain here our audience-based risk communication
approach and finally we introduce the STOPS and OPR elements, along with any supplementary
influencing factors used in this study. Section 3.3 presents the research hypotheses and data
collection methods. Section 3.4 describes our dataset preparation and the multivariate and
descriptive analysis methods employed. Section 3.5 includes the analysis results for our models
together with their comparison, while Section 3.6 focuses on the results from the survey response
comparison and public segmentation. Section 3.7 synthesises and discusses the key research
findings and considers policy implications. The last section offers a summary, and considers the

study’s limitations and future research prospects.

3.2 Literature Review

3.2.1  Cross-national Risk Perception

Over the past 30 years, risk communication and perception studies have advanced
significantly and expanded their research scope beyond that of a single country to involve cross-
cultural approaches (Zhai & Suzuki, 2009; Rohrmann & Renn, 2000). Despite this evolution, critics
noted that the majority of this literature had been traditionally concerned with western or
industrialised countries (Zhai & Suzuki, 2009; Rohrmann & Renn, 2000). Of course, there have been
instances where Asian countries—and particularly from the northeast of the continent—have
been included in these comparisons, yet they are usually examined against Western countries in
an attempt to highlight the differences between Eastern and Western cultures. A brief review of
past studies demonstrates that they focused mainly on Japan and the US (Hirose, Slovic, & Ishizuka,
1994; Hinman et al., 1993; Kleinhesselink & Rosa, 1991), China and the US (Aliperti & Cruz, 2019;
Weber, Ames, & Blais, 2005; Hsee & Weber, 1999; Weber & Hsee, 1998), China and Australia
(Rohrmann & Chen, 1999; Bian & Keller, 1999), China and Austria (Schmidt & Wei, 2006), Korea and
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Australia (Kim & Park, 2010), Korea, Japan, and the US (Cha, 2000) and Korea, China and Australia
(Park, Kim, & Zhang, 2016). It should be mentioned, however, that the majority of all the
aforementioned studies employed samples constituted by university students, and subsequently
noted as one of their limitations the representativeness of their respective national populations.
There are fewer studies on risk perception with particular focus on cross-national
comparisons amongst Asian countries. For instance, Zhai and Suzuki (2009) analysed individuals’
perceptions for several types of risks across Japan, China and Korea, while He and Zhai (2015)
explored the effects of spatial location on public risk perception about tsunami and flood hazards
across the same set of countries. From a cross-national perspective, Zhai and Suzuki’s (2009)
findings showed that certain risks, such as nuclear accident risk and environmental pollution, were
perceived as more severe in the Japanese sample compared to the Korean sample. Interestingly,
nuclear accident risk was ranked low in terms of concern for all national groups, a finding which
does not initially agree with the psychometric paradigm’s argument that postulates that
unfamiliarity with a risk leads to higher concern. On the other hand, although He and Zhai’s (2015)
primary focus was on investigating the effects of proximity to the hazard source on tsunami and
flood risk perception, their results also revealed that S. Koreans generally perceived tsunami risk
as more severe in comparison to the Japanese sample. As underscored by the researchers in the
above two studies, cross-national studies on risk perception focusing on comparisons between

Asian countries have only just started to emerge in the literature.

3.2.2 Conceptualising Cultural Differences

Etic and emic approaches have been used to conceptualise cultural differences in research.
The etic approach is founded upon a universal, ‘objective’ and analyst-centred way of looking at
culture, whereas emic approaches present a specific and context-rich way of describing culture
(Avruch, 1998). The latter usually utilise and build upon indigenous concepts and culture-specific
characteristics to explain sociocultural phenomena (Fetvadjiev & van de Vijver, 2015). In contrast,
etic approaches place emphasis on identifying broader and generalisable concepts that
characterise cultural variations across all cultures, i.e. universal characteristics (Fetvadjiev & van de
Vijver, 2015). Etic cultural approaches, such as the dichotomous framework of Asian collectivism
versus Western individualism (Rohrmann, 2000, p. 137) or the cushion hypothesis (Hsee & Weber,
1999), have often been applied to compare and interpret risk perception differences across
cultures. In brief, the cushion hypothesis states that members from collectivistic sociocultural
backgrounds are more likely to pursue risk-taking behaviour, since they expect to be supported

from the collectivistic nature of their culture. Thus, any expected negative consequences are



shared across a number of people and the adverse effects felt by the individuals are diminished
(Hsee & Weber, 1999).

One of the most prominent and influential etic approaches comes from the seminal work
of Hofstede (1984), who proposed a model of cultural values or dimensions. This dimensional
paradigm was introduced in the 1980’s but has been gradually evolving ever since, receiving
support and criticism alike (Hofstede, 2011). It has been the inspiration for numerous studies on
national cultures that contributed to elaborating dimensions of the model through analyses from
alternative perspectives, such as the work of Triandis (1995), Schwartz (1994) and Schwartz and
Bardi (2001), or further expanding it with additional dimensions, such as the findings of the GLOBE
project (i.e., Global Leadership and Organizational Behaviour Effectiveness) led by House et al.
(2004). The latest version of Hofstede’s model is comprised of six dimensions (they were four
originally), namely Power Distance, Uncertainty Avoidance, Individualism/Collectivism, Masculinity/
Femininity, Long-term/Short-term Orientation and finally Indulgence/Restraint. Based on scores for
each of these cultural dimensions, countries from around the world were assessed and positioned
relative to one another. The six dimensions are presented next.

Power Distance represents the degree to which less powerful members of organisations
and social institutions (like a family hierarchy) accept and expect power to be unequally distributed.
It is @ measure of social inequality and conceptualises the degree to which followers and leaders
alike endorse it within their societal structure (Hofstede, 2011; Hofstede, Hofstede, & Minkov, 2010).

The bipolar scale of Individualism versus Collectivism is probably the most debated cultural
dimension in the model. According to Hofstede (2011), this aspect conceptualises the level to which
members of a society are integrated in social groups. Collectivistic cultures have a prominent ‘we’-
consciousness and their members typically form strong and cohesive in-groups of support (e.g.,
extended families). On the other end of the spectrum, individualist cultures are characterised by
an ‘I-consciousness that dictates rather loose member ties, as individuals are expected to take care
of themselves and their immediate family (Hofstede, Hofstede, & Minkov, 2010).

The dimension of Masculinity versus Femininity describes the distribution of values
between genders within a society. Based on findings from IBM studies, Hofstede et al. (2010) noted
that value distributions in masculine cultures are quite different between genders as men tend to
be more assertive and competitive from women in such societies. Contrary, in feminine cultures
the value discrepancy between genders is smaller, as men show a tendency towards being modest
and caring similar to that of women (Hofstede, 2011; Hofstede, Hofstede, & Minkov, 2010).

Uncertainty Avoidance is the fourth dimension from the original Hofstede (1984) model. It

defines a society’s tolerance for ambiguity, and in that regard does not translate directly to risk



aversion. In a sense it shows how comfortable the society is with unknown, unstructured and
different situations. Cultures that tend to avoid such uncertain situations—usually through
establishing strict behavioural codes, norms and rules—are characterised by a general disapproval
of deviant opinions in their societal interactions (Hofstede, 2011; Hofstede, Hofstede, & Minkov,
2010).

The first extension of the Hofstede model came with the integration of the Long-term
versus Short-term Orientation cultural dimension (Hofstede, 2011). Cultures with a stronger long-
term orientation are typically associated with values of perseverance, economic thrift, evaluating
relationships by status and having a sense of shame. On the other side, short-term oriented
cultures usually place emphasis on values such as reciprocating social responsibilities, respect for
tradition, saving one’s ‘face’ and personal stability and steadiness (Hofstede, 2011; Hofstede,
Hofstede, & Minkov, 2010).

The newest addition to the Hofstede model was the Indulgence versus Restraint dimension
(Hofstede, Hofstede, & Minkov, 2010). It is a measure of aspects typically related to research on
‘happiness’. Societies that score high on Indulgence generally tend to allow their members a
relatively free fulfilment of basic human desires associated with having fun and enjoying life. In
contrast, societies that show high restraint have a propensity towards controlling and regulating
desire gratification through strict social norms (Hofstede, 2011; Hofstede, Hofstede, & Minkov,

2010).

Figure 3.2-1 Hofstede’s 6-d cultural dimension scores for Japan and S. Korea
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Taking all the above into consideration, we employ this well-established etic
conceptualisation of sociocultural dimensions to identify the similarities and differences between
Japanese and Korean societies. Figure 3.2-1 summarises the scores for the two countries for each
of the 6 cultural dimensions of Hofstede’s model (Hofstede, Hofstede, & Minkov, 2010). At first
glance, it becomes apparent that Japanese and S. Korean cultures are fairly similar. Both countries
fall on the middle of the scale for the Power Distance dimension, thus indicating that they
acknowledge and expect skewed power relationships within their respective societal structures to
a certain degree. As Hofstede (2011) pointed out, Japan takes a middle position on the scale of
Individualism, thus demonstrating a relative difference compared to the more collectivistic Korea.
It should be highlighted though that Hofstede’s model still categorises both societies as
collectivistic in structure—both scored lower than the midpoint after all—yet Korean culture
seems to have a relatively higher tendency towards the integration of individuals in social groups.
The cultural dimension of Masculinity/Femininity seems to be the largest difference between the
two societies. Indeed, masculinity is considerably high in Japan and moderately low in S. Korea
(Hofstede, 2011), consequently showing that Koreans tend to be more modest and caring of others
in comparison. Concerning the rest of the dimensions, Japan and S. Korea appear to follow the
trends of other fellow East Asian societies. In detail, these societies seem to have rather strict social
norms that do not favour the development of uncertain situations; they value more pragmatic,
critical and long-term oriented approaches; and do not expect of their members to indulge their
desires, enjoy, and have fun largely unconditionally.

In sum, Japanese and Korean cultures seem to share similarities in terms of Power Distance,
Uncertainty Avoidance, Long-term Orientation and Indulgence. Additionally, they both fall in the
Collectivism side of the spectrum and thus are generally regarded as collectivistic societies, even
though this value is less pronounced in Japan. Finally, Korean culture is considerably more
Feminine than the Japanese. Overall, we would argue that, with the exception of the
Masculinity/Femininity dimension, Japanese and Korean societies are relatively similar.

Hofstede’s cultural dimension model has been criticised as an approach that can be only
applied to comparisons of business organisation culture at the national level (McSweeney, 2002).
In fact, Sivakumar and Nakata (2001) argued that the approach may be rather overly simplistic in
conceptualising the complexity of culture in a reductive way with a mere 4 to 6 dimensions.
Moreover, Hofstede’s initial dataset was comprised of managers and employees from a single
multinational corporation and thus the findings are not generalisable to each respective country

level. This approach also does not take into account the dynamic variability and development of



culture over time, and arguably presupposes a general cultural homogeneity within a country’s
culture (Kirkman, Lowe, & Gibson, 2006; Sivakumar & Nakata, 2001).

Culture is widely recognised by scholars as a large set of diverse and interdependent
dimensions that may be identified at various levels of social organisation, such as business teams,
organisations, nations and so forth (Beugelsdijk, Kostova, & Roth, 2017). A recent meta-analysis by
Beugelsdijk et al. (2017) of several studies using this approach demonstrated that cultural
differences and similarities tend to be more cohesive and pronounced when examining supra-
national cultural clusters rather than comparing countries at the individual level. Such supra-
national cultural clusters can be delineated based upon social and institutional factors that
influence organisational practices, societal structures and values across regions comprised of
multiple countries (Beugelsdijk, Kostova, & Roth, 2017; Taras, Steel, & Kirkman, 2016). The research
findings by Taras et al. (2016) seem to support the argument that cultural profiles are actually
supra-national, and that sociocultural context diversifies mostly between larger regions and less
between countries belonging to the same cultural cluster.

To further support our argument about the cultural similarity of the two countries, we also
examine their relative position considering supra-national cultural groups. According to the
cultural clusters suggested by Ronen and Shenkar’s (2013) meta-analysis on cultural dimension
data from a host of studies, Japan and S. Korea are grouped together in the ‘Confucian Asia’ global
cultural cluster. Countries in this cultural cluster are characterised by a relatively low degree of
individualism and large power distance. Moreover, they score high in terms of future and
performance orientation, uncertainty avoidance, autonomous and self-protective leadership,
reliance on vertical sources, following unwritten guidance rules and widespread beliefs (Ronen &
Shenkar, 2013). It should be noted however that although Japan and S. Korea belong to the same
global cultural cluster, they are both regarded as ‘singletons’ within it, meaning that there is
relative dissimilarity between them and the rest of the cluster.

In sum, as becomes evident from the consistent findings from the studies of Hofstede et
al. (2010) and Ronen and Shenkar (2013), Japan and S. Korea seem to share more similarities than
differences in terms of their sociocultural background. Subsequent analyses showed that the
dominant characteristics of each supra-national cultural cluster are shared—to an extent—
between the countries of the group. Therefore, although we need to acknowledge any subtle
cultural differences among Japanese and Koreans, the argument of relative cultural similarity

between the two seems to be supported.



3.2.3 Audience-based Risk Communication

As explained in the introduction, the citizens’ ‘appetite’ and perceptions for chemical and
Natech risk information have not been extensively studied. Suffice to say, this is a new topic in the
risk communication field, and so there exists no established theoretical framework to examine it.
Access to risk information is understood in the current study as a means to engage citizens in
disaster risk reduction processes aimed at promoting community preparedness against chemical
accidents, and building capacity and consensus for participatory risk management methods.
Naturally, a straightforward method of measuring community ‘appetite’ would be optimal, but the
mere idea of ‘appetite’ towards chemical accident risk information disclosure is extremely vague
and convoluted for non-experts to deal with.

Two major schools of thought exist in the study of risk perception (Kunz-Plapp & Werner,
2006): the paradigm of the Cultural Theory of Risk and the Psychometric Paradigm. According to
Cultural Theory, the social and cultural typologies form the basis for the construction of the
individuals’ cognitive categories (Breakwell, 2007; Douglas & Wildavsky, 1982), whilst the
Psychometric Paradigm approach transcends the individuals’ sociocultural context, emphasising
on traits that are shared across societal groups (Slovic, 2000; Slovic et al., 1981). There have been
several approaches in health and risk communication literature based on the abovementioned
paradigms—and particularly on the latter—attempting to understand and predict the individuals’
information-seeking behaviour (for a review see Sheppard, Janoske, & Liu, 2012). Examples include
the Risk Information Seeking and Processing model (RISP; Griffin, Dunwoody, & Neuwirth, 1999),
the Theory of Planned Behaviour (TPB; Ajzen, 1991) and the Extended Parallel Process Model
(EPPM; Witte, 1992). Common motifs in such theories are that individuals’ risk perception and affect
drive information seeking, and that self-efficacy defines behavioural change and information
processing. However, what seems to be still lacking is a methodology to examine citizen
communicative behaviour concerning disaster risk information. From a communications
perspective, the essence of the query can be distilled to understanding how publics process risk
messages; how citizens communicate about the risk itself and the associated information
disclosure issue.

Diverging from the narrative of perceived hazard characteristics as the key drivers of
information-seeking behaviour, this research ventures to assess the perceived problem of chemical
risk information deficiency by looking at how individuals communicate through acquiring, selecting
and transmitting information about it. Due to the nature of this research lying on the verge of risk
communication and public relations, various interesting normative conceptual models and

interpretative frameworks present as potential solutions for the methodological gap at hand. The



Situational Theory of Problem Solving (STOPS) seems to provide superior advantages over others in
dealing with certain central issues.

As Fischhoff (2006) pointed out, an important task in risk management is to translate
scientific findings into applicable and meaningful suggestions for the communication of risk
information. In this regard, it is crucial for risk communicators to identify, evaluate and understand
the factors influencing public perceptions, so that their messages could be effectively adapted to
meet the needs of specific individuals or target audiences. These factors involve among others
people’s beliefs, judgments and feelings, as well as their sociocultural values and their attitudes
towards hazards and associated offsetting benefits (Kaptan, Shiloh, & Onkal, 2013). Identifying
such aspects and examining their variability within and across audiences holds significant value for
risk management, through for example increasing community support for a proposed course of
actions.

Risk communication approaches based on analysing and segmenting audiences examine a
variety of audience attributes with the aim of helping organisations and risk managers to plan
effective and targeted communication strategies where needed (Fraustino & Liu, 2017). The main
argument is that by identifying the persistent and situational characteristics of key audiences
within the broader public, organisations will be at a better position of ensuring that their risk
communication efforts include the content that is most helpful to and best received by crucial
stakeholder groups. This concept of tailoring communication strategies to specific audiences,
however, has also received criticism on the grounds that it can easily be used by organisations to
silence audiences with interests conflicting to their own, instead of trying to inform and empower
them (Fraustino & Liu, 2017).

The Situational Theory of Publics (STP) as well as the Situational Theory of Problem Solving
fit in the category of audience-based risk communication approaches (Fraustino & Liu, 2017). Even
though they have been extensively employed in the field of public relations, only limited research
has applied these frameworks in the context of disaster risk management. As noted by Fraustino
and Liu (2017), both the STP and STOPS frameworks still present promising approaches for risk
communication research. In fact, only a recent study by Liu et al. (2019) has employed the STOPS
framework and integrated it with Social-Mediated Crises Communication (SMCC) theory to try and
understand how individuals communicate and respond to tornados in the US. Their research
findings are indeed significant as one of the first studies to empirically test and confirm the internal
validity of the STOPS framework with respect to communication about a natural hazard.

Nonetheless, Liu et al. (2019) particularly focused on crisis communication and public

response in the face of imminent threat from tornados. In this regard, their results highlighted



certain shortcomings of the STOPS framework in predicting intended protective actions for
tornados, which were able to be overcome through the combination and extension of STOPS with
the SMCC, along with some additional descriptive factors. However, disaster risk communication
is typically distinguished in three phases with respect to the hazardous event phases (Sheppard,
Janoske, & Liu, 2012), that is pre-event risk communication, response (or crisis) communication and
recovery communication. Considering this, we would argue that the STOPS framework has not
been tested so far in the broader context of the disaster risk communication that includes all these
phases.

In an attempt to identify, empower and engage with the affective part of citizens exposed
to Natech accident risk, a theoretical framework beyond the perception and social psychology of
risk is employed; an approach that focuses on ‘communicative actors’. Communicative actors are
not only expected to diligently search for, review and synthesise any available information
pertaining to the issue, but are also more likely to reciprocate the efforts and engage in two-way
communication (Grunig & Kim, 2017). In this respect, by focusing on communicatively active publics,
risk communicators have an opportunity to learn more about the community’s demands, fears and
(mis-)perceptions concerning the risk in order to effectively balance the interests of the
communicating parties (Grunig, 2018; Ni et al., 2015). Such audience-oriented risk communication
approaches that are based on analysing and segmenting audiences can assist organizations and
risk managers in drafting effective and targeted communication strategies where needed
(Fraustino & Liu, 2017). Adhering to a participatory risk management approach that emphasises
citizen engagement, it is imperative to introduce an interpretative framework to identify such
legitimate actors within the community and appreciate their communicative behaviour. The STOPS
offered this conceptual background, as it explains such exigent publics and predicts who will
communicate actively (Kim and Grunig 2011).

Through the interpretative framework of STOPS emphasis is placed upon understanding
why and how problem-solving begins and what are the communicative characteristics the solver
exhibits (Kim & Krishna, 2014). In terms of risk communication, this approach provides valuable
insight into how the community actually perceives and processes the problematic situation.
Furthermore, one of the core ideas of STOPS is that the public opinion concerning the issue at hand
is expressed via the communicative behaviour the individuals assert in order to solve it (Kim &
Krishna, 2014). This is a fundamental argument for the purposes of this research. In detail, applying
this reasoning permits a direct and in-depth analysis of the residents’ interpretation of the
problematic situation, which arises from the lack of disclosed Natech risk information. In other

words, the community’s ‘appetite’ for risk information can be (in-)directly gauged in this way.



Additionally, according to Sheppard et al. (2012), who offered an exhaustive review of risk
communication theories and models, STOPS falls under the category of cross-cutting theories that
are applicable in multiple risk phases (i.e., preparedness, response and recovery). Communicative
behaviour may be examined before an actual chemical accident occurs through the STOPS model.
Thus, understanding the publics’ perceptions of the situation and motivation for communicative
action, allows the research to focus on the risk preparedness stages. Risk managers are not
restricted from evaluating the citizens’ communicative behaviour only during or after a hazardous
event, but instead they can plan ahead effective strategies for disclosing and disseminating
information and actively engaging publics in risk reduction processes (Sheppard, Janoske, & Liu,
2012).

STOPS was initially proposed as a generalised theory of problem-solving (Kim & Grunig,
2011). Although, it originated from the academic arena of public relations, its applications soon
transcended those boundaries as a framework to investigate and understand a broader spectrum
of strategic communication processes. STOPS has been primarily applied in the public relations and
organisation communication fields. Concerning the former discipline, researchers employed the
theory to understand business employee communication patterns (Kim & Rhee, 2011), evaluate
relationship quality between citizens and civic organisations in regard to urban issues (Lovari,
Martino, & Kim, 2012), and study post-crises external communication behaviours between
businesses and their customers (Kim, Miller, & Chon, 2016) or government organisations and the
public (Chon, 2019). In the latter field, STOPS helped researchers explain the phenomenon of
‘cyberactivism’ (i.e. situation-triggered online flaming) in computer-mediated communication (Kim
& Kim, 2009) and social media activism concerning contentious issues (Chon & Park, 2019), study
government-citizen communication strategies (Lee, 2016), as well as describe communicative
behaviours of hot-issue publics, who are active on media issues in a socio-political context (Chen,
Hung-Baesecke, & Kim, 2017; Kim et al., 2012). In addition, STOPS has been employed in the arena
of health communication to elucidate organ and health donor shortages focusing on public
concerns (Kim, Shen, & Morgan, 2011), and to illuminate the issue of ‘cybercoping’ (i.e. coping with
health issues by the communicative interactions among networked online publics) (Kim & Lee,
2014). Also, it has been used to interpret issues of sociological public diplomacy (Kim & Ni, 2011),
and to assess communicative action among farmers pertaining to agricultural technology
information failures (Ismail, Sabran, & Ariffin, 2017). There has been one application of the STP (see
Grunig, 1997), the predecessor of STOPS, to the field of crisis communication looking at public
perceptions vis-a-vis terrorist attacks (Aldoory, Kim, & Tindall, 2010). Finally, it is noteworthy that

only recently Liu et al. (2019) applied the STOPS framework to investigate the communicative



behaviour and response actions of the public with regards to tornado warnings. Thus, concerning
the research area of disaster risk management and risk communication this methodology has not
been employed yet in the context of chemical or Natech accidents.

Apart from the above, it should be noted that STOPS has been successfully applied in a
plethora of sociocultural settings. In detail, these include western cultures such as the US (Chon &
Park, 2019; Kim, Shen, & Morgan, 2011; Kim & Grunig, 2011) and Italy (Lovari, Martino, & Kim, 2012),
but also countries with Asian cultural characteristics, such as S. Korea (Chon, 2019; Lee, 2016; Kim
et al.,, 2012), Taiwan (Chen, Hung-Baesecke, & Kim, 2017) and Malaysia (Ismail, Sabran, & Ariffin,

2017). Prior to this work', STOPS has not been tested in the unique sociocultural setting of Japan.

3.2.4 Situational Theory of Problem Solving (STOPS)

STOPS asserts that communication is purposeful. It is not the by-product of problem-
solving communicative action, but rather its manifestation. Kim and Grunig (2011, p. 125), the
original authors, define the theory’s general postulate as follows: ‘the more one commits to
problem resolution, the more one becomes acquisitive of information pertaining to the problem,
selective in dealing with information and transmissive in giving it to others’.

This means that, individuals set in motion a certain communicative process, when they
commit themselves to solve a newly presented problem (see Figure 3.2-2) (Kim & Krishna, 2014;
Kim & Grunig, 2011). At first, they begin to search for information about how to solve the issue (to).
Since they face a problematic situation for the first time, individual perceptions concerning an
appropriate solution are weak at best. Therefore, they collect information from various sources
they come across in order to enrich their understanding about the issue and find a suitable solution.
However, as individuals gradually acquire information and communicate ideas with others, they
progressively construct their subjective opinion about how to effectively address this issue. In this
way, instead of blindly gathering any information they come across, they judge ever more
rigorously the input based on their subjective understanding of the situation, discarding any
information they deem as conflicting with their opinion. In parallel, individuals actively transmit
information they had previously acquired so as to exchange ideas with others in their quest for
resolving the presented problem according to their standards. At the final stage (to+1), individuals
have formed a concrete opinion about the appropriate solution, and consequently block any
additional input as redundant. They try to ‘recruit’ others to their cause and collectively pursue on

resolving the initial problem based on their common understanding.

10 The research project employing and evaluating STOPS in Japan for the first time has begun during
the author’s Master’s degree research (see Tzioutzios, 2019).



Figure 3.2-2 Conceptualisation of Communicative Behaviour
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The abovementioned narrative can be summarised into one conceptual model (Figure
3.2-3). Three main parts can be distinguished initially: the perceptual and cognitive frame, the
situational motivation and the communicative behaviour. The components of each part in turn are
elaborated next.

The perceptual and cognitive frame is defined by four situational antecedents, in detail
three perceptive variables and one cognitive. Problem Recognition (PR): A problematic situation
presents itself through the perceived discrepancy between an individual’s expectations and their
experiential reality. This realisation that something is missing and that there is no immediately
applicable solution to it is defined as problem recognition (Chen, Hung-Baesecke, & Kim, 2017; Kim
& Krishna, 2014; Kim & Grunig, 2011). Involvement Recognition (IR): Each person lives according to
their own perceived reality, rather than in an objective reality. Therefore, the level of association
one perceives with a given issue may not necessarily coincide with their actual connection to the
problematic situation (Chen, Hung-Baesecke, & Kim, 2017). Expanding on this premise,
involvement recognition is conceptualised as the perceived connection between individuals and
the problematic situation (Kim & Krishna, 2014; Kim & Grunig, 2011). Constraint Recognition (CR):
This is the final perceptual variable. Constraint recognition can be understood as a measure of the
perceived obstacles which prevent individuals from taking action towards resolving the
problematic situation (Chen, Hung-Baesecke, & Kim, 2017; Kim & Krishna, 2014; Kim & Grunig, 2011).
Referent Criterion (RC): The referent criterion is the cognitive factor of the situational antecedents.

It is defined as any prior knowledge, experiences, expectations and subjective judgmental rules an
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individual activates orimprovises in the cognitive process to solve current problems (Kim & Krishna,
2014; Kim & Grunig, 2011). Referent criteria provide guidelines for solution finding and influence the
way a person approaches the problem. RC is conceptualised to intensify all dimensions of

communicative behaviour for problem-solving (Chen, Hung-Baesecke, & Kim, 2017).

Figure 3.2-3 Conceptudlisation of the Situational Theory of Problem Solving
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Situational motivation acts as the mediator between the situational antecedents and the
communicative action. Situational Motivation in Problem Solving (SM): Kim and Grunig (2011, p. 16)
identified this variable as a measure of ‘the extent to which a person stops to think about, is curious
about, or wants more understanding of a problem’. It is a motivational concept that mediates the
effects of the three perceptual aspects (i.e., problem recognition, involvement recognition and
constraint recognition). In detail, the recognition of a problematic situation, the perceived
connection between the individual and the problem along with the absence of apparent barriers
in doing something about it (i.e. reversed constraint recognition) increase the situational

motivation to engage in communicative action (Kim & Krishna, 2014). Subsequently, situational



motivation, along with the influence of activated or improvised reference criteria, encourages the
engagement in communicative action (Chen, Hung-Baesecke, & Kim, 2017; Kim & Grunig, 2011).

The final part of the STOPS model describes the individuals’ communicative behaviour.
Communicative Action in Problem Solving (CAPS): CAPS is conceptualised as a second-order
composite factor that incorporates three dimensions of communicative behaviour individuals
adopt when attempting to resolve an issue (i.e., information acquisition, selection and
transmission). In turn, each of these dimensions is characterised by two approaches: one passive
and one active expression. In other words, Kim and Grunig (2011) proposed CAPS as a construct of
six sub-factors, which define the reactive (i.e., ‘heuristic’) and proactive (i.e., ‘systematic’) attitudes,
respectively. It is important to note that passive problem-solvers are likely to engage in only
passive communicative actions, whilst active problem-solvers tend to display both active and
passive communicative behaviours. Therefore, CAPS assumes a positive association with all
involved actions (Chen, Hung-Baesecke, & Kim, 2017; Kim & Krishna, 2014; Kim & Grunig, 2011).

The three communicative dimensions are discussed next. The active and passive
components for each dimension are explained in order. Information Acquisition: Information
Attending (IAtt) and Information Seeking (ISek). Attending describes the effortless discovery of
messages, while seeking the planned scanning of the individual’s environment for messages
related to the specific problem. Information Selection: Information Permitting (IPrm) and
Information Forefending (IFrf). Permitting means a passive acceptance of messages from various
sources, whereas forefending is the specific and systematic selection of information relevant to an
individual’s subjective opinion for suitable solution. Information Transmission: Information Sharing
(IShr) and Information Forwarding (IFwd). Sharing refers to a reactive stance concerning
information sharing only when asked to, while forwarding is a proactive form of information
communication of perception and possible solutions (Chen, Hung-Baesecke, & Kim, 2017; Kim &
Krishna, 2014; Kim & Grunig, 2011).

Translating STOPS into the context of Natech risk communication, citizens evaluate the
presented problematic situation stemming from the risk information deficiency, their personal
connection with the issue and the barriers that limit their ability to take action in resolving it.
According to their knowledge, subjective judgemental rules (e.g., moral or cultural issues) and
expectations about how chemical and Natech risk information should be handled, their situational
motivation impels them to engage into communicative action. Interestingly, the potential Natech
accident risk local residents are imperceptibly subject to because they live near industrial facilities
in areas exposed to natural hazards, sets the stage of the initial problematic situation. However,

this study enquires about the cognitive meta-problem deriving from the lack of publicly available



information concerning this problematic situation (perceptual problem). According to Kim and
Grunig (2011), this secondary cognitive meta-problem comes into existence due to the absence of
a readymade solution for the primary perceptual problem. Although the perception about this
meta-problem is not the same as the Natech risk perception, the logical connection among them
can be logically inferred; the higher the concern about a potential Natech risk, the larger the
problem of information deficiency becomes. Therefore, the main argument is that the situational
perception about the lack of risk information can be considered as a representation of the
underlying perception about the associated Natech risk.

Another fascinating point is that, there is a multitude of perceptions and opinions about a
single issue from the various social subgroups included in a community. Behavioural approaches
dictate that information dissemination is not uniform across all the involved stakeholders and that
individuals do not always make perfectly rational decisions that maximise their economic efficiency.
Instead, several psychological and social factors influence individuals’ assessment of the situation
at hand, and consequently shape their course of action. Situational theories from public relations
and communication disciplines introduced the notion that, such decisions are reflected in
individuals’ communicative behaviour as well, shaping the ways individuals seek out, process and
share information (Kim & Krishna, 2014; Kim & Grunig, 2011; Grunig, 1997).

The lynchpin idea (STP and) STOPS is that the general public is not homogeneous vis-d-vis
the communicative behaviour they adopt towards a certain problem. Therefore, within what is
conceived as ‘general public’, individuals can be actually divided into four main categories
according to their perceptual and cognitive characteristics pertaining to the problem (Kim & Grunig,
2011), namely ‘non-publics’, ‘latent publics’, ‘aware publics’ and ‘active/activist publics’. Each of these
types exemplifies different communicative behaviour based on their interest—or lack thereof—to
resolve the issue of concern (Kim & Ni, 2013; Kim, 2011). In brief, non-publics consist of individuals
who perceive no initial problematic situation and therefore neither involvement nor constraints;
latent publics perceive a problem through its consequences, but have yet to detect it; aware
publics have recognised the issue, but have not taken any action to resolve it; and active/activist
publics have started coordinating their actions on solving the problem either as individuals or in a
more collective fashion (Kim & Ni, 2013; Kim, 2011).

Expanding on this argument, conducting such kind of formative research to segment into
different groups the ‘general public’ prior to developing and implementing a risk communication
campaign is indispensable. Strategic research allows risk managers to identify, approach and learn

from a multitude of actor groups within the community. On the other hand, risk communicators



can formulate strategies tailored for the exact needs and characteristics of each group so as to

target effectively publics of specific interest (Kim & Ni, 2013; Kim & Grunig, 2011).

3.2.5 Organisation-Public Relationship (OPR)

As explained in previous sections, transparency and information disclosure can facilitate
communities’ participation in disaster risk management processes. Publics are becoming
increasingly interested in understanding and interacting with entities that have consequences on
their lives and their societies (Hon, 2006). Furthermore, confidence in the amount of risk
information and in the accuracy of what is being communicated is closely associated with risk
perception (Mileti & Peek, 2000). As Hon (2006, p. 61) put it, ‘failure to disclose breeds suspicion
that an organization has something to hide’. It becomes apparent that the social climate, which
defines the quality of the relationship between community and organisation, is a vital aspect for
the efficiency and effectiveness of risk communication (Renn & Kastenholz, 2000); this argument
gains specificimportance considering the omnipresent chemical and Natech risk that involves both
private and government organisations.

According to Hon and Grunig (1999), transparency in the decision-making processes plays
a central role in creating and maintaining meaningful and fruitful relationships between publics
and organisations. However, transparency is not just about access to information (Palenchar &
Heath, 2007); it entails creating an atmosphere of mutual trust and cooperation among all
stakeholders and stake-seekers. Increased levels of trust have been found to reduce social
uncertainties, affect risk perceptions and encourage risk acceptance (Rogers et al., 2007), while
trust-building brings policymakers and citizens closer to deliberate cooperatively in the context of
disaster risk management (Hatori, Kobayashi, & Jeong, 2011). Moreover, publics that perceive
fairness in the risk-related policymaking are keener on keeping or mending the relationship with
risk communicators (McComas, Besley, & Yang, 2008). Overall, risk communication on the basis of
organisational trust and meaningful community dialogue increases public support for decisions
made by and/or presented by risk managers (Aven & Renn, 2010; Renn, 2006).

In this vein, government and business organisations are incentivised to invest in public
relations in order to enhance their effectiveness through improving their relationships with
strategic publics (Grunig, Dozier, & Grunig, 2002). Public relations researchers investigated three
main steps of relationship cultivation: the antecedents of relationships, relationship cultivation
strategies, as well as the outcomes of relationships (Broom, Casey, & Ritchey, 2000). Research on
organisation—public relationships (OPR) has successfully employed the OPR assessment measures
across various types of organisations in diverse contexts, targeting different kinds of publics (Chon,

2019; Ki, Kim, & Ledingham, 2015). Empirical results have indeed confirmed that positive OPR
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outcomes lead to positive attitudes and behaviours of publics towards organisations (Chon, 2019;
Ki & Hon, 2007; Bruning & Galloway, 2003). It becomes apparent that an overall positive OPR is
important in disaster risk management for stakeholder organisations. Moreover, the OPR
assessment scale has been utilised in the field of crisis communication to analyse and predict crisis
outcomes. Prior crisis communication research using OPR outcomes has highlighted the
importance of relationship management and public communication even before a crisis occurs
(Chon, 2019). Establishing and maintaining positive relationships has been found to diminish the
negative impact of the crisis on the organisation and the overall cooperation environment,
whereas less favourable relations further exacerbate negative reputation on organisations (Chon,
2019; Coombs & Holladay, 2002, 2006; Ulmer, 2001). Consequently, constructive OPR are important
in decreasing the negative communication consequences when a crisis occurs.

In our research context, evidently, creating and maintaining a favourable communication
climate among involved stakeholders has profound implications for chemical and Natech risk
communication. Therefore, appreciating the level of transparency citizens construe would help
paint a more comprehensive picture about their perceptions and expectations concerning the
chemical risk and the information deficiency issue. Of course, public relations academics have long
contemplated matters of transparency and what constitutes meaningful organisation-public
relationships. The seminal work of Grunig and Hon (1999) originally conceptualised six key
dimensions to measure the quality of such relationships, which were later refined and explicated
further (Grunig & Grunig, 2001; Huang, 2001); those were Trust, Control Mutuality, Commitment,
Satisfaction, Communal Relationships and finally Exchange Relationships. Grunig and Grunig (2001)
tested these measures and concluded that the first two are the most consistent among them. Thus,
Trust and Control Mutuality were additionally included in the current study as reliable measures
that characterise the quality of OPR. They are elaborated next.

Organisational Trust (OT): Trust refers to the level of confidence between publics and
organisations and the willingness to open to one another; this is typically incrementally acquired
and strengthened over time. OT is comprised of three main elements (Grunig & Grunig, 2007,
Huang, 2001; Grunig & Hon, 1999). Integrity is the belief that an organisation’s actions are fair and
just. Dependability describes the belief that an organisation will do exactly as what it promises.
Finally, competence is the belief that an organisation has the ability to accomplish what it promises.

Control Mutuality (CM): CM is defined as the degree to which publics and organisations
agree on who holds the rightful power to influence the decisions of one another (Grunig & Grunig,

2001; Huang, 2001; Grunig & Hon, 1999). Although some imbalance is generally expected, Grunig



and Grunig (2001) advocate that a stable and positive relationship between organisations and

publics is characterised by some degree of mutual control.

Figure 3.2-4 Conceptualisation of the Effect of Organisation-Public Relationship on Situational Perception
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Trust is a well-recognised concept in the field of disaster risk management. It is considered
an important factor that influences judgements of risk and benefit, technology acceptance as well
as other forms of cooperation (Slovic, 1999). In addition, institutional credibility entails providing
the evidence of being cost-effective and open to public demands, therefore fairness and flexibility
are major elements of organisational transparency (Renn & Kastenholz, 2000). In this regard,
control mutuality is a straightforward notion of conceptualising the power balance climate
between publics and organisations; the established checks and balances in controlling the risk-
related decision-making process (Renn & Kastenholz, 2000).

Consequently, Organisational Trust and Control Mutuality constitute measures of
evaluating the perceived quality of OPR in the context of this study. As explained earlier, a more
favourable atmosphere among the stakeholders involved in chemical risk management, reduces
the publics’ concerns about the risk and, by extension, about the meta-problem of information
deficiency. In sum, institutional credibility and power balance in decision-making are expected to

alleviate the problematic situation from the citizens’ perspective (Figure 3.2-4).

3.2.6 Additional Influencing Factors
The inherently complex nature of Natech accidents only complicates this already intricate
and delicate issue. Understandably perceptions about the original Natech risk itself play a central

role. When it comes to public (mis-)perceptions, three main risk characteristics have been
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identified in the literature based on the seminal work of Slovic et al. (1981). First, an individual’s
perceived lack of control and high catastrophic potential instigates a degree of concern to the
public; this factor is labelled ‘dread’ (Savage, 1993; Slovic et al., 1981). The second factor is risk
unfamiliarity, and relates to hazards that are new or yet unknown to the public, or perhaps have a
delayed manifestation of consequences (Savage, 1993; Slovic et al., 1981). The final risk
characteristic that affects perception is defined by the personal exposure to the hazardous
situation (Savage, 1993; Slovic et al., 1981). Later, Slovic and Weber (2002) proceeded to categorise
various types of risk based on this framework. The risks associated with nuclear accidents and
radioactive waste disposal were examined among others, and the lay persons perceived both of
them as highly dreadful, unknown and with extended consequences for many persons. Now, even
though Natech risk was not considered in that study, it can be argued that its classification would
be about the same, based on the similarities between technological and radiological hazards.
Indeed, risks involving chemical, biological, radiological or nuclear accidents are characterised by
lower familiarity and higher levels of dread (Sheppard, Janoske, & Liu, 2012).

Furthermore, risk perception has substantial implications for property values. A study on
the impact of the perceived risk associated with a hazardous waste site upon the nearby land prices
evidenced an inverse correlation; increased risk perception meant lower values for the properties
surrounding the site (McCluskey & Rausser, 2001). Particularly in the context of Japan, Nakagawa
et al. (2007) looked into the effects of perceived earthquake risk on housing rents in the region of
Tokyo. Housing rent was considerably decreased in zones exposed to higher earthquake risk. On a
follow-up study two years later, the researchers confirmed the observed effects on land prices
(Nakagawa, Saito, & Yamaga, 2009). Thus, they concluded that higher earthquake risk correlates
consistently with lower property value, findings that were supported in later research, as well
(Naoi, Sumita, & Seko, 2010). To an even broader level, public risk perception has been found to
have a negative effect on various aspects of the local economy. A study of Slovic et al. (1991)
concerning the potential impact from a proposed nuclear waste repository in Nevada, revealed
serious economic challenges for tourism, retirement and job-related migration and business
development. The stigmatisation of the region as a direct result from public risk perceptions and
socially amplified reactions to issues related to the nuclear repository (e.g. mismanagement and
radiation releases), they argued, could potentially trigger significant adverse effects for the
economy not only of the region, but of the whole state (Slovic et al., 1991).

Apart from the above, risk communication processes and behaviours, like any form of
communication, cannot be understood when isolated from the specific sociocultural setting in

which they are deeply embedded. The way communities and administrative institutions are



organised in a particular society dictate to a great extent the communicative actions the involved
stakeholders engage into. This is particularly the case considering the conceptualisation of STOPS,
where individuals are regarded as social actors that interact with organisations and each other
(Kim & Krishna, 2014). Research focusing on understanding this organisational culture has
demonstrated the outstanding differences the collectivistic societies present in contrast to
western cultures. For example, based on Hofstede’s (2001) model, Japan and S. Korea are relatively
collectivistic cultures, while Japan is also quite male-dominated (masculine). Several subsequent
studies have noted a tendency of individuals from collectivistic and masculine cultural backgrounds
to avoid invoking community criticism by conforming to social norms (Lalwani, Shrum, & Chiu,
2009; Bernardi, 2006). This social desirability may be a crucial conceptual component in better
comprehending citizens’ ‘appetite’ for Natech risk information. The desire to socially conform to
the already established rules and situations may act as an inhibiting factor for Japanese and
Koreans to challenge the status quo concerning the availability and distribution channels of
chemical and Natech risk information to the citizens.

Another point related to social desirability is the actual bias that may be introduced during
data collection. A recent study compared Japan, Korea, United States and the Netherlands—all
nations with different cultural backgrounds from one another according to Hofstede’s
dimensions—to conclude that, although respondents in self-report measures from both
collectivistic and individualistic countries were likely to give more ‘socially acceptable’ answers, the
magnitude and pattern of this bias was stronger and more consistent in collectivistic countries
(Kim & Kim, 2016). Additionally, Japanese researchers discovered evidence which supported the
reasoning that the specific cultural background can significantly impact social desirability bias
(Kondo et al., 2010). As a matter of fact, Kondo et al. (2010) found that Japanese respondents were
seven times more likely to shed their social desirability inhibitions and select ‘socially unacceptable’
options in a survey, if the majority of the preceding respondents had also chosen the same option.
In any case, social desirability presents a very interesting notion and a major challenge in this
particular study from both an interpretative and methodological perspective.

Lastly, the sociocultural fabric provides the mechanisms through which conspiracy
theories emerge and are sustained. False beliefs about the causes of an issue can spread and grow
to an extent where they might even become harmful for the processes the community uses to
communicate. Public concerns about an issue—whether warranted or not—may be triggered
from a past incident that is ‘cognitively available’ (Sunstein & Vermeule, 2009). This is usually the
case of many conspiracies related to technological risks, such as nuclear power or hazardous waste

disposal sites, as Kuran and Sunstein (1999) note. A specific event becomes ‘available’ and soon



conspiracy theories emerge, attempting to either explain it or use it as symbol for broader social
narratives, spreading suspicions for conventionally accepted wisdom in various domains (Sunstein
& Vermeule, 2009). In terms of chemical accident risk, it is easily conceivable how conspiracy
theories if left unchecked by the responsible authorities can wreak havoc in public-organisation
relationships. In the framework of this particular study, potential conspiracy theories may not only
damage the reputation of the involved government institutions and private stakeholders, but
furthermore they may cultivate a generalised belief that any hazard and risk information provided

by official sources is deliberately misleading and should be regarded with considerable doubt.

3.3 Methodology

3.3.1  Hypotheses

This study focuses on the meta-problem of Natech risk information deficiency and tries to
understand the differences through a cross-national comparison. The main research question is:
What are the differences in the communicative behaviour of citizens in Japan and S. Korea
concerning the issue of Natech risk information disclosure? The crux of our main argument is that,
Korean citizens are more motivated to communicate about Natech risk information disclosure and
do so more actively in contrast to Japanese, since they have been already introduced to chemical
risk communication. Moreover, the favourable cooperation climate between risk management
organisations and the public, facilitated by risk communication, alleviates the perceived meta-
problem of Natech risk information deficiency. In order to inquire these issues, we set out to
examine the following hypotheses.

Examining the first postulate through the prism of STOPS there are eight conditions to be
met. Compared to Japanese, Korean citizens have an increased situational motivation to
communicate and resolve the meta-problem of Natech risk information deficiency (H1). Also, the
available ideas for solution are more pronounced for Koreans, as they are more familiar with
chemical risk communication (H2). These conditions contribute to an increased communicative
activeness for Koreans in contrast to Japanese. In detail, Koreans are expected to be more active
in terms of information forefending (H3.), permitting (H3b), forwarding (H4a), sharing (H4s),
seeking (H54) and attending (H5p).

e Hi1: Situational Motivation is higher for Korean citizens.

e H2:Referent Criteria are more pronounced for Korean citizens.
e H3. Information Forefending is higher for Korean citizens.

e H3p: Information Permitting is higher for Korean citizens.

® H4. Information Forwarding is higher for Korean citizens.



® Hg4: Information Sharing is higher for Korean citizens.
e Hs.: Information Seeking is higher for Korean citizens.

e Hsp: Information Attending is higher for Korean citizens.

As far as the second argument is concerned, S. Korea has invested in cultivating a positive
milieu based on trust and shared decision-making control between organisations and the public
through the recent chemical risk communication efforts. Thus, Korean citizens are hypothesised
to have higher organisational trust (H6) and perceived control mutuality (H7) for related

government institutions and businesses.

e Hé6: Organisational Trust is higher for Korean citizens.

e H7: Control Mutuality is higher for Korean citizens.

Moreover, the problematic situation regarding the risk information deficiency can be
improved, if citizens are confident in the way the government and involved businesses address the
issue of Natech risk information disclosure. In other words, if they trust how government and
industry handle Natech risk information, they do not consider it be a serious problem they need to
personally be involved with. Therefore, trust is expected to reduce the perceived severity of the
meta-problem (H8,) and the perceived connection with it (H8y). Likewise, perceiving balance in the
power relationship with said organisations about how the Natech risk information is managed also
moderates public concerns. Therefore, sharing decision-making power is hypothesised to increase
the citizens’ perceived personal involvement with the meta-problem of Natech risk information
deficiency (H94)—as they can personally influence decisions on the matter—and reduce any
perceived obstacles pertaining to its solution (H9y). It should be noted that, we expect to observe
a positive influence from organisational trust and control mutuality for both Japanese and Korean

samples.

e H8.: Organisational Trust has a negative effect on Problem Recognition.
e H8,: Organisational Trust has a negative effect on Involvement Recognition.
e Hog.: Control Mutuality has a positive effect on Involvement Recognition.

e Ho,: Control Mutuality has a negative effect on Constraint Recognition.

Apart from the above, a set of auxiliary hypotheses (H,) are tested in order to evaluate the
performance of the STOPS framework in this comparative study that involves Japan and within the
context of Natech risk communication. Assumptions that describe the relationships between the
model variables were defined following the seminal work of Kim and Grunig (2011). First, citizens

acknowledge the absence of chemical and Natech information as a problematic situation that



involves them personally, whilst there are significant constraints limiting their actions; all of these
factors influence individuals’ situational motivation in resolving the problem. Therefore, the
perceived seriousness (Hq1) and personal connection with the Natech risk information deficiency
meta-problem (Hq2) increase citizens’ motivation to communicate, while the perceived obstacles

reduce it (Ha3).

e Hg1: Problem Recognition has a positive effect on Situational Motivation.
e Ha2: Involvement Recognition has a positive effect on Situational Motivation.

® H.3: Constraint Recognition has a negative effect on Situational Motivation.

Furthermore, citizens are hypothesised to communicate in order to solve the presented
Natech risk information deficiency issue; therefore, their situational motivation drives their
communicative activeness (Hq4). Also, activated or improvised referent criteria are expected to

increase communicative activeness in resolving the issue of Natech risk information deficiency

(Ha5).

e Hu4: Situational Motivation has a positive effect on Communicative Action in Problem-
Solving.

e Hg5: Referent Criteria have a positive effect on Communicative Action in Problem-Solving.

Finally, an increase in citizens’ communicative activeness is expected to be linked with a
rise in both the active and passive components of each of the three dimensions, namely
information acquisition, selection and transmission. Thus, communicative action in problem
solving is hypothesised to increase information forefending (H464), permitting (Ha6p), forwarding

(Ha7a), sharing (Ha7b), seeking (Ha84) and attending (Ha8b).

e H.6.: Communicative Action has a positive effect on Information Forefending.
e H.6p: Communicative Action has a positive effect on Information Permitting.
e H.7.: Communicative Action has a positive effect on Information Forwarding.
e H.7,: Communicative Action has a positive effect on Information Sharing.

e H.8.: Communicative Action has a positive effect on Information Seeking.

e H.8p: Communicative Action has a positive effect on Information Attending.

3.3.2 Data Collection

The intention of this study is to investigate whether residents near prominent
industrialised regions in Japan and S. Korea are motivated to communicate concerning Natech risk
information disclosure, understand their communicative behaviour and identify the influencing

factors. The objective is to apply STOPS as an interpretative framework in an attempt to analyse
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the actual situation from the perspective of potentially affected communities, and compare cross-
nationally citizen perceptions and communicative actions they engage in when trying to address
the issue. This goal is best served by measuring directly the citizens’ opinion through a household
questionnaire survey.

Regarding the rationale behind the determination of the sample, the argument for
understanding the actual situations should be highlighted once again. Chemical and Natech
accident risks have the distinctive characteristic of being unevenly distributed over space. Even
though the potential area of impact is admittedly vast, these types of risk are defined by the
proximity to their source, chemical plants. Logically, properties and lives of individuals who reside
and/or work closer to chemical plants are under greater risk. However, researchers have pointed
out a similar gradient pattern in terms of public risk perception. This ‘distance-decay principle’
describes the progressive ‘discount’ of individuals’ concern about the risk the farther they perceive
they are from its source (O’Neill et al., 2016; Venables et al., 2012). Furthermore, Yu et al. (2017)
recently confirmed this effect in household risk perception about Natech accidents in Japan.
Therefore, in an attempt to focus on citizens’ perceptions who are actually under immediate risk
from a chemical accident, households within a 2km radius from industrial parks were targeted
primarily. The distance was chosen to reflect the 2km-radius evacuation order around the industrial
installations during the Natech incident involving oil refinery fires and explosions triggered by the
Great East Japan earthquake in 2011 (WHO, 2018).

Bearing in mind the above, this study focused on residential areas near prominent
industrial parks in Japan and S. Korea. In both countries, major industrial parks that include facilities
handling potentially hazardous materials are located along the eastern coastlines. Since tropical
storms usually make landfall on the southeast Pacific coasts of these countries, this exposes such
industrial parks to hydrometeorological hazards on a frequent basis. In fact, it is noteworthy that
industrial parks like these have been in the path of destructive typhoons in the past. One recent
example in Japan is Typhoon Jebi’s impact on Osaka Bay in 2018; the consequent storm surge
inflicted enormous damages and even flooded the Kansai airport (Hayashi et al., 2021). Similarly,
several petrochemical industries were damaged and had to suspend operations due to rainfall-
induced flooding caused by Typhoon Chaba (2016) at Ulsan’s industrial park in S. Korea (Sang-soo,
2016). Moreover, recent studies characterised industrial parks in Ulsan and Gwangyang as among
the most vulnerable in the S. Korea to typhoon-related hydrometeorological hazards (Ryu et al.,
2016). Considering the general academic consensus over the increasing frequency of Natech

accidents from tropical storms due to climate change (Luo, Cruz, & Tzioutzios, 2021; Cruz &



Krausmann, 2013), there is increased concern for such accidents at the industrial parks in Japan and
S. Korea.

In order to collect data from individuals directly exposed to a potential Natech accident,
this study targeted households located nearby large industrial parks. Two residential town districts
were selected in Japan—specifically from the areas of Higashinada (Kobe) and Sakai-Senboku
(Osaka)—and four town districts in S. Korea—namely from the areas of Yeosu, Suncheon,
Gwangyang and Ulsan. For the Japanese sample, 2,630 questionnaires were distributed in total
using post mail services (see Table A.1-1), which yielded N=330 responses (12.47% response rate). In
comparison, previous studies with similar questionnaire distribution methods yielded slightly
higher rates (14.3%) in Japan (Kotani & Yokomatsu, 2019) and lower (8.3%) in the United Kingdom
(Eiser et al., 2009). The anonymity of the respondents was guaranteed through a town mail
delivery system, which permitted the distribution of the surveys to all registered postal addresses
within selected town districts. Participation was completely voluntary and without any financial
incentive. The Korean sample (N=300; 100% response rate) was collected via an online survey
employing the Tillion panel, the largest survey panel in the country, using locational restrictions.
Participation was voluntary in this survey as well, but this time a small financial compensation in
the form of promotional coupons was provided to participants. Finally, data collection was carried
out from January 26 to March 8 in 2018 for the Japanese sample and from March 9 to March 18 in
2020 for the Korean.

The questionnaire instrument was comprised of 67 measurement items in total, including
questions about the demographics. A seven-point Likert-type scale ranging from 1 = ‘Strongly
Disagree’ to 7 = ‘Strongly Agree’ was used to code the responses. As a rule, at least three items per
STOPS variable were included. Additionally, OPR factors were assessed through six items per
variable by distinguishing between government institutions and industrial companies. The wording
of the questions was based on measurement items tested and validated in previous applications
of STOPS (Chen, Hung-Baesecke, & Kim, 2017; Kim et al., 2012) and suggested OPR measures
(Grunig & Grunig, 2001; Grunig & Hon, 1999). Slight alterations were made to adjust the questions
to the context of the study, when deemed necessary. Apart from STOPS and OPR measures, a
number of questions about the perceived Natech accident severity and exposure, additional risk
communication demotivators (e.g., impact on local economy) and social norms were included in
order to better understand residents’ concerns and challenges concerning Natech risk and the
issue of information deficiency. Finally, demographic variables were comprised of gender, age,

educational level, income, town district, nationality, household size and marital status.



According to Podsakoff et al. (2003), ensuring participants’ anonymity is the most effective
measure to combat common method biases. Suffice to say, no personal data were ever collected
through this process that would permit one to trace back individual respondents. Besides the
guaranteed anonymity, in order to further minimise participants’ reluctancy to report delicate
personal information—such as age or income—broad groups were provided as available options
to select from instead of asking respondents to write down exact values. The questionnaire was
reviewed by a panel of 30 experts specializing in disaster risk management. After minor
modifications to the items other than the verified STOPS and OPR measures, the questionnaire
was translated from English to Japanese and Korean by bilingual experts, and then checked for its
accurate interpretation via back translation. Samples of the finalised versions are attached at the

end of the Appendix (see Sections A.2 and A.3 for Japan and S. Korea respectively).

3.4 Analysis

3.4.1 Data Screening and Preparation

From the total 2,630 questionnaires mailed to all registered addresses in the selected
districts in Japan, 330 households choose to cooperate and responded to the survey. After
discarding two unanswered questionnaires a total of 328 replies (12.47% response rate) was
amassed; 135 replies came from the Higashinada area and 193 from the Sakai-Senboku region. For
the Korean sample, half of the responses came from Ulsan (150), 63 from Yeosu, 58 from Suncheon
and 29 from Gwangyang (see Table A.1-1).

IBM’s Statistical Package for Social Sciences (SPSS) version 27 was used for the following
data preparation. The data screening process revealed one unengaged respondent in the Japanese
sample (i.e., answered ‘7’ throughout), whose answers were later discarded. The remaining
Japanese sub-dataset with the 327 registered responses was then examined to determine whether
there is an identifiable pattern for missing information. The Japanese sub-dataset passed Little’s
MCAR test, indicating that values are missing completely at random and therefore listwise deletion
is among the suitable remedies (Hair et al., 2010). The method of listwise deletion resulted to a
dataset of 317 responses, by dropping 10 respondents whose questionnaire completion rate did
not reach 90% (suggested threshold). Next, the remaining responses were tested again using
Little’s MCAR test. The results justified data imputation. Residual missing data were imputed with
the respective variable median; this technique is not expected to alter the variable mean (Hair et
al.,, 2010), since the percentage of missing information per variable did not exceed 7.9% (suggested
threshold 10%). This process did not deal with demographic variables at all, since their categorical
nature does not allow for data imputation techniques. It should be noted that the Korean sub-

dataset was originally complete, and therefore, no such data imputation process was needed.
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Then, the Japanese and Korean sub-datasets were merged for the rest of the analysis. The
complete dataset was examined for issues of normality; the purpose was to determine the
suitability of STOPS and OPR items for the subsequent multivariate analysis. Table A.1-9
summarises the descriptive statistics for each questionnaire item. Problem Recognition items
presented a considerable negative skewness, but within the threshold value of 2.20. Notably, items
PR1 and PR2 exemplified quite high kurtosis with values of 2.15 and 2.56 respectively, but were
safely below the threshold value of 3. Thus, all of the STOPS and OPR items were deemed
satisfactorily normal for further multivariate analysis.

It should be highlighted that all three items for Constraint Recognition (CR) were reversed
in the distributed questionnaire so as to remove part of the respondents’ cognitive burden. These
items reverse coded at this stage for the subsequent analyses—henceforth Constraint Recognition

(CR) refers to the measurement as originally intended in STOPS (i.e., negative aspect).

3.4.2 Multivariate Analysis

The main part of the statistical analysis comprised of Confirmatory Factor Analysis (CFA) and
Structural Equation Modelling (SEM), two complementary modelling techniques that fall under the
broader category of multivariate analysis; CFA is a method used for the analysis of theoretical
constructs, while SEM involves regression or path analysis accommodating the simultaneous
relationships between multiple dependent and independent variables (Hair et al., 2010). In this
particular study, SEM was employed for strictly confirmatory purposes, in order to evaluate the
STOPS model in the field of chemical and Natech risk communication and in the context of Japan.
Therefore, no alternative models or configurations were proposed and tested. Furthermore, IBM’s
SPSS and Amos software packages versions 27 (both) were utilised for the respective analyses,
employing maximum likelihood as the estimation method. Microsoft Office Visio 2013 was used for
the model visualisations.

A two-step SEM approach was adopted (Kline, 2011). The first phase involved testing and
determining the best items for each latent construct through a CFA. Low factor scores and/or
largely insignificant loadings of observed variables on the latent constructs were the criteria
according to which items were dropped from the model with the aim of identifying robust, valid
and reliable item configurations. Figure 3.4-1 presents the initial latent model used in the SEM
analysis, with the corresponding codes of the questionnaire items used in the survey (for reference
see the Sample Questionnaires in the Appendix). It should be noted that sample sizes were

sufficiently above the minimum suggested limit of N>200 for SEM analysis (Kline, 2011).



Figure 3.4-1 Initial Latent STOPS Structural Model
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In the next step, the measurement model was defined. Error covariances were introduced
where necessary—but always respectful to the original theoretical reasoning of STOPS—based on
Lagrange Multipliers in order to achieve model fit adequacy. The approach of Hu and Bentler (1999)
for combined model validity criteria was followed, considering several commonly used indices,
namely the Comparative Fit Index (CFl), Root Mean Square Error of Approximation (RMSEA), and
Standardised Root Mean square Residual (SRMR). It must be noted that, the full latent model of
the original STOPS conceptualisation was used for hypothesis testing and relationship
interpretation, and only after model fit indices were deemed satisfactory. Effect sizes were
interpreted based on the widely accepted thresholds proposed by Aiken et al. (1991).

The Multi-Group Analysis (MGA) method (Kline, 2011) was followed to conduct the cross-
national comparison between the Japanese and Korean sample using the STOPS and OPR models.
Prior to group comparison, tests were carried out to determine the models’ invariance across
groups (i.e., configural validity), check that the variables measure the same constructs across

groups (i.e., metric validity) and to confirm that potential differences between groups can be



meaningfully interpreted (i.e., scalar validity) following the steps described by Milfont and Fischer
(2010). Moderation effects between samples were investigated via a series of chi-square (x?)
difference tests in which all but the model paths in question were constrained to be equal
sequentially across groups.

Finally, outliers and influential cases in the results were examined by measuring Cook’s
Distance calculated from the regression of dependent variables on independent ones (Hair et al.,
2010), using estimated scores for each latent variable generated through the respective SEM

models.

3.4.3 Descriptive Analysis

The rest of the statistical analysis was based on basic—yet potent—descriptive statistics,
that synthesised a comprehensive picture of the results and set the basis for the interpretation of
the findings. Apart from the multivariate analysis conducted in order to establish the relationships
among the factors and examine cross-national differences, a set of descriptive statistics were then
calculated from the dataset in order to understand citizens’ perceptions about the Natech risk and
the associated information deficiency problem. In addition, descriptive statistics were used to
compare the sample’s demographic characteristics against the profile of the general population of
the respective regions based on the latest available census data: the 2015 Population Census for
Japan (Statistics Bureau, 2018) and the 2020 Population Census for S. Korea (Statistics Korea, 2020).
Microsoft Office Excel 2016 was used predominantly for this type of analysis and the graphical
representations of the results.

The hypotheses for cross-national differences in communicative behaviour were
investigated by a series of independent samples t-tests between the two groups. The acceptance
threshold for the 2-tailed significance test was set at the 95% confidence interval. Additionally,
Cohen’s distance (Cohen’s d) was calculated to estimate and interpret effect sizes (Cohen, 1988).

Finally, a special reference should be made to the Public Segmentation technique used in
this study. Although the canonical correlations procedure has been extensively used in the field of
behavioural sciences, this study follows closely the much simpler segmentation method of
summation introduced by Kim (2011). STOPS defines four types of publics based on the situational
perception variables (i.e., problem, involvement and constraint recognition); these are non-publics,
latent publics, aware publics and active/activist publics. The summation method proposes to use the
midpoint of the item scale to recode effectively the situational perception characteristics as ‘High’
=1and ‘Low’ = 0, based on the mean scores from the items of each composite variable. In this
study, the midpoint of the 7-point scale is 4. Therefore, individuals whose response averaged lower

than or equal to 4 were coded as ‘Low’ (=0) for that particular variable. Conversely, if their answer
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was 5 or higher, they were coded as ‘High’ (=1). Subsequent summation of the respective recoded
characteristics provided the value based on which the classification was conducted: non-publics =

0, latent publics = 1, aware publics = 2 and active/activist publics = 3.

3.5 Results

3.5.1 Demographic Profile of Survey Respondents

The demographic profile of the survey respondents was drawn in respect to their gender,
age, level of education, annual household income level, nationality, marital status, number of
household members and, finally, whether there are children in the household. Detailed results are
included in Table A.1-2 in the Appendix. The two samples’ demographic characteristics are in turn
compared against the average values of the closest respective administrative regions available
based on the latest available data in Japan and S. Korea (Table A.1-3).

Out of the 328 Japanese participants, 187 (57.0%) were men and 135 (41.6%) women. The
Japanese sample was dominated by male responders reaching a gender ratio of about 139 men for
100 women. In comparison, the Korean sample was more balanced in terms of gender ratio with a
gender ratio of about 105 men for every 100 women. Out of the 300 respondents, 154 (51.3%) were
male.

As far as age is concerned, 139 (42.4%) of the Japanese respondents were between 60 and
70 years old. The group of residents older than 75 years was the second largest (17.1%), followed
closely by the ones between 50 and 59 years (16.5%). The number of respondents progressively
declined for younger age groups, while there was only 1 respondent under the age of 19 (.3%).
Naturally, this resulted to the very high mean age of around 61 years. The Korean sample in contrast
was much younger with a mean age of 42 years. Remarkably, respondents’ ages ranged from 20
to 59 years old, with the largest group being between 40 and 49 (29.6%).

In the Japanese sample, the two predominant categories in education were respondents
who had finished high school (36%) and holders of a university degree (32.6%). Participants who
attended a vocational school followed (14.6%), while holders of master’s and doctoral degrees
reached 8.2% together. Only 8 individuals had stopped after receiving elementary education. The
Korean sample was starkly different. All respondents had completed at least high school education,
with the vast majority holding a university degree (77%), followed by those holding a high school
diploma (17.6%). Master’s and PhD-holders were 5.3% combined.

Three broad categories were provided to participants to choose from in order to disclose
their annual income level; despite such measures, 11% of the Japanese respondents did not share
this information. The rest of the sample reflected the pattern observed in the Kinki prefecture with

118 households (36%) declaring an annual income of less than 3 million yen, 100 (30.5%) belonging
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in the middle group and 74 (22.6%) having more than 6 million yen per year. Korean sample
distribution was slightly different, since 45 out of the total 300 (15.0%) respondents belonged in
the low-income group. The rest were almost equally divided between those with a middle-tier
average monthly household income (44.3%) and those with more than 5 million won per month™
(40.7%).

Both samples were quite homogenous in terms of nationality. There were only 2
respondents (.6%) from China and S. Korea in the Japanese sample, while there were no foreigners
at all in the Korean sample.

Similarly, in both samples almost two thirds of the participating households were
comprised of married couples (Japan: 66.4% and S. Korea: 70.7%). The second most frequent
category was single households (Japan: 12.8% and S. Korea: 27.0%). In the Japanese group,
widowed (8.84%) and divorced (6.71%) respondent categories followed. However, the Korean
sample included only divorced respondents (2.3%).

Around two fifths of the Japanese sample were households with 2 members (37.8%) and
one fifth with 3 members (21.7%). Single-member households followed closely behind (17.4%).
Households with 4 or more members comprised the remaining (18.2%) of respondents. Korean
households were generally larger. The second sample was dominated by 4-member households
(34.7%), followed by 3-member households (28.7%) and couples (19.3%). Single-member households
were only 24 out of 300 (8%). There were 28 households in total with 5 or more members (9.3%).

Finally, around two fifths of the sample were households with children (39.3%); adult-only
households were 182 (55.5%). The situation is completely reversed in the Korean sample, in which
almost two thirds consisted of households with children (63.3%). Merely 29 households were

comprised of only adults (9.67%).

3.5.2  Structural Model Fit and Validity

During the first step of the modelling approach a confirmatory factor analysis was
conducted in order to determine the reliability of the composite variables proposed by the STOPS
and OPR frameworks. Table A.1-4 summarises the estimates from the initial model analysis. One
item from Constraint Recognition, namely CR3, and one item from Information Seeking,
particularly 1Seks, significantly deteriorated construct validity and were subsequently dropped
from the models as they demonstrated the poorest standardised factor loadings (B) (CR3: B=.41,

p<.001 and ISek3: B=.48, p<.001 respectively) and inverse skewness compared to the remaining

115 million won per month is roughly equal to 6 million yen annually.



two observed items for each composite variable. The rest of the STOPS and OPR constructs were

retained as initially proposed.

Table 3.5-1 Construct Validity Measures

Variable Construct Reliability (CR) Average Value Extracted (AVE) Cronbach's o
PR 844 -643 839
IR .867 .686 .857
CR .659 .513 .601
RC .752 .526 .718
SM .828 .618 .812
IFrf .843 .643 .843
IPrm 772 .539 .764
IFwd .765 .52 .764
IShr .859 .67 .857
I1Sek .887 .798 .886
1Att .829 .618 .823
CAPS .922 .665 -1
oT .907 .623 .901
M 912 .638 .921
Criteria >.70 >.50 >.60
Notes: Problem Recognition (PR), Involvement Recognition (IR), Constraint Recognition (CR), Referent
Criteria (RC), Situational Motivation (SM), Information Forefending (IFrf), Information Sharing (IShr),
Information Forwarding (IFwd), Information Seeking (ISek), Information Attending (IAtt), Information
Permitting (IPrm), Communicative Action in Problem Solving (CAPS), Organisational Trust (OT) and Control
Mutudlity (CM).
Cells highlighted in red indicate values below respective thresholds. Criteria based on Fornell and Larcker
(1981).
t CAPS constitutes a second order latent variable, and as such is not derived by observed questionnaire items
from which Cronbach’s a can be computed.

Source: Original work

A concise description of the convergent and discriminant validity measures for the finalised
constructs of the STOPS and OPR models is presented in Table 3.5-1. The latent factors’ composite
reliability was examined through the estimated Construct Reliability index and Cronbach’s «, while
also the Average Value Extracted was taken into account. Between the first two measures, it
should be noted that despite the popularity of Cronbach’s o« among researchers, Construct
Reliability is a superior standard as it is more reliable and stricter. Nevertheless, findings were
almost identical in both measures. All composite variables achieved very high construct reliability
scores (i.e., >.718 for both indices), except for Constraint Recognition, whose construct reliability
was just short of the threshold although its Cronbach’s o was satisfactory. Given that there was
already an item removed from this variable, no further remedies were available. As far as the AVE
is concerned, all measures exhibited sufficient reliability as demonstrated through their scores. It
should be noted that according to Malhotra and Dash (Malhotra & Dash, 2011, p. 702), AVE is
considered a strict measure of reliability, and as evidenced all constructs achieved acceptable

scores.



Table 3.5-2 Model Fit Indices

Measure Cut-off Criteria STOPS OPR-Situational Variables
X’ - 1984.604 1046.949
df - 818 388
X2/ df Between 1and 3 good 2.426 2.698
CFI >.95 good, >.09 moderate .901 .940
SRMR <.08 good, <.10 moderate .093f .060t
RMSEA <.06 good, <.10 moderate .048¢ .053f
Notes: Chi-square (x2), Degrees of Freedom (df), Comparative Fit Index (CFl), Standardised Root Mean Square
Residual (SRMR) and Root Mean Squadre Error of Approximation (RMSEA).
Cells highlighted in green indicate exceptional values. Criteria based on Hu and Bentler (1999).
1 Joint cut-off criteria according to Hu and Bentler (1999).

Source: Original work

The models’ Goodness-of-Fit to the data was based on the joint criteria approach
suggested by Hu and Bentler (1999). Their approach states that an empirical model is deemed
strong if it achieves either CFl > .96 and SRMR < .10 or RMSEA < .06 and SRMR < .10. Evidently, the
STOPS and OPR models satisfied the aforementioned thresholds (Table 3.5-2). However,
considering that Hu and Bentler cut-off criteria use the stringent of thresholds, it can be argued
that both models achieved adequate model fit based on commonly accepted criteria (Hair et al.,
2010). It should be noted that the x? index and its degrees of freedom (df) are typically sensitive to
large sample sizes and particularly complex models (Kline, 2011), both of which cases apply in our
models. Therefore, they are not considered as reliable indicators, despite their acceptable values.
In sum, both structural models achieved a satisfactory model fit which warranted further
interpretation of the corresponding causal models.

Additional tests were carried out to determine the models’ invariance in order to conduct
the comparison across samples. Initially, satisfactory scores in goodness-of-fit indices supported
configural invariance of the unconstrained STOPS and OPR models. Next, paths were constrained
to equal the factor coefficients to test for metric invariance, but invariance across samples for all
parameters could not be supported for either model (x? test: p<.001). After examining each
individual path to determine the most problematic ones in each model, we identified the paths to
be freely estimated across groups, thus establishing partial metric invariance adequate to proceed
with our analyses (Hsiao & Lai, 2018). Likewise, scalar invariance was met partially due to the above
reasons. Afterimplementing the necessary modifications, both the STOPS and OPR nested models
were rechecked for configural, metric and scalar invariance (Putnick & Bornstein, 2016). The nested
models achieved satisfactory goodness-of-fit overall (CFI: .909, SRMR: .066 and RMSEA: .047) (see
Table A.1-1).

Lastly, after mean values were computed based on the latent constructs of the model,
Cook’s Distance was examined so as to detect any hidden influential outliers in the sample. Each

dependent variable was regressed on its respective set of independent ones based on model
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conception. The maximum value across the results for all STOPS composite variables was .23; well
below the threshold of 1.0 (Table A.1-8). In other words, no strongly influencing outliers were

detected in the imputed factor scores that required special attention.

3.5.3 STOPS Structural Equation Models

First, the causal structural model for the STOPS variables were used to test the auxiliary
hypotheses Hq1 through H.8, in order to validate the original model conceptualisation in the
context of Japan and within the context of Natech risk communication. The results of the SEM
analysis are presented in the following figures (Figure 3.5-1 for the Japanese and Figure 3.5-2 for
Korean sample), while the detailed estimates can be found in Table A.1-5 of the Appendix. Three
auxiliary hypotheses about the situational perception variables (Ha1 through Ha4), two about the
situational motivation and the referent criteria (Hs4 and Ha5) and six about the CAPS variables (Hq64
through H.8p) were tested, all of which were confirmed with large and statistically significant
estimates. It should be underscored that all relationships followed the hypothesised patterns for
both the Japanese and Korean sample, as discussed later in detail.

Moreover, as far as the abovementioned predictors’ explanatory potency is concerned, the
STOPS model exhibited exceptional results. In the case of the residents’ situational motivation to
resolve the problem, the three situational perception variables explained about 50% of the
observed variance (Japan: R?=.46 and S. Korea: R?=.52). Explanatory power was even higher in the
case of CAPS, exceeding 80% (Japan: R?=.89 and S. Korea: R?=.80) just from the influence of SM and
RC for both samples. Similarly, interpretative power ranged from a modest 28% (R*=.28) to a
staggering 94% (R*=.94) for the respective communicative actions. For the Korean sample the
explanatory power was even stronger, ranging from 60% (R?=.60) to 83% (R?=.83).

Consistent with the STOPS narrative, Figure 3.5-1 shows that the more Japanese individuals
recognised a problematic situation regarding the Natech risk information deficiency (PR), the more
motivated they became (SM) to do something about the issue (Ha1) (coefficient B=.26, p<.01).
Furthermore, the more Japanese residents perceived the Natech risk information deficiency
affected their lives (IR), the higher their motivation (SM) was (Ha2). A statistically significant and
relatively strong coefficient supported this (B=.42, p<.001). Additionally, the larger their perceived
constraints in doing something about the issue (CR), the more their motivation (SM) diminished
(Ha3). CR indeed exhibited a negative influence on SM (B=-.23, p<.01).

Moreover, residents were expected to channel their situational motivation (SM) to solving
the problem by intensifying their communicative actions (CAPS) (Ha4). Indeed, SM proved to have
a very strong impact on CAPS (B=.90, p<.001). Activated RC slightly enhanced individuals’ CAPS for

the Natech risk information deficiency issue (Hq5) (B=.15, p<.001). Complementary, all aspects of
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communicative behaviour were positively affected by the residents’ professed CAPS; specifically,
information forefending (Hq64) (B=.58, p<.001), information permitting (Ha6s) (B=.87, p<.001),
information forwarding (Ha7a) (B=.97, p<.001), information sharing (Ha7p) (B=.82, p<.001),

information seeking (Ha484) (B=.53, p<.001) and information attending (Ha8») (B=.81, p<.001).

Figure 3.5-1 Summary Model Results from the STOPS Structural Model for Japan
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Likewise for the Korean sample (Figure 3.5-2), individuals became more motivated to
communicate, as they recognised a problematic situation due to Natech risk information deficiency,
perceived that this situation affected their everyday lives and believed that there are not significant
constraints in resolving the issue (PR: B=.26, p<.05, IR: B=.28, p<.05 and CR: B=-.43, p<.001,
respectively). Furthermore, Koreans’ situational motivation along with available referent criteria
increased their communicative activeness for the Natech risk information disclosure problem (SM:
B=.70, p<.001 and RC: B=.38, p<.001). In turn, this enhanced communicative activeness positively
affected information forefending (B=.80, p<.001), permitting (B=.85, p<.001), forwarding (B=.91,
p<.001), sharing (B=.78, p<.001), seeking (B=.84, p<.001) and attending (B=.70, p<.001) for Korean

citizens.

81



Figure 3.5-2 Summary Model Results from the STOPS Structural Model for Korea
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3.5.4 OPR Structural Equation Models

The second structural model explored the linkages between measures of public-
organisation relationship and situational perception variables pertaining to the problem of Natech
risk information deficiency, as presented in the following figures. Table A.1-6 in the Appendix
includes the detailed analysis results, based upon which hypotheses H8, through Hg, were tested.
We should remark here that the OPR measures (i.e., OT and CM) did not contribute substantially
in explaining the variance observed in problem and involvement recognition across samples;
explanatory power ranged only from 1% (R?=.01) to 6% (R*=.06). The exception was the influence of
OPR factors on constraint recognition, which accounted for a modest 21% (R?=.21) for the Japanese

sample to a moderate 42% (R*=.42) for the Korean.

Figure 3.5-3 Summary Model Results from the OPR-Situational Perception Structural Model for Japan

Source: Original work



Concerning the Japanese group (Figure 3.5-3), citizens’ trust to government and
businesses (OT) significantly lowered their concern about the lack of Natech risk information (PR)
(B=-.25, p<.001) and even more so their perceived involvement (IR) in the presented problematic
situation (B=-.62, p<.05). Thus, the corresponding hypotheses H8, and H8, were subsequently
confirmed.

Furthermore, mutual control in decision-making (CM) demonstrated a slight decrease in
terms of Japanese citizens’ perceived barriers in doing something about the issue (CR). Amoderate
inverse correlation was observed (B=-.46, p<.001), which supported the original hypothesis H9p.
Moreover, the hypothesized effect of CM on their immediate connection to the problem (IR) was
also confirmed (B=.50, p<.05) (H94).

For the Korean sample (Figure 3.5-4), interestingly, path coefficients for the relationship
between organisational trust (OT) and citizens’ concern about Natech risk information deficiency
(PR) (B=-.10, n.s.) and perceived involvement with this issue (IR) were statistically insignificant
(B=-.60, n.s.). Therefore, the hypotheses H8, and H8, could not be supported, even though the
expected directions of the relationships were observed.

Figure 3.5-4 Summary Model Results from the OPR-Situational Perception Structural Model for Korea

Source: Original work

Finally, perceived sharing of decision-making power (CM) demonstrated a strong negative
effect on citizens’ perceived constraints (CR). A statistically significant and large inverse correlation
was observed (B=-.65, p<.001), which supported the original hypothesis H9; also for the Korean
sample. Nonetheless, the insignificant factor (B=.61, n.s.) of the expected effect of CM on
involvement recognition (IR) could not corroborate our original claim (H9,)—once again—despite

confirming the predicted relationship direction.



3.5.5 Model Comparison
A series of x2 difference tests was conducted to test for any significant moderation effect
between Japanese and Korean groups the structural equation models. The results for the STOPS

and OPR models are summarised in the following tables.

Table 3.5-3 STOPS Model Comparison between Japan and S. Korea

Independent Var. Dependent Var. DF Cmin ( ;})(ZVZZZ) Interpretation
PR SM 1 .001 .973 Similar
IR SM 1 264 .607 Similar
CR SM 1 1.133 .287 Similar
RC CAPS 1 2.637 104 Similar
SM CAPS 1 5.214 .022 Different
CAPS IFrf 1 29.484 .000 Different
CAPS IPrm 1 .000 .999 Similar
CAPS IFwd 1 .215 .643 Similar
CAPS IShr 1 .090 .764 Similar
CAPS ISek 1 19.687 .000 Different
CAPS IAtt 1 .987 .321 Similar
Notes: Problem Recognition (PR), Involvement Recognition (IR), Constraint Recognition (CR), Referent
Criteria (RC), Situational Motivation (SM), Information Forefending (IFrf), Information Sharing (IShr),
Information Forwarding (IFwd), Information Seeking (ISek), Information Attending (IAtt), Information
Permitting (IPrm), Communicative Action in Problem Solving (CAPS).
Rows highlighted in green indicate structural paths with statistically significant differences between groups.

Source: Original work

As far as the STOPS model is concerned (Table 3.5-3), testing each individual path between
the groups revealed that factor relationships are largely similar between the Japanese and Korean
samples. The only statistically significant differences were observed in the influence of situational
motivation (SM) on the communicative action (CAPS) (p<.05) and between communicative action
and two out of the three active components of communicative behaviour, namely information
forefending (IFrf) (p<.001) and seeking (ISek) (p<.001). These findings suggest that there are
statistically significant differences in what elements drive communicative behaviour across the two
respondent groups (i.e., moderation effects were observed for certain factors). In comparison to
the Japanese group, Koreans’ communicative activeness seems to depend less on situational
motivation, while communicative activeness has a much stronger effect on proactive information

acquisition and selection.



Table 3.5-4 OPR Model Comparison between Japan and S. Korea

Independent Var. Dependent Var. DF Cmin X' test Interpretation
(p value)

PR SM 1 .05 .824 Similar

IR SM 1 214 .644 Similar

CR SM 1 .021 .885 Similar

oT PR 1 3.66 .056 Similar

oT IR 1 .01 .915 Similar

M CR 1 16.042 .000 Different

M IR 1 0 .997 Similar
Notes: Problem Recognition (PR), Involvement Recognition (IR), Constraint Recognition (CR), Situational
Motivation (SM), Organisational Trust (OT) and Control Mutuality (CM).
Rows highlighted in green indicate structural paths with statistically significant differences between groups.

Source: Original work

Furthermore, the results of x? tests for the OPR structural models showed even less
dissimilarity across the two groups (Table 3.5-4). Indeed, the only statistically significant
moderation between Japanese and Koreans described the relationship between decision-making
power (CM) and the perception of constraints (CR) (p<.001). All other path relationships were

statistically indistinguishable.

3.6 Response Comparison and Public Segmentation

3.6.1 Response Comparison

Apart from the SEM and MGA analysis, descriptive analysis methods were employed in
order to capitalise on the collected residents’ responses in an attempt to approach the topic of
Natech risk communication from the citizens’ perspective in a comprehensive fashion. Scores for
the composite latent variables were computed based on the results of the structural equation
models. The questionnaire survey included certain additional items, such as Natech risk perception,
further challenges and social norms, which shed light into various aspects of the subject and reveal
valuable findings, as explained in detail next. These opinions were also coded on a Likert-type scale
of 7 points, ranging from 1 = ‘Strongly Disagree’ to 7 = ‘Strongly Agree’. A complete report of the
computed statistic measures may be found in the Appendix (Table A.1-9). A series of independent
samples t-tests were carried out to determine notable differences across Japanese and Koreans

and help examine hypotheses H1 through Hy.



Table 3.6-1 Responses on Chemical and Natech Accident Risk

Japan S. Korea t-Test Cohen’ s
Variable Aspect Std. Std. sig. (2-tailed) -
Mean Dev. Mean Dev. Clos. d (abs.)
NTSev Perceived Natech Severity | 5.92 1.05 5.71 .95 .009 2120
. Perceived Natech
NTLik Likelihood 5.70 1.15 5.82 .95 161 1132
Perceived Response
NTResp Efficacy 2.75 1.55 4.00 1.51 .000 .8204
. Withholding Natech
NTWith Information 4.71 1.35 5.17 1.15 .000 .3690
Japan: N=317; Korea: N=300
Rows highlighted in green indicate statistically significant differences between groups.

Source: Original work

A crucial precondition for residents to recognise a problematic situation stemming from
the lack of risk information is the realisation of the chemical and Natech accident threat itself. Table
3.6-1 presents the results of the questions targeted at capturing exactly that. Generally, households
from both samples expressed highly their concern in facing a potential chemical accident triggered
by a natural hazard (NTSev: u=5.92 and u=5.71). However, there was also a statistically significant
difference between the two groups (p<.01, d=.2120), as Japanese perceived Natech risk to be more
severe. As far as the perceived probability is concerned, Japanese and Korean citizens evaluated
equally high their potential exposure to such an accident (NTLik: u=5.70 and p=5.82). A stark
difference was observed between Japanese and Korean households, however, when asked
whether they have sufficient knowledge to respond appropriately to such scenarios (NTResp);
Japanese (u=2.75) scored significantly lower (p<.001, d=.8204) than Koreans (u=4.00) in this regard.
Remarkably, Korean residents tend to believe the possibility that local governments and industries
might withhold information about the actual chemical risk from the public (NTWith: u=5.17)
considerably (p<.001, d=.3690) more than Japanese (u=4.71).

As far as the meta-problem of Natech risk information deficiency is concerned (Table 3.6-2),
Japanese and Korean respondents agreed on its great importance for them (PR: u=5.89 and
u=5.74) equally. Furthermore, their perception of this problem affecting their everyday lives
directly was measured to be equally high for both groups (IR: u=5.21 and u=5.31). Interestingly,
perceived constraints that limited citizens from improving the problematic situation were
considerably lower for Koreans (CR: u=4.12) compared to Japanese (u=4.67). This observed

discrepancy was statistically significant with a moderate effect size (p<.001, d=.4422).



Table 3.6-2 Responses on STOPS Measures

Variaby A Japan . S. Koread E-Tesr 9 Cohen’ s
ariable spect Std. Std. sig. (2-tailed) -
p Mean Dev. Mean Dev. 8 Clos. d (abs.)
PR Problem Recognition 5.89 1.07 5.74 .84 .053 1564
IR Involvement Recognition 5.21 1.30 5.31 .97 .294 .0847
CR Constraint Recognition 4.67 1.17 4.12 1.34 .000 4422
RC Referent Criteria 3.37 1.1 4.12 1.19 .000 .6457
SM Situational Motivation 4.43 1.26 4.69 1.08 .005 .2261
IFrf Information Forefending 2.66 1.20 3.61 1.36 .000 .7353
IPrm Information Permitting 4.83 1.13 4.58 1.06 .005 .2293
IFwd Information Forwarding 3.73 1.16 4.32 1.13 .000 .5152
IShr Information Sharing 4.02 1.30 4.56 1.05 .000 .4581
ISek Information Seeking 3.28 1.24 3.89 1.32 .000 .4740
IAtt Information Attending 4.92 1.18 4.87 1.03 .560 .0470
Japan: N=317; Korea: N=300
Rows highlighted in green indicate statistically significant differences between groups.

Source: Original work

The rest of the differences were compared in order to examine our set hypotheses. Korean
citizens expressed increased curiosity and desire to learn more about the problem (SM: u=4.69)
compared to Japanese (u=4.43). Although the difference was small, it was statistically significant
(p<.01, d=.2261), and thus evidenced our original claim (H1). Similarly, Japanese residents did not
have as many readily available ideas on how the issue of Natech risk information deficiency could
be addressed (RC: u=3.37) in comparison to Koreans (u=4.12). Also, this difference was statistically
significant and had a great effect size (p<.001, d=.6457) strongly supporting our argument (H2).

Comparing the communicative behaviour citizens assume concerning the Natech risk
information deficiency, Japanese seem to have not expended much effort in finding information
or selecting trusted sources for their updates on the matter (IFrf: u=2.66) In contrast, Koreans—
confirming our hypothesis (H3.)—were considerably more active (p<.001, d=.7353) in terms of
information forefending (1=3.61). On the contrary, Japanese residents reported that they are more
eager than Koreans to listen to various sources that talk about the problem in their attempt to
better comprehend the situation (IPrm: u=4.83 and u=4.58). Although, the size effect was small,
this statistically significant difference (p<.001, d=.2293) refutes our corresponding hypothesis (H3s).

In addition, Koreans’ information forwarding behaviour measured higher than the
Japanese (IFwd: u=3.73 and u=4.32), indicating that they were markedly more eager (p<.001,
d=.5152) than Japanese to inform loved ones and convince others about resolving the issue. So,
our claim was confirmed (H44). In relative moderation Japanese also reactively share information
and their opinions, when asked to do so (IShr: u=4.02). They scored remarkably less (p<.001,

d=.4581) than Koreans (u=4.56) in this respect as well, thus supporting our hypothesis (H4s).



Finally, Japanese seemed comparative less active in searching for information related to
the problem (ISek: u=3.28) compared to the Korean sample (u=3.89). These results provided a
statistically significant and moderately strong support (p<.001, d=.4740) for the respective
hypothesis (H54). No statistical difference could be detected between the scores for information
attending between Japanese and Korean and thus we could not confirm our initial claim (H5p).
Scores were quite high for both groups samples (IAtt: u=4.92 and u=4.87), indicating citizens’

general interest in obtaining any information that is available in their everyday environment.

Table 3.6-3 Responses on Organisation-Public Relationship Measures and Additional Constraints

. Japan S. Korea . t-Tes‘t Cohen’ s
Variable Aspect Mean [S)::‘j, Mean ;’:\i’ sng.-(czI ;z;i/ied) d (abs.)
oT Organisational Trust 3.41 1.32 4.23 1.02 .000 .6854
CM Control Mutuality 3.16 1.24 3.82 1.14 .000 .5505
JKN1 Social Discomfort 3.05 1.64 3.94 1.71 .000 .5322
Expected Citizen
JKN2 Participation in Decision- 4.55 1.56 4.33 1.65 .096 1343
making
Government Trust about Info
JKN3 Access 3.22 1.61 4.65 1.42 .000 .9397
oc1 Pe;izgsi;n\;zﬁgson 5.63 1.1 5.42 1.15 .021 1866
0C> Perceived Impact on Local 4.96 137 5.21 123 017 1923
Economy
0C3 Lack of Chemical Info 5.56 1.18 5.54 1.05 .838 .0164
Japan: N=317; Korea: N=300
Rows highlighted in green indicate statistically significant differences between groups.

Source: Original work

In terms of the quality of their relationships with government institutions and industrial
companies (Table 3.6-3), the survey results seemed to confirm our original hypotheses. Indeed,
Japanese households seemed to be rather distrusting of such organisations compared to Koreans
(OT: u=3.41 and u=4.23). This demonstrated essentially a sizeable and statistically significant
difference (p<.001, d=.6854) that supported our argument (H6). A similar pattern was observed
with regard to decision-making power-sharing (CM). Japanese respondents reported lower levels
of perceived control mutuality than Koreans (CM: u=3.16 and u=3.82). The discrepancy was large
and significant, and so strongly supported our claim (H7).

Supplementary questions were asked in order to explore citizens’ perceptions regarding
specific challenges pertaining to social norms and risk communication; the survey results
presented a very interesting picture (Table 3.6-3). The perceived negative consequences from
Natech risk information disclosure on property values were considered as more important for

Japanese than for Koreans (OC1: u=5.63 and u=5.42). However, the inverse was true for the
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perceived impact on the local economy, for which Koreans seemed to be more concerned (OC2:
u=4.69 and u=5.21). Although effect sizes were small for both of the above differences, they were
indeed borderline statistically different (p<.05, d=.1866 and p<.05, d=.1923). Additionally, both
Japanese and Koreans agreed that the lack of publicly available information about the involved
chemical risk presents an important limitation for them (OC3: u=5.56 and u=5.54).

Furthermore, Japanese citizens seemed to believe that asking about chemical and Natech
information would not be perceived as a disturbance in the local community (JKN1: u=3.05) while
Koreans were more indifferent towards this statement (u=3.94). Nonetheless, this discrepancy
was considerable and statistically significant (p<.001, d=.5322). Moreover, Japanese and Korean
respondents felt rather excluded from the decision-making processes concerning chemical risk
management (JKN2: u=4.55 and u=4.33); there was no observable difference between samples.
Finally, there was an enormous and statistically significant discrepancy concerning the last aspect
(p<.001, d=.9397). Koreans seemed considerably more trusting of their government about the way
access to chemical risk information is handled (JKN3: u=4.65). In contrast, the score for the

Japanese sample was well below the midpoint of the scale (u=3.22).

3.6.2 Public Segmentation

Pubic segmentation lies at the heart of situational theories offering a more detailed
understanding of the diverse publics and the communicative behaviour they assume in their
attempt to resolve a problematic situation. In this particular study, the segmentation method of
summation was employed in order to delineate the communicative profile of non-publics, latent
publics, aware and active/activist publics pertaining to the problem of Natech risk information
deficiency. Respondents’ situational perception characteristics, namely problem, involvement and
constraint recognition, were recoded into ‘High’ and ‘Low’ and then added to categorise each
individual into one of the four publics. The results of this process are presented in Figure 3.6-1.

Out of the 317 survey respondents from Japan, 19 (5.99%) fall into the first category, i.e.,
non-publics. They do not seem to perceive the presented situation stemming from the absence of
publicly available Natech risk information as a problem. Of course, since they do not recognise the
problem, their perceived involvement with it and any obstacles that limit their actions are non-
existent, as well. 42 respondents (13.25%) seem to perceive this Natech risk information deficiency
as a problem through its consequences in their lives, however they might not have fully
acknowledged it yet. They comprise a latent public. AlImost two thirds of the sample belong to an
aware public. 206 respondents (64.98%) perceive this Natech risk information deficiency as a
significant issue that motivates them to do something about resolving it, although they have not

taken any actions still. Finally, 50 respondents (15.77%) exhibited the situational perception
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characteristics of an active/activist public. They demonstrated high problem and involvement
recognition, whilst finding only obstacles they can overcome relatively easily (i.e., low constraint

recognition).

Figure 3.6-1 Public Segmentation for Natech Risk Information Deficiency Problem in Japan and S. Korea

64.98%
200
150
34.67%
100
50 13.25%
9.67%
5.99%
0
Nonpublic Latent Aware Active [ Activist
W Japan MmS. Korea
Japan: N=317; Korea: N=300

Source: Original work

A similar trend was observed in the Korean sample as well. Only three (1.00%) out of the
300 total respondents were categorised as a non-public, that does not perceive a meta-problem of
Natech risk information deficiency. Next, 29 respondents (9.67%) notice this problem but have not
fully recognised it yet (i.e., latent public). More than half of the Korean sample comprises an aware
public with 164 respondents (54.67%) perceiving this lack of Natech risk information disclosure as
an important issue that they wish to resolve (i.e., aware public). More than one third of the
households seemed to fall into the active/activist public category—more than double from the
Japanese sample. These 104 Korean respondents (34.67%) demonstrated high problem and
involvement recognition, whilst identifying only a few limiting barriers that would hinder their

personal actions to deal with the situation.
3.7 Discussion

3.7.1  Demographic Profile

A detailed examination of the respondents’ sociodemographic profiles revealed notable
differences between the Japanese and Korean samples in terms of age, educational level,
household income and size. While gender ratios were comparable across the two groups, the

Japanese sample was on average about 19 years older. Moreover, Korean respondents had



attained a higher level of education and reported a slightly higher annual household income
comparatively to Japanese on average. Additionally, the slightly larger household size on average,
along with the marital status and the presence of children in the household, suggested that the
Korean sample included more family households overall. Indeed, single-member households were
rarer in the Korean group in comparison to the Japanese.

The above observations about the sociodemographic features are certainly not unrelated
with each other and actually hint toward the character of the town districts the data were collected
from, as well as the methods employed. For instance, the overrepresentation of males in the
Japanese sample may be linked to the patriarchal household structure in Japan. It is probable that
the household representatives that took the responsibility of replying to an anonymous survey
were predominantly men. Furthermore, the average age of the Japanese sample was quite
elevated. One possible reason for this could be that residents who decided to participate in this—
admittedly long and without any concrete incentive—survey, actually had simply more free time
to spend. After all, the groups above the age of 60 years, which also coincides with the retirement
age in Japan, happened to be the largest.

In addition, certain residential districts selected for the Japanese sampling were comprised
of old, traditional small houses, typically lived-in by their owners. Families may look elsewhere for
accommodation in search for newer apartment buildings, larger spaces and so forth compared to
single-member households, like retirees. Thus, areas such as the Takaishi city’s case may have been
overrepresented in the overall Japanese sample and contributed to this difference. Smaller
household sizes of course correlate positively with lower household incomes. On the other hand,
the online-based panel survey carried out in S. Korea probably further exacerbated the age
discrepancy between the two samples. Younger generations are usually more confident in using
computer technologies, and thus conducting an online survey that employs no age-related strata
for sampling, likely decreased the average age of Korean respondents in our study.

But, perhaps, these are rather superficial reasons, and there exists an association between
the topic of the survey and the observed sociodemographic profile. An emerging pattern is the
underrepresentation of younger, single (never married) and childless households in the survey. On
the one hand, it could be that households from these categories were scarce to begin with in the
selected districts. On the other hand, younger individuals have been associated with lower degrees
of concern about nuclear and Natech risk (Yu, Cruz, & Hokugo, 2017; Sjoberg, 2004). There is a
possibility that single households with no children are also of a similar low concern mindset about
Natech risk. However, previous studies were inconclusive on that front (Yu, Cruz, & Hokugo, 2017).

There is no strong supporting evidence in this or previous studies and therefore there can only be



speculation about it, but perhaps these younger, single and childless households did not
participate in this survey due to the level of priority they assign in contributing without immediate
profit to a study about an issue that is remotely linked to their everyday lives. In other words, they
chose not to spend time in answering an anonymous questionnaire about potential chemical and
Natech accidents, because they deem the subject of low importance.

Contemplating potential effects of the observed sample differences in sociodemographic
characteristics, we speculate the following based on past risk perception research (Sund, Svensson,
& Andersson, 2017; Savage, 1993). Given the research evidence suggesting that males are likely to
underestimate risks in various contexts, perhaps, the subsequent Natech risk information
deficiency meta-problem is not viewed as salient, which in turn decreases motivation to
communicate. In addition, older citizens have been exposed to the chemical risk and faced the
associated meta-problem for longer. So, they might recognise it as more severe and persistent.
Similarly, a higher educational level may be associated with increased Natech risk awareness and
perceived severity of the meta-problem of information deficiency. Additionally, more household
members equal more individuals potentially exposed to the accident risk, and so, the perceived
situation about the risk information deficiency may be regarded as more severe by individuals. In
contrast, higher household incomes means that more resources are available to solve the
problematic situation; thus, the perceived severity of the meta-problem may be less pronounced.
Finally, having (co-)dependent household members, such as spouse and/or children, may increase
concerns about the meta-problem as the underlying Natech risk seems more threatening. In any
case, the potential influence from sociodemographic factors on individuals’ perceptions about
Natech risk information disclosure is an important research direction future studies are invited to
investigate.

Different data collection strategies may be employed in future surveys to address these
issues. A stratified random sampling method based on sociodemographic criteria (e.g., gender, age,
education, income, and so forth) would be more appropriate when pursuing a more accurate
representation of the broader population in the samples. However, in that case geographical
restrictions may have to be reassessed. In view of keeping the required anonymity involved in data
collection while targeting households near industrial parks, providing reward incentives for
respondents is also expected to increase the response rate. Besides, there are very few studies
which have focused on chemical—and particularly Natech—risk communication in Japan,
therefore the findings are important. In any case the intention of this study was not to produce
generalisable results for the whole of Japan, but rather focus on the risk perceptions and

communicative behaviour of residents around industrial parks in Osaka Bay.



3.7.2 STOPS Evaluation

Following the process of SEM analysis, it is indispensable to assess the models’ validity and
goodness-of-fit to the date before continuing on to interpret the extracted results. However, in
this particular study, evaluating the conceptual model’s explanatory capability in respect to the
collected data received the importance of a core research endeavour, since the theoretical
framework of STOPS has never been applied in Natech risk communication or in the sociocultural
context of Japan. Fortunately, the results were mostly satisfying.

First and foremost, all of the expected relationships between the STOPS variables have
been confirmed for both the Japanese and Korean samples. This was confirmed even for the
relationship of problem recognition (PR) with situational motivation (SM), despite the arguably
high kurtosis and negative skewness of the composite variable and two of its measurement items
(namely PR1 and PR2). Problem recognition was a statistically significant predictor for situational
motivation for both samples. A probable explanation for the underlying issue might be the very
topic of this study. Chemical and thus Natech accident risk is characterised by high levels of dread
in public perceptions (Sheppard, Janoske, & Liu, 2012; Slovic & Weber, 2002). In this context, asking
citizens about the perceived severity of a problematic situation that is associated with a dreadful
risk is expected to receive increased significance; ergo the observed high kurtosis and negative
skewness of problem recognition. Interestingly, effects on SM were still evidenced through our
analysis, in spite of the relatively small variation of PR that could have presented challenges for a
technique, such as SEM, that relies on the analysis of sample variance to infer statistically
significant relationships between variables. In summary, all auxiliary hypotheses Hq1 through Hq8p
which describe STOPS’s original theoretical framework were strongly supported.

Additionally, the viability of the structural model itself has been established under the
strictest of measures, the joint criteria approach of Hu and Bentler (1999). Even more impressive,
this has been accomplished using a dataset that was not intended to test the theory per se, but
rather apply its interpretative framework in order to assess citizens’ communicative behaviour
towards Natech risk communication from a cross-national perspective. It can be argued that the
employed sampling strategy was far from optimal for this end. Even the different data collection
methods (post mail in Japan versus online survey in S. Korea) may have created additional
challenges. Alternative approaches could have included an online nationwide random panel of
participants, following the example of previous studies that looked into publics’ communicative
behaviours in more detail (e.g. Chen, Hung-Baesecke, & Kim, 2017; Kim et al., 2012), or stratified
sample from the respective regions that would guarantee sociodemographic representation of the

populations. Resource limitations aside, the purpose of this study was to understand the



perceptions and challenges of residents, who are likely to be directly impacted in a chemical and
Natech accident scenario; spatial proximity to industrial installations is a key issue here.

The distance-decay principle has been found to affect individuals’ risk perception (O’Neill
et al.,, 2016; Venables et al., 2012) and was recently confirmed in the Japanese context as well (Yu,
Cruz, & Hokugo, 2017). Hence, selecting districts near industrial sites in Osaka Bay (Japan) and
Ulsan, Yeosu, Suncheon and Gwangyang (S. Korea) arguably introduces a kind of bias. In this
regard, it is not surprising that the majority of participants perceived Natech risk to be a severe
threat and the information deficiency seemed to an important meta-problem for them. Even so, it
is interesting to report that their sense of involvement with the meta-problem and being
constrained in doing something still varied considerably across respondents. STOPS performed
exceptionally well in explaining large portions of the observations’ variance overall, even under
such extreme circumstances of ‘partial’ sampling. Besides, a relatively radical approach in testing
the limits of a theory dictates one to do so at the boundary conditions in purpose of stressing it
under circumstances which would ‘break’ normal rules; a tactic that particularly applies in Disaster
Science disciplines due to their nature (Mendonca, 2018).

Accordingly, OPR measures performed equally well, achieving decent construct reliability
and model fit. The structural model of OPR and situational perception variables demonstrated high
goodness-of-fit to both the Japanese and Korean sample, fulfilling the strict criteria of Hu and
Bentler’s (1999). All of the hypothesised relationships were confirmed for the Japanese sample
(H8, through Hgy), but only the effect of control mutuality (CM) on constraint recognition (CR)
(Hgp) was supported for the Korean group. Considering the synergistic effect of combining OPR
assessment measures with the STOPS components in order to delineate a more comprehensive
description of the factors that influence citizens’ perceptions about Natech risk communication

probably outweigh this minor discrepancy.

3.7.3 Research Findings

The main objective of this study was to explore the differences in the communicative
behaviour of citizens in Japan and S. Korea concerning the issue of Natech risk information
disclosure. From a situational theory perspective, it becomes evident that both Japanese and
Korean citizens indeed ‘stop to think about what to do’ (Grunig, 1997 in Kim & Krishna, 2014, p. 85)
concerning the Natech risk information deficiency meta-problem, which in turn drives them to
engage in communicative action to solve it. A careful review of the research findings seems to
support this claim across the two groups (i.e., elevated problem and involvement recognition, low

constraint recognition and relatively high situational motivation), and further brings to light



valuable insights about their communicative behaviour patterns and perceived challenges towards
this issue.

Our study revealed an increased public concern for chemical and Natech risks as predicted
based on risk communication and perception literature (Sheppard, Janoske, & Liu, 2012; Slovic &
Weber, 2002). As typical high-impact/low probability technological risks (Masys et al., 2014), they
seem to follow the risk perception trends of similar chemical and nuclear accidents: high
unfamiliarity, increased dread and with long-term consequences (Slovic & Weber, 2002). Moreover,
households in Japan and S. Korea characterised Natech accident scenarios as very likely and severe,
recognising potential consequences to their communities. However, Japanese respondents’
perceived Natech risk severity was slightly increased compared to the Korean sample. This
observation aligns with past risk perception research suggesting that Koreans had a lower risk
perception for chemical accidents (Zhai & Suzuki, 2009). From our perspective, the higher Natech
risk perception observed in Japan may be related to the fact that Natech accidents are more likely
to occur due to the comparatively increased earthquake and tsunamirisk (Park & Cruz, 2022). Given
that Japanese residents have become more accustomed to frequent and intense earthquakes in
contrast to Koreans, it is plausible that they find chemical accidents triggered by them to be also
more likely to happen.

More interesting, however, is the discovery of a notable awareness regarding the
perceived meta-problem of information deficiency that stems from this situation. The lack of
Natech risk information is acknowledged by both Japanese and Korean residents as a problematic
situation they are concerned about, and affects their personal lives to a certain degree.
Nonetheless, Japanese citizens admitted their inability to respond to potential Natech accident
scenarios due to insufficient information. This finding is reasonable since the Japanese chemical
risk regulatory framework does not oblige local governments or industrial companies to disclose
contingency and emergency response plans to the local community. On the other hand, Koreans
reported a significantly higher perceived self-efficacy for such scenarios. This is most likely
attributed to the recent change in the Korean chemical risk management legislation that has made
mandatory the notification of Hazard Control Plans—which include chemical emergency response
plans among others—to the public (see Act No. 14532, 2018, article 23).

It should be noted, however, that Japanese and Koreans even more so expressed their
scepticism towards governments and businesses withholding information about the actual
chemical risk in industrial facilities. Of course, publics nowadays are not as ignorant of trade

secrecy and civic safety reasons that are often used by organisation as a pretext to disclose the



bear minimum amount of information (Kinchy & Schaffer, 2018). This is a plausible explanation
based on our findings.

According to STOPS, situational perception of the significance of the problem, the personal
connection with it and the complications that limit one’s ability to resolve it drive their individual
motivation to take communicative action. This narrative seems to explain our observations for
both groups based on the SEM analysis. For the Japanese case, we found that the degree to which
individuals perceived their involvement with the situation was the most influential in shaping this
situational motivation for problem-solving, followed by problem and constraint recognition. These
three factors accounted for an impressive 52% of the observed households’ motivation to do
something about the Natech risk information deficiency issue. In comparison, perceiving only
limited insurmountable obstacles seems to be the main factor for the Korean sample’s situational
motivation, with personal involvement and problem severity perceptions following. Together
these aspects explained a decent 46% of the problem-solving motivation for Koreans overall.
Nonetheless, our analysis did not reveal any statistically significant differences between the two
concerning these relationships.

Moreover, high situational motivation in turn is the leading factor for citizens’
communicative activation in both groups. Along with referent criteria, situational motivation
accounted for 89% of the observed communicative activeness in Japan and 80% in Korea. Referent
criteria for the Natech risk information deficiency issue contribute by a smaller amount to
communicative activeness in both cases. For the Japanese sample these probably come in the form
of subjective judgmental rules and expectations rather than past experiences, as evidenced by the
absence of a concrete idea for resolution. Although no significant discrepancy was evidenced
across groups, referent criteria exerted stronger influence on communicative action. However, we
observed a statistically significant difference between groups concerning the relationship of
situational motivation and communicative actions. According to our findings, Koreans’
communicative behaviour seems to be influenced to a lesser degree by situational motivation in
comparison. Judging by the increased influence referent criteria exert on Koreans’ communicative
action, we would argue that chemical risk communication efforts (see Act No. 14532, 2018, article
23) may have provided ideas for how Natech risk as well as the associated meta-problem of
information deficiency can be effectively managed.

Looking in more depth this citizens’ communicative behaviour, we observed differences
across the two groups concerning the relationships between communicative activeness and
information forefending and seeking. Despite the overall strong influence of problem-solving

communicative action on all aspects for both groups, Japanese seemed comparatively less likely



to search for and select information. This is an interesting finding because, on the one hand,
Koreans are culturally more ‘feminine’ than Japanese (Hofstede, Hofstede, & Minkov, 2010). We
can speculate that caring for others within the society and considering quality of life issues may be
an influencing factor that increases communicative activeness. In this sense, Koreans may feel a
stronger urge to actively search for risk information (i.e., seeking) and finding trustworthy and
useful information sources (i.e., forefending) compared to Japanese. On the other hand, it is
possible that the Korean governments risk communication efforts have positively contributed to
activating the audience. Being ‘exposed’ to the broader public discourse about chemical risk
management thanks to the information disclosure provisions in Korean legislation, may have made
citizens more eager to actively search for information about it, seeing that there are not as many
obstacles to access said information (see ‘Comprehensive Chemical Information System’; Act No.
14532, 2018, article 48).

Considering the survey findings, apart from the notable difference in constraint
recognition, problem and involvement recognition measures were considerably high for both
groups. In this respect, there seems to be community ‘appetite’ for Natech risk communication in
Japan and S. Korea. This was supported by a relatively high motivation to communicate; both
Japanese and Korean citizens seem to be interested in learning more about Natech risk, thus
resolving the meta-problem of information deficiency. Remarkably, Korean respondents perceived
themselves as significantly less constrained and having considerably more ideas for solution than
Japanese in dealing with this issue. Also, even though the observed discrepancy was marginal,
Koreans were statistically significantly more motivated to communicate and resolve the problem.
We would argue that these findings once again suggest that Korean legislation has introduced a
chemical risk communication framework that addresses—to a certain extent—the community’s
informational needs, provides a direction for solution and creates a milieu that encourages
communication about the issue.

Regarding citizens communicative behaviour, the most active component for both groups
was by far passive information acquisition (i.e., attending). All other aspects exhibited statistically
significant differences between the Japanese and Korean samples, and—with the exception of
information permitting—were more pronounced in the Korean group. Information permitting was
actually higher for Japanese, albeit marginally. Taken together these findings mean that Korean
residents search for, select and transmit information pertaining to Natech risk more actively than
Japanese in their attempt to comprehend the involved chemical risk as well as how it is being

handled by the authorities, and proceed accordingly (i.e., prepare against it or seek reassurance).



In fact, information forefending received the lowest score for the Japanese sample, thus
indicating—along with the increased information permitting—an absence of strict information
selection processes, according to STOPS (Kim & Grunig, 2011). This overall passive information
selection behaviour observed from Japanese respondents likely suggests that individuals do not
have already set opinions on how such risk information should circulate or even how chemical risks
should be handled. They are still at an early stage of understanding the problem (Kim & Krishna,
2014), and thus look for any information available rather than ‘filtering’ their sources. In
conjunction with high information acquisition behaviour patterns, Natech risk communication can
be interpreted as a still complicated issue for citizens to comprehend and take a stance as they are
still trying to gather information about it. This reasoning also aligns with the arguably passive role
of communities in terms of chemical risk management in Japan (Shimizu, 2016; Mochizuki, 2014)
on account of information deficiency.

Furthermore, organisation-public relations seem to play an important role in shaping
citizens’ situational perception for the issue of Natech risk information deficiency. Although,
results were inconsistent across groups, this study found evidence suggesting that trust and
shared decision-making power influence community perceptions about the meta-problem. First,
the advocated relationship between trust and risk perception (Slovic, 1999) seems to play an
important role in shaping the situational perception about the meta-problem of information
deficiency problem, as well. More specifically, for the Japanese sample increased organisational
trust correlated with a notable reduction in problem and involvement recognition.

Furthermore, a higher level of decision control-sharing appears to increase individuals’
connection with the issue and further decrease perceived obstacles in taking action to resolve it.
For the Korean sample, our findings only demonstrated a considerable reduction in perceived
constraints from decision-making power-sharing, which was actually significantly stronger that the
Japanese case. Therefore, we would argue that this power balance has a seeming alleviating effect
on the citizens’ situational perception about the Natech risk information deficiency. Again, this
phenomenon is probably attributed to the underlying positive influence of transparency in
policymaking on chemical risk perceptions (Renn & Kastenholz, 2000).

From the cross-national comparison, we observed that both organisational trust and
control mutuality were substantially increased in S. Korea. Given the similarity between Japan and
S. Korea in terms of power distance (Hofstede, Hofstede, & Minkov, 2010), we have little reason to
base this discrepancy on different worldviews of hierarchical structures within their societies. From
our point of view, this noteworthy difference is related to the chemical risk management

framework introduced by the Korean government. The included chemical risk communication



provisions oblige companies to disclose information about the risk and the preparedness plans
with local communities. It is probable that this enforced public discussion about risk cultivates
relations among stakeholders and improves the cooperation climate overall (Chon, 2019; Ki & Hon,
2007; Bruning & Galloway, 2003). Supplementary, this reasoning is supported by our survey
findings, where Koreans expressed significantly more trust towards government considering how
access to Natech risk information is handled. Nonetheless, of course, we cannot exclude the
existence of any underlying, hidden factors that were neglected from this study, such as the level
of media attention the fatal chemical accident in Gumi received or the public outrage it may have
caused (Park & Cruz, 2022; Jung & Park, 2016), which could have potentially influenced community
awareness with respect to chemical accident risk. In this regard, further research is needed in this
direction.

Finally, the questionnaire survey results demonstrated an interesting picture regarding the
additional perceived sociocultural challenges for our issue. Rather unsurprisingly, the lack of
chemical risk information was highlighted equally by Japanese and Korean citizens as an important
obstacle that limits their understanding of the hazard. But beyond this direct association, citizens
admitted their reservations that disclosing such information would negatively impact their regional
economy, such as through property devaluation or decrease in trade and tourism. These
discoveries are in line with past research studies about an inverse correlation between risk
perception and land prices in general (McCluskey & Rausser, 2001) or specifically in the context of
Japan (Naoi, Sumita, & Seko, 2010; Nakagawa, Saito, & Yamaga, 2009), while the advocated
negative association with the local economy (Slovic et al., 1991) has been also confirmed.
Interestingly, Koreans seemed to anticipate a more negative impact on the regional economy in
general compared to property values. The inverse was true for the Japanese sample. Views were
significantly different across the two groups—albeit marginally—which might be indicative of the
different subjective value economic activities have for each society, or different reference criteria
for evaluation. Additional research is invited to shed light on this aspect.

On the other hand, the anticipated effect of social desirability acting as a considerable
barrier for community residents in asking for chemical risk information was rather discredited for
the Japanese and Koreans, in spite of their collectivistic social structure (Kim & Kim, 2016; Hofstede,
2011). Japanese citizens do not seem to perceive their tendency to socially conform (Lalwani,
Shrum, & Chiu, 2009; Bernardi, 2006) as an inhibiting factor in actively challenging the status quo
concerning the issue of Natech risk information deficiency within the local community—or at least
explicitly. Koreans, however, were slightly more inclined to believe that asking about the Natech

risk would cause social discomfort. Perhaps this view is related to the social value of ‘femininity’



once again (Hofstede, Hofstede, & Minkov, 2010); in this regard Koreans have a higher level of
social empathy than Japanese do and may be even less inclined to discomfort others. Future
researchers may consider examining in more depth the impact of social desirability as an obstacle
to chemical and Natech risk communication.

Secrecy in chemical risk management is probably the cause of another noteworthy
obstacle: distrust in risk communication. Japanese and Korean residents seem equally mindful of
the fact that they are not expected to be actively engaged in decision-making pertaining to
chemical risk. However, Japanese citizens expressed their distrust in how the government
currently handles the issue of chemical risk information disclosure, but more alarmingly said they
would find probable a scenario in which local authorities conspire with industries in withholding
the real consequences from a chemical accident. Such reputational cascades tend to justify and
enhance public concern—warranted or not—pertaining to hazards (Sunstein & Vermeule, 2009;
Kuran & Sunstein, 1999), especially after a prominent triggering event that invoked analogous
conspiracies in the past, in this case the Fukushima nuclear accident. Koreans in comparison have
a positive example of institutional action, since their national government enacted the Chemical
Substances Control Act in response to the Gumi chemical accident (Park & Cruz, 2022; Jung & Park,
2016). This is probably reflected through their significantly elevated trust in how access to chemical
risk information is managed.

Lastly, the public segmentation revealed that more than 80% of the respondents in both
samples were categorised as an aware and active/activist public. This essentially means that four
out of five individuals acknowledge the issue of Natech risk information deficiency as a severe
problem that personally affects their lives, thus indicating a propensity to communicate in order
to resolve it (Kim & Ni, 2013; Kim, 2011). Comparing the two samples, we observe that the
percentage of the active/activist public in the Korean group is more than double of the Japanese
case. This suggests that Koreans are at more ‘mature’ communicative stage and have either started
to or are about to begin communicating actively to address it (Kim & Krishna, 2014). This finding
again is in line with our argument that the introduced chemical risk communication framework in
S. Korea has contributed to activating their public in terms of searching, selecting and transmitting

Natech risk information.

3.7.4 Policy Implications

Aside from the academic interest of this research in applying and evaluating STOPS in the
discipline of Natech risk communication and in the sociocultural context of Japan, appreciating the
citizens’ perspective on chemical risk communication and management bears several concrete

policy implications. On the one hand, this study brings to the fore opinions of common citizens,
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individuals, who are usually—but not ideally—at the receiving end of chemical risk communication
practices within the Japanese reality (Shimizu, 2016; Mochizuki, 2014). In doing so, this study
advocates for meaningful and constructive dialogue among all involved stakeholders and stake-
seekers, placing due emphasis in actively engaging local communities in participatory risk
management methods. Risk communication is understood as the foundation of participatory risk
management, and a community’s right-to-know as the cornerstone of risk communication
(Palenchar, 2008; Hadden, 1989; Baram, 1984).

Following this principle and acknowledging that any sort of cooperative scheme for risk-
related decision-making among governments, businesses and societies should be based on mutual
respect, this study set out to examine potential differences in communicative behaviour of citizens
in Japan and S. Korea concerning the issue of Natech risk information disclosure. Considering the
relative cultural similarity of the two societies, the cross-national comparison aimed at highlighting
dissimilarities facilitated by the different institutional environments. Supporting our initial
argument that risk communication cultivates a cooperation climate and encourages further
stakeholder discussion, the findings of this research endeavour showed emphatically that Koreans
were considerably more communicatively active overall than Japanese.

First and foremost, both Japanese and Korean citizens indeed have an ‘appetite’ for risk
communication and information disclosure concerning chemical and Natech accidents.
Considering the Japanese reality from a chemical risk management standpoint, regulatory reforms
aimed at introducing and fostering community right-to-know initiatives are certainly warranted
based on the residents’ eagerness. Not only they recognised the problem of information deficiency
as significant and in direct connection with their lives, but also explicitly characterised this lack of
publicly available chemical risk information as an obstacle that prohibits them from appreciating
the real situation. Furthermore, the vast majority of the participants seem to fall under the
categories of aware and active/activist publics, indicating that a large part of the community is
increasingly acknowledging this issue of risk information deficiency, whilst risk perceptions about
chemical and Natech accidents were also elevated. Substantial evidence indicated that this
increased situational motivation of citizens to do something about this presented discrepancy is
being channelled into communicative action, while their efforts intensify in seeking and acquiring
information about the problem.

In comparison, although perceived severity and personal involvement with the meta-
problem was equally high, Koreans recognised obstacles to be significantly lower when
considering how to resolve the issue. Likewise, Koreans had considerably more ideas for solution

and showed an elevated motivation to communicate. This in turn translated into a more active
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communicative attitude as reflected by their actions. Considering the larger portion of
communicatively ‘mature’ publics within the Korean sample along with their expressed trust in
how access to information is handled, we would argue that the recently introduced chemical risk
information disclosure has facilitated a positive stakeholder cooperation climate and encouraged
meaningful Natech risk communication with citizens.

All of the abovementioned arguments make for a strong case for risk managing authorities
in Japan and elsewhere to adopt and promote policies targeted at openly sharing information
about actual chemical and Natech hazards and associated risks. What is important to reiterate here
is that the consequent benefits are mutual (see UNISDR, 2015; OECD, 2003). On the one hand,
transparency encourages deliberation processes and consensus-building for appropriate
mitigation measures and promotes understanding and acceptance of technological risks.
Moreover, fostering institutional support is key in reducing social concerns for uncertain, complex
and ambiguous risks (Aven & Renn, 2010). On the other hand, the community’s capacity to cope
effectively with a chemical or Natech accident scenario is enhanced via risk communication.
Households become adequately informed of the potential hazardous scenarios they might face, as
well as the warning systems and contingency plans in place and therefore can prepare their
response actions accordingly (Palenchar, 2008).

Heeding to international calls for the promotion of inclusive and transparent risk
communication strategies (e.g., SDGs, SFDRR 2015-2030, OECD’s Guiding Principles for Chemical
Accident Prevention, Preparedness and Response), policymakers are recommended to pursue,
foster and institutionalise community participation in risk-related decision-making for chemical and
Natech risks (see UN, 2015; OECD, 2003, 2015; UNISDR, 2015), starting from designing the
regulatory tools for citizens to access such information. Regulatory frameworks, such as EPCRA
and the Seveso Directives, can serve as inspirational examples on how to initially address the
subject. Of course, adjustments that take into account the Japanese modus operandi pertaining to
technological risk management are in order, if there is going to be a serious effort in introducing
effective changes in regulation; simply copying best practices from various settings rarely
produces desired results. In this regard, perhaps drawing inspiration from the Korean ‘Chemical
Substances Control Act’ (see Act No. 14532, 2018) can be a particularly helpful reference point. Given
the similar sociocultural context of the two countries, there may also be shared challenges
pertaining to Natech risk perception. The implementation of the Korean regulation can provide
constructive guidance for the Japanese chemical and Natech risk management system in terms of
risk communication, to identify persistent challenges and easily-transferable good practices. From

a disaster risk management perspective, the benefits of pursuing international cooperation—
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even—to further propose and develop chemical and Natech risk communication guidelines are
great.

For the next steps, risk management authorities should orient towards supporting
continuous and constructive civic discourse throughout risk management processes, as well as
invest in trust-building and sharing decision-making power equally among all involved stakeholders
and stake-seekers. Agreeing with previous research on public relations (Chon, 2019; Ki & Hon, 2007;
Bruning & Galloway, 2003), this study provided evidence suggesting that establishing and
maintaining favourable organisational-public interactions based on communication improves
community perceptions about the Natech risk information deficiency meta-problem. Considering
the citizens’ perceived problem, involvement and constraint recognition pertaining to the lack of
risk information, the challenges arise from the exclusion of communities from the chemical risk
management processes in the first place. Risk managers should aim at actively engaging citizens
in order to address the associated concerns about the management of the chemical and Natech
risk, thus reducing the perceived severity of risk information deficiency. Participatory approaches
in risk management advocate for an inclusive multi-actor process that invites and involves
representatives from the spheres of government, business and community (Solinska-Nowak et al.,
2018; Mechler, 2016). Methods worth exploring in this direction entail, for example, citizen forums,
negotiated rule-making exercises, mediation or advisory committees (Aven & Renn, 2010).

Another point to consider when drafting risk communication strategies is public
segmentation based on the aforementioned perceptual variables. This conceptual approach can
be a valuable aid for effective strategic risk communication, as it allows practitioners to break
down the organisational environment into finer and more manageable elements in terms of power,
resources or action potential. They can then develop tailored risk communication strategies and
efficiently allocate resources to accommodate various priorities (Kim & Ni, 2013). By discerning the
profile of citizens who comprise non-public, latent, aware and active/activist groups, risk managers
can draft communication strategies to effectively target, approach and engage such publics in the
risk management processes and address their (mis-)perceptions and concerns about the risk.

Furthermore, situational theory elements along with organisation-public relation
assessment measures could serve as evaluation criteria for government institutions and industrial
businesses for benchmarking and guidance for ethical business practices that take into account

risk communication. Aligning with recent trends in corporate social responsibility (CSR)™ studies,

12 According to the United Nations Industrial Development Organization (UNIDO, 2022): ‘Corporate
Social Responsibility is a management concept whereby companies integrate social and
environmental concerns in their business operations and interactions with their stakeholders’.
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such measures can provide a framework for assessment of ethical/symmetrical communication
practices (Grunig, 2018; Ni et al., 2015). Perhaps in consideration of industrial facilities handling
potentially hazardous materials, ethical risk communication could also be incorporated as a CSR
aspect to address public concerns and meet the expectations shareholders and stakeholders.
Finally, a cautionary note on organisational distrust. Potential conspiracy theories may not
only damage the reputation of the involved government institutions and private stakeholders, but
furthermore they may cultivate the belief that any hazard and risk information provided by an
official source is deliberately misleading (Kinchy & Schaffer, 2018). Not addressing such an issue
would be indeed worrying for the drafting and implementation of risk communication strategies,
as they would be highly unlikely to yield any desirable results in the direction of community
engagement in risk management. At worst case scenario, households might reach such a level of
distrust towards risk messages from the government and/or industries, where they would grossly
underestimate the accident risk, disregarding preparedness instructions and even emergency risk

warnings.

3.8 Conclusions

This study contributed to the advancement of Natech risk communication by expanding
the current understanding regarding how citizens communicate about Natech risk information
disclosure through a cross-national comparison. Our approach framed the issue of Natech risk
information deficiency as a cognitive meta-problem that stems from the underlying Natech
accident risk. Following the narrative of the Situational Theory of Problem Solving, individuals
perceive this meta-problem, and become motivated to communicate in order to solve it. In this
context, this research ventured to investigate specifically the situational perceptions and
communicative behaviour of citizens concerning the issue of Natech risk information deficiency. In
an attempt to delineate and analyse any potential discrepancies in how individuals from similar
sociocultural backgrounds, but embedded in dissimilar chemical risk governance systems,
communicate about Natech risk information disclosure, we conducted a cross-national,
comparative study between Japan and S. Korea. Moreover, we introduced two key Organisation-
Public Relations assessment measures, so as to evaluate the impact of trust and perceived
decision-making power-sharing on citizens’ perceptions and motivation to communicate. Finally,
we examined additional, potentially influencing factors such as Natech accident risk perception,
certain social norms and perceived downsides to disclosing chemical risk information.

We collected survey data from households near prominent industrial parks in Osaka and
Kobe in Japan, and Yeosu, Suncheon, Gwangyang and Ulsan in S. Korea. Our research findings

demonstrated an increased community ‘appetite’ for Natech risk communication in Japan and S.
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Korea, as both groups appeared to be interested in learning more about Natech accidents in order
to resolve the meta-problem of risk information deficiency. Nonetheless, Korean respondents
seemed considerably less constrained and having more ideas for solution than Japanese in dealing
with this issue. Additionally, Koreans exhibited higher communicative activeness in general
indicating that they intend to search for, select and transmit information pertaining to Natech risk
more actively than Japanese. Along with the elevated levels of institutional trust and perceived
mutuality in decision-making power in S. Korea, and the overall confidence in responding to Natech
scenarios, our findings suggested that the Korean chemical risk information disclosure approach
has probably contributed positively in alleviating the meta-problem of Natech risk information
deficiency. Such results provide important evidence for risk managers and policymakers, providing
a basis for regulatory reforms that promote chemical risk information transparency and encourage
citizen participation via risk communication strategies.

Certain methodological issues emerged during our analysis. First, despite the model’s
apparent statistical robustness in explaining the variance observed in our dataset, this study
acknowledges there may be additional influencing factors that might have been omitted from our
analysis. Therefore, further research is required to delineate a more comprehensive picture of the
potential influencing factors for Natech risk communication. Perhaps future works may consider
expanding on the presented STOPS and OPR models used in this study by borrowing conceptual
constructs from other approaches or proposing new ones. Moreover, there were certain issues
with the observed variables. For example, the latent variable of Constraint Recognition fell just
short of the strict construct reliability threshold, even after deleting the most troublesome item.
Nonetheless, it was retained in our model in order to better understand and compare Natech risk
communication challenges between Japan and S. Korea. This limitation may stem from the
measurement tool, and more precisely the item phrasing, rather the conceptual framework itself.
Future research is advised to pay attention on how perceived obstacles about Natech risk
communication are carefully measured to overcome such drawbacks.

Moreover, as far as the cross-national comparison is concerned, an in-depth cross-cultural
study that would involve sociocultural constructs, comparing the two samples at a national level
was beyond the scope of this research. It may be argued that our approach combined responses
fromindividuals of different sociocultural backgrounds, and so may have introduced—inevitably—
some culture-specific biases. Even though we tried to control for this aspect in our analysis, this
research topic would greatly benefit from a full-fledged cross-cultural study which would
incorporate sociocultural dimensions to effectively identify and disambiguate their effects on

situational variables. Future research may also consider exploring the influence of sociocultural

105



factors on individuals’ situational variables and motivation to communicate about the issue of
Natech risk information disclosure. Finally, our data collection strategy did not prioritise obtaining
more representative population samples that would permit generalisations and a comparison at
the national level between Japan and S. Korea. Instead, we followed more technical criteria,
targeting households under immediate risk from a potential Natech accident at the neighbouring
industrial facilities. Resource limitations did not allow for a sampling strategy that would control
for the location and the demographic profile of respondents at the same time, thus resulting in
noteworthy demographic discrepancies between the two samples. In this vein, future researchers
are invited to examine the topic using different sampling techniques (e.g., stratified sampling)
based on various demographic criteria (e.g., gender, age, education, income, and so forth),
especially if aiming for accurate inter-group comparisons across regions. Finally, our study did not
explore the potential influence of survey participation incentives on the quality of responses in an
opinion questionnaire about disaster risk communication and perception. Likewise, more studies

are required to appreciate the effects of such aspects.
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Chapter 4 Sociodemographic Influences on Public Interest in
Natech Risk Information: Insights from Japan and S. Korea

4.1 Introduction

Over the years, research scholars have highlighted the exchange of information between
experts and communities as the sine qua non for stakeholder involvement and risk governance
(Renn & Klinke, 2013; Aven & Renn, 2010; Renn & Walker, 2008), and particularly so in the context
of industrial, nuclear and environmental accidents (Palenchar, 2008; Shapiro, 2005). Risk
communication and information disclosure have recently started to attract more academic
attention in the Natech accident risk discourse (Suarez-Paba et al., 2020; Figueroa, 2013). Natech
constitutes a special type of event that entails technological accidents triggered by a natural
hazard and involves the release of hazardous materials (UNDRR-APSTAAG, 2020; Suarez-Paba et
al., 2019; Cruz & Suarez-Paba, 2019). They are considered low-probability but high-consequence
events with severe impacts on the regional population, environment and economy. Typical
examples of Natech include the Fukushima nuclear accident following the Great East Japan
Earthquake and Tsunami (GEJET) in 2011 (Cruz & Krausmann, 2013) and the oil spills that occurred

during Hurricanes Katrina and Rita (Cruz & Krausmann, 2009).

Figure 4.1-1 Conceptualisation of sociodemographic determinants and risk information deficiency

Risk Information Deficiency
(Meta-problem)
Problem
Recognition
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Chemical /
Natech Risk
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Situational
Motivation in
Problem
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Disclosure of hazard and risk information allows communities to enhance their

Communicative
Action in
Problem Solving

Problem A

Source: Original work

preparedness against potential disasters through sharing crucial information with the public. Also,
disclosure paves the way for the civic discourse about the decision-making processes involved in
risk management (Aven & Renn, 2010; Gutteling & Wiegman, 1996). Analysing this idea within the
specific context of chemical and Natech accidents, Figure 4.1-1 describes two kinds of ‘problems’

from the perspective of risk communication. On the one hand, individuals perceive the underlying
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Natech accident risk itself as the initial problem that directly or indirectly affects their lives to
various perceived degrees. This issue is typically the subject of risk perception studies that explore
how risk is socially understood and experienced (Wachinger & Renn, 2010). On the other hand, if
chemical and Natech risk communication is limited—or even non-existent—individuals may find
themselves lacking necessary hazard or risk information about the potential accidents, which is
otherwise crucial for their effective preparedness and response to a potential event. In this regard,
information deficiency presents a secondary problem that directly stems from the initial accident
risk. Individuals then form their own perceptions about this issue in terms of its acknowledged
severity, personal views, associated challenges and so forth.

Kim and Grunig (2011) approached this problematic situation from a public relations and
mass communications standpoint, defining this discrepancy as a cognitive meta-problem that
follows the initial perceptual problem: ‘one’s perception that something is missing and that there is
no immediately applicable solution to it’ (p. 128). This conceptualisation presents a unique
opportunity to study the issue of Natech risk information deficiency through the lens of Situational
Theory™. Even though perception about this meta-problem is not the same as the Natech risk
perception per se, it can be argued that they are related: the higher the concern about a potential
Natech accident, the more salient the issue of information deficiency becomes to the individual.
The argument is that by utilising the interpretative framework provided by the Situational Theory
of Problem Solving (STOPS) (Kim & Grunig, 2011), risk communicators can identify and understand
the behaviour of publics with increased communicative activeness. These types of publics are more
likely to diligently search for, review and synthesise available information and, furthermore,
reciprocate the efforts and engage in two-way communication (Grunig & Kim, 2017). Therefore,
focusing on communicative actors allows risk managers to learn more about the community’s
demands, fears and (mis-)perceptions concerning both the risk information deficiency and the
underlying risk in order to effectively address them and take their interests into consideration in
the decision-making process (Grunig, 2018).

Furthermore, developing an effective methodology to identify and categorise stakeholder

groups has been the Holy Grail and a recurring topic of debate among risk communication and

13 The Situational Theory posits that publics can be identified and segmented from a larger population
according to the level of activeness or passiveness of their communication behaviour. Grunig
conceptualised the original Situational Theory of Publics (STP) in the '60s as a framework to
understand when people communicate and what is the role of information in their decisions. Kim and
Grunig (2011) then introduced the Situational Theory of Problem Solving (STOPS) as an extension
and generalisation of STP that explains why and how individuals communicates during a
problematic situation. For a detailed review of the historical development of the situational theory,
interested readers are referred to Kim and Grunig (2011) and Kim and Krishna (2014).

120



perception researchers for several decades. Creating a reliable segmentation method aims to tailor
risk communication strategies to targeted audiences for the purposes of increasing a
communication plan’s efficacy and maximising the yield of invested resources. In this context,
sociocultural and demographic factors have frequently come under scrutiny as potentially potent
and robust predictors of individuals’ risk attitudes, perceptions and behaviours for an array of
natural and technological hazard types (e.g., Sund, Svensson, & Andersson, 2017; Savage, 1993; for
a review see Wachinger & Renn, 2010). Hence, sociodemographic influences have been widely
regarded as valuable inputs for disaster risk managers and policy-makers in their quest to
understand and predict disaster risk perception.

Nonetheless, this risk perception research is still in its infancy with very limited studies so
far within the emerging field of Natech risk communication (Cruz & Suarez-Paba, 2019). Yu et al.
(2017) was one of the first studies to focus on households’ Natech risk perception and evacuation
behaviour during the GEJET 2011 around an oil refinery complex in Sendai, Japan. Demographic
characteristics did not prove to be strong predictors of Natech risk perception based on their
findings, but the authors proposed that further investigation is required. Quite recently, Slack et
al. (2020) investigated hazard perceptions in conjunction with institutional trust vis-a-vis Hurricane
Harvey in 2017 by surveying households along the Texas Gulf Coast, of the United States. They
utilised demographic attributes rather as supplementary controls for their primary research
focusing on institutional distrust, but—as with the aforementioned study—their model
coefficients did not suggest strong effects.

Given the little research available and considering the inconclusive results of previous
studies on the subject of sociodemographic determinants of Natech risk perception, we follow a
novel approach that is based on a communicative framework (for reasons explained above), rather
than on the Psychometric Paradigm (see e.g., Slovic, 2000; Slovic et al., 1981) or the Cultural Theory
of Risk (see e.g., Breakwell, 2007; Douglas & Wildavsky, 1982) that have been used so far. Our main
research question is: Do sociodemographic factors influence citizens’ situational perception and
motivation to communicate with each other about the issue of Natech risk information deficiency?
More specifically, we venture to explore whether and how households’ sociodemographic
characteristics affect their perceptions of the meta-problem of chemical and Natech risk
information deficiency. By doing so, we intend to shed some light on the influence of
sociodemographic variables on situational perception elements about this issue.

In a basic attempt to reveal any underlying institutional parameters, we looked at
households near industrial complexes in two countries that share a relatively similar sociocultural

background: Japan and South Korea. The cultural dimensions of Hofstede (2001) (i.e.,
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collectivism/individualism and masculinity/femininity) are used to support our argument about the
similarities of the two societal structures in terms of their organisational cultures (see e.g.,
Hofstede, Hofstede, & Minkov, 2010; House et al., 2004; Hofstede, 2001). Without disregarding, of
course, the discrepancies when comparing the superordinate cultural groups (Park, Kim, & Zhang,
2016), the predominant characteristic of Japan and S. Korea generally appears to be collectivism.
However, Japan seems to score higher on masculinity in contrast to the rather feminist
organisational culture of S. Korea (Kim & Kim, 2016). Perhaps more important for our purposes
though is the fact that Japan and S. Korea bear a stark difference in terms of chemical and Natech
risk communication. S. Korea consolidated and updated its risk management and communication
regulations with respect to technological accidents under a comprehensive law titled Chemical
Controls Act. A recent amendment refined existing fragmented and outdated articles as well as
introduced more detailed provisions regarding public disclosure of chemical information (Ministry
of Environment, Republic of Korea, 2018). In contrast, despite its deep and advanced disaster
education culture regarding natural hazards and regardless of international trends (e.g., Sendai
Framework for DRR - UNISDR, 2015), Japan has yet to introduce any specific regulatory framework
that includes standards for public disclosure of information related to chemical risks. Based on this
situation, we selected the two countries for our study to explore any effects of the differences in
the regulatory frameworks that govern chemical and Natech risk communication on the situational
variables under study.

The rest of this chapter is organised as follows. Section 2 offers a brief overview of the
perceptual and cognitive elements of STOPS used in our approach, and then summarises the
findings of previous research on the influence of sociodemographic determinants on risk
perception. Section 3 presents the research hypotheses and data collection methods. Section 4
describes the multivariate analysis methods employed. Section 5 includes the analysis results,
while Section 6 synthesises and discusses the key research findings and considers policy
implications. The final section offers a summary, and considers the study’s limitations and future

research prospects.

4.2 Literature review

4.2.1  Perceptual and Cognitive Variables of Situational Motivation

Situational approaches that use latent constructs (e.g., individual behaviour, cognition)
have proven advantageous in analysing the dynamic nature of publics (Chon, 2019; Kim, Ni, & Sha,
2008). This research endeavour employs the four perceptual and cognitive variables of the
Situational Theory of Problem Solving (STOPS), namely Problem Recognition (PR), Constraint

Recognition (CR), Involvement Recognition (IR) and Referent Criterion (RC), along with Situational
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Motivation in Problem Solving (SM) (Kim & Grunig, 2011), to address the issue of Natech risk
information deficiency. Researchers have used the situational variables in the past to effectively
identify communicatively active public segments (Kim, Miller, & Chon, 2016; Ni & Kim, 2009), as
well as to plan communication strategies and predict individuals’ communicative behaviours (Chon,
2019).

STOPS posits that individuals assume a communicatively active behaviour in terms of
acquiring, selecting and transmitting information when they become committed to problem
solving (Kim & Grunig, 2011). This Communicative Action in Problem Solving (CAPS) is dictated by
the individual’s situational motivation along with any available referent criteria, that is, past
experiences, subjective knowledge or expectations applicable to the issue (see Figure 4.1-1 for a
visual representation). Situational motivation is conceptualised in turn as the product of the three
antecedents; problem, involvement and constraint recognition. The first element refers to the
perceived severity of the situation, the second to the perceived personal relationship with the
problematic situation, and the last to the perceived barriers that limit one’s ability to communicate
about the problem (Kim & Krishna, 2014; Kim & Grunig, 2011). Translating STOPS into the context
of Natech risk communication, individuals perceive the meta-problem stemming from the risk
information deficiency, their personal connection with it and the challenges that limit their ability
to take action to resolve it. Based on their knowledge, subjective judgmental rules (e.g., moral or
cultural issues) and expectations about how Natech risk information should be handled, their
situational motivation drives them to engage in communicative action.

Finally, STOPS has been successfully applied in multiple fields, including health
communication and post-incident public relation crisis communication among others (Kim &
Krishna, 2014). Its potential only begun to be explored in the field of chemical risk communication.
Furthermore, it has been used in various sociocultural settings, including Asian countries and

particularly S. Korea (Chon, 2019; Kim et al., 2012).

4.2.2  Sociodemographic Factors and Risk Perception

Our attention focuses on cross-situational elements, namely sociodemographic features of
involved citizens, as external influential factors that may—or may not—shape the individual’s
situational perception and problem-solving motivation. Since studying the individuals’ opinions
concerning the issue of risk information disclosure so systematically is a relatively novel endeavour,
the demographic determinants of situational perception have not been thoroughly documented
and understood yet. At first glance, the topic may be examined from a public relations perspective
focusing on the motivation to communicate and its situational antecedents, while an approach

based on risk perception is also warranted due to the specific nature of the issue.
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In the former case, researchers working with Situational Theory examined
sociodemographic factors that were hypothesised to define individuals’ situational perception
towards a given problem, with rather modest results. Kim et al. (2012), for example, tested the
effects of gender, age, education level and income on individuals’ situational perception for topics
that receive mass media coverage only to find a significant, moderate influence of age on reducing
problem and involvement recognition. Correspondingly, Lovari et al. (2012) studied the influence
of similar demographics on situational perception for civic issues (i.e., unemployment, safety,
transportation), finding a statistically significant association and small effect between age and
problem recognition. This time, a positive direction was found, meaning that age slightly increased
problem recognition. As a general rule, Situational Theory academics have argued that cross-
situational variables, such as demographic characteristics of individuals, do not exert any
substantial effects in comparison to the situational factors (Kim et al., 2009, 2012; Grunig, 1997),
which has also been confirmed in the aforementioned studies.

Perhaps more interesting, however, is the fact that the specific origin of the problem under
question is intrinsically tied to risk perception about the underlying chemical and Natech accident
risk. This rationale explains why it is important to reconsider the effects of sociodemographic
factors on situational perception in the context of risk. Actually, the literature about the influence
of key demographic characteristics on risk perception is plentiful. Researchers introduced a wide
range of contributing factors from physical attributes (e.g., gender and age) to socioeconomic
aspects (e.g., education, marital status and income level). Nonetheless, the results were not always
definitive, while even the direction of some relationships depended on the particular case study.
Possibly the most studied demographic determinant is gender, as Rowe and Wright (2001, p. 384)
remark. A consistent motif in the risk perception studies is that males typically tend to regard risks
as smaller and less problematic compared to females (Slovic, 1999; Savage, 1993). This finding was
confirmed in the case of man-made hazards, namely radioactive waste disposal and global
warming (Davidson & Freudenburg, 1996). Later research also supported this finding across
various types of risk, including natural hazards among others (Sund, Svensson, & Andersson, 2017),
or with reference to disaster preparedness measures for floods (Cvetkovi¢ et al., 2018).
Nonetheless, findings have not always revealed an increased risk perception by women. For
example, Slack et al. (2020) observed that gender had no statistically significant influence on an
individual’s level of worry about future impacts of tropical storms. Several researchers noted the
ambiguity of this factor’s effect on risk perception for a variety of natural hazards, ranging from

volcanic and seismic to hydro-meteorological. Their respective analyses revealed that previous
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exposure to such hazards was actually the underlying cause of fluctuation in risk perception levels
(Wachinger & Renn, 2010; Barberi et al., 2008; Kunz-Plapp & Werner, 2006).

Another demographic characteristic commonly included in risk perception studies is age.
Despite the number of studies looking at the relationship between these two aspects, major
inconsistencies seem to emerge from the findings (Kim & Madison, 2020; Slack et al., 2020;
Cvetkovi¢ et al., 2018; Wachinger & Renn, 2010). For instance, one study on single-family
homeowners residing in Florida found that age was actually correlated with reduced hurricane risk
perceptions (Peacock, Brody, & Highfield, 2005). Furthermore, Huang et al. (2012), reported an
association between older individuals and lower risk perception in the case of Hurricane lke, and
reasoned that perhaps older people anticipated smaller personal impact from that particular
hazard. On the other hand, other researchers, such as Sjoberg (2004), demonstrated a positive
correlation between older individuals and risk associated with nuclear waste. It is clear that
consensus has not yet been reached on this matter. As far as Natech risk is concerned, researchers
pointed out that older persons residing near an industrial area in Sendai reported higher degrees
of concern about their lives and properties being affected by an accident following the Great East
Japan Earthquake, even though age—the study noted—did not appear to be a persistent and
strong determinant (Yu, Cruz, & Hokugo, 2017).

Concerning the effects of individuals’ educational attainment on risk perception,
Wachinger et al. (2013) concluded that people with different educational levels show differences
in risk perception regarding natural hazards. Other studies suggest an inverse correlation between
the two: highly educated people demonstrated decreased perceived risk (Kim & Madison, 2020;
Cvetkovic et al., 2018; Sund, Svensson, & Andersson, 2017; Rowe & Wright, 2001; Savage, 1993) for
various risk domains, including natural hazards. Nonetheless, there have been instances where
research efforts failed to discover any significant correlations between risk perception and level of
education (Sjoberg, 2004). Sundblad et al. (2007) also considered the potential effects of
education attainment on risk perception about climate change, arguing that a higher educational
level may increase a person’s sense of control and therefore reduce perceived risk. This seems to
be the case in terms of chemical hazards, as well. One study found evidence to associate higher
education with less concern about chemical risk and more favourable attitudes towards related
technologies (Kraus, 1992 cited in Rowe & Wright, 2001), while another study revealed that higher
educational level reduced the perceived risk associated with radioactive waste disposal (Flynn et
al. 1993 cited in Rowe & Wright, 2001). Lastly, Sund et al. (2017) noted that education could also be
connected to individuals placing excessive value on the ‘correctness’ of probabilities and

consequences of potential accidents, which in turn may increase or decrease the associated
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perceived risks based on the level of risk misperception within the general population. Considering
the particular topic of this research, however, it is noteworthy that Kim and Madison (2020)
identified a positive correlation between educational level and information-seeking efficacy in
terms of flood risk.

Furthermore, income has been proposed as an additional influential sociodemographic
factor, but once again the findings have been mixed. Lower income levels have been linked to an
increase in risk perception for technological and natural hazards in the past (Savage, 1993).
Fothergill and Peek (2004) suggested that individuals with lower income have elevated risk
perceptions because of restricted control, potential technological ignorance, lack of social
integration that provides them access to risk communication mechanisms, and amplified fear of
losing their houses and livelihoods. More recent studies also support this inverse correlation
between risk perception and income level in the context of natural hazards (Kim & Madison, 2020;
Sund, Svensson, & Andersson, 2017). Nonetheless, there have been cases where a significant
association between these factors could not be supported by the results (Cvetkovi¢ et al., 2018;
Sjoberg, 2004). While a few studies have pointed to a significant relationship between income and
risk perception (Donner & Rodriguez, 2008; Lindell & Hwang, 2008), the literature review
conducted by Wachinger and Renn (2010) led them to conclude that economic factors generally
(with the exception of homeownership) do not seem to have a significant influence either on risk
perception or willingness to adopt preparedness measures.

Household size was also tested as a determining factor of risk perception and protective
action. In the context of tropical storms, larger families showed decreased likelihood of evacuating
their houses (Dash, 2002). Later research also confirmed this inverse relationship between
household size and evacuation likelihood with statistically significant, strong predictors, but
revealed that household composition might play an important role as well (Dash & Gladwin, 2007).
In detail, larger households with children showed a higher propensity to evacuate during a
hurricane, while larger households with elderly members were less likely to do so (Solis, Thomas,
& Letson, 2009; Dash & Gladwin, 2007). Such a negative relationship between family size and
hurricane evacuations in Florida was demonstrated by Solis et al. (2009), although results were
statistically insignificant. In the context of Natech risk, however, Yu et al. (2017), in their study on
the evacuation behaviour following the oil refinery explosion, could not find any significant
evidence to either support or reject this correlation.

One of the—admittedly—Iless-investigated factors in risk perception research is having
dependents in the household. Kim and Madison (2020) expected a positive relationship between

risk perception and families with dependents, based on the premise that it is within human nature

126



for care-givers to feel a greater responsibility to protect those they take care of (be it children or
elderly). Nonetheless, they could not find any statistically significant results to support this
hypothesis when investigating the 2016 Louisiana floods in the United States. Moreover, Solis et
al. (2009) examined the influence of the number of children and the existence of pets on
household evacuation behaviour. Their statistically significant results suggested that households
with more children were more likely to evacuate during major hurricanes in 2005 in Florida, but the
opposite was true for households with pets. As far as marital status is concerned, studies have
failed to find any conclusive and statistically significant results to support either a positive or
negative correlation (Xu et al., 2018; Basolo et al., 2009). However, there has been evidence
suggesting that single individuals are more likely to prepare emergency supplies in case of flood
(Cvetkovic et al., 2018).

As explained above, social and individual factors—aside from gender—do not seem to play
a significant role but may act as mediators or amplifiers between the connections of risk
perception, public trust and disaster preparedness (Wachinger et al., 2013). Yet, the interest in the
correlation between sociodemographic variables and risk perception still grows, despite the
unfruitful research efforts so far. Lindell (2013) acknowledges that, although these variables
continue to be unreliable predictors, their potential in helping experts better understand
stakeholders’ risk perception is great. If nothing else, it is exactly these inconclusive research
findings that fuel interest in discovering any underlying linkages between individual
sociodemographic aspects and risk perception. This interest is particularly strong in the emerging
field of Natech risk, where the influence social and individual factors exert on people’s risk
perception and protective actions has only recently started to be examined (e.g., Slack et al., 2020;

Yu, Cruz, & Hokugo, 2017).

4.3 Methodology

4.3.1 Research Aim and Hypotheses

This study explores whether and how households’ sociodemographic characteristics affect
their perceptions about the meta-problem of Natech risk information deficiency. Japan and S.
Korea are both highly industrialised countries, with a few of their largest industrial complexes
being located along their eastern coastlines. S. Korea—unlike Japan—is not located in a seismically
active region, and the geomorphology of the greater region may be protecting it from potential
devastating tsunamis, yet both countries are subject to large tropical storms originating from the
Pacific Ocean, heavy rainfalls and landslides almost at a yearly rate. Hence, it can be argued that

both countries are at a relatively high risk of Natech accidents happening.
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As explained earlier, the main research aim is as follows: Do sociodemographic factors
influence citizens’ situational perception and motivation to communicate with each other about the
issue of Natech risk information deficiency? Considering the infancy of Natech risk communication
and perception research and the novelty of the STOPS framework in the risk communication field,
this study adopts an exploratory approach. Its modest aim is to investigate at an introductory level
the sociodemographic influences on situational variables. Thus, the focus is primarily on
developing hypotheses for future work. Specifically, this research investigates eight factors:
gender, age, educational level, annual household income level, the existence of a spouse, of
children and finally, and whether the respondent lived in Japan or S. Korea.

For the purposes of this study, a ‘positive effect’” on the situational variables is
conceptualised as a contribution to the factors that in turn increase the individuals’ communicative
activeness concerning the meta-problem of Natech risk information deficiency. In detail, an
increase in the variables of situational motivation (along with its respective antecedents) and
referent criteria is considered as positive. It should be noted that, due to the intrinsic negative
aspect of Constraint Recognition, such a ‘positive influence’ on Constraint Recognition from any
sociodemographic factor is hypothesised as an inverse relationship between the two variables and
vice versa.

The following assumptions are formed based on the literature review from the standpoint
of risk perception. Males are likely to underestimate risks; therefore, the subsequent information
deficiency problem is not regarded as prevalent, which is hypothesised to reduce the individual’s
communicative activeness about it. Moreover, older citizens have been facing the risk and the
associated information deficiency problem for longer, and thus, they are expected to perceive it
as more severe, but find it more difficult to resolve it. Similarly, education is anticipated to increase
individuals’ awareness about the risk and subsequently about the lack of information. However,
higher levels of education may also provide the means to do something about the problem.
Additionally, the larger the household is, the more individuals are exposed to the risk; hence, the
perceived situation is hypothesised to be exacerbated. Conversely, a higher income level means
more resources are available to effectively cope with the situation, so the problem is not expected
to be perceived as large. Hypotheses are similar in the case of the existence of a spouse and
children. Having a (co-)dependent household member is anticipated to increase concerns about
the meta-problem without delineating any immediately available solution to it, which in turn impels
communicative action. Finally, Koreans are expected to be comparatively less concerned about the
meta-problem because they have a regulatory framework about chemical risk information

disclosure in effect. The chemical risk communication mechanisms in place are hypothesised to
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provide some ideas about how this issue could be resolved, while reducing the perceived

challenges and inviting communication.

Table 4.3-1 Research Hypotheses

Variable | Gender Age Education | Income | H.Size | Spouse | Children Country
PR H1g4: - H24: + H3q: + H4q4: - H54: + H64: + H7q: + H8q: -
IR Hip: — H2p: + H3p: + H4p: — H5p: + H6p: + H7p: + H8p: —
CR H1g: + H2e: + H3c: - H4.: - H5.: - H6.: - H7: - H8¢: -
RC H14: — H24: + H3d1 + H4d1 - HSd: + H64: + H7d2 + H84: +
SM H1e: — H2e: + H3e: + H4e: — H5e: + H6e: + H7.: + H8c: +
Notes: Problem Recognition (PR), Involvement Recognition (IR), Constraint Recognition, Referent Criterion
(RC) and Situational Motivation (SM).

Source: Original work

The arguments above can be formulated in a more operationalised format (Table 4.3-1).
Gender has a negative effect on Problem Recognition (H14), Involvement Recognition (H1p),
Referent Criteria (H14) and Situational Motivation (H1e), and a positive effect on Constraint
Recognition (H1.). Age has a positive effect on all Problem Recognition (H24), Involvement
Recognition (H2), Constraint Recognition (H2.), Referent Criteria (H24) and Situational Motivation
(H2¢). Education has a positive effect on Problem Recognition (H3a), Involvement Recognition
(H3b), Referent Criteria (H34) and Situational Motivation (H3.), and a negative effect on Constraint
Recognition (H3c). Income has a negative effect on all Problem Recognition (H4a), Involvement
Recognition (H4»), Constraint Recognition (H4.), Referent Criteria (H44) and Situational Motivation
(H4.). Household size has a positive effect on Problem Recognition (H54), Involvement Recognition
(Hsb), Referent Criteria (H54) and Situational Motivation (H5.), and a negative effect on Constraint
Recognition (H5). Likewise, the existence of a spouse has a positive effect on Problem Recognition
(H6,), Involvement Recognition (H6y), Referent Criteria (H64) and Situational Motivation (H6.), and
a negative effect on Constraint Recognition (H6.), and children has a positive effect on Problem
Recognition (H74), Involvement Recognition (H7,), Referent Criteria (H74) and Situational
Motivation (H7e), and a negative effect on Constraint Recognition (H7.). Finally, the country of
residence has a negative effect on Problem Recognition (H8.), Involvement Recognition (H8p) and
Constraint Recognition (H8.), and a positive effect on Referent Criteria (H84) and Situational

Motivation (H8e).

4.3.2 Data Collection

Data were collected via self-administered, anonymous household questionnaire surveys. A
seven-point Likert-type scale ranging from 1 = ‘Strongly Disagree’ to 7 = ‘Strongly Agree’ was used
to code the responses for the situational variables. At least three items per latent construct were

included as a rule. The wording of the questions was based on measurement items tested and
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validated in previous applications of STOPS (Chen, Hung-Baesecke, & Kim, 2017; Kim et al., 2012)
with small adjustments where needed (see Table 4.3-2 for the survey measurement items). The
initial version of the questionnaire was reviewed by a panel of 30 experts. After minor
modifications to the items other than the verified STOPS measures, the questionnaire was
translated by bilingual experts from English into Japanese and Korean, while a back-translation

verified its effectiveness.

Table 4.3-2 STOPS Measurement Items

Problem There is a lack of publicly available information about potential chemical accidents at
statement the industrial park in the area.
PR1  Ithink this is an important problem.
Problem PR2  Government institutions should take action to solve this problem.
Recognition (PR) Concerning this problem, | think there is a large gap between the way things

PR3 should be and the way they are now.

IR1  This problem could have serious consequences for me.

IR2  This problem could make a difference in my daily life.

IR3  There s a strong relationship between myself and this problem.

CR1  Ibelieve I can improve the situation regarding this problem.

My opinions matter to those in the government, who are working on this

Problem
Recognition (IR)

Constraint
Recognition (CR) | CR2

problem.
RC1 I have a clear idea about how to deal with this problem.
Referent RC2 I have anidea about how the government should approach this problem.
Criterion (RC) | believe there are examples from other regions in Japan on how to deal with this
RC3
problem.
. . SM1 I am curious about this problem.
Situational

SM2 [ frequently think about this problem.
SM3 | want to better understand this problem.
Source: Original work based on Kim et al. (2012) and Chen et al. (2017)

Motivation (SM)

With the intent of collecting data from individuals exposed to a potential Natech accident,
households within 2km from industrial installations were selected for this study. Areas with
prominent industrial parks, neighbouring residential districts were targeted in both countries,
specifically districts in Higashinada (Kobe) and Sakai-Senboku (Osaka) in Japan, and Yeosu,
Suncheon, Gwangyang and Ulsan in S. Korea. For the Japanese sample, 2,630 questionnaires were
distributed using post mail services resulting in N=330 ' responses (12.47% response rate).
Participation was completely voluntary without any financial incentive. The Korean sample (N=300;
100% response rate) was collected via an online survey employing the Tillion panel, the largest
survey panel in the country, using locational restrictions. Participation was again voluntary, but a

small financial compensation in the form of promotional coupons was provided to participants.

14327 valid replies after discarding 2 unanswered questionnaires and 1 unengaged respondent (i.e.,
answered ‘7’ throughout the questionnaire).
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Data collection periods were January 26-March 8 in 2018 for the Japanese sample and March 9-18,

2020 for the Korean.

4.4 Analysis

The Japanese dataset required treatment for the missing values. The 327 responses were
reduced to 317, after passing the Little’s MCAR test, by excluding respondents whose
questionnaire fill-out rate did not reach 90%. The remaining dataset was tried again using Little’s
MCAR test, justifying data imputation for the observed variables of each latent construct with the
respective variable median™ (Hair et al., 2010). The resulting Japanese dataset was then joined with
the Korean. Preliminary reliability analysis for the combined dataset (N=617) exhibited robust
latent construct validity for the five situational variables, as demonstrated by the Cronbach’s a
values that were above the .60 threshold. In detail: PR, o= .839; IR, a= .857; CR, a= .601 after the
exclusion of 1 problematic item; RC, a=.718; and SM, a=.812. Next, the values for each of the five
situational variables were calculated as the mean of their respective constituent, observed
variables. Finally, listwise deletion was employed once again, this time based on the responses to
the demographic variables, in order to produce the final dataset for the regression analyses.

Prior to building the regression models, a check for any multicollinearity among the
independent variables was performed. Variance inflation factors (VIFs) were smaller than 2.51
across all models, which is well under the threshold of 5 that would point to any serious problems
of multicollinearity. Moderate, statistically significant correlations, nonetheless, were observed
between country and age (- .507, p <0.01), education (-.381, p <0.01), household size (-.370, p <0.01),
spouse (- .349, p <0.01) and children (- .462, p <0.01), when correlation analysis was performed on
the sociodemographic determinants. According to Belsley et al. (1980), fairly high statistical
correlations among predictors are not always problematic in regression analysis. In this vein,
predictors were included despite their significant, moderate correlation in order to control for
them in the respective models. Durbin-Watson tests indicated no signs of dependency between
observations for any model. Preliminary tests displayed no issues of non-linearity or
homoskedasticity for any of the five models, suggesting thus that model specification could
progress.

A series of Multiple Linear Regression analyses was conducted in order to test the
formulated hypotheses and assess the effects—or lack thereof—of the sociodemographic factors
on each of the situational variables. One model for each of the five dependent, situational variables

was specified. In each model, all factors were entered in order to account for their effects

15 This technique is not expected to alter the variable mean (Hair et al., 2010), since the percentage of
missing information per variable did not exceed 2.3% (suggested threshold 10%).
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regardless of the statistical significance of their respective coefficients. The general model is given
by the expression as follows:

Ysitvar = f(Gender, Age, Education, Income, Household Size, Spouse, Children, Country)

4.5 Results

First, the demographic profile for the Japanese and Korean samples was delineated with
respect to their gender, age, level of education, annual household income level, number of
household members, whether they had a spouse and children (Table 4.5-1). Even though at first
glance the ratio of the Japanese and Korean sub-categories of the dataset seems to be well-
balanced (a decent 55/45), a more detailed examination of their compositions reveals that the
Japanese and Korean sub-categories of the dataset are quite different. Indeed, while almost 3in 5
Japanese respondents were male, females comprise the majority in the Korean sub-group. The
discrepancy becomes more prevalent concerning age. Almost 60% of the respondents are above
60 years old among Japanese respondents, whereas Korean respondents are no older than 59.
Similarly, all Korean respondents had at least graduated from a vocational/technical school in
contrast to Japanese 40% of whom had finished only elementary and high school education.
Considering the annual household income level, the groups appeared to be fairly similar, with only
slightly more Koreans identifying themselves in the middle tier. The remaining three categories
display significant divergencies. Households of Japanese respondents seem to be much smaller
comparatively, with only 20% of them exceeding 3 members, while more than half of the Korean
households have at least 4 members. Additionally, 70% of Japanese respondents had a spouse
compared to 96.8% of Koreans. Finally, a similar situation was observed with respect to children
living in the household; almost 9 out of 10 Korean households had children, compared to only 4 in
10 within the Japanese group.

Concerning the five situational variables under study, Table 4.5-2 offers a brief overview of
the descriptive statistics for the combined dataset. Bearing in mind that the midpoint of the 7-point
scale used in this study was 4, the following can be deduced. First, problem and involvement
recognition both have rather elevated means (i.e., 5.8 and 5.3 respectively), while their values of
Skewness and Kurtosis suggest peaks at higher values—particularly so for PR with a comparatively
smaller g, too. The values for the other three variables indicate more equally distributed responses.
Two more points are worth noting here. Referent criteria was the only variable with positive
skewness, while the only variable embedded with a negative meaning, constrained recognition,

also received relatively high responses.
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Table 4.5-1 Summary of Sample Characteristics

Country Total
Category Japan S. Korea
54,85% 45,15% 485 | 100%
Gender
Female (1) 41,35% 53,42% 227 46,80%
Male (2) 58,65% 46,58% 258 53,20%
Age
19 or younger (1) 0,38% 0,00% 1 0,21%
20 -29(2) 1,88% 2,74% 1 2,27%
30-39(3) 10,15% 26,48% 85 17,53%
40 -49 (4) 11,28% 34,25% 105 21,65%
50 -59(5) 16,92% 36,53% 125 25,77%
60 -74(6) 42,11% 0,00% 112 23,09%
75 or older (7) 17,29% 0,00% 46 9,48%
Educational Level
Elementary School (1) 2,63% 0,00% 7 1,44%
High School (2) 36,47% 0,00% 97 20,00%
Vocational / Technical School (3) 15,04% 21,00% 86 17,73%
Bachelor Degree (4) 37,22% 73,52% 260 53,61%
Master Degree | PhD (5) 8,65% 5,48% 35 7,22%
Annual Household Income Level
Low (0) 38,35% 15,07% 135 27,84%
Middle (1) 34,96% 57,53% 219 45,15%
High (2) 26,69% 27,40% 131 27,01%
Household Size
1 Member (1) 19,17% 1,83% 55 1,34%
2 Members (2) 38,35% 21,00% 148 30,52%
3 Members (3) 23,68% 26,48% 121 24,95%
4 Members (4) 13,16% 40,18% 123 25,36%
5 Members (5) 4,14% 10,05% 33 6,80%
6 Members (6) 1,13% 0,46% 4 0,82%
7 or more (7) 0,38% 0,00% 1 0,21%
Spouse
No (0) 30,08% 3,20% 87 17,94%
Yes (1) 69,92% 96,80% 398 82,06%
Children
No (o) 58,27% 13,24% 184 37,94%
Yes (1) 41,73% 86,76% 301 62,06%

N=485

Source: Original work

133



Table 4.5-2 Descriptive Statistics of the Situational Variables

Situational Variable Mean Std. Deviation Skewness' Kurtosis?
Problem Recognition (PR) 5.82 .97 -1.095 1.747
Involvement Recognition (IR) 5.29 1.16 -.761 .557
Constraint Recognition (CR) 4.36 1.30 -.250 -.454
Referent Criteria (RC) 3.77 1.20 164 -.446
Situational Motivation (SM) 4.63 1.20 -.465 162
'Std. Error= 0.111 and * Std. Error= 0.221.

N=485

Source: Original work

The results from the regression analyses for the five models are summarised next. Looking
at the last two columns of Table 4.5-3, it becomes apparent that models R, and R, for predicting
problem and involvement recognition are not statistically significant at the 95% confidence interval.
Hence, conclusions concerning the influence of any of the sociodemographic factors on these two
situational variables (i.e., H1s through H2.) cannot be confidently drawn. Furthermore, the
interpretative power of all models is quite small, even considering relatively low explanatory
power standards typically found in psychological research (see Cvetkovic et al., 2018). R? values
range from .047 to .12, meaning that the best performing model R, accounts only for 12% of the

total variance observed in the referent criteria.

Table 4.5-3 Regression Model Fit Results Summary

Model | Situational Variable R R? R*adj. | F(8,476) p
R, Problem Recognition (PR) 176 .031 .015 1.899 .058
R, Involvement Recognition (IR) 175 .031 .014 1.886 .060
R; Constraint Recognition (CR) .303 .092 .077 6.034 .000
R, Referent Criteria (RC) .346 120 105 8.081 .000
Rs Situational Motivation (SM) 218 .047 .031 2.964 .003
N=485

Source: Original work

Moving on to the regression coefficients (Table 4.5-4), we observed that none of the
estimated coefficients for education, income, household size, having a spouse or having children
is statistically significant in any model. Therefore, hypotheses H3. through H7., H34 through H74 and
additionally H3e through H7. cannot be confidently confirmed or rejected on account of
insignificant evidence. On the other hand, respondents’ gender appears to slightly increase
constrain recognition (H1.) (B=.34, p<.01) and reduce situational motivation (H1e) (B= - .32, p<.01),
thus supporting the original hypotheses. In terms of age, the initial assumption that it increased
constraint recognition (H2c) (B= - .15, p<.05) was actually rejected, whereas its increasing effect on

referent criteria (H24) (B=.12, p<.05) was confirmed. Surprisingly, the only statistically significant
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and strong effects were observed from the variable of country on constraint recognition (H8.) and
referent criteria (H84), confirming the expected relationships. Both of these hypotheses were
supported with standardised coefficients B= - .72 (p<.001) and B=.84 (p<.001), respectively. It
should be noted that all statistically significant effect sizes, except for the ones of country on CR

and RC, were rather small, while all remaining hypotheses not discussed here are inconclusive due

to a lack of statistically significant results.

Table 4.5-4 Regression Coefficients

s'tl“;;?on' Gender Age Education | Income | H. Size | Spouse | Children | Country
PR -.168 .003 .090 -.034 .009 .035 .205 -.340%*
IR -177 -.077 .070 -.037 -.039 .233 248 -.167
CR .337*%* | -.153%* .068 -.132 -112 | -.094 154 - 716% %%
RC -.177 123%* -.030 -.001 .107 122 -.116 .836%**
SM -.318%* | 081 .085 -.022 .036 159 .049 262

N= 485

** Coefficient is significant at the.o1 level (2-tailed).

*** Coefficient is significant at the.oo1 level (2-tailed).

Notes: Problem Recognition (PR), Involvement Recognition (IR), Constraint Recognition, Referent

Criterion (RC) and Situational Motivation (SM).

Source: Original work

4.6 Discussion

Our inquiry was based on the conceptualisation of Natech risk information deficiency as a
cognitive meta-problem that individuals are called to address with respect to enhancing their
preparedness against potential accidents. Thus, this study ventured to explore whether and how
households’ sociodemographic characteristics affected their situational perceptions and
communicative attitudes. A series of multiple linear regression models were used in order to test
the specified hypotheses to assess their validity. Out of the 40 hypotheses in total, only six
evidenced statistically significant results that could warrant conclusions: in total, five hypotheses
were confirmed, and one was rejected due to observing an inverse relationship.

Despite approaching the subject from a fresh perspective grounded in the public relations
field, this study, essentially, did not contribute any radically new revelations with respect to the
effects of sociodemographic determinants. Instead, our results resonated with the conclusions
from previous risk perception studies in the context of Natech (Yu et al. 2017; Slack et al. 2020) and
risk communication in general (Wachinger and Renn 2010; Wachinger et al. 2013): effects proved
mostly weak and insignificant. In general, the cross-situational impotence of sociodemographic

characteristics in comparison to the perceptual variables of STOPS (Grunig 1997; J.-N. Kim et al.
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2009; 2012) was confirmed in this study. Nevertheless, our risk communication-oriented approach
invites an interesting discussion about the findings.

Specifically, gender seemed to have a positive relationship with constraint recognition and
a negative relationship with situational motivation for problem solving. As hypothesised based on
therisk perception literature, males appear to be less motivated to communicate about the Natech
risk information deficiency issue, while they perceive more obstacles in pursuit of information.
Research has shown that males tend to underestimate risks in various contexts (e.g., Savage 1993;
Sund et al. 2017), and perhaps this reduced perceived severity of the initial chemical risk is what
leads to a subsequently lower cognitive meta-problem appraisal and interest in a solution. This
reasoning would explain the negative effect on situational motivation, as this factor is defined by
problem, involvement and constraint recognition. Moreover, perhaps the comparatively lower
interest of male respondents also magnifies the perceived limitations, simply because individuals
have not invested themselves in analysing the issues in order to overcome them.

In terms of the effects of age, our findings seem to align more with the literature that
regards age as a dampening factor for risk perception (Peacock et al. 2005; Huang et al. 2012).
Along with age, there seems to come experience in how to resolve the meta-problem of Natech
risk information deficiency. Older individuals appear to have more referent criteria readily available
about how this problem should be handled. Following the conceptualisation of STOPS (J.-N. Kim
and Krishna 2014), this may be due to more experiences accumulated over the years, as well as
established expectations about how Natech risk information deficiency could be resolved. Of
course, there is no established association between Natech risk perception and the communicative
behaviour towards the issue of risk information deficiency, yet we could argue that the alleviating
effects of reducing perceived limitations in resolving the meta-problem contribute in turn to
lessening the perceived severity of the whole situation.

On the other hand, the variable of country demonstrated some interesting findings.
Korean respondents appear to perceive themselves as less constrained in resolving the meta-
problem of Natech risk information deficiency, whilst they have referent criteria they consider
readily applicable to the issue. Results were strong and statistically significant in this regard. There
even seems to be a positive, alleviating effect on problem recognition, although conclusions could
not be statistically supported. Now, even though our methodological approach does not warrant
a cross-cultural comparison at the national level between Japan and S. Korea, we included this
factor in our analysis as a control for any underlying institutional parameters, particularly bearing
in mind the difference in the chemical risk management regulatory frameworks of the two

countries. Although we can only speculate at this point given these circumstantial findings, we
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could entertain the idea that the recently introduced Chemical Controls Act, which includes
chemical risk information disclosure provisions, actually succeeds in creating a more inviting
chemical and Natech risk communication environment compared to Japan. Korean respondents
seem to be more communicatively active towards resolving the issue of Natech risk information
disclosure, and perhaps this is due to the existence of a regulatory environment.

Of course, the central point of our reasoning is a fairly similar, collectivistic organisational
culture among the two countries (see e.g., G. H. Hofstede 2001; House et al. 2004; G. Hofstede et
al. 2010) that does not significantly skew the observed relationships. However, contemplating the
arguments about the dissimilarities of the two organisational cultures (S. H. Kim and Kim 2016; Park
et al. 2016), a ceteris paribus assumption for the sociocultural parameters at play cannot be upheld.
Moreover, any conclusions based on the comparison between the Japanese and Korean sub-
groups in our survey respondents must be treated with extra caution considering the sample
discrepancies presented in the dataset. Furthermore, we cannot exclude any hidden factors we
may have omitted or understated in our approach. Nevertheless, these preliminary results may
pave the way for future research that will test more rigorously this argument against various cross-

cultural influences.

4.7 Conclusions

Going beyond risk perception studies that have traditionally approached the relationship
between risk communication and sociodemographic determinants through the psychometric and
cultural theory paradigms, we borrowed the interpretative framework of STOPS to investigate
situational variables instead. We framed the lack of Natech risk information as a cognitive meta-
problem that stems from the original, underlying Natech accident risk. Individuals perceive this
issue and, according to the purposeful communication narrative of STOPS, become motivated to
communicate and overcome it. In this context, this study set to investigate the potential effects of
sociodemographic factors in shaping individuals’ situational perceptions and communicative
behaviour concerning the issue of Natech risk information deficiency. We collected data from
households near prominent industrial parks in Osaka and Kobe in Japan, and Yeosu, Suncheon,
Gwangyang and Ulsan in S. Korea, to assess the effects of factors such as gender, age, household
size, income and educational level. The results of our regression analysis indicated mostly weak
and insignificant effects, except for gender and age that suggested negative and positive
influences on individuals’ communicative attitudes, respectively. The implications of the
institutional differences between the two countries were also discussed within the sphere of

chemical and Natech risk communication.
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As one of the very few studies in the emerging field of Natech risk communication, we
hope the findings of this research can contribute to formulating and focusing directions for further
investigations. However, there are some drawbacks in this study that should be discussed here
with an outlook to future research. There was no intention of conducting a cross-cultural study
that would involve sociocultural constructs, and would focus on comparing the two samples, even
at a national level. Arguably, our approach combined responses from individuals of different
sociocultural backgrounds, and so introduced—inevitably—some culture-specific biases. We
acknowledge that our efforts to address this issue with the introduction of a single control variable
are far from optimal. In this respect, this research topic would greatly benefit from a full-fledged
cross-cultural study that would incorporate sociocultural dimensions to effectively capture and
disambiguate their influences on the situational variables. Moreover, as pointed out in the results
section, we did not optimise our sampling method in pursuit of more representative population
samples that would permit generalisations and a comparison at the national level between Japan
and S. Korea. In contrast, we opted for rather technical criteria, targeting households under
immediate risk from a potential Natech accident at the neighbouring industrial facility. Resource
limitations did not permit the implementation of a sampling strategy that would simultaneously
control for the location and the demographic profile of respondents, thus resulting in notable
demographic discrepancies between the two samples. Hence, future studies are encouraged to
investigate the topic using different sampling techniques based on demographic criteria (e.g.,
stratified sampling), especially if aiming for inter-group comparisons. Finally, our study did not
explore the potential influence of survey participation incentives on the quality of responses in an
opinion questionnaire about disaster risk communication and perception. Although our study
employed both data collection strategies (i.e., incentives and not), one for each sample, our
findings do not allow us to draw conclusions concerning this matter. Considering that participation
incentives might, hypothetically, affect the representation of certain sub-groups within the sample
and—by extension—their perceptions, additional research is needed to further investigate these

issues.
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Chapter 5 EGNARIA: Raising Natech Risk Awareness through a
Serious Gaming Approach

5.1 Introduction

Over the past two decades, the scientific community and international organisations have
come to realise that disasters outcomes depend crucially upon the local socio-political, economic,
environmental and stochastic processes involved, instead of being determined just by the hazard’s
intensity (UNISDR, 2015). Indeed, hazard type (e.g., floods, earthquakes, tsunamis, technological),
hazard exposure and vulnerability are not equal for everyone (Wisner et al., 2004). The political
and socioeconomic settings on which a hazard event unfolds play a key role in determining its
consequences, and particularly so when considering the potential for technological events such
chemical and Natech accidents. On the other hand, the same institutional factors decide
community and individual rights to access natural, financial, health and information resources
(Wisner et al., 2004). As Hansson et al. (2020) remarked, more often than not some of the most
vulnerable communities to natural or man-made disasters are actually those less prepared for the
risks because of restricted access to vital disaster information sources. This communication chasm
between science-based risk assessment, disaster risk management (DRM) and disaster risk
reduction (DRR) practices becomes increasingly important nowadays, while research in this
direction has only started to address some of the emerging challenges, such as how to raise
community awareness and improve disaster literacy (Solinska-Nowak et al., 2018; Gaillard & Mercer,
2013).

A promising solution to this risk communication challenge is the use of serious games.
Serious gaming approaches have gained momentum in recent years as promising tools to support
education and raise awareness about important issues, owing to their capacity of engaging people
in a co-learning process (Pereira, Prada, & Paiva, 2015; Roncoli, 2006). A multitude of serious games
with a particular focus on DRM have been developed lately. Several studies have attested the
successful application of serious games as effective tools that enhance understanding of DRM
activities, encourage participatory decision-making, promote information transmission and raise
awareness (Solinska-Nowak et al., 2018; Taillandier & Adam, 2018; Mossoux et al., 2016; Pereira,
Prada, & Paiva, 2015; Meesters, Olthof, & Walle, 2014).

While serious games have been developed considering various types of natural hazards,
they rarely seem to incorporate technological hazards. In fact, a meta-analysis by Solinksa-Nowak
et al. (2018) revealed that out of the 45 reviewed DRM-related serious games, the vast majority

concerned natural hazards, namely floods (27), earthquakes (10) and droughts (7). While there
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were a few games (7) that employed a less-structured methodology and could be potentially
adapted to any hazard scenario, serious games that focused explicitly on technological hazards
were surprisingly absent. In general, DRM-related serious games that take into account man-made
hazards seem to be quite rare (e.g. one exception is B-Safe!; Cremers et al., 2015). Other researchers
highlighted a general gap concerning DRM-related serious games that follow a multi-hazards
paradigm and consider more than a single hazard at a time (de Ruiter, Couasnon, & Ward, 2021).
Typically, such games tend to focus on individual natural hazards, such as coastal floods (e.g.,
SPRITE; Taillandier & Adam, 2018) or rainfall-induced flooding (e.g., Battle of Flooding Protection;
Tsai et al., 2020) to name a few, or a specific hazard group (e.g., Hazagora; Mossoux et al., 2016) at
best.

Even when serious games include groups of various hazards they do not account for the
systemic view of complex hazards (de Ruiter, Couasnon, & Ward, 2021). For example, Hazagora
incorporates earthquake, tsunami and volcanic hazards in a sequential fashion and, thus, omit any
hazard interactions (Mossoux et al., 2016). B-safe! considers environmental and man-made hazards,
but leaves out any links between DRR strategies (Cremers et al., 2015). United Nation’s Stop
Disasters! explores DRR strategies for hurricanes, earthquakes, tsunami, floods and wildfires
through different game modes that play out independently (Pereira, Prada, & Paiva, 2015; Carvalho,
2014). The pioneering work of de Ruiter et al. (2021) attempted to address the challenge of multi-
risk DRR management with the development of Breaking the Silos, although their particular focus
was on enhancing the understanding of DRM practitioners about the complexities and potential
(a)synergies involved in multi-hazard risk management.

Moreover, past DRM-related serious games have been criticised on the grounds of placing
too much emphasis on the preparedness phase of the DRM cycle (Solinska-Nowak et al., 2018),
with only few exceptions of role-playing games targeted at the emergency response phase (Terti
et al., 2019). Furthermore, in order to reverse the still largely reactive DRM process (Mojtahedi &
0o, 2017), several studies underscored the importance of developing more gaming approaches
based on multi-player collaboration (de Ruiter, Couasnon, & Ward, 2021; Gampell et al., 2020;
Solinska-Nowak et al., 2018). Lastly, another significant limitation of previous DRM-related serious
games revolves around the disproportionate emphasis on risk management strategies on financial
aspects (de Ruiter, Couasnon, & Ward, 2021; Taillandier & Adam, 2018).

In light of the increased attention natural hazard-triggered technological accidents—
referred to as ‘Natech’—that involve the release of hazardous materials have received recently in
both the academic (for a review see Suarez-Paba et al., 2019) and international policy arenas (see

e.g., Addendum to the OECD Guiding Principles on Natech Risk Management; OECD, 2015), this
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study ventures to address the above shortcomings of DRM-related serious games and contribute
to filling a research gap in the emerging field of Natech risk communication by developing
EGNARIA: an Educational Game for Natech Risk Awareness. EGNARIA is a novel, multi-player, role-
playing board game designed to raise awareness about Natech accident risk, generate discussion
around DRR strategies among various stakeholders (e.g., policymakers, DRM practitioners,
researchers, so forth) and engage the community in the DRM process pertaining to Natech
accidents. As the term ‘Natech’ implies (UNDRR-APSTAAG, 2020), this game particularly deals with
conjoint hazard scenarios that involve chemical release accidents caused by the impact of
earthquake and tsunami on industrial facilities. To the best of our knowledge, this is the first DRM-
related serious game that addresses Natech accidents. Moreover, it emphasises the importance of
chemical and Natech risk information disclosure as an essential element for the preparedness
against such scenarios. In this respect, we build upon the interpretative framework of the
Situational Theory of Problem Solving (STOPS) proposed by Kim and Grunig (2011) to develop an
appropriate evaluation tool to assess the impact of EGNARIA from a risk communication
perspective.

This chapterintroduces EGNARIA and presents our insight regarding its educational impact.
The rest of the chapter is organised as follows. First, we provide a brief review of the related
academic discourse on DRM-related serious games, and then we elaborate on the structure and
development of EGNARIA. Next, we present the trial application and game evaluation methods
employed in this study. We proceed to discussing our preliminary findings, considering its

limitations and future outlook.

5.2 Literature Review

Academics agree that distrust among stakeholders does not stem only from institutional
frameworks ill-suited for addressing disaster risk. It is intrinsically related to the capacity of DRM
practitioners—or rather lack thereof—to bring all involved stakeholders and stake-seekers, who
usually operate at dissimilar scales and pursue different directions, together around the same
discussion table (Gaillard & Mercer, 2013). Genuinely multi-stakeholder projects planned around
the collaboration among local communities, scientists, local and national governments and NGOs
are quite scarce in DRR literature (e.g., Fazey et al., 2010; Daly et al., 2010; Cronin, Gaylord, et al.,
2004; Cronin, Petterson, et al., 2004). In spite of their innovative view and promising results, such
projects seem to have encountered serious challenges in balancing power relationships between
the involved stakeholders. As Gaillard and Mercer (2013) noted, these difficulties mostly resulted
from the lack of communication tools which could be mutually trusted by all actors, facilitate

knowledge-transfer and understanding and, ultimately, foster DRR dialogue.
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Actually, most tools used by scientists and government management authorities to assess
hazards and society vulnerabilities—community capacities are hardly ever considered—and to
promote DRR fall within the realm of what Chambers (2007) calls ‘economic reductionism’. These
methods are designed to appraise the so-called ‘extra-ordinary dimension of hazards and disasters’
(Gaillard & Mercer, 2013). For instance, hazard assessment in particular deals with minimising the
inherent uncertainty involved in estimating the occurrence of natural events; therefore, specialised
technical apparatus and elaborate mathematical simulations models are employed as dictated by
the contemporary state of the art (Saito et al., 2012). In parallel, the work of social scientists is
usually limited to evaluations of perceptions about risks and vulnerabilities based on semi-
qualitative methods, such as questionnaire-based surveys or socio-spatial analyses using
Geographic Information Systems. While such tools hold important merits for their niche
applications, they are criticised as largely quantitative and context-insensitive approaches
designed and imposed by ‘outsiders' from the local community in order to apply global scientific
standards (Gaillard & Mercer, 2013).

There is, however, a plethora of community-based DRR tools which are used
predominantly by NGOs for facilitating the participation of local communities. Typically, these
methods ascribe to the Participatory Learning and Action (PLA) paradigm (Abbot, 1999) and entail
techniques such as ranking, scoring, calendars and timelines, problem trees, Venn diagrams,
transect walks, participatory mapping, and so forth (Chakraborty et al., 2020; Gaillard & Mercer,
2013). Additionally, DRM practitioners have developed specific toolkits, such as Vulnerability and
Capacity Analysis (VCA) matrixes that are now commonly used (see Anderson & Woodrow, 2019;
CARE, 2019; Davis, Haghebeart, & Peppiatt, 2004). Unfortunately, whilst these tools have proven
to be effective in achieving their primary goal of identifying local knowledges and critical issues
and further supporting the planning of community actions at the local level, indeed they seem to
fall short at integrating stakeholders and NGO partners from ‘outside’ (Gaillard & Mercer, 2013). In
this respect, government institutions and researchers alike have been rather reluctant to seriously
consider both the participatory tools themselves and the benefits of knowledge co-production
they entail for improving DRR policies. This is unsurprising because participatory tools are not
predominantly geared towards producing quantifiable and tangible data that are of primary
importance for scientists and decision-makers (Gaillard & Mercer, 2013).

And yet, international organisations have delineated a clear path towards participatory risk
governance as a paradigm to address societal risks. The Sustainability Development Goals (SDGs)
(UN, 2015), for instance, advocate for enabling and actualising societal transformations to

sustainable patterns of living at multiple temporal and spatial scales. In this vein, failure to discover
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and realise viable strategies for transformations across spatial scales—global to local—poses
daunting systemic risks to our society (Okada, Chabay, & Renn, 2018; Webb et al., 2018; Nanz, Renn,
& Lawrence, 2017; Sharpe et al., 2016; Renn, 2016). In order to address such challenges, Okada et
al. (2018) propose the development and application of new tools and methods for adaptive and
participatory risk governance; that is the advancement of ‘implementation science’.
Implementation science is conceptualised as ‘a sustained, adaptive, and synergetic coproduction of
knowledge and codesign of contextually-appropriate solutions’ (Okada, Chabay, & Renn, 2018, p.
431). They note that engaging with and incorporating representatives from an inclusive social
spectrum is the cornerstone of an adaptive risk governance process. This view is closely linked with
the concept of transdisciplinary research with the added emphasis on co-production of knowledge
and solutions (Caniglia et al., 2017). Thus, implementation science offers a methodological
framework for pursuing and actualising transdisciplinary and transformative DRM research (Okada,
Chabay, & Renn, 2018).

In the above context, scholars highlight the importance of establishing and promoting
community-based activities, which function as ‘communicative spaces’ (Okada, 2021) or ‘boundary
objects’ (Chabay, 2018) that create a co-learning environment, enable stakeholder interaction and
discussion and invite communities to become actively involved in the risk-related decision-making
processes. Moreover, community challenges for implementing DRR activities can seem
overwhelming for communities with relatively little resources, which more often than not leads to
loss of community interest in the DRM process and stakeholder ‘paralysis’ overall. In order to
overcome this issue Okada (2018) advocates starting from small-scale community initiatives and
progressively scaling-up in an effort to activate communities and gradually build stakeholder
interest, a process he described as the ‘Zero-to-One Movement’. This adaptive risk governance
scheme has been successfully applied in Japan to introduce local communities to DRM and pursue
transformative change (Okada, 2018).

Methods, such as serious gaming, that engage all DRM actors hold particular value for risk
communication. Considering the Japanese reality, Yamaguchi et al. (2018) underscored that the
role risk communicators is to build bridges between risk managers, risk assessment experts and
related scientists, and other key stakeholders, such as citizens and consumers. Crucially important
in this process is the translation and communication of risk-related information into
understandable information, taking into account matters of literacy and accessibility of various
social groups (Kinchy & Schaffer, 2018; Yamaguchi et al., 2018). In parallel, risk communicators
should establish a rapport with community representatives in order to collect feedback and

understand public concerns and changes in values and priorities along the process. This interactive
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and bidirectional communication process between communities and disaster risk managers is of
paramount importance (Renn & Klinke, 2013). Confirming past studies in various other
sociocultural contexts, evidence from Japan also seemed to indicate that serious gaming is a viable
and effective approach for health and disaster risk communication, especially when intended to
familiarise broader audiences with complex technical aspects, such as radiological risks
(Yamaguchi et al., 2018).

Furthermore, the ‘normative’ imperative of disaster risk communication, as introduced by
Fiorino (1990), is based on the premise that communicating about the risk is ‘the right thing to do’.
In this regard, communication is understood as an ethical practice that aims at creating a level
playing field for all stakeholders and stake-seekers in DRM in order to facilitate risk-informed
decision-making (Wardman, 2008). Access to risk information is seen as a public right, while risk-
related decisions are the outcome of a democratic community deliberation that is based on
meaningful and two-way/symmetrical risk communication practices (Grunig, 2018; Ni et al., 2015).
In parallel, the ‘substantive’ imperative dictates that risk communication should improve the
understanding of all actors and provide the foundation for the public discussion of risk-related
decisions. Emphasis is placed on the plurality and representation of stakeholders’ views, conflict
resolution and consensus-building through communication (Wardman, 2008).

The above arguments have important implications for Natech risk communication because
it revolves around the sensitive subject of chemical risk information disclosure. The inherent
interdependencies and uncertainty that characterise Natech accidents, along with their large-scale
impact, present enormous challenges for risk managers (Eisner, 2014). Shimizu and Clark (2019)
note that complex disasters, such as these, demand for inclusive and multidimensional responses
that engage actors from the government, business and local community for the purpose of
addressing the associated risk effectively. This warrants a substantive risk communication
approach. Moreover, given the evidence suggesting that communities are indeed motivated to
engage in Natech risk communication and have an ‘appetite’ for risk information disclosure (see
Chapter 3 of this dissertation), risk communication strategies are invited to adhere to a normative
approach. Taken together, Natech risk communication ought to adhere to a ‘risk dialogue’
paradigm, following Wardman’s (2008) categorisation, in hopes of being effective. In a risk
dialogue risk communication model, actors are considered as equals and treated like partners,
empowering them with greater agency to influence how risks are managed and allowing them to
exchange information and opinions concerning what has been learned about them in order to

make a substantive contribution to the public risk debate (Wardman, 2008; Fischhoff, 2005).
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Nowadays there is a wide recognition that DRR has evolved past the understanding and
mitigation of hazards, to involve strategies that focus on community capacity-building and
resilience (Mossoux et al., 2016; Smith, 2013). Indeed, this is set as one of the priority areas for the
Sendai-Framework for Disaster Risk Reduction (UNISDR, 2015). In this context, communication
approaches that emphasise motivation and engagement, such as serious gaming, have come to
the forefront (Ormrod, 2008) and are now widely accredited as potent methods in the field of
disaster risk communication as well (Gampell et al., 2020; Solinska-Nowak et al., 2018; Yamori, 2009,
2012).

Serious or applied games are not designed for pure entertainment purposes, but rather to
achieve specific learning objectives or provide an engaging environment that fosters skill
development and behavioural change (Zhonggen, 2019; M.Nazry & Romano, 2017; Boyle, Connolly,
& Hainey, 2011). According to the definition offered by Abt (1987), serious games ‘have an explicit
and carefully thought-out educational purpose and are not intended to be played primarily for
amusement’, although this ‘does not mean that serious games are not, or should not be, entertaining’.
Central to the idea of serious gaming is the concept of experiential learning (Kolb, 2014). This
learning mechanism refers to the transformation of the experience an individual is immersed in
into knowledge. In this vein, learning about a new subject requires the individual’s exposure to
processes that involve it (Kolb, 2014). The processes themselves need to engage learners and keep
the motivated throughout by including surprises and challenges along the way (Mossoux et al.,
2016; Pereira, Prada, & Paiva, 2015; Bogost, 2008).

Serious gaming holds important advantages considering the learning process explained
above. Learning through games is based on heuristic mechanisms (Mossoux et al., 2016; Kolb,
2014). Players are presented with the opportunity to experience complex situations through vivid
and immersive scenarios with which they can interact. In these alternative realities, players can
experiment and test various solutions to the presented problems without having deal with the
actual negative consequences in real life (Solinska-Nowak et al., 2018; Lamarque et al., 2013). This
feature is extremely important with respect to crises that may have a significant and large-scale
impact on economic and human activities or even be life-threatening, such as disasters. Concerning
DRM, the recently growing academic research has underscored that serious games indeed have
the potential to reach out to a wide audience and convey reliable and consistent disaster-related
information, increasing risk awareness and understanding about hazards and vulnerabilities, and
teaching useful skills for every phase of the disaster risk management cycle (Solinska-Nowak et al.,

2018).
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The relaxed and fun environment created via gameplay can also contribute to reducing the
levels of anxiety for learners and encourage communication and debate among participants
(Mossoux et al., 2016; Clerveaux, Spence, & Katada, 2010; Clerveaux & Spence, 2009). Such
conditions have been found to promote knowledge-sharing and collaborative decision-making as
players try to compete and/or cooperate within the game to explore new strategies. Moreover,
scholars noted that face-to-face role-playing games provide a great opportunity for multilogue
(Duke, 1974): that is creating an inducive environment for communication and collaborative
decision-making (Yamori, 2008). Using interactive methods for communication encourages
intuitive, hands-on and experiential learning which has been linked with effective information
retaining (Solinska-Nowak et al., 2018; Bogost, 2008)."

Participatory DRM workshops and serious gaming methods are certainly not new in Japan.
Previously successfully applied examples of such tools include workshop activities, such as the
Yonmenkaigi System Method (YSM) (Okada et al., 2013), evacuation shelter management exercises
(Tsubokawa, Nagasaka, & Usuda, 2008), and community-based training programmes for post-
disaster recovery (Ichiko et al., 2005), as well as serious gaming, such as Crossroads: Kobe (Kikkawa,
2014; Yamori, 2009, 2012; Kikkawa et al., 2004) and the Disaster Imagination Game (DIG) (Komura,
2004). With the exception of the YSM, the abovementioned participatory DRM tools have been
criticised for concentrating primarily on exploring personal capacities and individual decision-
making processes for DRR action plans rather than placing emphasis on truly community-based
collaborative action planning (Okada et al., 2013; Na, Okada, & Fang, 2008). While acknowledging
the merits of enhancing individual disaster preparedness, Okada et al. (2013) remark that group-
led decision-making methods aimed at promoting and implementing participatory DRM are still
lacking in the Japanese scene. The adaptation of the YSM method was an effort in filling this gap
in DRR research and practice, focusing on proactive disaster mitigation and prevention planning,

while their findings underscored the importance of further research in this direction.

5.3 Game Description and Development

As still an emerging topic in DRM research, Natech risk management has only recently
started gaining academic interest. Scholars have highlighted the significance of Natech risk
communication as an essential aspect in view of minimising societal risk and further engaging
potentially affected communities in the risk-related decision-making about its management
(Suarez-Paba et al., 2020). Nonetheless, recent literature reviews in the field of Natech risk
management (Suarez-Paba et al., 2019) noted a research gap in risk communication and invited
future studies to tackle the challenge of expanding our understanding and developing tools for

Natech risk communication (Cruz & Suarez-Paba, 2019).
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Answering this call for Natech risk communication, this study proposes a novel, face-to-
face, role-playing board game, EGNARIA: an Educational Game for NAtech RIsk Awareness. To the
best of our knowledge, EGNARIA is the first serious game specifically designed to explore and
communicate the complexities of Natech accidents. The game’s purpose is to raise community
awareness about Natech accidents, and generate a discussion among all stakeholders pertaining
to risk management strategies, chemical information disclosure and collaborative, risk-informed
decision-making concerning Natech accidents. From a risk governance perspective, EGNARIA is
aimed at framing and fostering community participation in the context of Natech risk management,
and furthermore emphasising the importance of access to chemical risk information as a
prerequisite for participatory DRM considering Natech accidents. EGNARIA is a persuasive game'
by design (Jacobs, 2018; Bogost, 2007) that tries to highlight the need for community engagement
and chemical risk communication for Natech risk management. Envisioned as an inclusive and
collaborative Natech risk communication tool, EGNARIA is intended to be used in a community
setting by all stakeholders and stake-seekers in the Natech risk management process; for example,
it can provide a framework for multi-stakeholder workshops including risk management
researchers and practitioners, policymakers, industry managers, community leaders and citizens.

EGNARIA draws inspiration from previously developed disaster education games for a few
of its game elements. The most influential serious games were: Hazagora: will you survive the next
disaster, developed by Mossoux et al. (2016) and the ‘Bosai Game’ (transl. ‘Disaster Preparedness
Game’), previously developed by the Disaster Risk Management Laboratory of Kyoto University’s
Disaster Prevention Research Institute (The Yomiuri Shimbun, 2015). However, it should be noted
that the combination of such individual elements is introduced in a completely new context
characterised by the Natech accident risk. In this sense, EGNARIA, adapts and synthesises various
effective game mechanics in its design, utilising them as foundation upon which new game

elements and mechanics specific to Natech have been developed.

16 Bogost (2007) coined the term “persuasive game’ to describe a subset of serious games that ‘mount
procedural rhetoric’ by embedding a message into their systems and game rules with the intention of
changing or reinforcing certain attitudes.

152



Figure 5.3-1 Game Development

Source: Original work

The development process was interactive and iterative. During its development phase,
trials with Kyoto University (Japan) researchers specialising in DRM and knowledgeable about
Natech accidents provided valuable feedback and directions for improvement. In total, five such
alpha-test sessions over five different game maturity stages were conducted (Figure 5.3-1). After
the game had reached a satisfactory stage, a beta-test session was organised with graduate and
post-graduate engineering students of Osaka University (Japan), who were mostly unfamiliar with
the concept of Natech accidents. After incorporating their feedback in the design elements and
presentation of the game, we determined that an acceptable game state had been achieved, which
would allow us to hold a game session and evaluate EGNARIA’s impact as a Natech risk

communication tool.

5.3.1 Game Objective

EGNARIA is set in a coastal, industrial city that is affected regularly by earthquake and
tsunami. The goal of the game is to survive the disasters by becoming better informed and
prepared, while keeping the support of other players in the process. Players are citizens that vote
for a community leader and an industry manager among them. They try to manage their available
resources, both individually and as a community, considering disaster preparedness actions with
the aim of mitigating the impact or protecting themselves and their properties from the natural
hazards and the various chemical accident scenarios. Players earn points by spending resources to
make decisions that improve their disaster preparedness and lose them if they become directly
exposed to the natural hazards and/or their consequent chemical accidents. The player with the

most preparedness points at the end of a set number of turns is crowned the winner.
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5.3.2 Game Rules and Setup

The game can be played by up to 18 individual players, while participants are not
discouraged from forming small groups (e.g., two persons) and deliberate among themselves
about their assigned character’s actions. Also, while there is no explicit age restriction, the game
is recommended for cognitively mature players (e.g., of at least 15 years old) due to the inherent
complex and systemic nature of Natech accidents. Gameplay length is recommended to be about
3-5 full rounds of the game which is estimated to take around 2 to 3-hours in total (including
debriefing session afterwards). EGNARIA is led by a game master who is in charge of monetary
transactions, guides participants through the different stages in each round and adjusts the natural
hazard frequency/intensity following the game’s instructions. The game materials consist of: one
EGNARIA gameplay manual, one (1) gameboard, eighteen (18) unique house cards, six (6) chemical
release scenario maps, two (2) chemical risk assessment maps, two (2) citizen preparedness action
cards for each player, two (2) emergency action cards for each player, three (3) Natech
preparedness cards for each player, four (4) industry manager action cards, four (4) community

leader action cards, game currency, hazard cards, point tokens and dice (Figure 5.3-2).

Figure 5.3-2 Gameboard and Materials

Emergency Action Card
When you receive an early warning
about an earthquake or tsunami, choose
Evacuate to an available evacuation shelter on the

Shelter ~ ©0ad

Preparedness Action Card
Cost: 50% of House Price

=g

House
Reinforcement
Against EQ

Benefit: -60% loss reduction from

earthquake

Preparedness Action Card
Cost (per tumn): 1008

Benefit: 1 Player (per tum), 30% loss
reduction; 2 Players, 40% loss reduction;

Community

3 or more Players, 50% loss reduction
Disaster Drill + i

Source: Original work

Bearing in mind that the game is intended to represent actual conditions from an abstract
and simplified perspective, the gameboard features the imaginary coastal city of Egnaria. This area
is prone to earthquakes and tsunami, and so it is divided into three tsunamiinundation zones visible
to all players (Figure 5.3-2). Two industrial facilities handling potentially hazardous materials are
situated in two separate locations along the coast. Moreover, there are 18 different house
locations depicted on the gameboard. The houses are categorised into three building types,

namely traditional townhouses, detached houses and apartments, and are distributed in pairs—
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but in random locations—within each tsunami inundation zone. Each house has a unique profile
depending on its age, condition, nearby amenities, and transportation access and—of course—
location that is reflected on the initial house buying cost, revenue generation and living costs. The
categories that influenced house characteristics were derived based on research on people’s
perceptions about residential property value (Wittowsky et al., 2020). Finally, there are four
evacuation shelters that spread across different areas of the city.

The imaginary in-game currency is called Rin (R) and is used by players as a financial
resource that can be exchanged for various actions throughout the course of the game. In this way,
players are forced to plan ahead about how they spend their resources and what DRR strategies
best suit their needs individually and as a community. During the setup stage of the game, players
are given 1,000R to buy the house of their choosing considering the information available on the
house cards themselves and the gameboard the shows only the tsunami inundation zones; none

of the players have any information pertaining to chemical accidents at this stage.

Figure 5.3-3 Game Setup

Source: Original work

After the initial house allocation (Figure 5.3-3), players are asked to discuss/vote/roll dice
to decide who wants to assume the additional role of the ‘community leader’ and that of the
‘industry manager’. These two roles cannot be undertaken by the same player and are
supplementary to their main game role as ‘citizens’ of Egnaria. It is explained at the start of the
game that the roles of ‘community leader’ and ‘industry manager’ are not permanent throughout
the game and can be passed on to other players at the end of each round via a vote. EGNARIA is a
round-based game, with each round representing one decade in real-life. With the exception of the
starting ‘warm-up’ round, each round has a consistent sequence of phases: (i) determining player
income, (ii) determining what—if any—disaster occurs, (iii) estimating damages, (iv) deliberating

about personal and collective investments and (v) finally vote of confidence. As a rule, no natural
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hazard occurs during the ‘warm-up’ round in order to familiarise players with the game mechanics
and allow for resource accumulation in order to invest in preparedness measures later on.

As previously mentioned, game progress is based on a point system in which players earn
points by spending their resources for preparedness actions. Instead of focusing only on
minimising the economic impact from natural hazards and later on by chemical accidents, players
are nudged to collect points by exchanging resources for actions that improve their disaster
preparedness against Natech accidents. Each citizen is given two (2) preparedness action cards
and two (2) emergency action cards. Preparedness action cards cost players a certain amount of
Rin (R) and allow them, for example, to reinforce their house against earthquake or take part in
emergency drills and community disaster preparedness activities. Depending on the action, players
are awarded points by using these cards. On the other hand, emergency action cards are free but
can be used only in the case of a natural hazard event. Players are asked to decide if they wish to
shelter-in-place or evacuate to a nearby shelter of their selection. If a player becomes directly
exposed to a natural hazard and/or accident, they lose points. Bankruptcy is also incorporated in

the game via point deduction, but does not mean ‘game over’ for the player that suffered it.

5.3.3 Playing the Game

EGNARIA actually begins at the setup stage when players are asked to invest their initial
1,000R to purchase a house. Players are initially confronted with a situation characterised by the
complete absence of chemical risk information. According to their subjective judgement and
armed only with the information that EGNARIA is a disaster-related game, players are asked to
choose a house based on the location and the aforementioned house profiles. It is noteworthy that
players cannot change their house locations for the rest of the game after this starting stage. Lastly,
the ‘industry manager’ is asked to choose which of the two facilities on the gameboard handles
toxic chemicals and which flammable. They are then asked to keep this information to themselves
under the threat of a severe economic penalty, unless they use the designated risk information
disclosure cards during the course of the game.

After the initial house choice and the allocation of the additional ‘community leader’ and
‘industry manager’ roles, the ‘warm-up’ round can begin. In an attempt to simulate financial
resource variability, we have introduced the element of probability in determining the players’
income in each round. First, all players are asked as Egnaria ‘citizens’ to roll the dice in order to
determine their individual income for this round. House revenues depend on the house location,
building type and nearby amenities. Next, the ‘industry manager’ is asked to roll the dice to

determine the industry income for this round. Conceptualising Egnaria as a closed and
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oversimplified economic system, community income is calculated as a percentage of the total
industry income for this round.

With all the starting round incomes calculated, a deliberation phase can begin about
investment decisions. Players are invited to share their opinions about how community money
should be spent, i.e., what type of preparedness actions and where. All players and roles are invited
to participate in this discussion. The ‘industry manager’ is responsible for managing the industry’s
available resources, while the ‘community leader’ is in charge of investing—or not—the community
resources for this round. In parallel, all players are asked to discuss and decide on their individual
investment choices as ‘citizens’ of Egnaria. Of course, players in all roles can choose to take no
action for this round. In any case, at the end of the investment deliberation phase the
corresponding fees are collected from the ‘industry manager’, the ‘community leader’ and all the
‘citizens’ and the respective points are awarded to players accordingly.

Following the closing of the investment deliberation phase (about 10 to 15min in length), a
quick voting takes place (less than 3min). The ‘industry manager’, the ‘community leader’ are judged
based on their decisions for this round. All ‘citizens’—save for the player that is being judged—are
asked whether they give their confidence vote (e.g., ‘please raise your hand if you support...”); a
simple majority vote system is implemented where ‘community leader’ break potential ties. In the
case that the ‘industry manager’ is downvoted, the role is then re-assigned to a different player
(volunteer/vote/roll dice). If the ‘industry manager’ receives the support from the community,
remains in this role for the next round and also receives extra a small industry revenue in the
following round. For ‘community leader’, the process is similar. If they receive the community’s
vote of confidence, they remain in their role. If not, they change and receive a negative reputation
point (deducted from the preparedness points at the end of the game). In this respect, players that
act as ‘community leaders’ are discouraged from disregarding community’s opinions during the
investment phase, as they risk being downvoted afterwards; thus, players are confronted with
compromises and consensus-building challenges. The ‘community leader’ role becomes available
to be assigned to a different player via a majority vote for the upcoming round. This concludes the
‘warm-up’ round.

This process is repeated in this order in subsequent rounds and until the end of the game,
with the only addition of a disaster determination step and a following damage assessment step
immediately after the income determination step. If a natural hazard or a Natech accident occurs,
the players are asked to consider their investments, given the resource deductions after the

damages they have suffered (explained next).
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5.3.4 Natech Accidents

Natech accidents are conjoint events of chemical accidents caused by a natural hazard.
Therefore, they involve two distinct, yet interconnected elements: the natural hazard and the
chemical accident conditional to it. In order to incorporate this aspect into the game—while
remaining remotely realistic—we decided to introduce a two-step process that offers some
control over the occurrence and intensity of the natural hazards, but also involves randomness in
determining the chemical scenarios. As mentioned earlier, the game—in its current version—deals
with earthquake and tsunami hazards, each of which has three intensity levels. Earthquakes are
assumed to affect all locations on the gameboard uniformly, while tsunami inundation is
dependent upon the hazard intensity level. Chemical accident scenarios include toxic gas clouds
and explosions, but—for the sake of simplicity—do not consider intensity levels. However, for
toxic gas, different dispersion scenarios affect different parts of the city, while for flammable
materials, there are only two possible scenarios: explosion with a huge area of effect or no
explosion. The game is recommended to be played for 3 to 5 rounds in order allow players to
experience different hazard scenarios.

From the second round (after the ‘warm-up’ round) onwards, after the income
determination phase, the game master selects a number (e.g., 5 to 10) of natural hazard cards.
There are three categories: (i) ‘earthquake’, (ii) ‘tsunami’, and (iii) ‘safe’ (i.e., no hazard) cards.
Depending on how ‘(un)fortunate’ players were in the previous round with their incomes, the
game master can ‘adjust’ the probability of occurrence (e.g., by selecting less ‘safe’ cards in the
set) and the probability of higher-intensity natural hazards (e.g., by leaving intensity level 1 cards
out of the set). After compiling the card set for this round, they present the cards face down and
ask a player to draw one card. Depending on the card, the occurrence—or not—of a natural hazard,
as well as its intensity level is determined for this round. In the event of a natural hazard, the game
master provides an ‘early warning’ by announcing the hazard type and intensity and asks ‘citizens’
to decide their emergency actions quickly, following the corresponding instructions on the cards.
If evacuation is selected, the game master asks them to indicate their choice (from the available
nearby shelters) and remember it. The impacts of the natural hazard on ‘citizens’ and their
properties are determined in economic terms based on estimated damages tables at the back of
each house card, and are dependent upon hazard intensity and previously implemented
preparedness actions. Players are invited to estimate their own damages in order to reflect on the
hazard scenarios.

Conditional to the occurrence of an earthquake or a tsunami, the game master requests

one of the players to roll a die to determine whether there was a chemical release at the first
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industrial facility. Probabilities for loss of containment depend upon the natural hazard intensity
and the availability of mitigation and prevention measures at the facility in question. The same
procedure is repeated for the second facility to determine whether there has been a chemical
release. It should be noted that intensity level 3 natural hazards always cause a chemical release at
both industrial facilities, as a game mechanic that simulates a beyond-design-basis event, such as
the Fukushima Dai-ichi accident (Kim et al., 2016). In case of a chemical release (i.e., rolled number
exceeds predetermined game thresholds), the game master asks for another die roll to determine
the chemical accident scenario. As far as the toxic cloud is concerned, there are three possible
scenarios that simulate wind conditions: (i) no dispersion over Egnaria, (ii) area A (or C depending
on the facility) is affected, and (iii) area B (or D depending on the facility) is affected. For releases
of flammable materials, the additional die roll determines whether there is an explosion or not. All
areas described in the above scenarios are predetermined and assumed to impact ‘citizens’ equally
regardless of location for simplicity. Depending on the chemical accident scenarios and ‘citizens”
evacuation choices and previously implemented preparedness measures, each players exposure—
or not—to the chemical hazard is determined. The areas affected by the chemical accident are
visually represented as coloured zones on the gameboard map, and players are asked to reflect on
whether the actualised chemical accident scenario affects them or not. If a player is affected by
the chemical accident, they receive negative, ‘hazard exposure’ points. Finally, economic damages
from the natural hazard on the industrial facilities are deducted by the industry’s income, the cost
depends on: (i) the natural hazard intensity, (ii) whether there has been a chemical release at any

of the facilities, and (iii) whether chemical information has been disclosed in the previous round.

5.3.5 Protective Actions

The ‘community leader’ is in charge of deciding at the end of the deliberation phase on
which—if any—preparedness action(s) they want to invest the community’s resources. They can
choose to ‘upgrade’ an evacuation shelter for one round (i.e., until the investment deliberation
phase of the next round) by: (i) equipping it with protective gear for a toxic gas release, (ii)
reinforcing it against explosions, or (iii) both. These upgraded shelters offer special protection to
the evacuees against the respective chemical hazards for this round.

The ‘industry manager’ on the other hand, has to decide whether they want to: (i) expand
their facilities (indicate which one) so as to increase their revenue from the next round onwards;
(i) invest in reinforcing accident prevention and mitigation measures; or (jii) invest in chemical risk
communication. Chemical risk communication comes in two levels. At the basic level, information
about what kind of chemicals (i.e., toxic/flammable) are handled in which facility is disclosed to the

rest of the players. At the advanced level, chemical risk assessment maps are made available to all
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players. We should mention here that, as a leverage point for the community over the industry
decisions, the ‘community leader’ has the option of imposing a decent financial penalty for this
round, if the ‘industry manager’ has not disclosed any chemical information. It should be noted that
investments in preparedness measures that benefit the whole community (e.g., chemical
information disclosure) are rewarded collectively by awarding all players equally with
preparedness points.

The available options for ‘citizens’ also depend on the course of the game. Initially, they
can either: (i) reinforce their house against earthquake, or (ii) invest in community disaster drills.
The latter option has increased merits by reducing the economic impact of natural hazards the
more players use it in the same round. This mechanism incentivises players to invest in community
preparedness actions collaboratively, and thus fosters coordination and consensus-building during
the deliberation phase. If the ‘industry manager’ has invested in Natech risk assessment, then a
third preparedness action becomes available for all ‘citizens’: Natech response training. In turn,
there are three options that include preparedness against: (i) toxic chemicals, (ii) flammable, or
(iiif) both. In case of a natural hazard, all players as Egnaria ‘citizens’ are asked to indicate their
emergency response action, choosing between: (i) ‘sheltering-in-place’ or (ii) ‘shelter evacuation’.
Their choice essentially affects their location and available means for protection, thus determining

whether they become affected by a subsequent chemical accident.

5.3.6 Game Outcome

The winner of the game is decided by comparing the sum of points each player has
gathered from all the rounds. The point system of EGNARIA is designed in such a way to emphasise
the value of collaboratively managing limited resources in the context of DRM and taking actions
in advance to prepare against potential Natech accidents. Investing in preparedness actions that
benefit the whole community is rewarded, either directly through awarding points to all players,
or indirectly by mitigating economic damages that in turn minimises the risk of bankruptcy which
would potentially cost them preparedness points. In addition to earning points after investing in
‘good’ preparedness practices, it is important to note that players can also lose them, if they are
affected by chemical accidents, suffer bankruptcy or—in the case of the ‘community leader’ —lose
community trust.

Players are told in the beginning that the goal is to earn enough points in order to ‘survive’
and win the game. Whilst this imparts an interesting competitive aspect to the game driving
players to collect the most points, it also serves as a criterion for evaluating disaster preparedness
at the end of the game. A negative point score would imply that the player was not prepared

enough to weather the storm against the Natech accident risk; a positive that their strategy paid
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off. Naturally, the point system is designed so that all players, regardless of whether or not they
have an additional role sometime throughout the game, have a fair chance of winning. On the
other hand, due to the randomness introduced at the income determination step and incorporated
in the Natech accident determination procedure, player tactics are not the only factor that
determines the game outcome. From our perspective, this aspect aptly reflects the inherent
uncertainty involved in Natech risk assessment and offers an interesting point for player discussion

during the debriefing session.

5.4 Trial Application and Evaluation Method

Although the original intention was to hold a multi-stakeholder workshop in order to test
the impact of the serious game with community members, due to COVID-19 restrictions, this did
not prove feasible. Instead, the trial application of EGNARIA was conducted in November 2021 with
a group of Kyoto University affiliates (Figure 5.4-1). A convenience sampling method was
employed", according to which open invitations were sent to university graduate students and
researchers in other than disaster-related fields of study. Participants received a small financial
compensation in the form of a gift-card for their participation. The outline of the workshop
involved an introduction of the game, a full 2-hour game session, and a follow-up
debriefing/discussion session (Table 5.4-1). Our 2-hour session was originally planned so as to
minimise participant fatigue, and allow them to play at least three (3) full game rounds, the
minimum recommended number of turns. The workshop was run by one (1) main facilitator, who

took on the role of game master during the game session, and one (1) additional assistant.

Table 5.4-1 Workshop Programme

Friday, 5" November 2021
12:30-12:45 Introduction
12:45-14:30 Game Session
19:00-19:30 Short discussion

Source: Original work

Our research approach followed a quasi-experimental design for the evaluation of the
game’s impact; workshop participants were asked to fill in a survey questionnaire before and after
the game session. The sample consisted of nine (9) participants in total (6 female), relatively young

(20-49 years old), mainly university students and researchers (Bachelor-PhD level) and mostly

17 Similar method to previous DRM-related serious game evaluations (see e.g., Mossoux et al., 2016;
Cremers et al., 2015; Pereira, Prada, & Paiva, 2015).
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single (only 3 married). It is noteworthy that the group was quite multi-cultural (China, Taiwan,

Myanmar, Germany, Japan, Indonesia, Kenya, Fiji).

Figure 5.4-1 Trial Game Application

Source: Original work

In view of the general lack of standardised evaluation criteria for the impact of DRM-
related serious games (for a discussion see Solinska-Nowak et al., 2018), instead of simply
proposing ad hoc measures we explored the opportunity of already available conceptual models
that could provide aresearch framework for our purposes. Considering our particular emphasis on
risk communication and information disclosure, and with the aim of understanding the EGNARIA’s
impact on the players’ communication behaviour regarding Natech risk, we structured our survey
based on dimensions from the interpretative framework of the Situational Theory of Problem
Solving (STOPS) (Kim & Grunig, 2011).

Based on this interpretative framework (Kim & Krishna, 2014; Kim & Grunig, 2011), an
individual’s perception of the problematic situation concerning the lack of Natech risk information
(i.e., problem recognition), their perceived connection with it (i.e., involvement recognition) and
the perceived obstacles which limit their ability to take action (i.e., constraint recognition), consist
of the key factors of their situational motivation to engage in problem-solving communication.
Along with any potential subjective knowledge, experiences and expectations (i.e., referent
criteria), this situational motivation determines the individual’s engagement in communicative
action as a means to seek out and exchange information to resolve this issue. In turn, this
communicative behaviour is categorised in three types of actions, information acquisition,
information selection and information transmission, each of which has an active and a passive
component.

The main part of the survey was structured based on STOPS measures. At least three items
per STOPS latent construct were included, while the wording of the questions was based on

measurement items tested and validated in previous applications of STOPS (Chen, Hung-Baesecke,
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& Kim, 2017; Kim et al., 2012) with small adjustments to reflect the Natech risk context where
needed. Concerning the ‘game’ aspect, we included an additional set of questions targeted at
evaluating the EGNARIA’s game design based on the world of Play, measuring in particular the
aspects of Fun (Isbister & Schaffer, 2008), Engagement (Calleja, 2011) and Immersion (Murray, 1997).
Moreover, auxiliary questionnaire items were incorporated in an attempt to detect any change on
players’ perceptions about the importance of information and levels of Natech risk awareness.

A seven-point Likert-type scale ranging from 1 = ‘Strongly Disagree’ to 7 = ‘Strongly Agree’
was used to code the responses. The survey was developed and administered in English and in
electronic format. The questionnaire included 62 questions for the pre-game version and 68 for
the post-game, while it took between 20-30 minutes to complete. Respondents were asked in the
pre-game questionnaire to write a unique secret code, that had to later be filled in the post-game
questionnaire; this method allowed researchers to track responders without compromising
participants’ anonymity. A series of paired samples t-tests were conducted where available to
identify statistically significant changes in responses before and after the game session. Apart from
the questionnaire, after the completion of the workshop, an online debriefing session was also
held. During the debriefing session the participants’ overall impressions of the game were

discussed, as well as potential improvements for future consideration.

5.5 Evaluating the Impact of the Game

To evaluate EGNARIA’s impact as DRM-related serious game we analysed four (4) key
aspects, aside from examining the players’ in-game strategies. First, we were interested in learning
if the game contributed to any changes in intended communicative behaviour about Natech
accidents, and then assessed if there were any differences in the players’ Natech risk awareness,
perceptions about Natech accidents, and impressions about Natech risk information. The
preliminary findings presented here are based on the questionnaire survey results, but are
additionally enriched with the points raised during the post-game discussion. Likewise, the overall
players’ impressions of the game are drawn from a combination of the opinions expressed during

the workshop and a few questionnaire items.

5.5.1  Player Strategies

Players did not seem to concern themselves about potential chemical accidents at the
beginning of the game. During the house allocation phase, they primarily concentrated on
choosing a suitable house that stroke a balance between providing a consistently high income and
—given the frequent tsunami threat—Dbeing at a safe distance from the coastline. Players started

gradually thinking about chemical accident risk through the first investment deliberation step,
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when they had to consider whether and how they wanted to spend community resources to
‘upgrade’ the evacuation shelters. Seeing that in case of a natural hazard, each of the evacuation
shelters only accommodated a small area around them, arguments about investments essentially
revolved around deciding where to allocate the limited resources to best serve the whole
community of Egnaria. Another noteworthy obstacle they faced was the complete lack of chemical
information, which in turn significantly limited their decision-making about the type of shelter
‘upgrade’ they should invest in for that round.

Moreover, many ‘citizens’ contemplated the benefits of investing collectively in community
preparedness drills to enjoy the increased damage reductions in case of a natural hazard event.
This came to no surprise, as it was the cheapest available investment for them that awarded them
with a point. Nevertheless, players debated the opportunity costs and tried to coordinate with
other ‘citizens’ to participate jointly in community preparedness drills for the additional damage
reduction advantages. On the other hand, a few players exhibited a more risk-prone behaviour and
decided to pass on preparedness investments in the first round in anticipation of not being
affected by a hazard initially and also in order to have more resources in the beginning of the next
round. The ‘industry manager’ participated modestly in the initial discussion, given the limited
financial resources and the considerably high investment cost their options had in that round. On
the other hand, the ‘community leader’ asserted a leading role during the deliberation process and
felt the need to explicitly clarify and justify their position with respect to the investment of
community resources. Arguably, such a transparent risk governance approach is rather far from
realistic conditions.

The discussions changed drastically after experiencing the first natural hazard, which
resulted in a toxic gas release. Thanks to fortunate ‘weather conditions’ for that event (i.e., die
roll), the chemical release did not affect any of the players in that round. Although, most
participants had selected to evacuate to a nearby shelter, their decisions were unimpactful for the
given the situation. This near-miss Natech scenario surprised players and raised their concern about
Natech accidents in subsequent deliberations. It also urged the ‘industry manager’, who had
enough resources despite the natural hazard impact, to opt for the disclosure of basic chemical
information. Knowing which facility handled which type of chemical guided the community
discussions to a significant degree. Although none of the players were privy of all the possible
chemical accidents or their area of impact, they discussed about how to better protect ‘citizens’
near the industrial facilities through community investments on evacuation shelters.

There was no natural hazard in the second round, and therefore deliberations continued in

the same direction. The increased resources, however, gave an opportunity to increase
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investments in both community and individual preparedness measures; a few wealthy ‘citizens
even reinforced their houses against earthquake. An equally prosperous ‘industry manager’
decided to invest in reinforcing accident mitigation measures in one facility—probably nudged by
the previous chemical release incident—and expand the other. The third and final round shocked
players with an intensity 3 earthquake that incurred heavy damages to industry and houses, and
also caused chemical accidents at both facilities. One player went bankrupt, while another one who
opted to shelter-in-place was affected by an explosion, so both suffered the corresponding point
deductions.

The game concluded with all players having achieved a positive preparedness score; thus,
they have ‘survived’ the natural hazards and Natech accidents that happened in Egnaria. In this
respect, we did not observe any fatalistic player behaviours involving passing on opportunities to
invest in preparedness measures and leaving outcomes only to chance. Players made use of the
available preparedness cards individually and—as mentioned earlier—further tried to coordinate
their efforts at a community level. In the end, there was one winner based on the total points, with
the differences between the top two contenders being mainly how many times they participated
in community preparedness drills throughout the game as they had both invested in house
reinforcement against earthquake. The player who went bankrupt and the player who was
exposed to a chemical release were in the last places.

Finally, it should be noted that confidence votes each time were in favour of the players
that acted as ‘industry manager’ and ‘community leader’, and so the game session did not include
any change inroles. This showed that, despite the initial scepticism, an overall consensus emerged
through the deliberations concerning the strategies employed by the two players in question.
Additionally, the ‘industry manager’ did not end up investing in the second level of Natech risk
communication, but they were also not pressured by the community to do so. Although the
‘community leader’ contemplated pressuring the industry via special taxation during the first
investment deliberation phase, they decided to openly discuss the subject of chemical information
disclosure instead. Both players seemed content with the discussions and formed a collaborative
relationship as the game progressed. The corresponding Natech risk assessment maps were thus

presented by the game master at the end of the session to stimulate the discussion.

5.5.2 Communicative Behaviour

The results from the pre- and post-game surveys about the players’ communicative
behaviour concerning Natech accident risk are consolidated in Figure 5.5-1 below. As evidenced in
the boxplot, most of the STOPS variables’ mean scores seem to have shifted upwards after the

workshop. With the exception of perceived obstacles that limit one’s ability to resolve the
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problematic situation (CR), which seemingly were reduced after playing the game, all other mean
scores were increased. It is noteworthy that although many aspects originally measured
considerably high in the pre-game—thus indicating a rather initially sensitised audience—indeed,
situational perceptions and communicative behaviour alike seem to have been raised through
EGNARIA. In more detail, the perceived severity of being exposed to Natech accident risk (PR) was
slightly increased, but perceived personal connection with it (IR) and the available ideas for
solution (RC) saw a considerable rise in their mean scores.

Similarly, players seemed more motivated to communicate about Natech accident risk
(SM) after playing the game. In fact, they commented during the debriefing that the game
motivated them to learn more and communicate their new-found knowledge about Natech
accident risk. They felt that raising awareness in real life about this largely unnoticed hazard is an
important step towards coordinating efforts and collectively managing Natech risk as a community.
Additionally, participants stated their interest in collecting more information and understanding
better the actual chemical accident risk situation where they live, acknowledging the usefulness of
risk assessment maps presenting chemical accident scenarios similar to the ones used in EGNARIA

as effective representations.

Figure 5.5-1 Changes in Communicative Behaviour Pre- and Post-Game
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Source: Original work

This trend was also reflected on their intended communicative actions, that exhibited

upward shifts in every aspect. In detail, respondents expressed their intent to search for more
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information (seeking and attending), become more selective (forefending and permitting) and
transmit (forwarding and sharing) more actively information pertaining to Natech accident risks.
Moreover, a paired samples t-test indicated that the differences in perceived personal involvement
(IR), available solutions (RC) and information forefending (IFrf), permitting (IPrm) and forwarding

(IFwd) were statistically different, indicating a considerable increase for these aspects.

5.5.3 Natech Risk Awareness

As mentioned multiple times during the discussion session, the majority of participants
were unfamiliar with the topic of Natech accidents™, while a few individuals had never considered
such scenarios in the past. Chemical accidents were not perceived as potential threats during the
house-allocation stage at the start of the game, and thus players generally ignored them. When
asked by the game master during the game setup whether they had sufficient information to
decide on their house location, only one participant inquired whether to expect that industrial
facilities will be in general safe or not. However, judging from the group discussion afterwards,
participants had not previously considered conjoint natural hazard and chemical accident scenarios
and the specific challenges they entail. Naturally, this influenced to a great extent the impact the
game had on the players’ Natech risk awareness.

Indeed, the first round proved to be an introduction to the concept/possibility of Natech
accidents for many of the players. Although, most participants had been exposed to natural
hazards in the past, they highlighted in the discussion that they had not seriously considered the
threat from such chemical accidents, and that EGNARIA ‘opened their eyes’ to Natech accidents in
this respect. Despite the fact that they recognised reference examples such as the Fukushima
nuclear disaster in retrospect, they were unfamiliar with the idea of Natech accidents.

Moreover, participants noted that the game had a profound impact on their spatial
awareness considering Natech risks, as they realised through the game that location is a crucial
factor in determining the consequences from such events. Apart from location, players also noted
that the through the scenarios they faced during the game, they realised that Natech risk depends
on numerous elements, such as the natural hazard intensity, the weather conditions and the
mitigation measures in place. Furthermore, it made them think about other types of potential
chemical hazard scenarios, beyond the flammable and toxic ones that were featured in the game.

Finally, players mentioned that EGNARIA helped them understand that the impact of Natech events

18 Of course, the discussion did not revolve around their familiarity with the technical terminology per
se, but their level of awareness about chemical accidents triggered by natural hazards.
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on the local community can be severe, affecting the population’s health but also incurring huge

economic losses.

Figure 5.5-2 Changes in Natech Risk Awareness Pre- and Post-Game
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Furthermore, the role-playing aspect of the game, nudged some players to imagine the
situation from a different perspective. Particularly, the ‘community leader’ and the ‘industry
manager’ through the course of the game reflected on their decisions and subsequent
consequences their actions entailed for the whole Egnaria community with respect to Natech risk
management and chemical information disclosure. As noted during the post-game discussion, this
helped them realise the significant role and responsibility such stakeholders have for DRM,
especially considering industrial accidents involving hazardous chemical releases.

The above points were reflected in the survey results (see Figure 5.5-2). After playing the
game, players became more familiar with the relationship between natural hazard intensity and
the associate consequences. A considerable change was observed in terms of the perceived spatial
distribution of Natech risk, as players seem to have realised that not all areas can be potentially
exposed to the same hazards. Nonetheless, post-game results were characterised by high variance.
Interestingly, avoiding hazards was a perceived as an important factor when choosing a house
initially that slightly decreased afterwards. Perhaps this is related to the fact that players were pre-
dispositioned to consider hazards, because they were invited to play a disaster-related game. After
playing the game, they noticed that avoiding hazards altogether seems more difficult than
originally thought, because of the lack of risk information. In terms of how spatial planning and

resource allocation matter for DRR, participants had already acknowledged its significance even
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before the game, and so almost no change was observed. However, it is noteworthy that scores
were consistently very high across all responses. Considering whether available chemical risk
information exerts substantial influence on residents’ preparedness actions, opinions were highly
varied in the pre-game test. The post-game evaluation revealed a clustering of high scores and thus
a general consensus in this regard. Finally, we should underscore the fact that the paired samples

t-test showed no significant changes in any of these aspects.

5.5.4 Natech Risk Perception

Changes in Natech risk perception were moderate (see Figure 5.5-3). Measurement scores
for the perceived severity (NT1) and general concern about Natech accidents (NT2) were originally
high and remained so. Perceived likelihood for a Natech event in around Osaka Bay (NT3a)
exhibited a slight increase from its initial state. An important difference was observed, however,
in the perceived likelihood of a Natech accident in the participant’s everyday environment (NT3b),
as participants became apparently more concerned about their immediate surroundings. The
perceived exposure of citizens to a Natech accident (NT4) also showed a notable rise in its mean
score after the game. Finally, a noteworthy increase occurred in the mean score for perceived self-
efficacy for staying safe in case of a Natech accident (NT5). However, a paired samples t-test

revealed that only the difference in NT3b was statistically significant.

Figure 5.5-3 Changes in Natech Risk Perception Pre- and Post-Game
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Similar to the notes about Natech risk awareness above, participants commented that they

had not seriously considered Natech accidents as a threat that would impact their lives. Through
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EGNARIA they realised that such accidents can potentially have an enormous area of effect and
severe consequences on public health and the local economy. Even though the appreciated that
there is a lot of uncertainty involved in the estimation of occurrence and consequences of Natech
events (simulated via rolling of dice multiple times during the gameplay), participants underscored
during the debriefing session that such chemical accident scenarios are no longer ‘unimaginable’

for them.

5.5.5 Natech Risk Information

Apart from raising Natech risk awareness, another important consideration for EGNARIA’s
game design was chemical risk information. As observed from the in-game discussions of players
and highlighted later by many of them, issues pertaining to chemical risk information disclosure
became evident from the beginning of the gameplay and guided discussions. Particularly, the
‘industry manager’ noted that they became personally invested in decisions pertaining to chemical
risk communication, as they gradually recognised the implications of their strategies for the
entirety of Egnaria ‘citizens’, including themselves. Chemical risk information disclosure was key for
the collective decision-making process of deciding the spatial allocation of the limited community
resources. Interestingly, one participant noticed the fact that the ‘industry manager’ had initially
certain information pertaining to the chemicals handled by the facilities that the rest of the ‘citizens’
were not made aware of. As the participant underscored in the discussion afterwards, this made
them originally sceptical of the ‘industry manager’s’ investment strategies, but these concerns
gradually dissipated through the open discussions during the investment deliberations. This was
confirmed by the fact that the ‘industry manager’ received community support through their
confidence votes in all rounds.

Access to chemical risk Information played an important role in players’ discussions and
decisions, as they pointed out in the debriefing session afterwards. It provided crucial input to
make informed individual choices for their in-game evacuations, but more importantly allowed
them to participate in the debate about the community investments in preparedness measures
against the chemical hazards. This step-by-step process of obtaining information via their
discussions and the ‘industry manager’s’ basic information disclosure nudged them to contemplate
on the real-world situation concerning access to chemical risk information and the deliberation

processes involved in managing chemical and Natech risks as a community.
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Figure 5.5-4 Changes in Natech Risk Information Priorities Pre- and Post-Game
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In retrospect after the game, participants recognised that they lacked crucial information
about the potential chemical accidents at the start when contemplating their house location. One
participant noted this deliberate ‘deception’ from EGNARIA’s perspective, but while reflecting on
it during the game, they concluded that it was an effective argument used to convey the
importance of chemical risk information disclosure. Moreover, the incomplete risk information
players had in the beginning of the game resembled for some participants real-world conditions,
where chemical accident risk is largely ignored and/or limited to industry and governments. Overall,
participants understood through their play that the information disclosure has direct positive
effects on community preparedness against Natech accidents, but also potential economic costs
for the related industries. Nonetheless, it was evident that information-sharing would be a good
strategy for the players.

Our questionnaire included certain questions aimed at capturing any changes in players
priorities for Natech risk information disclosure (see Figure 5.5-4). The mean scores describing the
subjective value participants ascribed to different sorts of chemical risk-related information were
initially quite high. Our results showed that answers became more consistent after the game
session, although differences in the mean scores were almost imperceptible. In detail, players
evaluated consistently high the importance of disclosing Information about the types of hazardous
chemical substances and their adverse health impacts (hazmat info), about areas potentially
affected by chemical accidents (exposed areas info), about chemical accident preparedness

training (disaster response info), about available evacuation shelters (evacuation shelters), and
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about existing chemical accident preparedness plans from governments and industries

(management plans).

5.5.6 Players’ Impressions of the Game

5.5.6.1  EGNARIA as a Serious Game

The participants’ opinions about the game were mainly gathered from the discussion that
took place after the workshop. The general impression of EGNARIA was quite positive. First and
foremost, participants found the game fun. The mentioned that it was an engaging and pleasant
activity overall. They found themselves participating so actively in the discussions during the
investment deliberation phases that stricter time-keeping had to be implemented by the game
master in order to meet the allotted workshop times. Even though only few participants had been
acquainted with each other prior to the workshop, everyone seemed to participate—albeit in
various levels—to the discussions, while through the voting phase, all players had the opportunity
to express their opinion. Of course, the group dynamics played a crucial role in establishing and
fostering a favourable collaboration climate, as also pointed out by some players after the game

session.

Figure 5.5-5 Players’ Expectations Pre-Game
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One of the main challenges encountered during their gameplay was understanding all the
complex interactions involved in the game mechanics, although opinions diverged on this issue.
For example, one participant noted that they wished they had played more ‘warm-up’ rounds

before a hazard struck in order to experiment and discover advantageous strategies that would
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give them a competitive edge. On the other side of the spectrum, other participants noted that—
although perplexed about the intricacies involved in this EGNARIA’s mechanics—they felt that they
offered a good balance and an interesting representation of the arguably more complex reality.
Besides, information disclosure—as they supplementary noted—helped them gain a better
understanding as the game progressed.

Our research design incorporated a few questions about the expectations of the
participants, in order to be used as a reference for the subsequent evaluation of their engagement
with the activity (see Figure 5.5-5). Participants generally had previous experience of playing
analog games, and expected to learn through the game. Interestingly, responses fluctuated highly
around the midpoint with regard to their expectation of enjoyment from playing games. They were
confident in their ability to understand and win the game, and expected to learn much from it.

Finally, they mostly regarded educational games as a valuable educational resource.

Figure 5.5-6 Players’ Impressions Post-Game
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After completing the game session, questions about the impression of the game were
more targeted (see Figure 5.5-6). Confirming the remarks from the debriefing session, players
judged their experience as quite fun and enjoyable, and mostly engaging. Opinions were varied in
terms of the perceived level of game challenge that received a moderate score overall perhaps due
to the randomness involved in the game mechanics, as discussed by a few participants. Likewise,

opinions diverged in consideration of the ease of understanding of the game; as explained earlier
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some participants found the simplifications made to be adequate, while others thought it was
complex. This point is directly related to the next question, which also received highly varied scores.
A few players indeed noted that they had ‘just warmed-up’ after the end of the third round, yet the
predetermined workshop time had already passed. Moreover, players evaluated the level of
realism in the EGNARIA satisfactory. The game scored moderately with regards to the information
it provided, but with highly varied response scores. As discovered later through the discussion, a
few of the players were left with the impression that they were still lacking chemical accident
preparedness instructions. Nonetheless, EGNARIA was highly appreciated as an educational

experience that had taught them many new ideas by the end of the session.

5.5.6.2  EGNARIA as Tool for Natech Risk Communication

The last aspect taken into consideration for the evaluation of EGNARIA was the
participants’ impressions of the game as a tool for Natech risk communication. Even though
participants noted their limited knowledge and experience in the field of DRM, they offered their
views. One common point of agreement was the value for raising community awareness. Natech
accidents pose a threat that remains largely unnoticed by the local communities, and EGNARIA
seemed to participants as a promising tool to make an introductory discussion. Moreover, the role-
playing element was highly appreciated as it offered an opportunity to consider Natech risk
management from various perspectives. One participant noted that this element actually served
as a decent ‘substitute’ for not having actual stakeholder representatives when conducting this
kind of community workshops. Additionally, the incorporation of randomness through the multiple
dice rolls, was underscored by one participant as a meaningful game element that nudged them to
think about the uncertainties involved in the disaster risk assessment process.

Another important point was the players’ collective realisation about the importance of
chemical risk information. According to one participant, they felt that they learned a lot about
information-sharing, and that engaging collaboratively in DRM holds significant merits in
effectively reducing such kind of disaster risks. Although there are decisions which are beyond the
control of everyday citizens but affect them directly, for many participants EGNARIA demonstrated
that through transparency and public deliberation community preparedness against Natech
accident risk can be substantially improved, protecting human lives and properties. Finally,
participants agreed that EGNARIA, while it may offer little to the DRM-related deliberation
processes amongst professionals and experts, indeed can be a valuable educational tool for lay
audiences; apart from introducing Natech accidents, it explores elements of risk information

sharing, community vulnerabilities and even ethics and activism.
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Figure 5.5-7 Players’ Evaluations of EGNARIA as a Natech Risk Communication Tool
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Finally, we asked participants to submit their assessments about EGNARIA as a means for
chemical and Natech risk communication (see Figure 5.5-7). At first glance, it becomes apparent
that the serious game received very high scores across all categories; it is noteworthy that none of
the participants’ scores fell below the midpoint of the scale. In detail, after playing EGNARIA
participants felt generally quite motivated to learn more about chemical and Natech accident risks.
Furthermore, they identified a change in their perceptions vis-a-vis both chemical and Natech
accidents. They, also, recognised EGNARIA’s potential to generate a discussion around the subject
of disaster preparedness against chemical and Natech accidents. Overall, they acknowledged the

game as a meaningful educational tool with scores that reflected their comments.

5.6 Discussion

5.6.1 Learning Outcomes

First and foremost, as evidenced through the survey results and the group discussion,
EGNARIA exposed the majority of players to a completely new concept for them: Natech accidents.
Despite the limitations imposed by our attempt to provide a simplified introduction to an
inherently complex issue (Shimizu & Clark, 2019; Eisner, 2014) the game seems to have achieved in
creating an immersive scenario-based environment that facilitates experiential learning (Kolb,
2014). Similar to other round-based, DRM-related serious games (de Ruiter, Couasnon, & Ward,
2021; Mossoux et al., 2016; Cremers et al., 2015), EGNARIA’s game design encourages learning-by-

doing and invites players to experiment and develop dynamically their strategies taking into
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consideration others’ decisions and the in-game events. Furthermore, as players mentioned,
EGNARIA enhanced their spatial awareness concerning chemical accident risks and nudged them
to reflect about the real-world conditions, agreeing with previous research findings (M.Nazry &
Romano, 2017; Cremers et al., 2015). Overall, our findings about the usefulness of serious games in
a DRM setting align with previous studies (see Solinska-Nowak et al., 2018) and confirm their
effectiveness in explaining complex technical concepts to broader audiences (Yamaguchi et al.,
2018).

Moreover, the use of an abstract setting for the game seems to have not distracted players
so much as to become detrimental to the reflective process, thus allowing them to juxtapose their
personal experiences and understandings. These findings agree with other DRM-related serious
games that utilised a similar approach (de Ruiter, Couasnon, & Ward, 2021; Mossoux et al., 2016;
Cremers et al., 2015). As Solinska-Nowak et al. (2018) noted, learning in DRM-related, role-playing
games is dependent on the level of immersion and active participation of all players. As evidenced
by the survey results and commented by players during the debriefing, they became quite
absorbed by their roles and tried to strike a balance between pursuing their individual interests
and the community’s needs during the game. Additionally, the game master was at a position to
function as an external discussion moderator during the deliberation phases in the game, allowing
them to encourage the active participation of all players. Previous face-to-face DRM-related games
with an analogous facilitator role discovered equally successful findings with this method (de
Ruiter, Couasnon, & Ward, 2021; Mossoux et al., 2016).

EGNARIA is designed in such a way to be played in several rounds and allow players to
gradually grow more accustomed to the idea of Natech accidents, consider appropriate
preparedness actions and revaluate their informational needs. Naturally, there is a steep learning
curve for EGNARIA players, such as community members, that may be unfamiliar with the concept
of Natech accidents or are introduced for the first time to the terminology. However, as the first
round starts, players are required to make important decisions about house location or resource
usage and so confront this challenge early on. Although this was originally noted as a game
limitation by the participants, this procedure seemed effective in creating a fertile ground for
critical thinking that can eventually help the community members to better understand their
environment, the potential hazards they have in their vicinity and the importance of cooperation
among all stakeholders. Previous DRM-related serious games that adopted such an approach

reached similar conclusions (Mossoux et al., 2016).
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5.6.2 EGNARIA as a Game

Overall EGNARIA was regarded as an enjoyable and fun activity. Participants would
generally recommend it to others. They reported that they had fun, were substantially engaged
through the process and were immersed in their roles as ‘citizens’, ‘community leaders’ and
‘industry managers’. Players seemed sufficiently stimulated through unexpected, random hazard
events and their consequences throughout their gameplay with the scenarios they faced, which
contributed to their general satisfaction (Mossoux et al., 2016; Pereira, Prada, & Paiva, 2015; Bogost,
2008). At the same time, the round-based format that alternated between collective decision-
making, group voting, individual consequence estimation and scenario determination was highly
appreciated by the players, as it provided them with a structured, yet dynamic, process that
retained their level of engagement throughout. The phases of investment deliberation provided
excellent opportunities for participants to reflect on the DRM practices and contribute from their
perspective to the debate, as with other discussion-based DRM-related games (see e.g., Mossoux
et al., 2016; Cremers et al., 2015; Yamori, 2008).

In addition, participants had high expectations for EGNARIA before the workshop, and
expected to perform well and learn through playing. Our results demonstrated that these
expectations were mostly met. The ease of understanding, level of engagement and challenge of
the game were all evaluated as above average, while in terms of the educational aspect, EGNARIA
was highly appreciated for its subject, the degree of freedom in player choices and level of realism.
However, It should be noted that participants were positively pre-dispositioned towards learning
through games originally; approaching the activity with a mindset open to acquiring new ideas and
information can certainly enhance the effectiveness of the educational tool (Kolb, 2014). Thus, the
game may have limited impact if met with scepticism and disinterest from participants at a multi-
stakeholder or community workshop in real life. In this vein, it is important for risk communicators
to carefully consider the audience prior to the application of EGNARIA or other similar serious game,
and rather incorporate it in a comprehensive risk communication strategy.

The gameplay itself was noted as moderately intuitive for participants. However, as they
discovered more about the systemic linkages involved in Natech risk management, their
perspectives changed for the better. In any case, this is a known issue with DRM-related serious
games that are intended for a broader audience (Taillandier & Adam, 2018). More importantly,
EGNARIA presents significant challenge from a workshop facilitation perspective. It is arguably very
complex by design and requires an in-depth comprehension of its game mechanics by the game
master in order to run smoothly. Additional assistants are also recommended. Nonetheless, this is

another issue that is not unique to this approach (see e.g., Mossoux et al., 2016). Finally, the
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deliberation process is highly dependent on the participants personalities and group dynamics. Our
workshop participants did not have any conflicting interests, but this might not be the case if this
method is employed for a multi-stakeholder community workshop in which representatives of
governments, businesses and everyday citizens are invited to participate. Therefore, DRM
practitioners need to pay due attention in establishing a calm and respectful discussion

environment (Mossoux et al., 2016; Clerveaux, Spence, & Katada, 2010; Clerveaux & Spence, 2009).

5.6.3 EGNARIA as a Tool for Natech Risk Communication

Many DRM-related serious games target younger audiences and have been designed to
raise awareness about a single or a group of hazards and share information about disaster
preparedness measures and protective actions in a simplified way (see e.g., Tsai et al., 2020; Pereira,
Prada, & Paiva, 2015; Clerveaux, Spence, & Katada, 2010). On the side of the spectrum, there is a
growing number of DRM-related serious games for more mature audiences, aimed at
experimenting with various DRR strategies and stakeholder interactions or exploring multiple
hazards and systemic risks (see e.g., de Ruiter, Couasnon, & Ward, 2021; Mossoux et al., 2016;
Cremers et al., 2015). EGNARIA falls in the latter category of such serious games, and takes on the
challenge of raising awareness about Natech accidents and generating a discussion among
stakeholders about Natech risk communication and management strategies.

In contrast to other multi-hazard serious games in the past, EGNARIA is the first game—to
the best of our knowledge—developed specifically to explore and communicate the complexities
of Natech scenarios, i.e., chemical accidents caused by natural hazards. The game features
different types and intensities of triggering natural hazards with context-dependent consequences,
and multiple chemical release scenarios. Furthermore, it provides players with a high degree of
freedom through diverse preparedness actions at both an individual and community level with
various synergies among them. Finally, the game places great emphasis on collaborative decision-
making for DRM and access to chemical risk information incorporating them as key gameplay
mechanics.

The promising results of our trial application can be considered as proof of concept for this
novel serious gaming approach for Natech risk communication. Many players were introduced to
the concept of Natech accidents for the first time, and according to their comments, gained an
overall understanding of their potential consequences and how they can collectively manage this
type of risk. With respect to the narrative of STOPS (Kim & Grunig, 2011), players became more
concerned about Natech accident risks as problems that can affect them personally and need to
be resolved through proactive communication, particularly through seeking information and

forwarding it to others. Cremers et al. (2015) observed a similar activeness in players’ intended
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communication attitude after the trial of their serious game, noting an increased motivation to
search for information and discuss with others. Moreover, participants seem to have obtained
more ideas about how to address this issue after playing EGNARIA, which probably accounts for
the increased activeness in information selection behaviour reflected through our survey results.
Workshop participants seemed to have a better grasp of the topic after the game session, which
led to ‘stricter’ selection criteria for information about Natech accident risks that—according to
their individual understanding—contribute to a solution and are worth searching for and
transmitting to others.

Considering our findings about Natech risk perception, it was no surprise that the general
concern about the perceived severity and likelihood of such technological accidents was initially
high. Indeed, Natech accidents are typical high-impact/low probability technological risks (Masys
et al,, 2014), and so people usually perceive them as highly unfamiliar and dreadful risks with long-
term consequences (Slovic & Weber, 2002). However, players noticed a change in their perceptions
about chemical and Natech accident risk after the game, particularly with respect to their personal
exposure. Likewise, the spatial variation of exposure and consequences of Natech accidents was
a recurring point during the discussion, and also exhibited the largest change in terms of
awareness based on the survey results. Apparently, the scenarios players faced in EGNARIA
effectively demonstrated that large-scale chemical accidents caused by natural hazards can
potentially have severe consequences on human health and affect a considerable part of the local
community. For example, a toxic cloud in the EGNARIA, conditional to the weather parameters,
could affect areas that would not be impacted by a tsunami of moderate intensity. This is also a
probable explanation for the observed discrepancy in players’ perceived likelihood of Natech
accidents nearby locations where they live/work, and additionally the perceived Natech accident
exposure in our results.

Interestingly, players demonstrated a noteworthy increase in terms of perceived self-
efficacy in staying safe in case of a Natech accident. While EGNARIA includes a rudimentary
mechanic of emergency response (i.e., players decide between sheltering-in-place or evacuating
at a shelter), the game does not provide factual information or detailed descriptions of emergency
actions. Similar to other DRM-serious games (Cremers et al., 2015), EGNARIA intends to stimulate
discussion and knowledge exchange among players regarding appropriate preparedness
measures for Natech accidents as well as potential implementation challenges (e.g., resource
allocation, consensus-building). In this respect, our approach aims at increasing awareness about
potential DRR strategies, which would in turn motivate and guide interested individuals to seek

additional information about the potential chemical risk, preparedness measures and response
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actions. Besides, appropriate response actions to chemical accidents are highly context-specific
and depend on the actual hazardous substance and the release conditions. Incorporating such
elements would conflict with the abstract and relatively simplified game design of EGNARIA that
accommodates non-expert audiences, among others. Nonetheless, raising awareness about
general concepts such as community preparedness drills, sheltering-in-place or protective
equipment against harmful chemicals, can enhance substantially disaster preparedness by
familiarising and mentally training individuals to understand and respond appropriately to
emergency warnings in relevant scenarios (Sufri et al., 2020).

Access to chemical risk information was literally a game-changer for players. As they
commented, players experienced first-hand what significant implications information disclosure
had on their individual preparedness choices, how it shaped public deliberations and stakeholder
interactions, and further how it facilitated a more efficient and fair spatial distribution of resources.
The core message of EGNARIA is that disaster risk communication offers a way to empower
community members at risk to make informed decisions in order to protect themselves and their
properties (Bradley, McFarland, & Clarke, 2014). We would argue that the feedback we obtained
reflects the intended purpose of EGNARIA, and provides evidence for the effective communication
of this message to non-experts in DRM. On the other hand, participants judged all types of Natech
risk information as equally very important before the game with only a slight increase afterwards.
Considering our quite educated sample, however, it was no surprise that participants deemed
access to information about chemical substances, exposed areas, preparedness training,
evacuation shelters and other emergency management plans as critical for their safety. Even so,
we would argue that EGNARIA managed to persuade a couple of players to upgrade their perceived
level of importance for such chemical risk information during their playthrough.

Perhaps more importantly, players noted that EGNARIA piqued their interest to learn more
about and understand better both chemical and Natech accident risks. Past DRM-related serious
games aimed at raising risk awareness (Mossoux et al., 2016; Cremers et al., 2015) also reported
analogous findings. Furthermore, EGNARIA was received as meaningful educational tool of
particular value in educating communities. Participants noted the game’s potential to generate a
discussion among stakeholders about preparedness strategies against chemical and Natech
accidents. The immersive scenarios allowed participants to familiarise with the idea of Natech
accidents, explore risk management strategies from the perspectives of community, government
and industry, as well as participate in a collaborative decision-making process about DRM. In this

regard, our results indicate that EGNARIA succeeded in creating an imaginary world where players
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could simulate a process of co-management and co-production of knowledge among all community
stakeholders (Shimizu & Clark, 2019).

EGNARIA aspires to create a ‘communicative space’ (Okada, 2021), which will generate and
encourage a discussion around the subject of Natech risk management. In this respect, our findings
demonstrated that EGNARIA can raise players’ awareness about Natech accidents and excite their
interest for chemical risk information, which seems to motivate them to communicate proactively
about DRR measures. Considering the above, we would argue that EGNARIA can be used as a way
of cultivating such a ‘communicative space’ (Okada, 2021) among community stakeholders.
Therefore, it could serve as a ‘boundary object’ (Chabay, 2018) through which players are invited to
discover by themselves the importance of community participation and chemical risk information
disclosure, while offering them a new perspective to understand the environment they live in and
the potential risks they are subject to. Risk communicators can implement EGNARIA in a multi-
stakeholder workshop in order to introduce a public debate about Natech risk management and
engage a relationship-building process.

After all, EGNARIA is a persuasive game (Jacobs, 2018; Bogost, 2007) aimed at highlighting
the significance of chemical risk information disclosure and generate a discussion about
community participation in Natech risk management. In this respect, we discovered that our
intended message concerning the value of chemical risk information disclosure came across.
Players seem to have been confronted with the issue of chemical risk information deficiency
multiple times throughout their gameplay, both individually and as a community, even
contemplating ethical implications at times. Therefore, we would argue that EGNARIA seems to
follow the ‘risk dialogue’ paradigm (Wardman, 2008) with regard to Natech risk communication.
According to our findings from the discussion and the survey, the game seems to improve the
understanding of all players by raising awareness about Natech accident risk, community
vulnerabilities and potential preparedness measures in order to facilitate symmetrical risk
communication (Grunig, 2018; Ni et al., 2015) and risk-informed decision-making (i.e., normative)
(Wardman, 2008; Fiorino, 1990). Additionally, EGNARIA invites participants to contribute to a public
debate concerning Natech accident risk and collaboratively decide about the management

strategies (i.e., substantive) (Wardman, 2008; Yamori, 2008; Fischhoff, 2005).

5.6.4 Limitations and Further Development

Regarding the limitations of the workshop, the context in which EGNARIA was first applied
to, the following points should be mentioned. First, due to logistic limitations, the participants
were not actual community members or stakeholder representatives. Additionally, their

educational level was considerably above average—since all of them came from a university
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environment—and the mean age was low compared to the Japanese reality. Considering that
EGNARIA is intended to function as a Natech risk communication tool for communities, this study
recognises sampling bias and under-coverage error as caveats concerning the generalisability of
our results (Waterfield, 2018). Similar to other DRM-related game trials (Cremers et al., 2015), we
speculate that different target groups will probably provide different survey results, and in this
regard further research is needed to assess the impact of this serious game in various contexts. In
fact, we would argue that EGNARIA can have an amplified impact if played with local community
members.

Another limitation related to our sample is that the number of participants did not allow
for robust statistical analysis of our questionnaire survey data. However, a group of nine (9)
individuals is within the recommended number range of participants for a focus group discussion
(typically between six and twelve), allowing for a plurality of opinions and in-depth analysis of
arguments (Bernard, 2017; Krueger & Casey, 2014). At the cost of statistical robustness, this
approach facilitated our debriefing discussion session after the game during which we were able
to collect valuable qualitative data for EGNARIA’s assessment. In any case, future trials of EGNARIA
are invited to use the developed questionnaires to systematically gather more data for its
evaluation, and perhaps even conduct comparisons across various target groups.

Moreover, due to COVID-19 restrictions the participants had to respect social distancing
measures (e.g., wear masks) and engage in a more confined manner. Although this is not expected
to have impacted the overall impressions of players about the EGNARIA, it may have somewhat
constrained their interactions during the investment deliberation phases. Based on what we
observed, the atmosphere was friendly and relaxed in general, but we cannot help but wonder
whether discussions would have been more animated under different conditions.

Anotherissue is related to the assessment of EGNARIA’s impact in the long-term. Following
a research design of similar past studies (see e.g., de Ruiter, Couasnon, & Ward, 2021; Mossoux et
al., 2016; Cremers et al., 2015), at this stage we have conducted a quasi-experiment with a pre- and
post-game survey just a few hours before and after the actual game session. It can be argued that
the expressed players’ motivation to learn more and communicate about Natech accidents may
fade over time. Actually, Nakano et al. (2020) have highlighted this rather common shortcoming of
educational activities and have concluded that comprehensive education plan and continuous
efforts are needed to maintain individual’s proactive attitudes toward disaster education over the
long-term. Indeed, more research is required on the evaluation of serious games’ impact over long

periods of time (Solinska-Nowak et al., 2018). Follow-up studies may utilise the developed survey
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instruments to assess players’ perceptions and communicative behaviour over longer intervals in
the future.

As far as the game itself is concerned, a major challenge of EGNARIA was achieving a
balance between simplification and realism. As mentioned earlier, certain ‘interpretations’ of real-
world Natech accident mechanisms as well as DRR measures had to be presented in a more
comprehensible and generalised way. For instance, we have only included three (3) hazard
intensity levels, while we assume only predetermined chemical release scenarios and we do not
describe in particular what seismic retrofitting would actually entail. Such elements are meant to
stimulate discussion and create an ‘appetite’ to discover more information, rather than convey
immediately applicable information. However, this issue is inevitable when it comes to DRM-
related serious games that target broader audiences (Solinska-Nowak et al., 2018; Taillandier &
Adam, 2018; Mossoux et al., 2016). Naturally, approaches that avoid technical terms or complex
systemic linkages have limited value for DRM experts. In our case, while players noted certain
simplified mechanisms, they still appreciated hints of realism in the game, such as the randomness
(via dice rolling) involved in income and chemical accident scenario determination. Therefore,
based on the participants’ evaluations and the purpose of the serious game, we would argue that
EGNARIA performed satisfactorily in this aspect.

Moreover, EGNARIA is an intricate serious game and needs a facilitator who is quite familiar
with the game mechanics in order to run the workshop and guide the discussion afterwards.
Additionally, due to the uniqueness of the DRM topic, the organisers need to be knowledgeable
about Natech accidents in order to support players during their playthrough and answer their initial
questions. So far, the EGNARIA has been implemented only by the original developers, and thus
special training may be required for future researchers and/or practitioners interested in this
workshop method. In order to assist in this regard, an EGNARIA instruction manual has been
created for future use.

On top of that, the activity is quite lengthy overall. EGNARIA is not suitable for workshops
with an overall duration of less than three (3) hours, especially considering that the set-up and
‘warm-up’ rounds require a detailed explanation of rules to participants and therefore progress
quite slowly. A game session is recommended to have at least three (3) full rounds so that players
can experience various Natech accident scenarios with each iteration of the DRM cycle. From our
development trials, some participants suggested that having some extra time to play more rounds
might help them understand the game and its systems even better. Indeed, following the
recommendation of Mossoux et al. (2016), a practicable strategy for risk communicators would be

to organise multiple workshops and focus on different aspects of the game each time. For example,
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at the first workshop, one would start by playing EGNARIA and then discussing about the Natech
accident mechanisms; in the next workshop, the post-game discussion could concentrate on
chemical information disclosure; and at the following one, on community DRR and preparedness
measures.

EGNARIA’s fruitful first trial application provided inspiration for potential improvements of
the game in the future. The original version of the game takes place the imaginary city of Egnaria
and was developed considering an earthquake-prone and tsunami-prone coastal region, and with
specific chemical substances. This abstract approach has arguably its merits when it comes to the
implementation of EGNARIA with participants from diverse backgrounds. However, the main
gameplay mechanics could be easily adapted to accommodate the needs of particular target
groups. Going forward, EGNARIA’s mechanics can be updated to include more and/or different
types of chemicals or triggering natural hazards, so that the participants will be introduced to
various chemical scenarios that may be directly related to their reality. For example, future versions
of EGNARIA can be created with reference to other types of environments, including geographic
elements such as mountains or rivers that correspondingly introduce landslide and flood hazards,
or even simulate the geographic and hazard profile of a specific, real-world region for the in-game
scenarios. Moreover, the current version includes only generic categories of game roles. With a
cautionary note against creating an overwhelmingly complex game, future versions may explore
the possibility of adding fictitious personality profiles or everyday scenarios for the ‘citizens’ of
Egnaria. For instance, players could follow additionally unique instructions based on ‘mission cards’
or ‘character sheets’ that would immerse them in more realistic situations within each round and
would restrict their available emergency actions. Additionally, EGNARIA’s materials can be
translated from the original English version in other languages with respect to specific terminology
in order to enhance the game’s accessibility to broader audiences and contribute further to citizen
accessibility and translation of science.

Finally, even though players were pleasantly surprised by the educational potential of such
a fun activity, as they mentioned, we cannot claim that EGNARIA functions as a standalone, all-
encompassing teaching tool that could substitute disaster education for Natech accidents. Instead,
acknowledging the limitations of DRM-related serious games (see Solinska-Nowak et al., 2018) in
consideration of risk communication, this approach is intended to complement broader Natech
risk awareness and communication strategies and frame an open dialogue that fosters a co-
learning process for communities (Shimizu & Clark, 2019; Okada, 2018); it is designed to introduce
the public risk debate around Natech accidents and provide stimulus for participatory DRM and

community engagement. Thus, supplementary material with more detailed information about the
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characteristics of Natech accidents, hazard exposure and associated vulnerabilities can be
developed in the future that would help participants better understand Natech accident and

contribute proactively to the public risk debate.

5.7 Conclusions

This study proposed and developed EGNARIA: an Educational Game for Natech Risk
Awareness. It is a novel, educational, role-playing board game considering earthquake and tsunami
scenarios that might cause subsequent chemical accidents. In this serious game, players try to
survive by taking disaster preparedness actions and responding correspondingly to the natural and
chemical hazards they face. The game has been designed to raise community awareness about
Natech, and generate a discussion among stakeholders about risk management strategies,
chemical information disclosure and risk-informed decision-making concerning Natech accidents.
Additionally, this study proposed the use of STOPS as an interpretative framework that could be
incorporated in evaluation methods for DRM-related serious games and could assist with
measuring changes in players’ behaviour with regard to risk communication about Natech
accidents.

For our study, in order to assess EGNARIA’s impact on participants’ perceptions and
communication behaviour regarding Natech accident risk, a quasi-experimental design was
employed with a questionnaire survey before and after the trial application with university
affiliates. The preliminary findings from the game trial suggest an overall positive reception from
participants as an engaging, educational tool to introduce communities to Natech accident risk and
discuss about its management. Participants noted that the game raised their awareness about
Natech accidents, highlighted the importance of community participation and chemical
information disclosure, and positively affected their intentions to actively search for and share
information about Natech risk. Overall, EGNARIA proved to be a fun, informative and stimulating
DRM-related serious game.

Concluding, we should reiterate the significance EGNARIA, since it is the first serious
game—to our knowledge—specifically developed for raising risk awareness about Natech
accidents. The trial application of the game provided promising findings about its impact, which
serve as proof of concept for further development and implementation of EGNARIA as a risk
communication tool to support DRR education programmes. By filling a research gap in the
emerging field of Natech risk communication, EGNARIA aspires to be used as a participatory DRM
tool for communities that stimulates the discussion around risk information disclosure and
chemical accident preparedness. Future DRM researchers and practitioners are welcome to

implement, experiment and expand on this serious game in the future.
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Chapter 6 Conclusions

This research set out to expand our current understanding of Natech risk communication
through a cross-national, comparative study on how citizens communicate about Natech risk
information disclosure, and also by proposing and developing a serious gaming approach for
Natech risk communication and community involvement. More specifically, this study ventured to
explore the communicative behaviour and perceived challenges of households in Japan and S.
Korea concerning the issue of Natech risk information disclosure. We focused on identifying the
determining factors that affect community perceptions and communicative behaviour with
respect to chemical and Natech risk information disclosure, and further evaluate any influences
from sociocultural dimensions. Moreover, the study designed and tested EGNARIA, a novel serious
game for Natech risk communication. This educational game offers an experiential, co-learning
method to introduce and enhance Natech risk communication and collaborative decision-making
among stakeholders, targeted at raising awareness and literacy about Natech accident risk,
appropriate preparedness measures, and the importance of risk information disclosure.

As determined from the academic literature (Chapter 2), much emphasis is placed by
scholars and practitioners upon effectively addressing public concerns through the creation and
enhancement of a cooperation environment between institutions and communities, based on
transparency and meaningful communication. While there have been a few notable regulatory
frameworks over the years (e.g., see EPCRA or the Seveso Directives), international organisation
calls for further advancements concerning chemical risk information disclosure are more relevant
than ever. Chemical risk communication gains particular importance in view of right-to-know
initiatives that not only enhance community capacity-building to better prepare against chemical
accidents, but also empower them to contribute to the public risk debate and proactively
participate in risk management. Furthermore, a comparison between the Korean and the Japanese
legislation systems revealed a gap of the latter in terms of community right-to-know initiatives for
chemical risk information disclosure. Finally, previous research efforts revolved mainly around
understanding risk perceptions for technological accidents, and so there is a growing academic
interest for further research on individuals’ communicative action patterns, especially considering
the emerging field of Natech risk communication.

Chapter 3 started by framing the lack of Natech risk information as a cognitive meta-
problem that stems from the original, underlying Natech accident risk. Individuals perceive this
meta-problem and, according to the purposeful communication narrative of STOPS, become
motivated to communicate and overcome it. In this context, this research first set out to

investigate the individuals’ situational perceptions and communicative behaviour concerning the
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issue of Natech risk information deficiency to understand the underlying influential factors.
Attempting to identify and analyse any potential divergences in how individuals from comparable
sociocultural contexts, but embedded in different chemical risk governance systems,
communicate about Natech risk information disclosure, we conducted a cross-national,
comparative study between Japan and S. Korea. Literature review revealed that there are only a
few cross-national risk perception and communication studies that focus on comparisons between
Asian countries, which essentially further enhances the academic significance of this study.
Moreover, Japan and S. Korea prove to be good candidate countries based on past research,
because of their relative similarities in terms of organisational culture. Considering the nature of
our enquiry, we turned to audience-based risk communication approaches in order to focus on
how citizens receive and respond to chemical risk communication messages. Public relations
offered a fresh conceptualisation through STOPS that allowed us to capture situational motivation
and analyse the communicative behaviour of individuals concerning the issue of Natech risk
information disclosure. Furthermore, we employed OPR dimensions so as to measure how trust
and perceived decision-making power-sharing affect citizens’ perceptions and motivation to
communicate, and looked at additional, potentially influencing factors such as Natech accident risk
perception, certain social norms and perceived drawbacks of chemical risk information disclosure.

We collected data from households near prominent industrial parks in Osaka and Kobe in
Japan, and Yeosu, Suncheon, Gwangyang and Ulsan in S. Korea. The originality of our approach to
such a delicate topic, required a careful evaluation of the methodological tools employed. Hence,
our investigation begun from exploring a few key factors that have an impact on the subsequent
analysis methods. The preliminary analysis revealed certain differences between the demographic
profiles of our two samples that warranted further examination. As far as the performance of the
structural equation models is concerned, the analysis exposed some validity concerns for the
latent construct of constraint recognition, but the overall goodness-of-fit for the STOPS and OPR
models was deemed satisfactory. Group comparison, result interpretation and hypothesis testing
were conducted in the following part of the chapter. For both samples, the STOPS model
confirmed that citizens’ perceived problem severity and personal involvement correlated
positively with their situational motivation to communicate, while constraint recognition
significantly reduced it. Furthermore, situational motivation seems to be the main driver for
communicative action for the meta-problem of Natech risk information deficiency, as originally
conceptualised. Additionally, all auxiliary hypotheses that were tested in order to assess the
validity of STOPS were confirmed. Also, our evidence suggested that trust in government and

business organisations and perceived decision power-sharing seem to have a positive effect on
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citizens’ situational motivation to communicate about Natech risk information disclosure. Our
survey comparisons revealed that Natech accident risk is perceived as a significant issue in Japan
and S. Korea. However, even though households from both countries recognise the meta-problem
of Natech risk information deficiency as concerning, Japanese are significantly more constrained
in addressing it through communicating. In contrast, Korean respondents seemed to be more
communicatively active about it, and more confident in responding to potential Natech accidents.
We argue that the chemical risk information regulation framework in S. Korea has probably
contributed positively in alleviating the meta-problem of risk information deficiency. Moreover, we
observed that both organisational trust and control mutuality were substantially increased in S.
Korea. Concerns such as a negative impact on the local economy or distrust towards businesses
and risk managing authorities, were noted among others as significant challenges for Natech risk
communication. Finally, participants were segmented into four types of publics, according to their
situational perception about the problem. More than eight out of ten Japanese and Korean citizens
expressed high motivation in engaging in communicative actions pertaining to the Natech risk
information deficiency problem. The practical implications for policymakers considering the
evidenced community ‘appetite’ for chemical risk information entail regulatory reforms that
enhance transparency and encourage citizen engagement.

In Chapter 4, we explored in more depth the decisive sociocultural factors that potentially
shape public perceptions concerning the problem of Natech risk information deficiency. Based on
the same meta-problem framing introduced in the previous chapter, this study attempted to
contribute to the risk perception literature from the emerging perspective of Natech accident risk.
We utilised the data from the cross-national household survey around prominent industrialised
regions of Japan and S. Korea in order to assess the effects of factors such as gender, age,
household size, income and educational level on individuals’ situational perceptions through the
interpretative framework of STOPS. Aligning with the findings of previous studies, the results of
our regression analysis indicated in general weak and insignificant effects, except for gender and
age that suggested respectively negative and positive influences on individuals’ perceptions and
motivation to communicate. The implications of the institutional differences between the two
countries emerged once again as potential deciding factors within the sphere of chemical and
Natech risk communication.

Lastly, Chapter 5 introduced EGNARIA: an Educational Game for Natech Risk Awareness, a
novel, educational, role-playing board game to raise Natech risk awareness. Considering the
evidence from our previous analysis suggesting that individuals are motivated to become informed

and communicate about Natech accident risk, and aligning with the current risk communication
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paradigm which promotes participatory approaches that extend the disaster risk management
discourse to the involve the public, this research explored the potential of serious gaming for
Natech risk communication. The game was designed with the aim of raising community awareness
about Natech, and generating a discussion among stakeholders about risk management strategies,
chemical information disclosure and risk-informed decision-making concerning Natech accidents.
In order to assess its impact a quasi-experiment with Kyoto University affiliates was conducted,
utilising a survey based on STOPS measures—among others—to understand the game’s influence
on the participants’ communication behaviour regarding Natech risk. The preliminary findings from
the game trial suggested an overall positive reception from participants as an engaging,
educational tool that can be used to introduce communities to Natech accident risk and discuss
about how it is managed. Participants noted that the game raised their awareness about Natech
accidents, highlighted the importance of community participation and chemical information
disclosure and positively affected their intentions to actively search for and share information
about Natech risk. Therefore, EGNARIA seemed to fulfil its intended purpose, offering a new
serious game-based approach for Natech risk communication that aspires to become a useful tool

for disaster risk management researchers and practitioners.

6.1 Limitations

This study attempted to identify and address methodological issues throughout the
research process, especially so in view of the conceptual framework used for the cross-national
comparison. As explained in Chapter 3, STOPS was employed for the first time in the context of
pre-event risk communication and for the purposes of a cross-national comparison within the area
of Natech risk communication. This actually elevated the importance of testing the performance
of the STOPS model to a secondary academic pursuit. The arguments for the consideration of
STOPS as a valid measure to assess residents’ communicative behaviour for chemical and Natech
risk communication in the Japanese and S. Korean sociocultural context have been highlighted
accordingly. As one of the very few studies in the emerging field of Natech risk communication, we
hope the findings of this research can contribute to delineating directions for further investigations.
At the same time, however, several drawbacks arose during our analysis that should be discussed
here with an outlook to future research.

First and foremost, adopting a conceptual model as a representation of the reality is
debatable. Several researchers find such positivistic approaches questionable. Irrespective of the
statistical assessment of the model’s ability to explain the variance observed in the dataset, there
may be influencing factors that have been excluded from the analysis. This study acknowledges

that the original conceptualisation and application of STOPS in the given context might have
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omitted important factors. In any case, the empirical validation of the model does not suggest
confirmed causal relationships among the variables under investigation. This framework
constitutes an approach to comprehend the citizens’ perceptions about the problem of Natech
risk information deficiency, not a depiction of the actual multifaceted situation. Additional research
is needed to delineate a more comprehensive picture of the potential influencing factors for
Natech risk communication; perhaps future works may consider expanding on the presented
STOPS and OPR models used in this study by borrowing conceptual constructs from other
approaches or proposing new ones.

Then, there were issues with the observed variables. For instance, the latent variable of
Constraint Recognition (CR) never achieved the required construct reliability threshold, even after
dropping the most troublesome item. Despite falling just short of the strict reliability thresholds, it
was retained in the application of the STOPS model in order to better understand and compare
Natech risk communication challenges between Japan and S. Korea. Nonetheless, this limitation
may stem from the measurement tool, and more precisely the item phrasing, rather the conceptual
framework itself. Arguably, asking citizens ‘what are your perceived obstacles in resolving this
problem’ for a convoluted and multifaceted issue such as Natech risk information disclosure with
a mere three questions expecting straightforward results is quite ambitious. Even the different
data collection methods (post mail in Japan versus online survey in S. Korea) may have created
additional challenges in this regard. Future research is advised to pay attention on how perceived
obstacles about this subject are carefully measured to overcome such drawbacks.

Moreover, there was no intention of conducting a cross-cultural study that would involve
sociocultural constructs, and would focus on comparing the two samples, even at a national level.
Arguably, our approach combined responses from individuals of different sociocultural
backgrounds, and so introduced—inevitably—some culture-specific biases. We acknowledge that
our efforts to address this issue with the introduction of a single control variable are far from
optimal. Our questionnaire survey was already quite long and would not allow us to include extra
items for sociocultural measures without risking overburdening our respondents. In this respect,
this research topic would greatly benefit from a full-fledged cross-cultural study that would
incorporate sociocultural dimensions to effectively capture and disambiguate their influences on
the situational variables.

Furthermore, as far as the cross-national comparison is concerned, we did not optimise our
sampling method in pursuit of more representative population samples that would permit
generalisations and a comparison at the national level between Japan and S. Korea. In contrast,

we opted for rather technical criteria, targeting households under immediate risk from a potential
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Natech accident at the neighbouring industrial facilities. Resource limitations did not permit the
implementation of a sampling strategy that would simultaneously control for the location and the
demographic profile of respondents, thus resulting in notable demographic discrepancies
between the two samples. Hence, future researchers are encouraged to investigate the topic using
different sampling techniques (e.g., stratified sampling) based on demographic criteria (e.g.,
gender, age, education, income, and so forth), especially if aiming for accurate inter-group
comparisons across regions. Finally, our study did not explore the potential influence of survey
participation incentives on the quality of responses in an opinion questionnaire about disaster risk
communication and perception. Likewise, more studies are required to appreciate the effects of
such aspects.

Considering the research limitations pertaining to the EGNARIA’s trial application we have
to note the lack of population representation. Due to practical restrictions, our sample included
only highly-educated, young individuals, and as such cannot be considered as a community
workshop trial under realistic conditions. Moreover, an individual trial with only nine participants,
although allowed for an in-depth group discussion of the game’s learning outcomes, provides
arguably little support to EGNARIA as a tested community workshop method. Even though our
preliminary evidence serves as proof of concept for this novel—yet promising—Natech risk
communication tool, further trials in various real-world, community settings are needed to
establish its success as a participatory Natech risk management approach.

As with any research project, there are numerous challenges one must face in order to
complete the involved tasks; some of them may be successfully circumvented, but compromises
are sometimes inevitable. It is noteworthy however, that the level of difficulty in identifying and
overcoming these challenges is raised substantially in pioneering approaches. Prior scientific
knowledge applicable to an innovative method is scarce and cannot serve as a reference point in
order to better identify and address issues. Part of the limitations of this study can actually be
attributed to this argument. As explained above, this attempt is not perfect, but given the

circumstances it constitutes an admirable first try. Refinement of the methods is needed, of course.

6.2 Research Outlook
Chemical and Natech risk communication can be a fertile ground for new research, since it
has not received much academic attention so far. Japan is not the first and certainly not the last
country that faces risk communication challenges pertaining to community right-to-know and
information disclosure. Furthermore, by riding on this new wave of participatory, bottom-up
approaches in risk management, future researchers are encouraged to explore risk management

issues from the perspective of the community. As indicated by the literature review the subject has
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been touched upon mainly from the standpoint of risk perception, but since risk communication is
the vital element, perhaps public relations approaches, similar to this, deserve as much of a chance.
Moreover, more qualitative research approaches may help to disentangle the issue of Natech risk
communication and information disclosure, especially when attempting to disambiguate and
analyse its complexity from a lay public and community perspective. Also, this study did not
consider particularly the sources or the channels of risk communication and what effect they may
have on the public’s perceptions and communicative behaviour. Future studies may investigate
how individuals seek out and exchange information about Natech risk and whether different
communication channels affect their behaviour. Further research to expand our understanding on
how Natech risk information is processed and what are the motivating factors that lead to
preparedness and protective actions is equally important from a risk reduction standpoint.

An invaluable trait of STOPS, as demonstrated through this study, is the dynamic for
comparative studies. Expanding on this, a more in-depth analysis of the individuals’ communicative
behaviour patterns can be conducted using STOPS as a research framework to collect data from
different regions within Japan or even across the globe. Findings can then be compared against
the results of our study in order to better understand citizens’ communicative attitude towards
chemical risk information disclosure, and perhaps even delineate any emerging patterns. Likewise,
future studies can examine whether foreign residents and tourists have different opinions
concerning Natech risk information disclosure, considering their diverse cultural background and
potential communication difficulties. Foreigners were not the target of this current survey and thus
were vastly underrepresented. Furthermore, as evidenced by this study, the effect of the
sociocultural environment on this chemical risk information ‘appetite’ should not be neglected by
future researchers. Thus, going beyond our comparison between Japan and S. Korea, STOPS offers
a great opportunity for cross-cultural studies across other countries that would elucidate how
culturally different mindsets approach the issue of Natech risk communication.

Apart from the research opportunities presented by the application of STOPS, the actual
issue of participatory risk management is also worth of academic attention. In particular, engaging
the community is only part of the whole process, which involves governments and businesses, as
well. Therefore, the challenge still lies in investigating whether there are significant ‘resistances’
to publicly disclose chemical and Natech risk information from the perspective of the
administrative institutions and the industries and what are they attributed to. Improving
organisation-public relations seems to contribute in the direction of participatory risk management,
however, more research is needed in order to better appreciate the underlying effects of such

elements in shaping risk perceptions and fostering risk communication practices. Similar to the
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Natech risk communication field, implementation science for Natech risk management is still at its
infancy; this leads us to the following point.

Considering future directions of the serious game, further trials are needed in order to
assess its impact on communities, with special attention to population representation—as
explained. The original version of EGNARIA was developed in English, considering an earthquake-
prone and tsunami-prone coastal region, and with specific chemical substances. For future
applications, EGNARIA can be updated to include more and/or different types of chemicals or
triggering natural hazards, so that the participants will be introduced to different chemical
scenarios related to them. Also, a different version of EGNARIA can be created with reference to
another environment or geographic area. Likewise, EGNARIA materials can be translated in other
languages with respect to specific terminology in order to enhance the game’s accessibility to
broader audiences.

This research is by no means a comprehensive and exhaustive cross-cultural analysis of the
citizen’s communication behaviour for chemical risk information in Japan and S. Korea. On the
contrary, it was a primordial attempt to appreciate the situation from the community’s perspective,
instead of arbitrarily deciding on what is beneficial for the local residents and imposing a top-down
regulatory framework for chemical risk management that pays little respect to their willingness to
participate. Hopefully, this work will become a beacon for future research directions which will
elucidate to a greater extent the topics pertaining to participatory chemical accident risk this study
only touched upon. With some luck, the discoveries from this research—as well those that follow
it—will spark a transformation in technological risk management and communication practices in

Japan and around the world, towards more inclusive and participatory decision-making processes.
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Appendix

A

Statistical Tables

Table A.1-1 Survey Distribution Districts and Response Rate

Town .
Country | City (shi) | Ward (ku) | (cho/machi) and izg(;:::zg Sum |Responses|Rate (%)| Sum R((;t)e
District (chome) i
Higashinada .Sum.iyoshi.
B Minamimachi 1- 306 39 12.75%
chome
Higashinada| mikagehonmachi , . 8.93%
X 3-chome 43 23%
Kobe Higashinadal i i
Mikagehonmachi . o
(s X Sg-’chome 203 193 7 8.37% | 135 | 3%
Higashinada| mikagehonmachi ; . o
REX 7-chome 95 E 9:74%
Higashinada| Njshi §
Japan Nishiokamoto 7 .
X chome 246 40 16.26%
Sakai g | Kashiwagicho 3- 146 11 7.53%
. chome
Sakai Kashiwagicho 4- 9
tmeg | SakaiiRIX chorgne 4 177 573 17 9.60% | 63 |10.99%
Sakai I} [X Shijodori 250 35 14.00%
Takashinohama .
Takaishi - >-chome 317 86 45 14.20% y
—_— o . OO
mam _ Takashinohama 4 3 15 209 130 11505
4-chome 547 5 5.54%
Japan Total | 2,630 328 12.47% | 328 | 12.47%
Ulsan Ulsan 150 150 100%
South Jeoll Yeosu-si 63 00 63 100% 00 | 100%
Korea [ <° ::am— Suncheon-si 58 3 58 100% |3 0
Gwangyang-si 29 29 100%
S. Korea Total | 300 300 100% | 300 | 100%

Source: Original work




Table A.1-2 Summary of Demographic Characteristics of the Respondents

Category Country Total
Japan S. Korea
51,38% 48,62% 617 100%
Gender
Female (1) 41,01% 43,33% 260 42,14%
Male (2) 57,73% 61,00% 366 59,32%
Age
19 or younger (1) 0,32% 0,33% 2 0,32%
20-29(2) 2,21% 2,33% 14 2,27%
30-39(3) 9,15% 9,67% 58 9,40%
40-49(4) 11,99% 12,67% 76 12,32%
50-59(5) 17,03% 18,00% 108 17,50%
60 -74(6) 41,96% 44,33% 266 43,11%
75 or older (7) 16,72% 17,67% 106 17,18%
Educational Level
Elementary School (1) 2,21% 2,33% 14 2,27%
High School (2) 35,65% 37,67% 226 36,63%
Vocational / Technical School (3) 14,83% 15,67% 94 15,24%
Bachelor Degree (4) 33,44% 35,33% 212 34,36%
Master Degree [ PhD (5) 8,52% 9,00% 54 8,75%
Annual Household Income Level
Low (0) 35,33% 37,33% 224 36,30%
Middle (1) 30,91% 32,67% 196 31,77%
High (2) 23,03% 24,33% 146 23,66%
Household Size
1 Member (1) 17,35% 18,33% 110 17,83%
2 Members (2) 37,54% 39,67% 238 38,57%
3 Members (3) 22,08% 23,33% 140 22,69%
4 Members (4) 12,62% 13,33% 80 12,97%
5 Members (5) 4,10% 4,33% 26 4,21%
6 Members (6) 1,58% 1,67% 10 1,62%
7 or more (7) 0,32% 0,33% 2 0,32%
Spouse
No (0) 20,02% 30,67% 184 29,82%
Yes (1) 65,62% 69,33% 416 67,42%
Children
No (0) 55,21% 58,33% 350 56,73%
Yes (1) 40,69% 43,00% 258 41,82%

N= 617

Source: Original work
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Table A.1-3 Summary of Key Demographic Characteristics of the Population

Japan Mean | Gender Average Children in Foreigner
P Age Ratio Household Size Household Household Ratio
Higashinada-ku X | 44.79 - 2.17 21.90% -
Kobe-shi f#F=TH - .91 - - .03
Sakai-ku X 46.92 - 2.08 17.74% -
Sakai-shi 11 - .93 - - .02
Takaishi &a™ 46.00 - 2.46 25.03% -
Income Marital Status #
Below ¥3,000,000 39.68% Never Married 36.22%
¥3,000,001 - ¥6,000,000 35.67% Married 48.83%
Over ¥6,000,001 24.64% Widowed 6.59%
Divorced 5,01%
N/A 3,34%
Notes: No response (N/A).
1 Kinki Region ((f&k).
# Average for Kobe-shi (f#/=tf1) and Sakai-shi (3f).
Mean | Gender Average Average Household Foreigner
South Korea . . .
Age Ratio Household Size | Monthly Income | Household Ratio
Ulsan 36.0 105.8 2.51 .02
Yeosu-si 2. .01
— 39 4,642,311 ¥
Suncheon-si 42.7 95.8 2.46 .01
Gwangyang-si 2.47 .01

Source: Based on the 2015 Population Census of Japan (Statistics Bureau, 2018), and
2020 Population Census of South Korea (Statistics Korea, 2020). Original analysis
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Table A.1-4 Factor and Item Loadings for the Variables of the Initial Structural STOPS Model

Dependent Independent Unstandardised Standardised Std. Probability
Variable Variable Estimate (8) Estimate (B) Error
SM PR .219 179 123 .076
SM CR -2.155 -.386 1.037 .038
SM IR .264 .285 107 .014
CAPS RC 189 211 .039 Fkk
CAPS SM .701 .837 .056 FxK
IFrf CAPS .629 .629 .072 i
IPrm CAPS 1 .841 - -
IFwd CAPS .991 -995 .084 Fkx
IShr CAPS 1.082 .852 .084 Fx%
ISek CAPS .821 .681 .084 Fx%
IAtt CAPS .852 .796 .082 Fx%
RC1 RC 1 .818 - -
RC2 RC 1.071 .842 .092 Fkk
RC3 RC .407 .302 .082 Fkx
PR1 PR 1 .848 - -
PR2 PR 1.034 .886 .054 Fx%
PR3 PR 1.007 .799 .06 i
SM1 SM 1 .853 - -
SM2 SM .891 .692 .065 Fk%
SM3 SM 977 .841 .054 i
CR1 CR 1 148 - -
CR2 CR 3.492 .513 1.55 .024
CR3 CR 1 .941 - -
IR1 IR .914 .901 .035 Fkk
IR2 IR .93 779 .049 Fkx
IR3 IR 1 .767 - -
IFrf1 IFrf .999 .656 .091 Fkx
IFrf2 IFrf 1.172 .852 .09 FH%
IFrf3 IFrf 1 .842 - -
IPrm1 IPrm 1.1 .884 .063 Fx%
IPrm2 IPrm .436 .451 .055 Fkk
IPrm3 IPrm 1.056 .745 .085 Fx%
IFwd1 IFwd .898 .639 .084 Fkx
IFwd2 IFwd 1 .699 - -
IFwd3 IFwd 1 .886 - -
I1Shr1 IShr .883 .782 .052 i
IShr2 IShr .941 .852 .048 Fkk
IShr3 IShr 1 .825 - -
I1Sek1 ISek 1.063 .877 .072 FxK
ISek2 ISek .685 .524 .075 Fkk
1Sek3 ISek 1 722 - -
IAtt1 1Att 1.011 .827 .074 FEE
IAtt2 IAtt .966 .872 .068 FxK
IAtt3 1Att 4.237 .591 1.864 .023
N=617

**% Estimate significant at the .001 level (2-tailed).
Notes: Problem Recognition (PR), Involvement Recognition (IR), Constraint Recognition (CR), Referent
Criteria (RC), Situational Motivation (SM), Information Forefending (IFrf), Information Sharing (IShr),
Information Forwarding (IFwd), Information Seeking (ISek), Information Attending (IAtt), Information
Permitting (IPrm) and Communicative Action in Problem Solving (CAPS).

Source: Original work
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Table A.1-5 Factor and Item Loadings for the Variables of the Final Measurement STOPS Model

Dependent Independent Unstandardised Standardised Std. Probability
Variable Variable Estimate (68) Estimate (B) Error
SM PR 312 .255 119 .009
SM CR -.625 -.23 212 .003
SM IR 384 .415 .093 Fhk
CAPS RC 123 149 .035 Fxk
CAPS SM .691 .899 .06 FhE
IFrf CAPS .627 .576 .08 Fx%
IPrm CAPS 1.106 .865 .101 o
IFwd CAPS 1 .97 - -
IShr CAPS 1.135 .823 .087 Fkx
ISek CAPS .754 .526 .098 F k%
IAtt CAPS .955 .805 .099 ek
RC1 RC 1 813 - -
RC2 RC 1.086 .85 .095 i
RC3 RC .406 3 .083 il
PR1 PR 1 .847 - -
PR2 PR 1.035 .887 .054 Fk
PR3 PR 1.007 .799 .06 Fxk
SM1 SM 1 .851 - -
SM2 SM 871 .673 .065 il
SM3 SM .991 .851 .054 Fkx
CR1 CR 2.456 .74 .634 Fxk
CR2 CR 1 .304 - -
IR1 IR 1 .941 - -
IR2 IR .915 .902 .035 Fxk
IR3 IR .927 777 .049 FEE
IFrf1 IFrf 1 .801 - -
IFrf2 IFrf .954 .625 .087 F k%
IFrf3 IFrf 1.105 .802 .077 F k%
IPrm1 IPrm 1 .831 - -
IPrm2 IPrm 1.12 .888 .061 Fkx
IPrm3 IPrm .458 467 .055 i
IFwd1 IFwd 1.148 .77 .099 i
IFwd2 IFwd .878 -594 .094 Fk
IFwd3 IFwd 1 .664 - -
I1Shr1 IShr 1 .885 - -
IShr2 IShr .887 .783 .052 Fxk
IShr3 IShr .94 .849 .048 Fkx
ISek1 ISek 1 .898 - -
ISek2 ISek .936 .84 .058 Fkx
IAtt1 IAtt 1 733 - -
IAtt2 IAtt .982 817 .07 FEE

Notes: Problem Recognition (PR), Involvement Recognition (IR), Constraint Recognition (CR), Referent
Criteria (RC), Situational Motivation (SM), Information Forefending (IFrf), Information Sharing (IShr),
Information Forwarding (IFwd), Information Seeking (ISek), Information Attending (IAtt), Information
Permitting (IPrm) and Communicative Action in Problem Solving (CAPS).

Source: Original work
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Table A.1-6 Factor and Item Loadings for the Variables of the Final Measurement OPR-Situational Perception
Model

Dependent Independent Unstandardised Standardised Std. Probability
Variable Variable Estimate (8) Estimate (B) Error
CR (@)Y -.418 -.457 .082 FFk
IR oT -.796 -.624 .252 .002
PR oT -.248 -.25 .062 FHE
IR M .658 .5 .25 .008
SM PR .309 .253 105 .003
SM CR -.256 -188 .103 .013
SM IR 391 .413 .086 i
PR1 PR .965 .858 .05 FFk
PR2 PR 1 .893 - -
PR3 PR .941 .778 .057 Fk
IR1 IR 1 .955 - -
IR2 IR .894 .895 .034 Fkk
IR3 IR .899 .765 .048 Fkk
CR1 CR 1 .626 - -
CR2 CR .595 -375 161 FEx
OT3ii oT 1.344 .942 .096 Fkk
OT3i oT 1.12 .799 .091 Fkk
OT2ii oT 1.204 .817 .095 Fkk
OT2i oT 1.031 .68 .085 Fkx
OTh1ii oT 1.19 812 .07 Fk%x
OT1i oT 1 .65 - -
CM3ii M 1.163 .819 .081 Fkx
CM3i M -945 .66 .082 ok
CM2ii ™M 1.332 .943 .081 i
CM2i (@)Y 1.025 .766 .061 Fk%x
CM1ii ™M 1.209 .853 .05 i
CM1i (@) 1 .715 - -
SM1 SM 1 .891 - -
SM2 SM .844 .683 .064 Fk
SM3 SM .899 .808 .055 Fkk
N=617

Notes: Problem Recognition (PR), Involvement Recognition (IR), Constraint Recognition (CR), Referent
Criteria (RC), Situational Motivation (SM), Organisational Trust (OT) and Control Mutuality (CM) (‘i targeted
at government and ‘i’ targeted at industries).

Source: Original work
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Table A.1-7 Descriptive Statistics for Imputed Latent Variables

Variable Mean (u) | Std. Deviation (o) Skewness Std. Error Kurtosis Std. Error
PR 5.814 .966 -1.206 .098 2.407 196
IR 5.260 1.153 -.741 .098 .600 196
CR 4.404 1.281 -.260 .098 -.375 196
RC 3.734 1.207 195 .098 -.319 .196
SM 4.558 1.185 -.367 .098 .019 .196
IFrf 3.122 1.363 449 .098 ~395 .196
IPrm 4.709 1.104 -.473 .098 .207 .196
IFwd 4.015 1.182 -.237 .098 -174 .196
IShr 4.285 1.214 -.417 .098 .051 .196
1Sek 3.580 1.313 168 .098 -.474 196
1Att 4.897 1.109 -.566 .098 .564 196
oT 3.809 1.250 -.150 .098 -214 196
CcM 3.484 1.239 .059 .098 -.336 196
N=617

Notes: Problem Recognition (PR), Involvement Recognition (IR), Constraint Recognition (CR), Referent
Criteria (RC), Situational Motivation (SM), Information Forefending (IFrf), Information Sharing (IShr),
Information Forwarding (IFwd), Information Seeking (ISek), Information Attending (IAtt), Information
Permitting (IPrm), Communicative Action in Problem Solving (CAPS), Organisational Trust (OT) and Control
Mutuality (CM).

Source: Original work

Table A.1-8 Cook’s Distance for Imputed Latent Variables

Regression Maximum Cook’s
Dependent Variable Independent Variable Distance
PR 119134
SM IR 12092
CR .07567
RC .22999
CAPS SM .11039
IFrf CAPS 14809
IShr CAPS .05837
IFwd CAPS .04593
1Sek CAPS .03261
1Att CAPS .07026
IPrm CAPS .07564
oT .04586
PR cm 05995
IR oT .04956
CcM .06302
R oT .05119
CcM .05221
Criteria >1.0

N=617

Notes: Problem Recognition (PR), Involvement Recognition (IR), Constraint Recognition (CR), Referent
Criteria (RC), Situational Motivation (SM), Information Forefending (IFrf), Information Sharing (IShr),
Information Forwarding (IFwd), Information Seeking (ISek), Information Attending (IAtt), Information
Permitting (IPrm), Communicative Action in Problem Solving (CAPS), Organisational Trust (OT) and Control
Mutuality (CM).

Source: Original work

208



Table A.1-9 Descriptive Statistics for Questionnaire Items

Item Mean (u) | Mode Std. Deviation Skewness Std. Kurtosis Std.
(o) Error Error

NT1 6.04 7 1.060 -1.461 .098 2.806 196

NT2 5.60 6 1.302 -1.108 .098 .992 196

NT3 5.64 6 1.190 -.965 .098 .728 196

NT4 5.88 6 1.124 -1.159 .098 1.322 196

NT5 3.36 2 1.653 .267 .098 -.923 196

NT6 4.93 5 1.276 -.338 .098 .032 196

PR1 5.91 6 1.112 -1.265 .098 2.154 .196

PR2 5.97 6 1.078 -1.372 .098 2.556 196

PR3 5.56 6 1.142 -.866 .098 .895 .196

IR1 5.39 6 1.274 -.818 .098 .542 .196

IR2 5.49 6 1.210 -.896 .098 .848 .196

IR3 4.89 5 1.430 -.427 .098 -.269 .196

CR1 4.64 4 1.556 -.309 .098 -.541 196

CR2 4.17 4 1.473 -.079 .098 -.639 .196

CR3 3.08 2 1.476 .568 .098 -.285 196

RC1 3.26 2 1.499 .358 .098 -.567 196

RC2 3.52 4 1.578 .243 .098 -.680 196

RC3 4.42 5 1.448 -.379 .098 -.390 196

SM1 4.93 5 1.315 -.618 .098 194 196
SM2 3.82 4 1.538 .009 .098 -.586 196
SM3 4.92 5 1.303 -.641 .098 273 196
IFrf1 2.81 1 1.565 .623 .098 -.428 196
IFrf2 3.60 4 1.561 .008 .098 -.781 196
IFrf3 2.95 2 1.560 .552 .098 -.536 196
IPrm1 4.60 5 1.329 -.489 .098 .073 196
IPrm2 4.71 5 1.444 -.621 .098 -.109 .196
IPrm3 4.82 5 1.239 -.541 .098 .221 196
IFwd1 4.30 4 1.425 -262 .098 -.306 .196
IFwd2 3.50 4 1.477 191 .098 -.525 .196
IFwd3 4.24 4 1.399 -.461 .098 -149 .196
IShr1 4.10 4 1.384 -.239 .098 -149 .196
IShr2 4.56 5 1.379 -.551 .098 .070 .196
I1Shr3 4.19 4 1.365 -284 .098 -.239 .196
1Sek1 3.37 4 1.644 196 .098 -.821 196
1Sek2 3.26 4 1.543 247 .098 -.744 196
1Sek3 4.11 4 1.572 -.110 .098 -.738 196
IAtt1 4.71 5 1.414 -.685 .098 181 196
IAtt2 4.87 5 1.225 -.653 .098 .597 196
1Att3 5.11 5 1.224 -.665 .098 .550 196
JKN1 3.48 2 1.728 198 .098 -1.018 196
JKN2 4.44 6 1.608 -442 .098 -.660 196
JKN3 3.92 4 1.680 -119 .098 -.845 196
oc1 5.53 6 1.135 -.844 .098 .878 .196

0oC2 5.08 6 1.311 -.606 .098 .044 196
0C3 5.55 6 1.116 -.867 .098 .951 196
0C4 4.93 5 1.276 -.338 .098 .032 196
OT1i 3.59 4 1.568 .032 .098 -.793 196
OT1ii 3.50 3 1.513 .253 .098 -.547 196
OT2i 4.13 4 1.561 -.316 .098 -.521 .196
OT2ii 4.20 4 1.499 -.230 .098 -.489 196
OT3i 3.75 4 1.541 -.060 .098 -747 .196
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Item Mean (u) | Mode Std. Deviation Skewness std. Kurtosis std.

(o) Error Error
OT3ii 3.70 3 1.486 .083 .098 -.578 196
CM1i 3.62 4 1.465 -.074 .098 -.576 .196
CM1ii 3.61 4 1.434 104 .098 -.418 196
CM2i 3.51 4 1.504 .095 .098 -.592 196
CM2ii 3.47 3 1.423 .245 .098 -.400 .196
CM3i 3.40 3 1.488 144 .098 -.522 196
CM3ii 3.30 3 1.459 .316 .098 -.379 196

N=617

Notes: Natech Risk Perception (NT), Problem Recognition (PR), Involvement Recognition (IR), Constraint
Recognition (CR), Referent Criteria (RC), Situational Motivation (SM), Information Forefending (IFrf),
Information Sharing (IShr), Information Forwarding (IFwd), Information Seeking (ISek), Information
Attending (IAtt), Information Permitting (IPrm), Social Norms(JKN), Other Constraints (OC), Organisational
Trust (OT) and Control Mutudlity (CM) (‘' targeted at government and ‘i’ targeted at industries).

Table A.1-10 Correlation Matrix, Means, and Standard Deviations for STOPS Items

Source: Original work

PR1
PR2
PR3

IR1
IR2

IR3

CR1
CR2
RC1

RC2
RC3

SM1
SM2
SM3
IFrf1

IFrf2
IFrf3

IPrm
IPrm

IPrm

IFwd
IFwd
IFwd

IShr1

IShr2
IShr3

1Sek1
ISek2

IAtt2
IAtt3

IAtt1

Mean
5.91
5.97

5.56

5-39
549
4.89

4.64
4.17
3.26

3.52
4.42

4.

93
3.82
4.92
2.81

3.60

2.95
4.60
4.71

4.82

430
3.50
4.24

4.10
4.56
419

3.37
3.26

4.71
4.87

5.1

1.112
1.078
1.142
1.274
1.210

Std. Dev.

1.430

1556
1.473
1.499

1.578
1.448
1.315

1.538
1.303
1.565
1.561

1.560
1.329
1.444

1.239

1.425
1.477
1.399

1.384
1.379
1.365

1.644
1.543
1.414

1.225

1.224

PR1
1

PR2
.710%%
1

PR3
.599**
.600**

IR1
.566%*
568%*

'592**

1

IR2
544%*
595%*

'531**

.757%%*
1

IR3
'451**
433%*

.462%*

.674%*
.592%%*

CR1
-.020
-014

-.003

S A71%%
-109%*
-.284%%
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Pearson Correlation, N

** Correlation is significant at the .01 level (2-tailed).
* Correlation is significant at the .05 level (2-tailed).

Notes: Problem Recognition (PR), Involvement Recognition (IR), Constraint Recognition (CR), Referent
Criteria (RC), Situational Motivation (SM), Information Forefending (IFrf), Information Sharing (IShr),

Information Forwarding (IFwd), Information Seeking (ISek), Information Attending (IAtt) and Information

Permitting (IPrm).

Source: Original work
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Pearson Correlation, N

** Correlation is significant at the .01 level (2-tailed).
* Correlation is significant at the .05 level (2-tailed).

Problem Recognition (PR), Involvement Recognition (IR), Constraint Recognition (CR), Situational

Motivation (SM), Organisational Trust (OT) and Control Mutudality (CM) (‘" targeted at government and ‘ii’

targeted at industries).

Notes

Source: Original work
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A.2  Sample Questionnaire in Japanese

Yz L ERICET 5
CERREfFS T V=1

K2 —BNCTHBHDWEREHDNESTETNET ., AARTO> T bOBEMIE. BAOKRMES
FERICER T DIEFEHN (COLIRBHESTTVIFHRENNWET, ) (CEHTDYXTBERFAMRIC
WFD—MmENRUDHEMZTHEIT DL T, FICSHDRE. NRELRE/FHFSREHX DT
m (O>EF—bh) TEIDSDFTTYIBROBHWERCOVNT, AXAEDXS(CLTIZa T —
S EMDIMNCERZHATTCNET.

BXDTFICERHNTVDERKRNS, REAETETDIEDZERLT. AZDFTFSL. CTERR%Z
857> —bhTIDT, EEICIER - RIEREIHDFRA., EECHERIATDIEENTT,

BIF(C(FH) 25 DD FRT . 70— MEREESTSN T, FMBIRENDHCL D TRARENET,
BANBESNDCLEHDFEA. HEim. COLDIREEICEFERLLBRVWEBDONFLZS, #IE(C
BEAVWEELBHEEFIEVFEEA,

ZDTOZTU MMCDOVWTKDEFELU LMD IZWEENER LIZWEEE. AARZEZE I 1027
A T4 MIUAR (A=)LF RL-X : dimitrios.tzioutzios.33x@st.kyoto-u.ac.jp FE/Z(FEBEEES : 090-
23037651) F CEAELSTEE0\,

KBULSEFENEL EIFFT,

Opinion Questionnaire for Potential Chemical Accidents

Thank you very much for participating in this study. The objective of this research project is to assess the
necessity of the general public concerning disclosure of risk information about chemical accidents caused by a
large earthquake and / or tsunami in Japan. These types of accidents are called Na-Tech accidents. The particular
focus of this survey is the communicative action people engage in with regards to the disclosure of information

about potential Na-Tech accidents at the industrial park (O> E3 — k) in the coastal area of Osaka Bay /
Higashinada district, Kobe.

Please indicate your level of agreement with each statement by selecting (circling) the appropriate option from
the scale provided below each statement. Please answer as honestly as possible. Since this is an opinion
questionnaire, there are no correct or incorrect answers. Your cooperation is highly appreciated.

This survey will take about 25 minutes. Please note that your responses are voluntary, anonymous and
completely confidential. The data collected will be presented in an aggregated form and published only for
academic purposes. Of course, if you think that you do not want to answer such a question, there is no need to
forcibly answer.

If you would like to learn more or discuss about this project you may contact the principal investigator Mr.
Tzioutzios Dimitrios at the following e-mail address: dimitrios.tzioutzios.33x@st.kyoto-u.ac.jp or telephone
number: 090-23037651.

Thank you once again for your participation.
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STATEMENT

HARKE (KMBLHEERY) CkoTI Y 5 2{LEHKIcOVTEBFENLE T,

Please indicate your level of agreement with the statements concerning potential chemical accidents
caused by natural disasters (for example large earthquakes or tsunami).

HREFC X - TRZ Y 5 2L¥HER Bl iX, BEEFTFHREFER PERLMETH
5LEZ3,

NT1
I consider potential chemical accidents caused by natural disasters (for example Fukushima Dai-ichi
Nuclear Powerplant accident) an important problem.
5 H 5 H > s % 5 H
1%(7‘%71ub 2%5?&@& 3%&0%71u 4&%‘3&%}‘1X_ 5'?3%,‘%7;u 6%5;%3\ 72:(%)%5
2\ - Dz A 5 5
Strongly Disagree Somewhat Neither Agree nor Somewhat Aeree Strorﬁ Aeree
Disagree g Disagree Disagree Agree & gly e
L OB CLEEREZTIZECL S 2BAKERZLELTWS,
NT2 | 1 am concerned about natural disasters causing potential chemical accidents at the nearby industrial
park.
1é<fj’“b 22 5 b7 3HhENZS 4B LED VR 5’%9%,%7 6258 7LThZ5
2\ - Dz A 5 5
Strongly Disagree Somewhat Neither Agree nor Somewhat Aeree Strorﬁ Aeree
Disagree g Disagree Disagree Agree g gly Ae
REBE L HBEREL 28BE. oo TEME CLFEFERIERET 2 EER2D2 LA,
NT3 | If a large earthquake happens, I think that a chemical accident could occur at the industrial park in my
city.
1%(7‘%7@2}9 22 5 E b7 3HhENZS 4B LED VR 5’%9%)%7 6258 7LThZ5
A - DR A 5 5
Strongly Di Somewhat Neither Agree nor Somewhat A st 'l‘l‘ A
Disagree Isagree Disagree Disagree Agree gree rongly Agree
EHILEND DB & o T, EBERPERRE LR 2RSS 2 LIEL T 5,
NT4 If a large earthquake causes a chemical accident at the nearby industrial park, | believe the residents
could be directly impacted.
4 5 M 5 H . S % 5 | . .
13:_<7L7c71u2b 22 5 b7 3HhFEDVZHIRE 4rbHL LBV 5"?**9)%7¢ 6Z25H  7rThz5
A o DR A 5 5
Strongly Di Somewhat Neither Agree nor Somewhat A st 'LI‘ A
Disagree Isagree Disagree Disagree Agree gree rongly Agree
NTs | T K O TRHH CUFBHAR S - LBAIC L I HIET L X 2H > T 5,
I believe | know how to respond during a chemical accident at the nearby industrial park.
4 5 M 5 H . S % 5 | , .
13:_<7L7c71u2b 2% 5Bk 3HhFEVZHSRE 4rbHL LBV 5"?**9)%7¢ 6Z25H  7rThZ5
A o DR AN ) 5 5
Strongly Di Somewhat Neither Agree nor Somewhat A st 'LI‘ A
Disagree Isagree Disagree Disagree Agree gree rongly Agree
STATEMENT
TRXY. KRBHE, BETRERIOTREE (3 eF— 1) CRETZAREOD 3L
ZHBICETAERINFHEI L TRV E WO BEIOWT, BFhAL T T,
Problem description: There is a lack of publicly available information about potential chemical accidents
at the industrial park (= > €'} — I ) in [the coastal area of Osaka Bay / Higashinada district, Kobe].
. CNRERLRMRELE LR,
I think this is an important problem.
> E‘El‘ o N > > lEéE‘l‘ . N
12¢258b 223 gbn CPTIEIE AEROEVNA SEELOL  oasm gecuzs
7o\ N %) E‘?\ 3
Stron Ig I;isa ree Dis: ree Somewhat Neither Agree nor Somewhat A ?ee Strongl 7A ree
gy g g Disagree Disagree Agree & gy Ae
PRy BUFBEER I C OIEZ fRIR T 5 72D DITEI R BN 5 R & /2,

Government institutions should take action to solve this problem.
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e — —
12¢%58b  225bn CPTIEOE AEBBERLA SELLOR  casm 7ecuzd

A W 9 J5 %)

. . Somewhat Neither Agree nor Somewhat
lyD D A ly A
Strongly Disagree isagree Disagree Disagree Agree gree Strongly Agree

ZOMEICO2VWT, HERENGEEFHROMNGE OBICKELRF Yy 7HHBLRBS,

PR3 | Concerning this problem, I think there is a large gap between the way things should be and the way they
are now.
12¢%58b  225bn CPTIEIE AEBBERLA SELLOR  oasm 7ecuzd
Stronglio/t I;;sagree Dis:;ree Somewhat Neithe'r Agree nor Somewhat Ag?ee Stror;I:D:yjAgree
Disagree Disagree Agree
ny | COPERICEA BB LS X 5 RIS D 2,
This problem could have serious consequences for me.
120258 223Bbn CPTIEIE AEBOERRA SERLOE casm grcves
Strongl% I;;sagree Dis:;ree Somewhat Neithe.r Agree nor Somewhat Ag?ee Stror;EgEI‘yjAgree
Disagree Disagree Agree
Ry | CPHERRDER MO OREL L X 5 RS D 5,
This problem could make a difference in my daily life.
180258 225Bbn CPTIEIE AEBLERRA SEELOE oasm qrcvas
Strongl% I;;sagree Dis:;ree Somewhat Neithe.r Agree nor Somewhat Ag?ee Stror{EgEI‘yjAgree
Disagree Disagree Agree
Ry | BT & COREORICHBIRA D 5.
There is a strong relationship between myself and this problem.
180258 225Bbn PTIEIE AEBLERRA SEELOE oasm grcvas
Stronglt\f I;;sagree Dis:;ree Somewhat Neithe.r Agree nor Somewhat Ag?ee Stror{lgzull\yjAgree
Disagree Disagree Agree
CR: COMEICBET 2 RUEAPHETE L LIELTW S,
I believe | can improve the situation regarding this problem.
18¢258b  225mby PTIEIE AEDOERRA SEELOE oasm grcvas
Strongl% I;;sagree Dis:;ree Somewhat Neithe.r Agree nor Somewhat Ag?ee Strorfl\yjAgree
Disagree Disagree Agree
Ry | COREIOVTRPAPTEIZEC ST ORYT sMERIZLA LTV LEL T3,
I believe there are few obstacles preventing me from doing something about this problem.
12¢258b 2z5Ebn CPTIEIE AEROEVLA SEELOL casm gecuzs
Stronglfj I;;sagree Dis:;ree Somewhat Neithe_r Agree nor Somewhat Ag?ee Stror{zyjAgree
Disagree Disagree Agree
CR3 HOBRIZ. CORBEICRIHEATOIBRFICL > TEETH 5,
My opinions matter to those in the government, who are working on this problem.
12¢2 5 b 225bn PTITIE AEBBERNA SEELOR  casm 7ecuzy
NS W . 5 5
Strongly Disagree Disagree Somewhat Ne|the_r Agree nor Somewhat Agree Strongly Agree
Disagree Disagree Agree
BR/mat /R oFERPMUERRO TR ICEE T 2 FHMARZ KD 5 & 25, fhohRICAHR
N | BEBIEEC IS S B,
It could cause discomfort to other citizens, if a resident [of Sakai / Takaishi / Higashinada] asked for
information concerning the potential for chemical accidents.
12¢%58b  225mbn CPEIEIE AELBERLA SELLOR casm 7ecuzd
Strongl% I;;sagree Dis:;ree Somewhat Neithe.r Agree nor Somewhat Ag?ee Strorifl\yjAgree
Disagree Disagree Agree
| TERET D S 2R 2 MBRECHTRASNT 2 C L BEIFE ATV AL,

It is not expected that citizens participate in decisions regarding the potential for chemical accidents.
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12 Z258b 2%258bk 67728 7¢THES

, b U i
J: l/\ 14) . 7 Ly 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
Disagree Disagree Agree
s | FRIIICET D 5 3L BT B IRHE BRI T 5 2 L kv L TV 3,
I trust the way the government handles access to information about potential chemical accidents.
5 3 N 5 H
120258 223 Bbn CPTIEIE AEBLESRA SEELOE casm grcves
3 b > H 5
St ltr:; Di ‘ Somewhat Neither Agree nor Somewhat A ? st 'LI‘ 7A
rongly Disagree isagree Disagree Disagree Agree gree rongly Agree
LB OBER LB BT 2 BB AFHREIC 2 o 2356 TEMT O { O < 1 Hiffi
oc |BET®T 57595,
Land prices would likely drop in areas near the industrial park, if information about the potential
consequences of chemical accidents was made available.
T S N ey
1£¢%5 b 2xompr CPTIEIE AEBLEBLRA SEELOL asm rrcvz
38 v > . 5 5
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
Disagree Disagree Agree
BEN S CEEROBE CET 2 BMBAFIRIC R o BE. CRli/EAT/EE) g
OC2 iﬁ (Wji&f\ ﬁ%\ EE’) ci%ﬁg%ﬁbj—éfga 50
The economy [of Sakai / Takaishi / Higashinada] (for example tourism, trade) would be affected, if
information about the consequences of potential chemical accidents was made available.
5 H 3 Y Z 5 H
18¢25 b 2xompr CPTITIE AEREEbRA SEEIOL asm secuz
b N > >
st I&I; DI ‘ Somewhat Neither Agree nor Somewhat A ? st /Ll‘ 7A
rongly Disagree isagree Disagree Disagree Agree gree rongly Agree
BEM R LEERICET 2 BHEHR~T 72X CE v &, HTROMERBLHIRT 2,
OC3 | Lack of access to updated information about potential chemical accidents, limits citizens’ understanding
of the problem.
5 H 3 NS 5 H
12¢2 b 2z5Ebn CPTIEIE AEROEVOA SEELOL casm gecuzs
b Y > E?' >
st IZII; Di ‘ Somewhat Neither Agree nor Somewhat A ? st /L‘l‘ 7A
rongly Disagree isagree Disagree Disagree Agree gree rongly Agree
R/ BAaT/RERX) 0ERDOT (07) CEBEN R LEERICET 2 EREAFLEL &
0C4 b)ﬁﬂaﬁs‘ié“b)i L?"C 6\ :$§a]\< fié‘()o
Other reasons why residents [of Sakai / Takaishi / Higashinada] do NOT want information about
potential chemical accidents to become available (Please describe).
rey | B T OREICHILT 3 kI 0w THIRE R E R &5 0 T B
I have a clear idea about how to deal with this problem.
5 H 3 Y Z 5 H
18¢%5 b 2xsmpr CPTITIE AEREEbRA SERIOL  asm secuzy
b N > >
St I&ILD Di ‘ Somewhat Neither Agree nor Somewhat A ? st /LI‘ 7A
rongly Disagree isagree Disagree Disagree Agree gree rongly Agree
Re, | Thid BN ZOREICED LS LT 70 —FFREPLOVTERLED D,

I have an idea about how the government should approach this problem.

3HhFEVZESR 4lbo bz 59PLZEHE

4 5 5 5 1 5
12<x728b 2x58b% N Jetn 6€5 7ETHXS
7R\ W . ) 5]
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gly g g Disagree Disagree Agree & gly A8
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iz, ZOREZ &I NLT B0 onT, HERDMBOHIROEHFRH B LEL TS,

RC3
I believe there are examples from other regions in Japan on how to deal with this problem.
- - 3HEVZELIR alboEbhnz 59O RE - -
2 Bb7 - 3553
1%(7;‘9, b 2%7“2‘9; b7 FON 5 6%57 72:;4%%7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Stronﬁ Agree
gl g g Disagree Disagree Agree & gy Ae
oy | PR T ORICELLE D 5,
I am curious about this problem.
- - 3HEVZESIR alboEbhnz 59O RE - -
2 Bb7 - 1553
1%(7;‘9, b 2%7“2‘9; N P 5 6%57 72:;4%%7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Stronﬁ Agree
gy & g Disagree Disagree Agree & gly Ae
M2 HIIFRICCOREILoOWwTEZ 5,
I frequently think about this problem.
- - 3HFENZEHR 4lbHEdbunz 59CLEORE - -
A b - 1553
1%(7;:: b 2%7“2‘9; b7 - 5 6%57 7&;%%%7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Stronlbl\ Agree
gy g g Disagree Disagree Agree g gly Ae
sms | © OREZ XY X SEFEL 20,
I want to better understand this problem.
- - 3HFENZEHR 4lbHEdhbunz 59X RE - -
IS Bb7 . B
1%(7;:: b 2%7“2‘9; b7 s 5 6%57 7&;%%%7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Stronlbl\ Agree
gy & g Disagree Disagree Agree & By A8
et I DRI O WTERDICSE L DI EHHEEBR L 1=,
I have invested a lot of time and energy learning about this problem.
- . 3HFEVZSH 4rbHEb vz 5P EHH - -
22| H H
1%(7;?@2}9 2%7b.?\2‘972r b7 A 5 6%57@ 7&;%;%7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Stronlhl‘ Agree
gy & g Disagree Disagree Agree & gly A8
oy | BOE T ORYEICEIS 2 R OH 2 WS 28N 55 5,
I am capable of judging information quality about this problem.
12¢%58b  229mbn CPEIXOE AELBERLA SELLOR cism 7ecuzd
A SR 2 = -
7\ v * 5]
Stron ICI D;sa ree Disa }ree Somewhat Neither Agree nor Somewhat A ?ee Strongl jA ree
gly g g Disagree Disagree Agree & gly A8
s | Bhld C ORIEICEIS 3 WO TR £ RT3 7200, (T 3 HENLERL T 5,
I have a selection of trusted sources that I check for updates concerning this problem.
12¢%58b  225mbn PEIEOE AELBERLA SELLOR casm 7ecuzd
A SR 2 = -
% * m
Stron IcI I;;sa ree Dis:\ree Somewhat Neither Agree nor Somewhat A ?ee Stronbl 7A ree
gly g g Disagree Disagree Agree & gly A8
o | & PRBICE T 2 5 X TORRICH KRS 5,
I am interested in all views concerning this problem.
12¢%58h  225mbn CPEIEOE AELBERLA SELLOR casm 7ecuzd
A AR 2 = -
% * m
Stron IcI I;;sa ree Dis:\ree Somewhat Neither Agree nor Somewhat A ?ee Stronbl 7A ree
gly g g Disagree Disagree Agree g glyAg
orrmy | Thi © DFIEIC D\ TR RS b #2870,
I want to know about this problem from multiple sources.
18¢25 b 2xompr CPTIEIE AEREEBRA SEELOL asm secuz
A AR o) N -
A ) 553
Stron Ig I;isa ree Dis: ree Somewhat Neither Agree nor Somewhat A ?ee Stronbl 7A ree
gy & g Disagree Disagree Agree & gy Ae
iPrm | FAlX Z OFFEICBEL T, RAL BIRNOBERTH-> THEEZMEIT 5,
3 I listen even to opposite views regarding this problem.
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180258 223Bbn CPTIEIE AEBOESRA SEELOE oasm grcves
Stronglio/t I;;sagree Dis:;ree Somewhat Neithe'r Agree nor Somewhat Ag?ee Stror{IZu:yjAgree
Disagree Disagree Agree
s | AR T DRIEIROWTRERPREAREBL LS & LTwE,
I am trying to inform my family and friends about this problem.
120258 223 Bbn CPTIEIE AEBLESRA SEELOE casm grcves
Strongl% I;;sagree Dis:;ree Somewhat Neithe.r Agree nor Somewhat Ag?ee Strorifl‘yjAgree
Disagree Disagree Agree
Fud, | PRREICCOMEC OV TR R > TER 2B~ T,
1 frequently express my opinions confidently about this problem.
180258 225Bbn CPTIEIE AEBOERRA SEELOE oasm grcvas
Strongl% I;;sagree Dis:;ree Somewhat Neithgr Agree nor Somewhat Ag?ee Stror;EgEI‘yjAgree
Disagree Disagree Agree
IFwd | RAZ Z ORFEZBRT 2 701, fDOAN /T 5 O CKEZ2EL T MEEH 2 LEL TS,
3 I believe it is worth spending some time to persuade others about solving this problem.
184258 225Bbn CPTIEIE AEBLERRA SEELOE oasm qrcvas
Stronglt\f I;;sagree Dis:;ree Somewhat Neithe.r Agree nor Somewhat Ag?ee Stror{lgzull\yjAgree
Disagree Disagree Agree
shpy | @ LEEDDIZ ORJEIC O TRICRANE, RidRIFLb@EML VLR,
I am willing to talk to someone about this problem, if they ask me.
18¢258b 225wy PTIEIE AEBLERRA SEELOE oasm qrcvas
Stronglt\f I;;sagree Dis:;ree Somewhat Neithe.r Agree nor Somewhat Ag?ee Stror{lgzull\yjAgree
Disagree Disagree Agree
<y | b LEED S C OREICO L CRAIC BRI, BIEEONECT < TOWBEIEL L L5,
If someone asks me about this problem, | am willing to share any information they want.
12¢%58b  225mbn PEIEIE AELBERLA SELLOR casm seTuzd
Strongl% I;;sagree Dis:;ree Somewhat Neithe.r Agree nor Somewhat Ag?ee Strorifl\yjAgree
Disagree Disagree Agree
IShr3 D OREZ FEEICHE L, FAXZOFERICEOSMLZVWER S,
I like to participate in the discussion about this problem, when others bring up the topic.
18¢25 b 2xsmbr CPTIEIE AERLEBRA SEELOL  asm srcuz
N 3 : > 5
Strongly Disagree Disagree Somewhat Nelthe_r Agree nor Somewhat Agree Strongly Agree
Disagree Disagree Agree
PZZ OFEICBEL T, 4 v £ —% v b, HilH, A~FT 7Y 2 M5OV -1 EN L THEE
1Sek1 E"J“‘%ﬁ%ﬁ%bf‘(‘%o
I actively search for information on the Internet, in newspapers, via mobile applications or otherwise,
regarding this problem.
12¢%58b  225mbn CPEIEOE AELBERLA SELLOR casm 7ecuzd
Stronglt\f I;;sagree Dis:;ree Somewhat Neithe.r Agree nor Somewhat Ag?ee Stror{lgzull\yjAgree
Disagree Disagree Agree
eky | T2 C ORTEICBIT 58T L WIFMA B 52> L 5 pEMHICT = v 75 5,
I regularly check to see if there is new information about this problem.
18¢258b 225y PTIEIE AEBOERRA SEELOE oasm qrcvas
Strongl% I;;sagree Dis:;ree Somewhat Neithe.r Agree nor Somewhat Ag?ee Strorfl\yjAgree
Disagree Disagree Agree
ek | BEAXIC T ORI BT 5 HRAE L R0 B

I ask people for information related to this problem.




3HhFENZESR 4albolbnz 5P HE

5 H 5 H 5 H A
18X 28b 2x78bn% b7 - 6258 T7rTHX)

A 3 . 9 A5
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
Disagree Disagree Agree
IFRE. V=TI A, V=V A AT AT CREBEROIF AL E, CORMEICEEET S MY
At |y » 2 FED,
I read about topics related to this problem, when I find articles in newspapers, websites or social media.
> E‘EI‘ o N > > lEéE‘l‘ . N
1£¢%5 b 2xombr CPFIEIE AERLEBLRA SEELOL  asm rrcuzs
70 v . o 5 =5
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
Disagree Disagree Agree
HLRZORFEICOVTEELTWE L, AL B LD LS aEREF - TWwah 2 HEICH
IAtt2 | ¢,
If someone talks about this problem, I listen carefully to what they have to say.
= EE[ > N = Ea R N
12¢25b 2zsgpn SPTIEIR AERHEVNA SEELOR casm gechzs
7o\ N 9 /El_“H\ )
Stron IcI I;isa ree Dis: ree Somewhat Neither Agree nor Somewhat A ?ee Strongl 7A ree
gly g g Disagree Disagree Agree g glyAg
IAtt3 iz OREICE T 2 HEICERZA Y,
I pay attention to news reports regarding this problem.
> E‘EI‘ o N > > lEéE‘l‘ . N
1£¢%5 b 2xombr CPTIEIE AERLEBLRA SEELOL  asm srcuzs
7\ v > = 5 5e
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
Disagree Disagree Agree
STATEMENT
Chiy, BB LXUIEMRICTRZROMEICNT 3520l ANERICOVWTEFAL
9,
Please indicate your level of agreement with the following statements concerning your personal opinion
towards the government and industrial companies.
AT DfBPHB IconT, ZhOPEBRREEZ T T L IO TH, ADoKk 5 BALERIC
OTl | 2IF T3 LfEL T3,
Whenever this organisation makes an important decision, | believe it is concerned about people like me.
i | BUMBEBEE Government institutions
4 5 B . 5 & g % 5 A . ~
12 %258b 225 P 3bHELZES 4aLbHHEH R 5{0%9)%7 625H  7rThz5
A > b 72\ o) 5 i 5
Strongly Disagree Somewhat Neither Agree nor Somewhat Aeree Stronﬁ Agree
Disagree g Disagree Disagree Agree g gly Ae
i | L3EME I T8 % £ > {23 Industrial companies.
4 o) . 5 & g Wz 5 A . =
13‘:<:<7 b 225 b7 3bHEYVZES 45 EH VR 5{0%9,%7 625H  7rThz5
N > b AR 5 5
Strongly Disagree Somewhat Neither Agree nor Somewhat Aeree Stronlbl\ Aeree
Disagree g Disagree Disagree Agree g gly A8
DT OMBCoHEEE L. 2N oBHBEBNETTI Lozl L 2ERTINZFH>TWBLELT
0T2 v 5 o

I believe this organisation has the ability to accomplish what it says it will do.

BUMNHEES Government institutions

e 5 B N 5 B I L H vz 5 B - -
1< %58b 225 b 3TV ZS/- alboibunz 5&0%)%714 6725 7rThZ5
A > DR A Y, 5 5
Strongly Disagree Somewhat Neither Agree nor Somewhat Acree Stronﬁ Acree

Disagree g Disagree Disagree Agree € gy Ae

TR I T8 % FFD 23 Industrial companies
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12<{%58b 3HIEVZEOR 4albo bz

. 5% 5 A - >
Hb7 . i)
e 2%71;)2‘9; b7 P 5 6%57 7&;%%7:7
Strongly Disagree Somewhat Neither Agree nor Somewhat Agree Strorﬁ Agree
Disagree g Disagree Disagree Agree g gly Ae
ora | AT ORMBCHEE Z ORJEICET SFREF o TSNS bD L, RIEHL T3,
I believe this organisation can be relied upon to keep their promises regarding this problem.
i | BURHEES Government institutions
4 pRs > 5 & ) W 2 5 A - .
1% 58b 225 P 3HEVZS 4bbEHnz 5%%9)%7 625H  7rThz5
A v b A Y, 5 H 5
Strongly Disagree Somewhat Neither Agree nor Somewhat Aeree Stronlbl\ Acree
Disagree g Disagree Disagree Agree g gly Ae
i | L3EHE IC T8 % £ 2R3 Industrial companies
4 o) . 5 & ) Wz 5 A . .
12 %58b 225 b7 3HEVZES 4bbEHnz 5%%9)%7 625H  7rThz5
7\ v D A Y, 3 i3
Strongly Disagree Somewhat Neither Agree nor Somewhat Agree Strorﬁ Agree
Disagree g Disagree Disagree Agree g gly A8
vy | AT ORBCRBIRID &5 AL OBRICEREEZRBT LR,
I think this organisation finds the opinions of people like me legitimate.
i | BURFHEES Government institutions
4 o) > 5 & ) Wz 5 A - .
12 %58b 225 P 3HEVZES 4bbEHnz 5%%9)%7 625H  7rThz5
A v b A Y, 5 H 5
Strongly Disagree Somewhat Neither Agree nor Somewhat Aeree Stronﬁ Acree
Disagree g Disagree Disagree Agree g gly e
i | L3EHT IC T8 % ¢ D48 Industrial companies
4 o) . 5 & ) Wz 5 A . .
12 %58b 225 b 3HEVZES 4bbEHnz 5%%9)%7 625H  7rThz5
7\ v D A Y, 3 i3
Strongly Disagree Somewhat Neither Agree nor Somewhat Agree Strorﬁ Agree
Disagree g Disagree Disagree Agree i gly A8
oy | AT OMBOHBIL, D XS AAXOBRICHEZMET TN B,
This organisation really listens to what people like me have to say.
i | BURHEES Government institutions
4 o . 5 & ) W 2 5 A . .
12 %58b 225 b 3HEVZES 4bbEHnz 5%%9)%7 625H  7rThz5
A v b A Y, 5 M 5
Strongly Disagree Somewhat Neither Agree nor Somewhat Agree Stror{ui Agree
Disagree g Disagree Disagree Agree g gly Ae
i TEEMR IC T8 % ¥ 2 13E Industrial companies
) A - 5 B ) W H B . .
18 Z258b 2% 5 B 3HhFEVZESR 4lbH bR 5%—“*?:7:7L 625H  7rThz5
L v bl o ’ 5 85
Strongly Disagree Somewhat Neither Agree nor Somewhat Agree Stronml‘ Agree
Disagree g Disagree Disagree Agree i gly A8
oz | A TOMBOCEBIE, D L5 AL PBEBRELCHTICSMTES LS5 LTINS,

The management of this organisation allows people like me to participate enough in decisions.

BUFFHRE Government institutions

S 5 B - 5 B 4550wz 5 5 B - N
12 %258b 225 Epn 3TV ZSE 2) b ’*P’?D)%?L 625HE  7rThz5
B o b 7R 5 5 o 3

Strongly Disagree Somewhat Neither Agree nor Somewhat Acree Stronlbl\ Acree

Disagree g Disagree Disagree Agree g gly Ae

i | LEEHNHE I T8 % £ > 2 Industrial companies
) B N 5 B 4 r L H vz 5 ) B N N
18 Z258b 27 5 H b 3bFEVZSHE bH bR %—’f?)%ob 6Z25m 7rTbZ3
Z;: A e j/) 73: [/ A 73: [/ A j 5 H 5

Strongly Disagree Somewhat Neither Agree nor Somewhat Agree Stronlhl‘ Agree

Disagree J Disagree Disagree Agree € gly A8




STATEMENT

Ihib, WoroRREFHIcOVWTEBRENLET,

Please indicate your level of agreement with the following statements concerning conspiracy theories.

W5 BB LA, [KRIREBRE O LEMTE/REX)OBEN Mt 2EHRoRE BT 3R
EORAZTHRIZBLTWEEES,

Cs1
I think local governments and chemical companies are hiding from citizens the real situation concerning
the consequences from potential chemical accidents [in the industrial area of Osaka Bay / Higashinada].
AN A H 5 H > N A H
13——_<:<7,u\2b 2% 5 b7 3V ZESE 4arboibunx 5%9’*?’%7@ 6Z25H  7rThE5
) o DR 720 5 5
Strongly Disagree Somewhat Neither Agree nor Somewhat Asree Strorﬁ Agree
Disagree g Disagree Disagree Agree g gly A8
RRICHELZHIFCOWTEZNLET, BEXTEL2DDAE, BEZLKEI W,
GENERAL QUESTIONS
D1 | B 7= DRI T I 2, Whatis your gender?
Z V% Female B Male
D2 | fFMrlxEB\ < D TT 2, Whatisyour age?
19 LT or 20-29 30-39 40-49 50-59 60-74 75 /%2 _E or older
younger
D3 | a7 DBRKEREIILIT O E¥NTF 2>, Whatis your level of education?
R R W, i £ 2¢=+-%5 Bachelor E+5 o
Elementary High School Vocational / Degree Master Degree it Pho
School & Technical School & &
D4 | Bz DHFEDERINAIZ K & T2, Whatis your annual household income?
Below ¥3,000,000 LA ¥3,000,001 — ¥6,000,000 Over ¥6,000,001 A I
EoX - HlicfEATEbhE T, B FEXEHET/HRXHEE/&a T HK)
D5 Which ward (ku) and town district (ch6/machi) do you reside in? (example: Tokui-cho, Higashinada-
ku/Dejima-cho, Sakai-ku/ Takaishi-shi, Hagoromo)
[X T
D6 | H 7= DEFEIXTTI D, Whatis your nationality?
D7 | THREICIIMAD ADBEA TWE T D, How many people live in this household?
1 2 3 4 5 6 7 LAk or more
D8 | THREICBTRRII T —HEITEA TV E 9>, Are there any children living in this household?
I\ Yes Wiz No
D9 | B/~ DREBEIZLUT O ENICH 2D £ D, What is your marital status?
v ML T a, IBHRED IS L Tw 525,
GEE L e b s W2 EISIREEIC B B REL T3 HEIS L 72 FER L 7=
A) Married, or in a domestic Married, and living ~ Divorced Widowed
Single (never married) partnership separately

P2O—NEIINTEDDTY, CHHHONESTETNHEUE.

This is the end of the questionnaire. Thank you for your cooperation.
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A.3 Sample Questionnairein S. Korea

S =fetAn0f e olAE 2= 2 XA

L. —

HE AL QfS0 e = dZ A0 FOjs FMA T2z HAEELLCL & dEX2Ats ot=9 U2
AT, 2AL0] 2= BEL = QI5t0] Zdot fAty 2H e /S S 0lAQl =tetd AfL (0|3, LiH R
Abayet ZtEsto], 10 ciet ?ie 2 Swo Zed0 tiet 28 A|Zel QlAs =ASHEH =H0|
UG HEE 2 AL, LHATX O Zl7tse LIRS At o] 98274 2E o0, AlRle] HA S

RSP R S S
= HEZAME 47 SF22 Y5O a, 4 ez 2E o[ MA|E L Lt ofof et 7| | of
Az WEX|HM 7t S5t = &S MEISH A ELICE #ote] 2| ARE (E= dEZ A0 2R,
RE 2220 tiet 8 = 22 YUSLICH WatM, S5 #ote] ofA A= R FAIZ7|S
FEIEELLE
= dEZAME 257 Y7t 2 AL SES =4 25 WE2 SAREN =X SHo=2 T
AEE AYLL #ote] 2= SH2 AN FHZ O|F0X|H, dX (Hod 42 28 =5 SHE
HEME U oiE 242 WE S /i QE= [SAE] M 33 ZHIZE2)0| 2[AHst F-dur 7| 2-g0|
FAE UL SE = Fotel ofH2 2T A7 Az2M 28 AL
Lol 2 d2XRAtEE oS Z2MEQf 2ESI0 Eof A0 A2 F2, Of2i 2 HEFA|7] BREfL T,
EAEEX}) FRX| A CIO/EE|2A (Tzioutzios Dimitrios)
O|M| ¥ dimitrios.tzioutzios.33x@st.kyoto-u.ac.jp
CI2tX: +81-80-8045-7412
CEAl oF B A E0f| Zofs =M A CHEHS| ZALEE L CL

Opinion Questionnaire for Potential Chemical Accidents

Thank you very much for taking some of your time to participate in this study, despite your busy schedule. The
objective of this research project is to assess the perception of the general public concerning the disclosure of risk
information about chemical accidents caused by a severe typhoon large earthquake and / or tsunami in S. Korea.
These types of accidents are called Natech accidents. The particular focus of this survey is the communicative
action people engage in with regards to the disclosure of information about potential Natech accidents at
industrial parks near urban areas.

Please indicate your level of agreement with each statement by selecting the appropriate option from the scale
provided below each statement. Please answer as honestly as possible. Since this is an opinion questionnaire,
there are no correct or incorrect answers. Your cooperation is highly appreciated.

This survey will take about 25 minutes. Please note that your responses are voluntary, anonymous and
completely confidential. The data collected will be presented in an aggregated form and published only for
academic purposes. Of course, if you think that you do not want to answer such questions, there is no need to
forcibly answer.

If you would like to learn more or discuss about this project you may contact the principal investigator Mr.
Tzioutzios Dimitrios at the following e-mail address: dimitrios.tzioutzios.33x@st.kyoto-u.ac.jp or telephone
number: +81-080-8045-7412.

Thank you once again for your participation.
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STATEMENT

CtEe2 XArsH(ZIE, s, EfE S)2 st FY 7tsst shetAtunof chst QAo st

ZEYLC
ofzfe| Zt 2ol F5te| o| Ant 71 7ht2 SOl EAISHG FA|7| HHEL| L},

Please indicate your level of agreement with the statements concerning potential chemical accidents

caused by natural disasters (for example large earthquakes, tsunami or typhoons).

Lt= XtxHs) 2 Qlsto] &l 7k ot stetAtnrt Z oot ZH| 2t dZhstot,

NT1
I consider potential chemical accidents caused by natural disasters an important problem.
= =
e awx  pagx 3 RGN 4EOICE sz I o 7019 2%
2ct 2Ct = Neither Agree nor Somewhat = Strongly
Strongly Disagree Disagree Somewhat Disagree Agree Agree Agree
sy g & Disagree g g g
Lt AT )7 12 AHATEX|off SpstAtnE fEE 71540 2AChs A0| L E Lt
NT2
I am concerned about natural disasters causing potential chemical accidents at the nearby industrial park.
=] =
(o4 agx  pagm 325 E sHEOI st a¥L . 7019 2%
Lt oot = Neither Agree nor Somewhat ° Strongly
Strongly Disagree Disagree Somewhat Disagree Agree Agree Agree
Disagree
otof I3t ENZ0| WAE FR, SHEALDIL U7k AFSHE X|Qo| AATHR|0| WS 4 Qlctn
NT3 | zbgiet
If a severe typhoon occurs, | think that a chemical accident could happen at the industrial park in my city.
= EXPN
ofe agx oamx 3 EE A smEOCt  soZ YT .. 7049 1o
ot ot = Neither Agree nor Somewhat = Strongly
Strongly Disagree Disagree Somewhat Disagree Agree Agree Agree
gy & & Disagree & g g
otof ZAI3H EfZ0| Q12 AATHX|0 SHEAILE QUSCHH, 1 X FAUS0| YYHOR YIS
=S 5 Aot Yzt
NT4
If a severe typhoon causes a chemical accident at the nearby industrial park, I believe the residents could
be directly impacted.
= EZPN
oje azx  pamx 3 EE N swEolCt  sozrazT .. 7019 1%
edct ot = Neither Agree nor Somewhat = Strongly
Strongly Disagree Disagree Somewhat Disagree Agree Agree Agree
Disagree
Lt= oI ArHTHX|of 2FetAtn 7t 2/ dsts S o2 A TSl oF St=%| &1 ALt
NTs5
I believe | know how to respond during a chemical accident at the nearby industrial park.
= =
i agx  pagm 32 E sESOT  sorawC . 702 130
2dct 2LCt = Neither Agree nor Somewhat = Strongly
. . Somewhat . Agree
Strongly Disagree Disagree Disagree Disagree Agree Agree
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STATEMENT

CtE X0l cHsto] #5tel oAt 7 71it2 SEO| ®AISH0 FA|7| HHgHL L.

ZH: 7 AFSHE X[Ge| AHHEHR|off 1 7hs T shstAtnof|

2

-
et

g

NHez 0|88 5

rir

BRIt FFoio}.

Problem description: There is a lack of publicly available information about potential chemical

accidents at the industrial park in my city.

Lt= 0]2i0] S2%t Mt HZpeict.

PR1
I think this is an important problem.
Ol 1=X E EPN
g agx 3 EESE o e A L
= oot = Neither Agree nor Somewhat © Strongly
strongly Disagree Somewhat Disagree Agree Agree Agree
Disagree g Disagree g & &
YR 71H8S2 ol 2HE ciZst?| 2t =X S FsHOF THCL.
PR2
Government institutions should take action to solve this problem.
= = o<
oo qmx o 2288 3EESEN Leson semawg . 29T
e e ofCH » Neither Agree nor Somewhat = N
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
O] EX|et 2t215t0], Liot7tof & Wakut o4 Atojof 2 Xto|7} QUCkn ‘Y Zbghry,
PR3 Concerning this problem, I think there is a large gap between the way things should be and the way they
are now.
= = oo
oje aix oo 222X ’ E%;OXI 4 2S0ILE s T AT gy Z‘L@Hja
ToeT e Lt - Neither Agree nor Somewhat = =
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
o] ZHl= Liof|A Mzt dgS2 01E + ALk
IR1
This problem could have serious consequences for me.
EH 24X ol o
2 £ S = >
R Qx| 3 E%it:flo | 4 HEo|C} 5 Qk7b 3} S, Z_L@ﬂ_lgf
Toe e oot ° Neither Agree nor Somewhat ° >
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
O ZMl= Lol LMo ojmet HalE 7k & 5= ALt
IR2
This problem could make a difference in my daily life.
= = o<
coje aax o 21X ’ Ei;c’ﬂ 4 2S0ICH 5 ST AZE e Z‘L@ﬂa
e e oLt e Neither Agree nor Somewhat > >
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
L xt:2 o] Exet et HEto] ALt
IR3

There is a strong relationship between myself and this problem.
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=l 3 EE i E oF7 2 7 i<
rohe 2R gt 2o ot 42BOICH s AU ABCE g Sap
. RECH Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= o] 2X|of st &&= W7t 7HHE = ACkn YZreto).
CR1
I believe I can improve the situation regarding this problem.
= 3 EE i I oF7t 3 7 O
(e %R g 2 o= ot 4=BOICE 5 AT ABOE (o Qe
. 4Lt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= o] EH|of &5t W7t FAILE St XS e BO=S0| 2| gictn HZetry.
CR2
| believe there are few obstacles preventing me from doing something about this problem.
EERSER 7 0
24 = S = oF7t Il
(ohe amx gop 2 o= = 42800 s HT SO qap Sag
. 4Tt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lto| 9|42 o] EH|of 50 €S st A= FF HAXSO|A S25ICL
CR3
My opinions matter to those in the government, who are working on this problem.
=l 3 22 A% E oF7 2 7 i<
N T orch 42E0CH s A ABH qgn Sar
. RECH Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
2Hof of X[ FTlo| M Jhse etetAtno 2ot WEE 2FIUCHH, A2 CHE FUSAA
sHAEHDHE & = Ak
KSN1
It could cause discomfort to other citizens, if a local resident asked for information concerning the
potential for chemical accidents.
24 3 EE :]_E‘le = oF7 24 7 DH‘?‘
(ohe amx gop 2SN ot 4=8OICH s AW ABOE ey Sap
. 4Lt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
WA JHS B SStALTIO) B3t O| Mo Yt NS 2 HofY $ gickD WLl
KSN2
It is not expected that citizens participate in decisions regarding the potential for chemical accidents.
EERSEN 7 0
24 = S = oF7t s
(e %R g 2= ot 42SOICE s AL ABOE gy Qg
. ot Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lts E57 28 7hst ststatnof get QEE SI5ts U4 S ME|siot
KSN3
I trust the way the government handles access to information about potential chemical accidents.
2 3 22 O = ok7t -2 7 O0f<
(ohe azx gop 2 22X ot 4200 s G ABO o Sag
. BTt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
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THof M JhsTh ststAtno MEIT| 2ot YR SIHECHH, HHTHX] Q2o fixet

[ =N | — —

X|92| EX|7}Z0| si&tg Ao|Ct.

oc1
Land prices would likely drop in areas near the industrial park, if information about the potential
consequences of chemical accidents was made available.
E =N Oj
(e azx g 2 LEA > = obrt 4 230t 59U ASH qan Z_I_Eia-
S oot Neither Agree nor Somewhat b >
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
THol M Jhset atstAtno| mE Gk et BRI SIHECHH, X[GFH (o 2, Sl
g2 0jE Aot
0oC2
The local economy (for example tourism, trade) would be affected, if information about the
consequences of potential chemical accidents was made available.
g K| i)
iohe ax gop 2 4= > = okrh 4 230t 59U AL qan Z_!_E;la-
P et Neither Agree nor Somewhat ° ©
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
2l 7tse betAtne} SRk x| FGHo| tigt 2ol RF2, ATUS0| of 2HE olslst=
WS ofFEA gict.
0G3
Lack of access to updated information about potential chemical accidents, limits citizens’ understanding
of the problem.
EEREN i)
ope azx e o8N e a2EolLt s AT AL Do
e 2Ct Neither Agree nor Somewhat © ©
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= X[EE 5 A 2t 2|AFS0| 2 7kt 2bstatno] FriX el Jgof tish &X BEE oS
OC4/ | X|He| FUUSOA SHSHX| Qf=Ctn ‘S2Zptrt,
S5 . . . .- . N .
I think local governments and chemical companies are hiding from citizens the real situation concerning
the consequences from potential chemical accidents at the nearby industrial area.
=2 o
ofe agx pamx 3 EESFN Leson semamo . 24°
2ict ot Neither Agree nor Somewhat ° =
Strongly Disagree Disagree Somewhat Disagree Agree Agree Strongly
Disagree Agree
XNYFUS0| 2d 7tset stetAtnet 2ash HEIL SEl= AES ASHX| 2= Ao 5o
oce | O OIR7F QICkR MZksHALI7E? hof TYCHR, 1 0IRE 7|Ysh FHIL.
5

Are there any other reasons why local residents do NOT want information about potential chemical

accidents to become available? If yes, please describe.
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Lt= o] EXI0f| cHste] o BA| CHA ol oF st=X| =FHA| &2 QACE

RC1
I have a clear idea about how to deal with this problem.
g2 JEX O R
© Jaix| o 2 12X 25 42800t 5 o7k aEn 21 A
1DH_|_:Lox| Lol:l- OF Lol:l- . 61°|:|' :Lol:l-
. RECH Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= o] X0 cHste] @5 7F o BA| 2ol oF sh=X| 2 QUL
RC2
I have an idea about how the government should approach this problem.
HE O"EX o2
° Jaix| o 2 124 38E = 4280|Ct 5 o7k L ” 7 e
1019 2ZX| Lt oF G Cf . 6 1t L}
. 4Lt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree Disagree Disagree Agree Agree
L= =il CHE XHoM =istatnel EEst EZES S0 cist ZHAR| 7L Ackn
RC3 | Mztgict.
| believe there are examples from other regions of the country on how to deal with this problem.
Bz J2ix o<
o qex ony 238 3EEIEN Luson sepamg . 2WE
101 X GiCt o Ga Cf . 6 1t Lt
. 2Tt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= o EX|of cHeH M L7t FAZIE & = ALk H2Zetct.
CR4
I believe I can do something about this problem.
HEZ J3X o2
o qaix| o 2 AEX 3 82 J2A 4EE0[CH 5ok dar N 7 e
1009 2FX] @t of B Cf . 6 1™CH  J™CE
. BTt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= o] EHlof cHoll A 2k o] RALE.
SM1
I am curious about this problem.
HZ X e
o —aix| of 2 d=X| > = oF | 4 HS0|Ct 5 ofZF 2Lt 2 ’ Eli_r
1019 2ZX| Lt oF G Cf . 6 1t L}
. 4Lt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= O 2|0l cHeH M Xtz 4 ZhstLt.
SM2
I frequently think about this problem.
E N of 2
21 3= = = oF7F = 7T
(oje aZR @t 2ot ot 4280 s AW ABO o Sag
. 24Tt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= o EX|ofl cHe M 2o} & & o|sstn ALt
SM3
I want to better understand this problem.
HEZ J3X o2
o qux o 22ER 3EESEN O Leson semown .. 2WE
10§ J"X| 4Lt oF Q4CH . 6 J1EC} Ot
. RCt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= O] 2HI0f| CHol M 7] 215t0] B2 AlZtat =3 S FXISHRACL.
IFrf1

I have invested a lot of time and energy learning about this problem.
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g SN o<
e agx g 2 =N > = okrh 4 = SOICf 5 98 ABEE g Z—Laaa
S oLt Neither Agree nor Somewhat > °
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= o] EHof &gt ROl &S mThg = QCt
[Frf2
I am capable of judging information quality about this problem.
; SN o<
(oje aax gcp 222X > = 5h s280ILr  seragnt L. Lof
S ofCH Neither Agree nor Somewhat ° N
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= O] EXIet 2 E 2|4 HHE =Qlst7| flst Hz|g ghet HEAS 71X 1 ALt
IFrf3
I have a selection of trusted sources that I check for updates concerning this problem.
EERSER 7 0
24 = S = oF7t Il
(ohe amx gop 2 o= = 42800 s HT SO qap Sag
. 4Tt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= O] 2XIet 2tist B o|H o 2o Lt
IPrm1
I am interested in all views concerning this problem.
Ha2 K| o<
e agx g 2 =N > = okrh 4 = SOICf 5 98 ABLE g Z—Laaa
S oLt ° Neither Agree nor Somewhat > °
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= o3| BEAS S5t0f o] EH[ofl Cidto| 2 ALt
[Prm2
I want to know about this problem from multiple sources.
E X o 2
oo daix| orp 2 LEX et gBEOICt 5o AL . Laf
e e OfCH Neither Agree nor Somewhat ° =
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= o] EX|ofl 2totof Hithel o|ASE EECt.
IPrm3
I listen even to opposite views regarding this problem.
EERSER 7 0
24 = S = oF7t Il
(ohe amx gop 2 4= = 42800 s HTABO (e Sag
. R4CH Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= o] EHofl 2sto] Lol 7tFat A SOAl Ee{Fe{n =&5tn QUCt.
[Fwd1
I am trying to inform my family and friends about this problem.
g SN o<
oo agx g 2 A=A > = okrh 4 = SOICf 5 98 ABEE g Z—Laaa
S oLt Neither Agree nor Somewhat > °
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= O EX|of cHet Lie| oA S0 S 7HX| 1 XpFm i shet,
IFwd2
I frequently express my opinions confidently about this problem.
E X o 2
oo daix| o 2 LEX St gBEOICt 5o AL . Laf
e e O4CH Neither Agree nor Somewhat ° =
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree




Lt= of =X sHZol 23to] ChE AFES 258ts ol o= B MUS EXHE 7HX71

IFwds | M Zt3te),
I believe it is worth spending some time to persuade others about solving this problem.
= 3 22 A% = oF 24 7 O
(ohe azx gop 2 22X ot 4200 s G ABO o Sag
. BTt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
THef a7t Liof Al o] X0 ChSto] SO =CtHH, L= o] X0 CHSto] 1 At A B =
ishri | o|gro| QL.
I am willing to talk to someone about this problem, if they ask me.
2 3 88 2K = oF7t 2 7 012
(ohe amx gp 2SN ot 4=8OICH s O ABOE o Sap
. RECH Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
THef St b7t Liof|A| o] EX|o CHSto SO{2CHH, L= O AMR0| Asts oDt HEEIE
ishr2 | 223t o|go| 9Lk,
If someone asks me about this problem, | am willing to share any information they want.
2 3 28 2% 1= of 2 7 0%
T EIRETIE TSI eich 42 SO s S AV g Qan
. 4Lt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
F27t7t o] EXof et 2N E H|7|5HH, Lhs D E 20 FHo{stn ALt
IShr3
I like to participate in the discussion about this problem, when others bring up the topic.
EERRER 7 012
24 = S = oF7t .
(ohe ax gp 2 o= = 42800 s HTABO (e Sag
. 24Tt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= ol EXo 2sto] QAEW, HE, FLiH2te| ofE2|#H0|H S 510 HIHoE FEE
XHOIELC
1Seki -~ I‘I_ I‘-
I actively search for information on the Internet, in newspapers, via mobile applications or otherwise,
regarding this problem.
EERSER 7 0
E'_l = =} = (e] %‘_l o
(ohe amx gop 2 o= = 4= BOICH s T ABL (e Sag
. RCt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= o] EMof 2t MZ2 HE7} A=K FI1H2z gelsirt.
ISek2
I regularly check to see if there is new information about this problem.
2 3 88 2K = oF7t 2 7 012
(ohe amx gp 2SN ot 4=8OICH s O ABOE o Sap
. RFCH Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
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Lt ARSI o EXet BEst HE st}
ISek3
I ask people for information related to this problem.
= 3 82 J34 = oF 2 7 i<
(e %R gt 2 o= ot 42800 s FUABLL g Sag
. RECH Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
L= ME, 2AO|E =& 248 OIC0{E S5t 7|ASS HE W, 0] Xt 2&T 7|AE
Attt | ol
I read about topics related to this problem, when I find articles in newspapers, websites or social media.
=Y 3 28 JgX = or7} - = 7 0
I R o 42SO0ICE s A ABE (g Qan
. 2Lt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
THef St 7k7L o] E X0 ChStof ofof7|StLtH, Lh= O AMRO| 5t EE Fo| @Al E£Ch
IAtt2
If someone talks about this problem, I listen carefully to what they have to say.
EERSE 7 0
IR - S 4280 s AU ABO g Tan
. ot Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
Lt= O] 2XI0f 2t 72 BE0| F2|F 7| 2QICt
IAtt3
| pay attention to news reports regarding this problem.
= 3 €2 A% = oF 2 7 O
(ohe azx gop 2 22X ot 42800 s FUABLE . Sa
. BTt Neither Agree nor Somewhat
Strongly Disagree . Somewhat . Agree Strongly
Disagree . Disagree Agree
Disagree Agree
STATEMENT

CtE2 1) BE718, 2) LHATHR] o] spste|Atofl Ciet #5kel il Xl o|AS 2= EEYULIC

ofzfol 2t 2ol CHEt ST B2 5 sl MZD IHY UXISHE HE MBHO] FA|7| HEZHLIC

FIF

Please indicate your level of agreement with the following statements concerning your personal

opinion towards the government and chemical industrial companies.

OoT1

ojstel =%lo| Rt Z¥S LHE miofck Lot 22 YL ARSS sttt dZhstict,

Whenever this organisation makes an important decision, | believe it is concerned about people like me.

&2 7/ 2 Government institutions

RN F2 19K

oF 2 JEX| of 4 HS0|Ct 5 oFZh 2=t 2 7 O 1™t
Q4 L} o O C} . 6 1L
. Neither Agree nor Somewhat Strongl|
Lz
strongly Disagree Somewhat Disagree Agree Agree Agree
Disagree & Disagree & g g

B}t BJAf Chemical industrial companies




10fS 18X gz =X
Wast aamm 3EECSN Lueson semawg .. ;o9 1w
= Lct = Neither Agree nor Somewhat © Strongly
Strongly Disagree Somewhat Disagree Agree Agree Agree
Disagree g Disagree g g g
LtE= olste] =%|o] OS2 S8E BE + A= SHO| ALt HZsict
OoT2
I believe this organisation has the ability to accomplish what it says it will do.
i | &27/E Government institutions
109 18X Bz =X
Wooet aawm 3EESSN Laeson semawg .. 709 1o
e 4Lt - Neither Agree nor Somewhat = Strongly
strongly Disagree Somewhat Disagree Agree Agree Agree
Disagree & Disagree & & &
i | -2/3/23/AfChemical industrial companies
102 O=X HE 12X
Mo a2awa 3ESSFN asom swmamn .. soe ag
© 2ot - Neither Agree nor Somewhat ° Strongly
strongly Disagree Somewhat Disagree Agree Agree Agree
Disagree & Disagree & g g
Lt= olstel =Xlo] ZHof| getaSe| 4=5S XIE + Arctn =L
OT3

&= 7/ 2 Government institutions

I believe this organisation can be relied upon to keep their promises regarding this problem.

102 3=X EERREDS
Waast aamm 3EESN Lueson semawg o, so9 1w
= 4Lt ™ Neither Agree nor Somewhat © Strongly
Strongly Disagree Somewhat Disagree Agree Agree Agree
Disagree g Disagree g g g
i | 2/8/3/A}Chemical industrial companies
1OjS TR H= 12k
Wooet aawm 3EESSN Laeson semawg .. 709 1w
= 2ot - Neither Agree nor Somewhat = Strongly
strongly Disagree Somewhat Disagree Agree Agree Agree
Disagree Disagree
Lt= 0[5te| =X 0] Liot 22 YUt AHRHE2| o|AS EfTdet Aoz oZICt D HZsiry,
M1
I think this organisation finds the opinions of people like me legitimate.
i &2 7/ # Government institutions
10 12X Ha 12X
Watt  eawm 3RESY Leson semamg . oo 2w
i, 4Lt = Neither Agree nor Somewhat = Strongly
strongly Disagree Somewhat Disagree Agree Agree Agree
Disagree & Disagree & & g
i | 2/3/2/A}Chemical industrial companies
Q = e =l
R aEY aawm 3RS Leson semawm . soe ag
= BECH » Neither Agree nor Somewhat = Strongly
Strongly Disagree Somewhat Disagree Agree Agree Agree
Disagree g Disagree g g &
o|5te| =X 2 Liet Z2 Yt AFRNE2| oA # & 7|20 =Lt
M2

This organisation really listens to what people like me have to say.

&2 7/EF Government institutions
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O < E1IDN HX
e aEY aawm 3E5F sESOT s IO .. 7009 220
= 4Lt Neither Agree nor Somewhat > Strongly
Strongly Disagree Somewhat Disagree Agree Agree Agree
Disagree g Disagree g g g
i | 2/8/3/A}Chemical industrial companies
RS Hz 19X
Hoe 2w B amson sewzagd .. 709 3%
- 2ot - Neither Agree nor Somewhat = Strongly
strongly Disagree Somewhat Disagree Agree Agree Agree
Disagree & Disagree & & &
o|5te] =%|o| AAX} (& #EIXh= Lot Z2 YU ARE0| QAZAEY F&25] oY £

M3 | QEE 7|3 E HISECE,

—

The management of this organisation allows people like me to participate enough in decisions.

i &= 7/ 2 Government institutions

S = 2
RSN samm 3ESSEN Leson sgmamn . soie 2w
- oot Neither Agree nor Somewhat = Strongly
strongly Disagree Somewhat Disagree Agree Agree Agree
Disagree & Disagree & g g
i | 2/8/3/A} Chemical industrial companies
o 24 ]
1””2&37“ > JEX| 3 E%E—; =% 4 2S0ICt 5 L ABEH e 7P S
= 4ct = Neither Agree nor Somewhat ° Strongly
Strongly Disagree Somewhat Disagree Agree Agree Agree
Disagree g Disagree g g g
opx|2to = Fofoj ciet HESYULICH S 7Ist 220 EH REEELCL
GENERAL QUESTIONS
D1 | Hotel E2 FAYLMN? What is your gender?
O X} Female =Xt Male
D2 | Hote B2 A E[YLI7N? What is your age?
19 M| O} or younger 20-29 30-39 40-49 50-59 60-74 75 Al 0|4 or older
p3 | Hotel =F a2 o EH| k| LI7? What is your level of education?
xEshD 7I&s Chetm
_I_—O o
S S a=sia _ o charel (A AR Charel (HHAR
e Vocational / =T =T
Elementary Bachelor
High School Technical Master Degree PhD
School Degree
School

D4 | Hotel 7tF HEAL| A7t A5 2 L} F OfC|of| 8 2E LI7? What is your annual household income?

¥$20,000,001 20| A} -
Below ¥#20,000,000 0|3} Over ¥#40,000,001 & 0| &
¥440,000,000 A 0| Tt
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Hot7t Ex &3 A= A-TH2 o 2A =ML (O -, )
D5

gun, Ulsan)

Which ward (ku) and town district (ché/machi) do you reside in? (example: Deoksin-ri, Onsan-eup, Ulju-

> 5

pe | Hote ZH2 {EA E|ML 7?2 What is your nationality?

D7
live in this household?

st 7Pdol= HSHE =&s5to] ®x 2+ R 22| 71F0| 20| &1 AEL|7? How many people

1 2 3 4

U1

6 7 O] & or more

D8 | Aokl 7Fd0ll= Xt 7t Q&LI? Are there any children living in this household?

4| ves OfL| 2 No

Do | M3t = HEil= OB ELIN? What is your marital status?

oj= 2 o]z AL
Single (never married) Married Divorced Widowed

O|Acz HdF5 OrE L =) FMA CHEFS| ZAteLIC.

This is the end of the questionnaire. Thank you for your cooperation.
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A.4

Sample Pre-game Questionnaire for Game Evaluation

NATECH RISK PERCEPTION

STATEMENT

Please indicate your level of agreement with the statements concerning potential chemical accidents

caused by natural hazards (for example large earthquakes or tsunami).

| consider potential chemical accidents caused by natural hazards (for example the Fukushima Dai-ichi

Nuclear Powerplant accident) a serious problem.

. , 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
sy & & Disagree Disagree Agree & Agree
2 | Iam concerned about chemical accidents caused by natural hazards and their consequences.
] 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
If a large earthquake happens, | think that a chemical accident could occur at an industrial park in Osaka
3
Bay.
. , 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g g Disagree Disagree Agree g Agree
If a large earthquake happens, | think that a chemical accident could occur at an industrial facility near to
4
where I live/work.
] 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Acree Strongly
gy & & Disagree Disagree Agree & Agree
If a large earthquake causes a chemical accident at an industrial facility, | believe the nearby residents could
5
be directly impacted.
. , 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g g Disagree Disagree Agree g Agree
I believe | know how to stay safe if a chemical accident at an industrial facility happens near to where |
6
live/work.
] 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Acree Strongly
gy & & Disagree Disagree Agree & Agree

COMMUNICATIVE BEHAVIOUR TOWARDS NATECH RISK COMMUNICATION

STATEMENT
PR1 | I think chemical accidents caused by natural hazards are an important problem.
: , 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
PR2 | Government institutions should take action to address chemical accidents caused by natural hazards.
; N 3 4 5 p 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
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Concerning chemical accidents caused by natural hazards, | think there is a large gap between the way

PR3
things should be and the way they are now.
. 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
IR1 | Chemical accidents caused by natural hazards could have serious consequences for me.
; 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
IR2 | Chemical accidents caused by natural hazards could make a difference in my daily life.
1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
There is a strong relationship between myself and the problem of chemical accidents caused by natural
IR3
hazards.
; , 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree g Agree
CR1 | I believe | can improve the situation regarding chemical accidents caused by natural hazards.
1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
CR2 | I believe I can do something about chemical accidents caused by natural hazards.
. 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g g Disagree Disagree Agree g Agree
My opinions matter to those in the government, who are working on managing chemical accidents caused
CR3
by natural hazards.
1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
RC1 | I have a clear idea about how to deal with chemical accidents caused by natural hazards.
. 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
RC2 | I have an idea about how the government should approach chemical accidents caused by natural hazards.
; 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
sy & & Disagree Disagree Agree & Agree
RC3 | I have an example in mind on how to deal with chemical accidents caused by natural hazards.
1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
SM1 | I am curious about chemical accidents caused by natural hazards.
; , 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree g Agree
SM2 | I think about chemical accidents caused by natural hazards frequently.
1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
SM3 | I want to better understand chemical accidents caused by natural hazards.
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1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
IFrf1 | I have invested a lot of time and energy learning about chemical accidents caused by natural hazards.
; 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
IFrf2 | I am capable of judging information quality about chemical accidents caused by natural hazards.
1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
I have a selection of trusted sources that I check for updates concerning chemical accidents caused by
IFrf3
natural hazards.
; , 3 4 5 6 7
Stronely Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree g Agree
IPrm1 | I am interested in all views concerning chemical accidents caused by natural hazards.
1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree g Agree
IPrm2 | I want to know about chemical accidents caused by natural hazards from multiple sources.
. 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
IPrm3 | I listen even to opposite views regarding chemical accidents caused by natural hazards.
; 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
IFwd1 | I am trying to inform my family and friends about chemical accidents caused by natural hazards.
1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
IFwd2 | I frequently express my opinions confidently about chemical accidents caused by natural hazards.
; , 3 4 5 6 7
Stronely Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree g Agree
IFwd | I believe it is worth spending some time to persuade others about the problem of chemical accidents
3 caused by natural hazards.
1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
IShr1 | I am willing to talk to someone about chemical accidents caused by natural hazards, if they ask me.
. 5 3 4 5 6 7
Stronely Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g g Disagree Disagree Agree g Agree
If someone asks me about chemical accidents caused by natural hazards, | am willing to share any
IShr2
information they want.
1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
I like to participate in discussions about chemical accidents caused by natural hazards, when others bring
IShr3

up the topic.
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1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly

Disagree Disagree Agree Agree
I actively search for information on the Internet, in newspapers, via mobile applications or otherwise,
[Sek1
regarding chemical accidents caused by natural hazards.
; 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
ISek2 | I regularly check to see if there is new information about potential chemical accidents.
1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
ISek3 | I ask people for information related to chemical accidents caused by natural hazards.
; , 3 4 5 6 7
Stronely Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree g Agree
I read about topics related to chemical accidents caused by natural hazards, when | find articles in
1Att1
newspapers, websites or social media.
1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
If someone talks about chemical accidents caused by natural hazards, I listen carefully to what they have
IAtt2
to say.
. 5 3 4 5 6 7
Stronely Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g g Disagree Disagree Agree g Agree
IAtt3 | I pay attention to news reports regarding chemical accidents caused by natural hazards.
1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
RISK AWARENESS
STATEMENT

Please indicate your level of agreement with the statements concerning potential chemical accidents

caused by natural hazards (for example large earthquakes or tsunami).

The hazard intensity influences the potential consequences.

1 2 3 4 > 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy g g Disagree Disagree Agree g gy Ag
2 | All areas are potentially exposed to the same hazards.
4 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy & & Disagree Disagree Agree g gy A8
3 | Avoiding hazards plays a significant role when choosing a house.
1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy g g Disagree Disagree Agree g gy Ag
Spatial planning and resource allocation matter in reducing the impacts of potential chemical accidents
4

caused by natural hazards.
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3 4 5 6
Somewhat Neither Agree nor Somewhat
Disagree Disagree Agree

1 2
Strongly Disagree Disagree

7
Agree Strongly Agree

5 | Access to chemical information affects residents’ preparedness actions.

3 4 5

1 2 . 6 7
. . Somewhat Neither Agree nor Somewhat
Strongly Disagree Disagree Disagree Disagree Agree Agree Strongly Agree
IMPORTANCE OF RISK COMMUNICATION
STATEMENT

Please indicate how important the following types of information are for you.

1 | Information on hazardous chemical substances and their adverse health effects.

1 2 3 4 6 7
Not Important Slightly Somewhat Moderately Im 05rtant Very Extremely
at All Important Important Important P Important Important

2 | Information on areas potentially affected by chemical accidents caused by natural hazards.

1 2 3 4 6 7
Not Important Slightly Somewhat Moderately Im c>5rtant Very Extremely
at All Important Important Important P Important Important
Instructions and/or training on preparedness and response actions for chemical accidents caused by natural
3
hazards.
1 2 3 4 6 7
Not Important Slightly Somewhat Moderately Im oSrtant Very Extremely
at All Important Important Important P Important Important

4 | Information on available evacuation shelters in case of a chemical accidents caused by a natural hazard.

1 2 3 4 6 7
Not Important Slightly Somewhat Moderately m c>5rtant Very Extremely
at All Important Important Important P Important Important
Information on existing plans and preparedness measures taken by the government and industries for
5
potential chemical accidents caused by natural hazards.
1 2 3 4 6 7
Not Important Slightly Somewhat Moderately Im oSrtant Very Extremely
at All Important Important Important P Important Important

EXPECTATIONS FROM THE GAME

STATEMENT

Please indicate your level of agreement with the statements concerning your attitude and expectations

about serious gaming.

1 | I enjoy playing analog games, like board, card or tabletop games.

1 2 > N ° 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy g & Disagree Disagree Agree g gy A8
2 | Ilearn through playing games.
1 2 > N ° 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy & g Disagree Disagree Agree g gy A8

3 | Iexpect I will enjoy the game.




3 4

5

1 2 . 6 7
. . Somewhat Neither Agree nor Somewhat
Strongly Disagree Disagree Disagree Disagree Agree Agree Strongly Agree
4 | I expect to do well and achieve a high score in the game.
1 2 > N ° 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy & g Disagree Disagree Agree g g A8
5 | Iexpect to learn much from the game.
; 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewnhat Agree Strongly Agree
gy & & Disagree Disagree Agree & gy A8
6 | Ithink the use of serious games in education is generally valuable.
1 2 3 4 > 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy g g Disagree Disagree Agree g gy Ag

GENERAL QUESTIONS

be asked to input it again in the post-game questionnaire.

Please write here a 4-digit numeric code of your choice (e.g., 6714 or 5532). Please save this code as you will

2 | How often do you play analog games, like board, card or tabletop games?

Never A couple of times per year Monthly Weekly Daily
3 | What is your gender?
Female Male
4 | What is your age?
19 or younger 20-29 30-39 40-49 50-59 60-74 75 or older
5 | What is your level of education?
Vocational /
Elementary Bachelor
High School Technical Master Degree PhD
School Degree
School
6 | What is your nationality?
7 | What is your marital status?
Single (never married) Married Divorced Widowed

This is the end of the questionnaire. Thank you for your cooperation.
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A5

Sample Post-game Questionnaire for Game Evaluation

NATECH RISK PERCEPTION

STATEMENT

Please indicate your level of agreement with the statements concerning potential chemical accidents

caused by natural hazards (for example large earthquakes or tsunami).

After the game, I consider potential chemical accidents caused by natural hazards (for example Fukushima

Dai-ichi Nuclear Powerplant accident) a serious problem.

3 4 5 7
Strong] 1Disa ree Disaz ree Somewhat Neither Agree nor Somewhat A 6ree Strongly
sy & & Disagree Disagree Agree & Agree
After the game, | am concerned about chemical accidents caused by natural hazards and their
2
consequences.
; , 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
After the game, if a large earthquake happens, | think that a chemical accident could occur at an industrial
3
park in Osaka Bay.
. 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g g Disagree Disagree Agree g Agree
After the game, | think that, if a large earthquake happens, a chemical accident could occur at an industrial
4
facility near to where I live/work.
; , 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
After the game, | believe, if a large earthquake causes a chemical accident at an industrial facility the nearby
5
residents could be directly impacted.
. 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g g Disagree Disagree Agree g Agree
After the game, | believe | know how to stay safe if a chemical accident at an industrial facility happens
6
near to where I live/work.
; , 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
COMMUNICATIVE BEHAVIOUR TOWARDS NATECH RISK COMMUNICATION
STATEMENT
PR1 | After the game, | think potential chemical accidents are an important problem.
. 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g g Disagree Disagree Agree g Agree
After the game, | believe government institutions should take action to address potential chemical
PR2

accidents.




3 4 5 7
Strongl 1Disa ree Disaz ree Somewhat Neither Agree nor Somewhat A ?‘ee Strongly
gy g & Disagree Disagree Agree g Agree
After the game, concerning potential chemical accidents, I think there is a large gap between the way
PR3
things should be and the way they are now.
; N 3 4 5 p 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
IR1 | After the game, I think potential chemical accidents could have serious consequences for me.
1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
IR2 | After the game, | think potential chemical accidents could make a difference in my daily life.
; 5 3 4 5 6 7
Stronely Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree g Agree
After the game, | think there is a strong relationship between myself and the problem of potential
IR3
chemical accidents.
1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
CR1 | After the game, I believe I can improve the situation regarding potential chemical accidents.
: , 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g g Disagree Disagree Agree g Agree
CR2 | After the game, I believe | can do something about potential chemical accidents.
4 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & g Disagree Disagree Agree g Agree
After the game, | think my opinions matter to those in the government, who are working on managing
CR3
potential chemical accidents.
: , 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
RC1 | After the game, | will have a clear idea about how to deal with potential chemical accidents.
; N 3 4 5 p 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
After the game, | will have an idea about how the government should approach potential chemical
RC2
accidents.
1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
RC3 | After the game, | will have an example in mind on how to deal with potential chemical accidents.
; N 3 4 5 p 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
SM1 | After the game, I will be curious about potential chemical accidents.
1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
SM2 | After the game, | will think about potential chemical accidents frequently.
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3 4 5 7
Strongl 1Disa ree Disaz ree Somewhat Neither Agree nor Somewhat A ?‘ee Strongly
gy g & Disagree Disagree Agree g Agree
SM3 | After the game, | want to better understand potential chemical accidents.
; 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
IFrf1 | After the game, I will invest a lot of time and energy learning about potential chemical accidents.
1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
IFrf2 | After the game, I feel capable of judging information quality about potential chemical accidents.
. 5 3 4 5 6 7
Stronely Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g g Disagree Disagree Agree g Agree
After the game, | will search for a selection of trusted sources that | can check for updates concerning
IFrf3
potential chemical accidents.
1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree g Agree
IPrm1 | After the game, | am interested in all views concerning potential chemical accidents.
. 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
IPrm2 | After the game, | want to know about potential chemical accidents from multiple sources.
; 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
IPrm3 | After the game, | will listen even to opposite views regarding potential chemical accidents.
1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
IFwd1 | After the game, I will try to inform my family and friends about potential chemical accidents.
; , 3 4 5 6 7
Stronely Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree g Agree
IFwd2 | After the game, I will frequently express my opinions confidently about potential chemical accidents.
1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
IFwd | After the game, | believe it will be worth spending some time to persuade others about the problem of
3 potential chemical accidents.
. 5 3 4 5 6 7
Stronely Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g g Disagree Disagree Agree g Agree
IShr1 | After the game, | will be willing to talk to someone about potential chemical accidents, if they ask me.
1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
After the game, if someone asks me about potential chemical accidents, | will be willing to share any
IShr2

information they want.
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3 4 5 7
Strongl 1Disa ree Disaz ree Somewhat Neither Agree nor Somewhat A ?‘ee Strongly
gy g & Disagree Disagree Agree g Agree
After the game, | would like to participate in discussions about potential chemical accidents, when others
IShr3
bring up the topic.
; 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
After the game, | will actively search for information on the Internet, in newspapers, via mobile
[Sek1
applications or otherwise, regarding potential chemical accidents.
1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g & Disagree Disagree Agree g Agree
After the game, | will regularly check to see if there is new information about potential chemical
ISek2
dccidents.
; 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
ISek3 | After the game, | will ask people for information related to potential chemical accidents.
1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
After the game, | will read about topics related to potential chemical accidents, when I find articles in
1Att1
newspapers, websites or social media.
; , 3 4 5 6 7
Stronely Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree g Agree
After the game, if someone talks about potential chemical accidents, | will listen carefully to what they
IAtt2
have to say.
1 > 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy & & Disagree Disagree Agree & Agree
IAtt3 | After the game, I will pay attention to news reports regarding potential chemical accidents.
. 5 3 4 5 6 7
Stronely Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly
gy g g Disagree Disagree Agree g Agree
RISK AWARENESS
STATEMENT

Please indicate your level of agreement with the statements concerning potential chemical accidents

caused by natural hazards (for example large earthquakes or tsunami).

The hazard intensity influences the potential consequences.

; 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy & & Disagree Disagree Agree & gy A8
2 | All areas are potentially exposed to the same hazards.
1 2 3 4 > 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy & g Disagree Disagree Agree g gy Ag
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3 | Avoiding hazards plays a significant role when choosing a house.

1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy g g Disagree Disagree Agree g gy Ag

4 | Spatial planning and resource allocation matter in reducing the impacts of potential chemical accidents.

3 4 5
Somewhat Neither Agree nor Somewhat
Disagree Disagree Agree

1 2
Strongly Disagree Disagree

6 7
Agree Strongly Agree

5 | Access to chemical information affects residents’ preparedness actions.

3 4 5

1 2 . 6 7
Strongly Disagree Disagree Somewhat Nelthe.r Agree nor Somewnhat Agree Strongly Agree
Disagree Disagree Agree
IMPORTANCE OF RISK COMMUNICATION
STATEMENT

Please indicate how important the following types of information are for you.

1 | Information on hazardous chemical substances and their adverse health effects.

1 2 3 4 6 7
Not Important Slightly Somewhat Moderately Im c>5rtant Very Extremely
at All Important Important Important P Important Important

2 | Information on areas potentially affected by chemical accidents.

1 2 3 4 6 7
Not Important Slightly Somewhat Moderately Im oSrtant Very Extremely
at All Important Important Important P Important Important

3 | Instructions and/or training on preparedness and response actions for chemical accidents.

1 2 3 4 6 7
Not Important Slightly Somewhat Moderately m c>5rtant Very Extremely
at All Important Important Important P Important Important

4 | Information on available evacuation shelters in case of a chemical accident.

1 2 3 4 6 7
Not Important Slightly Somewhat Moderately Im oSrtant Very Extremely
at All Important Important Important P Important Important
Information on existing plans and preparedness measures taken by the government and industries for
5
potential accidents.
1 2 3 4 6 7
Not Important Slightly Somewhat Moderately m 05rtant Very Extremely
at All Important Important Important P Important Important

EDUCATIONAL GAME ASSESSMENT

STATEMENT
1 | I enjoyed playing the game.
1 2 3 4 > 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy & g Disagree Disagree Agree g gy A8
2 | I found the game fun.
1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy & & Disagree Disagree Agree & gy A8
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3 | I found the game challenging.
1 5 3 4 5 6 v
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy g g Disagree Disagree Agree g gy Ag
4 | During the game I lost track of time.
1 2 > N ° 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy & g Disagree Disagree Agree g gy A8
5 | I found the game to be realistic.
1 5 3 4 5 6 v
Strongly Disagree Disagree Somewhat Neither Agree nor Somewnhat Agree Strongly Agree
gy & & Disagree Disagree Agree g gy A8
6 | I found the game overall easy to understand.
1 2 3 4 > 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy g g Disagree Disagree Agree g gy Ag
7 | I found the length of the game (i.e., how much time it took) appropriate.
4 5 3 4 5 6 5
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy & & Disagree Disagree Agree g gy A8
8 | I found the information provided during the game sufficient.
1 5 3 4 5 6 v
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy g g Disagree Disagree Agree g gy Ag
9 | llearned a lot from the game.
1 2 > N ° 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy g g Disagree Disagree Agree g gy A8
10 | The game motivated me to learn more about disaster preparedness for chemical accidents.
1 5 3 4 5 6 v
Strongly Disagree Disagree Somewhat Neither Agree nor Somewnhat Agree Strongly Agree
gy & & Disagree Disagree Agree & gy A8
The game motivated me to learn more about disaster preparedness for chemical accidents caused by
11
natural hazards.
1 2 3 4 > 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy 8 g Disagree Disagree Agree g gy s
12 | The game changed how I think about disaster preparedness for chemical accidents.
4 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy & & Disagree Disagree Agree & gy A8
The game changed how | think about disaster preparedness for chemical accidents caused by natural
13
hazards.
1 2 3 4 > 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy g g Disagree Disagree Agree g gy Ag
14 | The game is useful in generating discussions about disaster preparedness for chemical accidents.
4 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy & & Disagree Disagree Agree & gy A8
The game is useful in generating discussions about disaster preparedness for chemical accidents caused by
15

natural hazards.
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1 5 3 4 5 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy g g Disagree Disagree Agree g gy A8
16 | The game is a meaningful educational tool.
1 2 3 4 > 6 7
Strongly Disagree Disagree Somewhat Neither Agree nor Somewhat Agree Strongly Agree
gy & & Disagree Disagree Agree & gy A8

GENERAL QUESTIONS

Please write here the same 4-digit numeric code you wrote in the pre-game questionnaire.

If some aspect of the game especially appealed to you, what is it?

If some aspect of the game needs improvement, what is it?

This is the end of the questionnaire. Thank you for your cooperation.
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