Ciéncia e Tecnologia

Para o Desenvolvlmento
Ampiental, Cultural
e Somoeconomtéo

Xose Somoza Medina
[organizador)

_e  EDITORA
ARTEMIS
2025




Ciéncia e Tecnologia

Para o Desenvolvlmento
Ambiental, Cultural
e Somoeconomtc@ |

Xose Somoza Medina
(organizador)

; _e EDITORA
ARTEMIS
2025




2025 by Editora Artemis
Copyright © Editora Artemis
Copyright do Texto © 2025 Os autores
Copyright da Edicdo © 2025 Editora Artemis

®@ O contetudo deste livro esta licenciado sob uma Licenca de Atribuicdo Creative
Commons Atribuicdo-Ndo-Comercial NdoDerivativos 4.0 Internacional (CC BY-NC-ND
SL 4.0). Direitos para esta edi¢do cedidos a Editora Artemis pelos autores. Permitido o

download da obra e o compartilhamento, desde que sejam atribuidos créditos aos autores, e sem a
possibilidade de altera-la de nenhuma forma ou utiliza-la para fins comerciais.

A responsabilidade pelo conteldo dos artigos e seus dados, em sua forma, corregdo e confiabilidade é
exclusiva dos autores. A Editora Artemis, em seu compromisso de manter e aperfeicoar a qualidade e
confiabilidade dos trabalhos que publica, conduz a avaliagdo cega pelos pares de todos manuscritos
publicados, com base em critérios de neutralidade e imparcialidade académica.

Editora Chefe Prof2 Dr2 Antonella Carvalho de Oliveira

Editora Executiva  M.2 Viviane Carvalho Mocellin

Direcdo de Arte M.2 Bruna Bejarano
Diagramagdo Elisangela Abreu
Organizador Prof. Dr. Xosé Somoza Medina

Imagem da Capa peacestock/123RF

Bibliotecario Mauricio Amormino Junior — CRB6/2422

Conselho Editorial

Prof.2 Dr.2 Ada Esther Portero Ricol, Universidad Tecnoldgica de La Habana “José Antonio Echeverria”, Cuba
Prof. Dr. Adalberto de Paula Paranhos, Universidade Federal de Uberlandia, Brasil

Prof. Dr. Agustin Olmos Cruz, Universidad Auténoma del Estado de México, México

Prof.2 Dr.2 Amanda Ramalho de Freitas Brito, Universidade Federal da Paraiba, Brasil

Prof.2 Dr.2 Ana Clara Monteverde, Universidad de Buenos Aires, Argentina

Prof.? Dr.2 Ana Julia Viamonte, Instituto Superior de Engenharia do Porto (ISEP), Portugal

Prof. Dr. Angel Mujica Sanchez, Universidad Nacional del Altiplano, Peru

Prof.2 Dr.2 Angela Ester Mallmann Centenaro, Universidade do Estado de Mato Grosso, Brasil
Prof.2 Dr.2 Begofia Blandon Gonzélez, Universidad de Sevilla, Espanha

Prof.2 Dr.2 Carmen Pimentel, Universidade Federal Rural do Rio de Janeiro, Brasil

Prof.2 Dr.2 Catarina Castro, Universidade Nova de Lisboa, Portugal

Prof.2 Dr.2 Cirila Cervera Delgado, Universidad de Guanajuato, México

Prof.2 Dr.2 Claudia Neves, Universidade Aberta de Portugal

Prof.2 Dr.2 Claudia Padovesi Fonseca, Universidade de Brasilia-DF, Brasil

Prof. Dr. Cleberton Correia Santos, Universidade Federal da Grande Dourados, Brasil

Dr. Cristo Ernesto Yafiez Ledn — New Jersey Institute of Technology, Newark, NJ, Estados Unidos
Prof. Dr. David Garcia-Martul, Universidad Rey Juan Carlos de Madrid, Espanha

Prof.2 Dr.2 Deuzimar Costa Serra, Universidade Estadual do Maranhao, Brasil

Prof.2 Dr.2 Dina Maria Martins Ferreira, Universidade Estadual do Cear4, Brasil

Prof.2 Dr.2 Edith Luévano-Hipdlito, Universidad Auténoma de Nuevo Leén, México

Prof.2 Dr.2 Eduarda Maria Rocha Teles de Castro Coelho, Universidade de Tras-os-Montes e Alto Douro, Portugal
Prof. Dr. Eduardo Eugénio Spers, Universidade de Sdo Paulo (USP), Brasil

Prof. Dr. Eloi Martins Senhoras, Universidade Federal de Roraima, Brasil

Prof.2 Dr.2 Elvira Laura Hernandez Carballido, Universidad Auténoma del Estado de Hidalgo, México

EDITORA
'EP" ARTEMIS

2025 Editora Artemis
Curitiba-PR Brasil
www.editoraartemis.com.br
e-mail:publicar@editoraartemis.com.br



https://orcid.org/0000-0002-1475-6277
http://lattes.cnpq.br/9172103976395213
http://lattes.cnpq.br/9172103976395213
https://orcid.org/0000-0002-9704-9411
http://lattes.cnpq.br/1208086522665870
https://orcid.org/0000-0003-2651-5996
https://orcid.org/0000-0002-9845-5390
https://orcid.org/0000-0002-7013-8780
http://lattes.cnpq.br/0250232822609557
https://orcid.org/0000-0003-1025-5675
http://lattes.cnpq.br/2877747717021833
https://novaresearch.unl.pt/en/persons/catarina-castro
https://orcid.org/0000-0001-8036-838X
https://www2.uab.pt/departamentos/DEED/detaildocente.php?doc=107
https://orcid.org/0000-0001-7915-3496
https://orcid.org/0000-0001-7915-3496
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4343894D0
https://orcid.org/0000-0002-0930-0179
https://orcid.org/0000-0002-0160-9374
http://lattes.cnpq.br/9349562924350573
https://orcid.org/0000-0003-2585-497X
https://orcid.org/0000-0003-2988-405X
https://orcid.org/0000-0002-5985-8875
http://lattes.cnpq.br/7800954800978254
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4764629P0
http://132.248.160.2:8991/pdf_f1501/000000049.pdf
http://www.editoraartemis.com.br/

Prof.2 Dr.2 Emilas Darlene Carmen Lebus, Universidad Nacional del Nordeste/ Universidad Tecnoldgica Nacional, Argentina
Prof.2 Dr.2 Erla Mariela Morales Morgado, Universidad de Salamanca, Espanha

Prof. Dr. Ernesto Cristina, Universidad de la Republica, Uruguay

Prof. Dr. Ernesto Ramirez-Briones, Universidad de Guadalajara, México

Prof. Dr. Fernando Hitt, Université du Québec a Montréal, Canada

Prof. Dr. Gabriel Diaz Cobos, Universitat de Barcelona, Espanha

Prof.2 Dr.2 Gabriela Gongalves, Instituto Superior de Engenharia do Porto (ISEP), Portugal
Prof.2 Dr.2 Galina Gumovskaya — Higher School of Economics, Moscow, Russia

Prof. Dr. Geoffroy Roger Pointer Malpass, Universidade Federal do Tridngulo Mineiro, Brasil
Prof.2 Dr.2 Gladys Esther Leoz, Universidad Nacional de San Luis, Argentina

Prof.2 Dr.2 Gldria Beatriz Alvarez, Universidad de Buenos Aires, Argentina

Prof. Dr. Gongalo Poeta Fernandes, Instituto Politécnido da Guarda, Portugal

Prof. Dr. Gustavo Adolfo Juarez, Universidad Nacional de Catamarca, Argentina

Prof. Dr. Guillermo Julian Gonzalez-Pérez, Universidad de Guadalajara, México

Prof. Dr. Hakan Karlsson, University of Gothenburg, Suécia

Prof.2 Dr.2 lara Lucia Tescarollo Dias, Universidade S3o Francisco, Brasil

Prof.2 Dr.2 Isabel del Rosario Chiyon Carrasco, Universidad de Piura, Peru

Prof.2 Dr.2 Isabel Yohena, Universidad de Buenos Aires, Argentina

Prof. Dr. lvan Amaro, Universidade do Estado do Rio de Janeiro, Brasil

Prof. Dr. lvan Ramon Sanchez Soto, Universidad del Bio-Bio, Chile

Prof.2 Dr.2 lvania Maria Carneiro Vieira, Universidade Federal do Amazonas, Brasil

Prof. Me. Javier Antonio Albornoz, University of Miami and Miami Dade College, Estados Unidos
Prof. Dr. Jesus Montero Martinez, Universidad de Castilla - La Mancha, Espanha

Prof. Dr. Jodo Manuel Pereira Ramalho Serrano, Universidade de Evora, Portugal

Prof. Dr. Joaquim Julio Almeida Junior, UniFIMES - Centro Universitario de Mineiros, Brasil
Prof. Dr. Jorge Ernesto Bartolucci, Universidad Nacional Auténoma de México, México

Prof. Dr. José Cortez Godinez, Universidad Auténoma de Baja California, México

Prof. Dr. Juan Carlos Cancino Diaz, Instituto Politécnico Nacional, México

Prof. Dr. Juan Carlos Mosquera Feijoo, Universidad Politécnica de Madrid, Espanha

Prof. Dr. Juan Diego Parra Valencia, Instituto Tecnolégico Metropolitano de Medellin, Colémbia
Prof. Dr. Juan Manuel Sdnchez-Yafiez, Universidad Michoacana de San Nicolds de Hidalgo, México
Prof. Dr. Juan Porras Pulido, Universidad Nacional Autonoma de México, México

Prof. Dr. Julio César Ribeiro, Universidade Federal Rural do Rio de Janeiro, Brasil

Prof. Dr. Leinig Antonio Perazolli, Universidade Estadual Paulista (UNESP), Brasil

Prof.2 Dr.2 Livia do Carmo, Universidade Federal de Goias, Brasil

Prof.2 Dr.2 Luciane Spanhol Bordignon, Universidade de Passo Fundo, Brasil

Prof. Dr. Luis Fernando Gonzalez Beltran, Universidad Nacional Auténoma de México, México
Prof. Dr. Luis Vicente Amador Mufioz, Universidad Pablo de Olavide, Espanha

Prof.2 Dr.2 Macarena Esteban Ibafiez, Universidad Pablo de Olavide, Espanha

Prof. Dr. Manuel Ramiro Rodriguez, Universidad Santiago de Compostela, Espanha

Prof. Dr. Manuel Simdes, Faculdade de Engenharia da Universidade do Porto, Portugal

Prof.2 Dr.2 Marcia de Souza Luz Freitas, Universidade Federal de Itajub3, Brasil

Prof. Dr. Marcos Augusto de Lima Nobre, Universidade Estadual Paulista (UNESP), Brasil

Prof. Dr. Marcos Vinicius Meiado, Universidade Federal de Sergipe, Brasil

Prof.2 Dr.2 Mar Garrido Roman, Universidad de Granada, Espanha

Prof.2 Dr.2 Margarida Marcia Fernandes Lima, Universidade Federal de Ouro Preto, Brasil
Prof.2 Dr.2 Maria Alejandra Arecco, Universidad de Buenos Aires, Argentina

Prof.2 Dr.2 Maria Aparecida José de Oliveira, Universidade Federal da Bahia, Brasil

Prof.2 Dr.2 Maria Carmen Pastor, Universitat Jaume |, Espanha

EDITORA
'EP' ARTEMIS

2025 Editora Artemis
Curitiba-PR Brasil
www.editoraartemis.com.br
e-mail:publicar@editoraartemis.com.br



https://orcid.org/0000-0002-9456-8742
https://orcid.org/0000-0001-5447-8251
https://orcid.org/0000-0002-1131-7199
https://orcid.org/0000-0002-1428-2542
https://orcid.org/0000-0002-9106-8806
https://orcid.org/0000-0003-1602-419X
https://orcid.org/0000-0002-3584-5498
https://www.hse.ru/en/staff/ggoumovskaya/
http://lattes.cnpq.br/4326102798287137
https://orcid.org/0000-0003-0965-7087
https://orcid.org/0000-0002-1948-4100
https://orcid.org/0000-0003-1278-0369
https://drive.google.com/file/d/1G7lHLsXjBfKRPq3d25SzCBelWRrCHU2m/view
https://orcid.org/0000-0003-2307-0186
https://orcid.org/0000-0002-3175-1478
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://lattes.cnpq.br/7236475214443844
http://udep.edu.pe/perfil/isabel-chiyon/
https://orcid.org/0000-0003-2047-9680
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4771023P2
https://orcid.org/0000-0002-1564-3397
http://lattes.cnpq.br/1719336988574799
https://www.imdb.com/name/nm9018102/
https://orcid.org/0000-0002-0309-3367
https://orcid.org/0000-0001-5178-8158
http://lattes.cnpq.br/0756867367167560
https://orcid.org/0000-0001-5184-3911
https://orcid.org/0000-0002-6112-6112
https://orcid.org/0000-0002-3708-7010
https://orcid.org/0000-0003-3292-2176
http://scienti.colciencias.gov.co:8081/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001237730
http://scienti.colciencias.gov.co:8081/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001237730
https://orcid.org/0000-0002-1086-7180
https://orcid.org/0000-0003-4926-8481
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4481542Z5
http://lattes.cnpq.br/3822723627284619
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4227371A7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4130908A0&tokenCaptchar=03AHaCkAZATBRA7Jh_MlyMSAKLQluufjZD1uOSUW0ViDRjW3nwPleRXF6vyHxfESBGHcrDeKqw3BuugNe1-YUwIqDzC3ZtDdmRevpEvuoJmAxmsOZFOLnCiVwVED8oKj2iO29sB-DZJwCVYbYezAEClKJI35N4Q3CQjPFhDk_WpuRTh9XqWhtM3jvASOupuw24OwCI1sOD7r1ArrV8EBzuk-s16qFxrfU2OON_s47HGCW2tTpQyTnFqVt1dxi5xiE_PIx0HfGmLWAMxa0QECTXXoiP2O3b_0d4iBKpjAbXvQQB-ZuYOBsoAelhScNmU_w25OBBH_TnsaQ_YsF5Z_byS0WFhVFBefOONNLL38zu8p-DB_jccJZQvhxaQE-MTjMQbRtpA2H5XY8gp2s_Rf1-7ZS9ZUXN3CP8Fw
https://orcid.org/0000-0002-3492-1145
http://orcid.org/0000-0003-2203-3236
https://orcid.org/0000-0002-2246-4784
https://orcid.org/0000-0003-1516-7869
https://orcid.org/0000-0002-3355-4398
http://lattes.cnpq.br/2282358535990348
http://lattes.cnpq.br/7201928600704530
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4744415U9
https://orcid.org/0000-0002-1454-2471
http://lattes.cnpq.br/1795077420118200
https://orcid.org/0000-0003-1348-764X
http://lattes.cnpq.br/5730359043017612
https://orcid.org/0000-0001-9909-3646
http://www.editoraartemis.com.br/

Prof.2 Dr.2 Maria da Luz Vale Dias — Universidade de Coimbra, Portugal

Prof.2 Dr.2 Maria do Céu Caetano, Universidade Nova de Lisboa, Portugal

Prof.2 Dr.2 Maria do Socorro Saraiva Pinheiro, Universidade Federal do Maranhdo, Brasil

Prof.2 Dr.2 M2Graga Pereira, Universidade do Minho, Portugal

Prof.2 Dr.2 Maria Gracinda Carvalho Teixeira, Universidade Federal Rural do Rio de Janeiro, Brasil
Prof.2 Dr.2 Maria Guadalupe Vega-Lépez, Universidad de Guadalajara, México

Prof.2 Dr.2 Maria Lucia Pato, Instituto Politécnico de Viseu, Portugal

Prof.2 Dr.2 Maritza Gonzdlez Moreno, Universidad Tecnoldgica de La Habana, Cuba

Prof.2 Dr.2 Mauriceia Silva de Paula Vieira, Universidade Federal de Lavras, Brasil

Prof. Dr. Melchor Gomez Pérez, Universidad del Pais Vasco, Espanha

Prof.2 Dr.2 Ninfa Maria Rosas-Garcia, Centro de Biotecnologia Gendmica-Instituto Politécnico Nacional, México
Prof.2 Dr.2 Odara Horta Boscolo, Universidade Federal Fluminense, Brasil

Prof. Dr. Osbaldo Turpo-Gebera, Universidad Nacional de San Agustin de Arequipa, Peru

Prof.2 Dr.2 Patricia Vasconcelos Almeida, Universidade Federal de Lavras, Brasil

Prof.2 Dr.2 Paula Arcoverde Cavalcanti, Universidade do Estado da Bahia, Brasil

Prof. Dr. Rodrigo Marques de Almeida Guerra, Universidade Federal do Para, Brasil

Prof. Dr. Saulo Cerqueira de Aguiar Soares, Universidade Federal do Piaui, Brasil

Prof. Dr. Sergio Bitencourt Araujo Barros, Universidade Federal do Piaui, Brasil

Prof. Dr. Sérgio Luiz do Amaral Moretti, Universidade Federal de Uberlandia, Brasil

Prof.2 Dr.2 Silvia Inés del Valle Navarro, Universidad Nacional de Catamarca, Argentina

Prof.2 Dr.2 Solange Kazumi Sakata, Instituto de Pesquisas Energéticas e Nucleares (IPEN)- USP, Brasil
Prof.2 Dr.2 Stanislava Kashtanova, Saint Petersburg State University, Russia

Prof.2 Dr.2 Susana Alvarez Otero — Universidad de Oviedo, Espanha

Prof.2 Dr.2 Teresa Cardoso, Universidade Aberta de Portugal

Prof.2 Dr.2 Teresa Monteiro Seixas, Universidade do Porto, Portugal

Prof. Dr. Valter Machado da Fonseca, Universidade Federal de Vigosa, Brasil

Prof.2 Dr.2 Vanessa Bordin Viera, Universidade Federal de Campina Grande, Brasil

Prof.2 Dr.2 Vera Lucia Vasilévski dos Santos Araujo, Universidade Tecnolégica Federal do Parana, Brasil
Prof. Dr. Wilson Noé Garcés Aguilar, Corporacion Universitaria Auténoma del Cauca, Coldmbia

Prof. Dr. Xosé Somoza Medina, Universidad de Ledn, Espanha

Dados Internacionais de Catalogacao na Publicagao (CIP)
(eDOC BRASIL, Belo Horizonte/MG)

C569 Ciéncia e tecnologia para o desenvolvimento ambiental, cultural e
socioecondmico VI [livro eletrdnico] / Organizador Xosé
Somoza Medina. — Curitiba, PR: Artemis, 2025.

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

Edicao bilingue

ISBN 978-65-81701-51-2

DOI 10.37572/EdArt_290525512

1. Desenvolvimento sustentavel. 2. Tecnologia — Aspectos
ambientais. |. Somoza Medina, Xosé.

CDD 363.7

Elaborado por Mauricio Amormino Junior — CRB6/2422

EDITORA
ARTEMIS
2025 Editora Artemis
Curitiba-PR Brasil
www.editoraartemis.com.br

e-mail:publicar@editoraartemis.com.br



https://orcid.org/0000-0002-0717-0075
https://www.cienciavitae.pt/pt/201A-4926-CC70
http://lattes.cnpq.br/1100319102837718
https://orcid.org/0000-0001-7987-2562
https://orcid.org/0000-0001-7987-2562
https://orcid.org/0000-0001-7987-2562
https://orcid.org/0000-0002-1781-2596
https://orcid.org/0000-0002-2286-4155
https://orcid.org/0000-0002-3994-037X
http://lattes.cnpq.br/5162301829062052
https://orcid.org/0000-0002-3411-6250
http://lattes.cnpq.br/6656933554814005
https://orcid.org/0000-0003-2199-561X
http://lattes.cnpq.br/3405645093765294
http://lattes.cnpq.br/7808313507417916
http://lattes.cnpq.br/8010434422032876
http://lattes.cnpq.br/0955565337333241
http://lattes.cnpq.br/4639320486261004
http://lattes.cnpq.br/1686957518540720
https://drive.google.com/file/d/1vlbt552OjbEjMt9cSrV04_nUqTZ86pWp/view
http://lattes.cnpq.br/7715634436402530
https://orcid.org/0000-0003-1090-0320
https://orcid.org/0000-0001-8603-5690
https://orcid.org/0000-0002-7918-2358
https://orcid.org/0000-0002-0043-6926
http://lattes.cnpq.br/7825092605305826
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4273971U7
http://lattes.cnpq.br/6470095241359182
https://scienti.minciencias.gov.co/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001389538
https://orcid.org/0000-0002-0857-3837
http://www.editoraartemis.com.br/

PROLOGO

La ciencia y la tecnologia siguen siendo fuerzas impulsoras de las
transformaciones sociales, culturales y ambientales de nuestro tiempo. Al mismo tiempo
que responden a desafios urgentes del presente, también iluminan caminos hacia futuros
mas sostenibles, mas justos e inteligentes. Esta recopilacion nace precisamente de ese
impulso: el de pensar, crear y proponer soluciones a partir de la investigacion cientificay
la innovacion tecnologica, en dialogo con las realidades locales y los contextos globales.

Reunimos en Ciéncia e Tecnologia para o Desenvolvimento Ambiental, Cultural
e Socioeconémico VI articulos de investigadores e investigadoras de distintas partes del
mundo, comprometidos con la produccion de un conocimiento riguroso, interdisciplinario
y sensible a la complejidad de los temas contemporaneos. Los trabajos presentados
abordan una amplia gama de cuestiones —desde la nanotecnologia hasta la agricultura
de precision, desde la fisica aplicada hasta la expresioén linglistica— conformando un
panorama diverso que refleja los multiples caminos de la ciencia en el siglo XXI.

Organizados en cuatro ejes tematicos — Tecnologia e Innovacion en Salud e
Industria, Ingenieria, Fisica Aplicada y Recursos Naturales, Sustentabilidad Agricola y
Transformaciones Climaticas, y Lenguaje, Cognicion y Expresion Cientifica— los textos
aqui reunidos nos invitan a reflexionar sobre preguntas centrales de nuestro tiempo:
¢Coémo garantizar el acceso equitativo a las nuevas tecnologias médicas? ¢Como integrar
soluciones de ingenieria a las urgencias ambientales? (De qué manera puede el avance
agricola responder al cambio climatico sin agotar los recursos naturales? (Y como influye
el lenguaje en la forma en que comprendemos y comunicamos el conocimiento cientifico?

Mas que ofrecer respuestas definitivas, esta obra propone caminos para
la reflexion y la accién, abriendo espacio para nuevas investigaciones, debates y
colaboraciones. Cada autor y autora aporta una perspectiva Unica, y juntas estas voces
amplian nuestra comprension del papel transformador de la ciencia y la tecnologia en el
mundo contemporaneo.

Que este nuevo libro sea, para lectoras y lectores, una invitaciéon a la curiosidad
critica, al pensamiento creativo y a la construccion de futuros posibles. Agradecemos a

todos los involucrados por su confianza, dedicacion y generosidad intelectual.

Xosé Somoza Medina

Universidad de Leodn, Espanha
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ABSTRACT: This paper analyzes the
chronological changes in Japanese keywords
in domestic SNS spaces, particularly on
Twitter (now X), from January 2011 to March
2015. The analysis focuses on 507 keywords

selected from  Wiktionary’'s Japanese
Basic Vocabulary 1000 that demonstrated
significant  posting volumes, examining

approximately 25,600 data points extracted
from over 780,000 records. Statistical
methods including time series decomposition,
autocorrelation analysis, cross-correlation
analysis, and Granger causality tests were
applied to reveal temporal structures and
social synchronization phenomena in keyword
usage. The results identified developmental
stages from the 2011 earthquake impact period
to the 2015 optimization period, showing
shifts in platform power dynamics (from blog
dominance to Twitter hegemony) and language
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usage transformations. Notably, the analysis
revealed that negative expressions centered
on “nai” (not/non-existent) play a crucial role
in the information propagation pathway from
TV exposure to search to SNS; verbs and
adjectives occupy more central positions than
nouns on Twitter; and seasonal-social rhythms
synchronize with SNS language use, forming
peaks in March-April and September-October.
KEYWORDS: Twitter/X; linguistic rhythm;
social synchronization; japanese basic
vocabulary; granger causality.

1INTRODUCTION

This paper presents a multifaceted
analysis of Twitter (now X) and other SNS
diffusion trends in Japan from January 1,
2011, to March 31, 2015, utilizing statistical
time series analysis methods on Japanese
keyword posting volumes. The comprehensive
analysis examined diffusion patterns of 507
Japanese keywords (nouns, adjectives,
adverbs, particles, and verbs with significant
posting volumes), yielding 25,857 data points
as monthly aggregates from 786,357 rows
of data. Statistical analyses were applied to
these data to examine chronological change

patterns and relationships between keywords.
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Figure 1. Integrated Time Series Analysis Framework.
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Applications

Comprehensive ramework integrates muttiple analytical methods for deeper insights into SNS dynamics.
Methods complement each other to reveal temporal pattems, dependencies, and anomalies in complex information systems.

11 MAIN ARGUMENTS

e This paper presents a time series analysis of SNS diffusion trends for 507
Japanese keywords from January 2011 to March 2015, analyzing 25,857 data
points as monthly aggregates from 786,357 rows of data.

< The analysis period covers four years followingthe Great East Japan
Earthquake, providing a valuable window for observing SNS language use
during a period with minimal commercial intervention.

< The diffusion patterns of basic vocabulary se-lected from Wiktionary’s
Japanese Basic Vocabulary 1000, such as "nai/nai” (not/non-existent) and "ooi/
ooi” (many/much), reveal the formation process of the digital public sphere.

*  The negative expression "nai” proved most effective in mediation analysis,
contributing to the elucidation of the information propagation pathway from
TV exposure to search to SNS.

« Developmental stages were observed, character-ized as: earthquake impact
period (2011), postearthquake rebound period (2012), accelerated growth
period (2013), maturation period (2014), and optimization period (2015).
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¢« Power dynamics between platforms changed dra-matically from blog

dominance in 2011 to Twitter hegemony in 2015, accompanied by
transformations in language usage patterns.

The article will be published as a book chapter, in E-book format, at the Editora

Artemis website. Eventually, our books are made available on partner publishing sites and

repositories.

1.2 SELECTION OF ANALYSIS TARGET TERMS BASED ON WIKTIONARY JAPANESE
BASIC VOCABULARY 1000

The Japanese terms analyzed in this paper, such as "nai/nai” (not/non-existent),
"ooi/ooi” (many/much), "jikan/jikan” (time), "kako/kako” (past), and "yasui/yasui” (cheap/
easy), were extracted from Wiktionary’s Japanese Basic Vocabulary 10001). This vocabulary
list serves as a standard for Japanese language learners and linguistic researchers,
systematically collecting high-frequency terms used in everyday communication.

Using high-frequency basic vocabulary as analysis targets offers methodological

advantages:

- Data Sufficiency: Basic vocabulary appears frequently, ensuring adequate
data volume for statistically significant analysis

«  Generalizability: Using general vocabulary rather than specialized terminology
increases the generalizability of results

-  Temporal Stability: Basic vocabulary experiences relatively little variation over
time, making it suitable for long-term time series analysis

«  Cognitive Foundation: Basic vocabulary plays a central role in human cognitive

categorization, reflecting fundamental mechanisms of information processing.

Table 1. Basic Information of Analysis Target Terms.

Term Part of Speech Basic Semantic
Domain
nai/f& L Adjective Negation/Nonexistence
00i/% L\ Adjective Quantity/Degree
(Affirmative)
jikan/ B8 Noun Temporal Concept
kako/i& % Noun Tense Concept
yasui/%& L\ Adjective Value/Difficulty
Level
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2 CHARACTERISTIC ANALYSIS OF JAPANESE TWITTER (NOW X) SPACE FROM
2011-2015

21LIMITED ADVERTISING AND MARKETING INTERVENTION

The Japanese Twitter (now X) space from 2011 to early 2015 featured limited
commercial intervention compared to the present. Twitter (now X) advertising targeting
Japan was in its initial stage in 2011, and while Promoted Trends were launched in April
2011, full-scale advertising deployment remained limited. Major companies had begun
operating official accounts, but systematic utilization as a marketing strategy was still in a
developmental stage.

Prevalence of Organic Diffusion Information diffusion on Twitter (now X) during this

period demonstrated more organic and natural characteristics compared to the present.

2.2 CHARACTERISTICS OF LANGUAGE USE IN JAPANESE TWITTER (NOW X)
SPACE FROM 2011-2015

Distinctive patterns of language use were observed in the Japanese Twitter (now

X) space during the analysis period.

Interaction Between Platforms
In the Japanese SNS space, distinctive interaction patterns were observed
between Twitter (now X), blogs, and 2ch. A typical information propagation pattern was

observed: initial mention on Twitter (now X).

Table 2. Characteristics of Information Diffusion in Japanese Twitter (now X) Space from 2011-2015.

Diffusion Feature
Characteristic

Algorithm Chronological display was mainstream,
with less influence from algorithm-driven
display optimization seen today

Nature of RTs Retweets during 2011-2015 were
primarily based on genuine empathy or
informational value, with limited influence
from organized diffusion campaigns

Viral Phenomena Spontaneous viral phenomena were
central, and sophisticated methods of
intentional viral induction seen today
were not yet refined
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Table 3. Characteristics of Language Use in Japanese Twitter (now X) Space from 2011-2015

Language
Characteristic

Observation Result

Emotional Expression

Usage frequency of emotional
expression keywords such as "naku”
(cry) increased during 2013-2014,
showing a trend toward more direct
emotional expressions becoming
normalized

General Vocabulary

Usage of basic vocabulary such as
"hito” (person) and "mazu” (first/
firstly) increased significantly,
reaching maximum values during
2014-2015

Action-Related
Words

Action-related words such as "au”
(meet), "iku” (go), and "kuru” (come)
showed large seasonal variations,
synchronized with school year cycles
and social events

Figure 2. | Correlation Heatmap of Media Exposure and SNS Activity (2011-2015). The TV—Twitter correlation is
highest, with response times for each platform also shown.

Media and SNS Time-Series Correlation Heatmap
Relationship Between Media Exposure and Social Media Activity (2011-2015)

M o708
M oso7

TV Exposure M oso0s
M o405

News

Media Type

Search

0.7

Twitter
SNS Platform

03-04
02:03
00-0.2

Correlation
Coefficient

2ch

Time Precedence: TV Exposure — News — Search
Based on data from 27,132 observations between 2011-2015

Key Time Delays:
* TV to Twitter: ~1.2 hours
+ TV to Blog: ~8.5 hours

Correlation Changes (2011 vs 2015):
* TV-Twitter: 0.48 — 0.74
+ TV-Blog: 0.32 -+ 0.63

« News programs response: ~40 minutes « Search-Twitter relationship inverted after 2013
« Entertainment pregrams response: ~2.3 hours Information paradigm shifted from search-led to SNS-led

— deepening of discussion on 2ch — detailed analysis on blogs. The response

speed to current topics was fastest on Twitter (now X), followed by 2ch, then blogs.

Chronological Characteristics of Twitter (now X) Growth Period

The period from 2011 to 2015 corresponds to the growth phase of Twitter (now X)

in Japan, with unique development patterns observed.
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2.3 DATA CHARACTERISTICS: LANGUAGE USAGE PATTERNS IN JAPANESE SNS
SPACE, KEYWORD CLUSTER ANALYSIS

The relationship between Japanese keyword Twitter counts and blog counts is
visualized on a logarithmic scale, with cluster analysis results expressed through color

coding. The following characteristics can be discerned from this scatter plot.

Table 4. Growth Stages and Characteristics of Twitter (now X) in Japan.

Growth Stage | Characteristic
Initial Expan- | Rapid expansion of user base
sion Period | and recognition as a practical

(2011-2012)

tool, triggered by the Great East
Japan Earthquake

Cultural  For-
mation Period

Establishment  of
specific (now X) expression

Twitter-

(2012-2013) forms and conversation patterns,
formation of unique cultural
norms

Mainstreaming | Diffusion to wider age groups

Period (2013- | and establishment as an every-

2014) day communication tool

Early Com- | Beginning of full-scale utiliza-

mercialization tion of corporate accounts and

(2014-2015) commercial use

Table 5. Characteristic Analysis of Keyword Cluster Scatter Plot.

Observed Detailed Analysis
Characteristic

High- High-frequency keywords such
Frequency as ”"nai” (not) and “mazu”
Keyword Dis- | (first/firstly) are concentrated in
tribution the upper right region. These

show extremely high usage fre-
quency on both Twitter and
blogs, functioning as cross-
platform basic vocabulary

Cluster Forma-
tion

Five clusters (0-4) are identi-
fied by color, each formed based
on usage frequency and inter-
platform balance

Cluster 4 Char-
acteristics

Cluster 4 (yellow), which in-
cludes ”nai” (not), has the high-
est frequency and cross-platform
characteristics, suggesting that
negative expressions play a cen-
tral role in SNS communication

Ciéncia e Tecnologia para o Desenvolvimento Ambiental, Cultural e Socioeconémico VI

Capitulo 12



Figure. 3. Results of Keyword Cluster Analysis, showing clusters by bubble size and color based on Twitter and blog
post counts, Keywords are color-coded by part of speech (nouns, verbs, adjectives), visualizing the relationship
between.
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Figure. 4. Monthly Twitter Count Heatmap for Top 50 Keywords. Trend changes from 2011 to 2015 are visualized.
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This heatmap visualizes monthly Twitter mentions of the top 50 keywords from

2011 to 2015. The following insights can be derived from the temporal change patterns.

Ciéncia e Tecnologia para o Desenvolvimento Ambiental, Cultural e Socioeconémico VI  Capitulo 12 “



Table 6. Time Series Analysis of Monthly Twitter Count Heatmap.

Temporal Pat-
tern

Interpretation

Overall Growth
Trend

Almost all keywords increased
in usage frequency from 2011 to
2015, with notable increases ob-
served for many keywords par-
ticularly during 2013-2014. This
coincides with the acceleration
period of Twitter adoption in
Japan

Seasonal Varia-
tion

Periodic usage frequency peaks
are observed for many key-
words in March-April and
September-October,  suggest-
ing synchronization with the
Japanese school year and social
schedules

Dominance of

FINTH

nat

”Nai” (not) consistently shows
the highest usage frequency
(deep yellow), reaching its peak
during 2014-2015. This dom-
inance of negative expressions
reflects SNS functioning as a
space for evaluation and critique

Figure. 5. SNS Usage Distribution of Top 50 Keywords. Shows the relationship between distribution on logarithmic
scale of Twitter counts and blog counts, and parts of speech.

FOTHR (9

2.4 DISTRIBUTION OF SNS USAGE BY PART OF SPEECH

Keywords are color-coded by part of speech (nouns, verbs, adjectives), visualizing

the relationship between Twitter counts and blog counts. This figure clearly reveals

differences in usage patterns by part of speech.
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Table 7. Characteristic Analysis of SNS Usage Distribution by Part of Speech.

Part of Speech | Analysis Result
Characteristic

Noun Distribu- | Nouns are widely distributed

tion (Green) throughout the scatter plot, but
are concentrated in the area
from lower left to center. Nouns
expressing time and order such
as "mazu” (first/firstly) and
"kyou” (today) are relatively
high-frequency

Verb Distribu- | Verbs are concentrated in the

tion (Red) upper right region, with high-
frequency keywords particularly
common among verbs, includ-
ing “nai” (not) and "masu” (in-
crease). This suggests that de-
scriptions of actions and states
play a central role in SNS

Adjective Dis- | Adjectives are polarized be-
tribution (Blue) | tween the high-frequency region
in the upper right and the low-
frequency region in the lower
left, indicating significant differ-
ences in usage frequency as eval-

uative expressions

3 ANALYSIS OF MEDIATION EFFECTS IN THE "NAI/#L\* KEYWORD

Figure. 6. Time Series Analysis of the leyword “nai/#&L\” While TV exposure increases year by year, search volume

shows a declining trend, and SNS mentions show a slight increasing trend.

Mediation Model: TV Exposure — Search Volume — Social Media Mentions
(With "Nai/Mu-i" Keyword Data)

TV Exposure (X} a=.0888 Search Volume (M) Social Media (Y)
Loz -8 SocialTotal =
(Search Count) FO% + 2ch + Twitter

(Blog + 2ch + Twitter)

TVEE +
Za—AfFH
(TV Time + News)

k

¢ (Direct Effect)

Mediation Analysis for "1 L\#EU\" (NailMu-i - Negation words in Japanese)

+ Direct Effect: Limited dirsct influence + TV Exposura t — Search Volume | (negative corrslation)
+ Indirect Effect: Strong negative correlations in both pathways « Search Volume 1 — Social Media Mentions | (negative correlation)
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Table 8. Decomposition of Effects in the "nai/#&L\" Keyword.

Effect Type

Correlation Coefficient and
Relationship

Pathway a (TV

Strong negative correlation (-

—Search) 0.668): Increase in TV ex-
posure —> Decrease in search
behavior

Pathway b | Strong negative correlation (-

(Search—> SNS) | 0.601): Increase in search be-
havior = Decrease in SNS

mentions
Direct  Effect | Limited influence: Direct
(") impact without mediation

through search is small

Indirect Effect | Positive indirect effect: Syn-
(axXb) ergistic positive effect due to
double negative correlation

The mediation model represents a causal process in which TV exposure (X)
influences social media mentions (Y) through search behavior (M). This analysis targets
the "nai/#& L\” (negation) keyword, examining the strength and direction of influence
in each pathway. The analysis reveals characteristic patterns in the mediation process
for the "nai/#& L\” keyword. A strong negative correlation (-0.668) is detected in the
pathway from TV exposure to search behavior (a), and similarly, a strong negative
correlation (-0.601) is observed in the pathway from search behavior to social media
mentions (b). This indicates the existence of inverse relationships in both pathways. A
characteristic mediation structure is confirmed for the negative expression. keyword
"nai/ LN

«  When TV exposure increases, related search behavior tends to decrease (a
=-0.668)

« Increased search behavior leads to decreased mentions on social media (b
=-0.601)

«  The direct effect (¢) is limited, and the influence from TV exposure to social
media mentions is primarily indirect through search behavior

« The indirect effect (a x b) becomes positive, suggesting that TV exposure

may have an indirect positive influence on social media mentions.
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3.1 TIME SERIES VARIATION ANALYSIS OF THE "NAI/#& (\" KEYWORD (2011-2015)

Figure. 7. Comparison of Keyword Selection Scores in the Mediation Model. Ranking based on four indicators: data
volume, variability, correlation, and mediation index.

Time Series Analysis of "Nai/Mu-i" Keyword (2011-2015)
TV Exposure, Search Volume and Social Media Mentions
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The time series analysis of the "nai/#& " keyword from 2011 to 2015 shown in the
figure demonstrates contrasting variation patterns between TV exposure time, search
counts, and social media mentions. Detailed analysis of this five-year transition provides
insights into information propagation and interaction between media. TV exposure time
shows a consistent increasing trend, reaching an annual average growth rate of +13.8%.
It rose from approximately 1,240,000 seconds in 2011 to approximately 1,860,000
seconds in 2015. In contrast, search counts show a continuous decrease, with an annual

average change rate of -18.4%.

4 TIME SERIES ANALYSIS OF GRANGER CAUSALITY TEST RESULTS

Granger causality test results reveal how bidirectional causal relationships
between multiple Japanese keyword pairs change over time. Each graph shows time
series data over a 12-month period, allowing evaluation of causal relationship strength

using a significance level of 0.05 (red dotted line) as a reference.

Ciéncia e Tecnologia para o Desenvolvimento Ambiental, Cultural e Socioeconémico VI  Capitulo 12 m



Table 9. Annual Trend Data of the "nai/#EL\’ Keyword (2011-2015).

Year TV Expo- | Search SNS
sure Counts Mentions

2011 1,239,995 | 74,499 39,516,633
SeC

2012 1,299,401 | 59,567 45,750,276
sec

2013 1,542,528 | 51,191 46,709,790
SeC

2014 1,716,637 | 41,723 48,255,378
sec

2015 1,861,598 | 38,526 45,873,688
sec

Annual Average | +13.8% -18.4% +3.8%

Change Rate

Figure. 8. Asymmetry of causal relationship and p-value transition between "hito” (person) and "shita shita” (below/

down).

— "Hito" — "Shita Shita" (A — L7 )
— "Shita Shita" — "Hito" (L7 F — A)

030 -~ Significance level (p=0.05)
Sharp weakening
of causality

Consistent asymmetry
(Hito — Shita Shita stronger)

p-value

Month

Lower p-values indicate stronger causality. Values below the red dashed line (p=0.05) are statistically significant.

Figure. 9. Causal relationship and reversal point between”hito” (person) and "aru are” (exist/be).

— "Hito" — "Aru Are” (A — $35 Bir)
e "Ar Are® — "Hito" (B3 B — A)

0.30 -~ Significance level (p=0.05)
Causality reversal
atmonth 5
Strongest causality
025 point in month 12

Lower p-values indicate stronger causality. Values below the red dashed line (p=0.05) are statistically significant.
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Table 10. Analysis of Time Serie s Causal Relation ship Patterns Between Keywords.

Relationship

Characteristics of Time Series
Pattern

hito—shita shita”
vs “’shita shita —
hito”

During the initial 4 months,
the causal relationship “hito —
shita shita” is strong (low P-
value). In the 5th month, re-
lationships in both directions
weaken sharply. From the 6th
to 10th month, both directions
gradually strengthen. Through-
out the entire period, the hito—
shita shita” direction tends to be
stronger

“hito—aru are” vs
aru are — hito”

In the initial stage (months 1-
4), the "hito — aru are” direc-
tion is stronger, but from the Sth
month, the ”aru are — hito” di-
rection strengthens dramatically
and this trend continues. In the
12th month, “aru are — hito”
shows its maximum strength

“hito — naru nara
»

nare” vs “naru
nara nare — hito”

The ”naru nara nare — hito” di-
rection is significantly stronger
throughout the entire period.
This asymmetry reaches its
maximum in months 7-12.
”naru nara nare” has a sus-
tained, powerful influence on
hito”

5 TIME SERIES ANALYSIS OF GRANGER CAUSALITY TEST RESULTS RELATED TO

NEGATIVE EXPRESSIONS

Table 11. Time Series Causal Relationship Patterns Between Negative Expressions and Other Keywords.

Relationship

Characteristics of Time Se-
ries Pattern

"Negative ex-
pression —
suru” vs “suru
g Negative

expression”

”"Negative ex-
pression —
naru” vs "naru
- Negative
expression”

The causal relationship in the
”suru— Negative expression”
direction is consistently dom-
inant throughout the entire
period. In the 5th month, re-
lationships in both directions
reach their peaks simultane-
ously, but the dominance of
the "suru — Negative expres-
sion” direction is maintained
thereafter

The causal relationship in the
”"naru—Negative expression”
direction is consistently dom-
inant throughout the entire
period, becoming strongest
particularly in the 1st month
and the 5th-6th months

"Negative ex-
pression —
aru” vs “aru
— Negative

expression”

Both directions show strong
fluctuations in the first half,
while the relationship weak-
ens in the latter half. This
suggests complex interac-
tions between concepts of
existence and non-existence
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It has become clear that the time series causal relationships of Japanese keywords
demonstrate not merely unidirectional influences but complex interactions and temporal
variations. Particularly noteworthy is the tendency for concepts such as "naru nara nare”
(become) and "aru are” (exist/be) to increase their influence over time. These results provide

insights for understanding how discourse in Japanese media changes and develops.

Table 12. Summary of Time Series Characteristics of Keywords.

Keyword Main Characteristics

hito Strong initial influence,
shows periodic fluctua-
tions

shita shita Influence increases over
time

aru are Shows the most notable

growth pattern

naru nara nare Maintains consistently
strong influence

masu masu Shows complex fluctua-
tions and context depen-
dence

suru suru sure shire seyo | Consistent influence on

"masu masu”

6 LANGUAGE USAGE CHARACTERISTICS ACROSS JAPANESE SNS PLATFORMS:
COMPARATIVE ANALYSIS OF PART OF SPEECH DISTRIBUTION AND GROWTH
DYNAMICS

Figure. 10. Range of Variation by Part of Speech in Japanese SNS (2011-2015).
Parts of Speech Variation Range in Japanese SNS (2011-2015)

Highest Variation: Adjectives (-300M to +600M)

— Range Extent
[[] terquartie Range
= Median Value

+300M ® Average Value (200M)
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o Lowest Variation

Interjections

________________ | —— EE

e
g

g
H

Variation Range (millions)

g
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Verb Adjective Noun Interjection
Simeishi)

Analyzing part of speech distribution and differences between platforms in

Japanese SNS usage reveals the essence of linguistic characteristics and growth
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dynamics of each medium. Structural characteristics and evolutionary processes of
Japanese online communication can be discerned from growth rates by part of speech
and comparison of usage frequency across platforms. From the growth rate of Twitter
(now X) counts by part of speech, it is clear that interjections (ij) show the highest growth
rate at approximately 5.6%. In contrast, nouns (approximately 4.4%), verbs (approximately
4.4%), and adjectives (approximately 4.4%) maintain nearly equivalent growth rates. This
dominance of interjections suggests that Twitter (now X) functions as a platform suitable

for expressing immediate and emotional reactions.

Table 13. Linguistic Characteristics by Platform.

Platform Dominant Part | Communication
of Speech Characteris-
tics

Twitter (now X) | Adjectives > | Evaluation-
Verbs > Nouns | fAction-

Oriented
2ch Adjectives > | Reactive
Verbs > Nouns
Blogs Verbs ~ Nouns | Information
| > Adjectives Dissemination

7 EQUILIBRIUM COLLAPSE AND REORGANIZATION IN THE JAPANESE SNS
ECOSYSTEM: PLATFORM COMPETITION AND DYNAMICS OF LANGUAGE
TRANSFORMATION FROM 2011 TO 2015

Figure. 11. Comparison between actual data and theoretical growth models for the keywords “nai” (meaning “not”)
and “masu” (meaning “to increase”) for the 2011-2015 period. Both showed decelerating growth during 2014-2015.

Keyword Growth Trends vs. Theoretical Projections (2011-2015)

Fi&Ly (nainot) Usage Growth 89, (masulincrease) Usage Growth
1000k 1000k
Growth Slowdown _
(zgq!4-m1’5]_ P
. Growth Slowddwn
750k 750k Q\!II-Z\Z

500k 500k
= Actual Data
= = Theoretical Trend

Frequency

250k 250k

0 0

2011 2012 2013 2014 2015 2011 2012 2013 2014 2015

Year

2015: Beginning of "Post-Growth Era" in Japanese SNS
Shift from Quantitative Expansion to Qualitative Optimization
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Table 14. Evolution of Power Relations Among Platforms (2011-2015).

Platform Power in July
2011

Blogs = 2ch 3 Twitter
(now X)

LT

(for “masu,” “iu,” etc.)

Platform Power in
January 2015

Twitter (now X) 3> 2ch
> Blogs

(all keywords)

2ch = Twitter (now X)

Twitter (now X) : 2ch :

> Blogs Blogs

(for “nai,” “aru,” etc.) ~b:2:1

Twitter (now X) =~ | Absolute dominance of

Blogs = 2ch Twitter (now X)

(for “naru,” “shita,” etc.) | (especially “nai,”
“masu’)

Figure. 12. Content propagation model in the Japanese SNS ecosystem (2011-2015). It visualizes the structure
whereby information flows mainly from Twitter (now X) to 2ch and Blogs.

Content Propagation Model in Japanese SNS Ecosystem (2011-2015)

Twitter

Primary Content Source
(Immediate, Short-form, Evaluative)

Keywords with highest frequency:
TR (nailnot): ~30M
4 "ET (masulpolite): ~18N
2ch
Secondary Platform
(Anonymous, Discussion-focused)
— - - = Content with 2-3 month delay
~15M peak frequency

/' Blog
(D\m\mshmg Platform
(Detailed, Permanent) < _ _ _ _
Filtered content /
230 max frequency
S

Limited cross-platform exchange

Seasonal Pattern (Twitter)
July: Pre-summer break peak

Keyword Platform Affinity
Twitter: Negative ("L, /not), Action verbs
2ch: Stative (7333, /exist), Nouns
Blog: Polite (&3, [polite), Formal

August: Mid-summer quiet period
September: School reapening activity

Flow in SNS (2013-2015)
« Twitter emerged as the primary content source with highest keyword frequencies (~30M at peak)
« Content propagated from Twitter to 2ch with 2-3 month delay (observable in usage spikes)

~ Blogs showed selective content adoption and continuous decline in influence

A detailed analysis of Japanese SNS data from 2011 to 2015 reveals a dramatic
shift in the power balance among platforms and a fundamental change in linguistic usage
patterns. Observing the time-series trends of each keyword across platforms, it becomes
evident that the “tripartite structure” existing in early 2011 had completely collapsed by
2015, resulting in the absolute dominance of Twitter (now X).

This remarkable shift is not solely attributable to differences in platform
penetration rates but rather reflects a more fundamental “compatibility between media
characteristics and language usage.” By comparing each keyword’s content, a clear
pattern emerges regarding the affinity between specific types of keywords and particular
platforms. The negative expression “nai” (“not”) rose to approximately 22 million mentions
on Twitter (now X) in 2015, about 1.5 times that of 2ch and roughly 10 times that of Blogs.
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This suggests that concise expressions of criticism or negation align well with the
characteristics of Twitter (now X).

8 TIME-SERIES TRENDS FROM 2011 TO 2015

Figure. 13. Changes in information flow and time lag between media (comparison of 2011 and 2015). For disaster-
related keywords, the lag has been significantly reduced, indicating a move toward real-time integration.

Cross-Platform Media Dynamics and Temporal Delays
Information Flow Between Media Platforms (2011-2015)

Media Information Flow and Time Delays

120 (by 2018) e == n

2ch Discussions

Temporal Delay Analysis By Keyword Type (2011 vs 2015)

R rs—"
e —
B ot v — e i

L
+ Emergence of real-ime media integration 1000 Sk

Delay (hours)

a2

Disaster/Crisis PoliEdhord Categories  Entertanment Daily Life
(i) () 052) (BB

81 2011: POST-DISASTER INFLUENCE PHASE

The impact of the Great East Japan Earthquake in 2011 is prominently reflected in

the data. The following characteristics became evident from time-series analysis:

«  Emotional and aid-related expressions such as“naku” (“weep”), “tasukeru”
(“help”), and “inochi” (“life”) recorded anomalously high monthly growth rates
of +152% to +237%.

- Daily-life keywords such as “taberu” (“eat”) and“asobu” (“play”) declined by
22% to 35%.

«  Event-driven patterns outweighed periodic ones inthe time series.

8.2 2012: POST-DISASTER REBOUND PHASE

In 2012, two major factors shaped the data: the “post-disaster rebound effect” and

the “rise of political activism.”

¢ A rebound-like increase for everyday-life key-words that had temporarily
declined after the earthquake (e.g., “taberu” +78.3%, “asobu” +65.7%).
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« A sharp increase in political keywords in thefourth quarter (October-
December): e.g., “kaeru” (“change”) +62.7%, “erabu” (“choose”) +57.3%.
« Resurgence of a “regular periodicity” in keywordusage, with peaks in March

and September and troughs in February and August.

8.3 2013: GROWTH ACCELERATION PHASE

In 2013, the keywords related to “nai” (“not”) and “masu” (“increase”) showed a

rapid upward trend in mentions on Twitter (now X).

« By late 2013, usage of “nai’-related keywords hadreached approximately 25
million mentions.

* Quarterly seasonal fluctuation patterns becamemore distinct.

- Emotional expressions such as “naku” (“cry”) and“warau” (“laugh”) exhibited

noteworthy growth.

8.4 2014: MATURITY PHASE

The year 2014 can be characterized as a “maturity phase” for SNS usage in

Japan.

« Intensification of “burstiness” in keyword usage, showing repeated rapid
ascents and descents (i.e., a “high-amplitude, short-period” pattern).

-  Stabilization of “relative positional relationships”among keywords (for
example, “nai > masu > iu > masu,” indicating a fixed hierarchy).

«  Establishment of a “bimodal” pattern, with thefirst peak from the beginning of

the year to summer and the second peak toward year-end.

8.5 2015: OPTIMIZATION PHASE

In 2015, Japanese SNS keyword usage transitioned into an “optimization phase”

after passing through a growth and maturation stage.

«  Emergence of a “small-amplitude, high-frequencyfluctuation” pattern, where
shorter cycles became more common and amplitude decreased.

e Strengthened correlation between contentconsumption behaviors and
keyword usage (“miru” (“see”) +40%, “naku” (“cry”) +43%, etc.).

« Increase in “meta-linguistic expressions” (e.g.,“buzz%” (“to buzz”), “trend A U ”
(“to become a trend”), “> = 7HE"” (“request to share”)).

Ciéncia e Tecnologia para o Desenvolvimento Ambiental, Cultural e Socioeconémico VI  Capitulo 12 m



8.6 COMPREHENSIVE TRENDS OVER FIVE YEARS

From 2011 to 2015, the following overall trends emerge:

* The collapse of the “three-power structure,” giving rise to a single dominant
Twitter (now X).

- Adjectives and verbs exhibit the highest usagefrequencies (approximately
200 million) and the largest fluctuations.

Table 15. Growth and Decline Trends for Major Keywords in 2015.

2015 Growth | 2015 Declining Keywords
Keywords

“mire”  (“see”)
(about 40% in-
crease)

“nai” (“not”) (about 15% de-

crease)

“naku” (“cry”) | “masu” (“increase™) (about
(about 43% in- | 10% decrease)
crease)

“hito” (“per- | “tsukau” (“‘use”) (about 20%
son’™) (about | decrease)
25% increase)
“omou” “shinu” (“die™) (about 15%
(“think™) (about | decrease)
18% increase)

« Many keywords follow an “S-curve” growth pat-tern (introductory phase in
2011-2012, rapid growth in 2012-2013, and maturity in 2014-2015).
e Growth stagnation or slowdown from 2014 to 2015, marking a shift toward a

“post-growth phase.”

Table 16. Developmental Stages of Japanese SNS Usage.

Phase Characteristics of Japanese
SNS Usage
Introductory Trial of diverse forms of ex-

(2011-2012)
Rapid Growth | Standardization of certain ex-
(2012-2013)

pression; low absolute values

pressions; high growth rate

Expansion Establishment of usage pat-
(2013-2014) terns; high absolute values

Maturity Functional  differentiation;
(2014-2015) growth slowdown and stabi-

lization

Time-series analysis of Japanese SNS keywords demonstrates that the observed
fluctuations are not random but rather follow highly structured temporal patterns. Of

particular note is a distinct seasonal rhythm common to many keywords, suggesting that
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online communication is not just a cluster of individual, sporadic actions but a collective
activity with synchronized timing across society as a whole.

Periodicity analysis confirms that the frequencies of Japanese SNS keywords
exhibit a “multi-layered rhythmic structure.” An annual cycle (12-month period), a
semiannual cycle (6-month period), and a seasonal cycle (3-month period) overlap to
form seasonal patterns, and the relative strength of these cyclical components varies
by keyword.

Residual analyses indicate two intriguing phenomena: “planned deviations” and
“‘contingent deviations” from the seasonal rhythm. Planned deviations are predictable
residual patterns related to regular annual events (elections, sports events, etc.) and
appear in many keywords. In contrast, contingent deviations are irregular residuals
triggered by natural disasters or unexpected social incidents, often occurring within a

localized set of keywords.

Table 17. Classification and Characteristics of Residual Patterns.

Residual Representative | Keywords

Type Cases Highly Af-
fected

Planned De- | Elections, masu, iu, suru

viations Olympics

Contingent Disasters, Sud- | naku, iru, aru

Deviations den Incidents

9 CONCLUSION

The time-series analysis of Japanese SNS keywords reveals the existence
of a “linguistic rhythm” and the phenomenon of social synchronization within online
communication. Far from being a mere random accumulation of individual language
use, this rhythmic structure operates at the collective level of society, closely interlinked
with social and cultural rhythms. These findings provide a scientific basis for under-
standing the interplay between the temporal structure of digital communication and its

social contexts.
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