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研究成果の概要（和文）：このプロジェクトは、ネットワークを用いた伝染病のシミュレーション手法に多くの
進歩をもたらしました。時分割データを効率的に扱える新しいアルゴリズムを設計した。また、経験的な接触デ
ータから代理ネットワークを生成するモデルを作成した。さらに、ゲーム理論によってネットワーク上のワクチ
ン接種を分析するなど、応用面でも理論面でもいくつかの進歩を遂げました。

研究成果の概要（英文）：This project has resulted in many advances in network-based simulation 
methods of epidemics. We have designed new algorithms that can handle time-resolved data 
efficiently. We have created models to generate surrogate networks based on empirical contact data. 
Furthermore, we have analyzed vaccination on networks by game theory, and made several other applied
 and theoretical advances.

研究分野： Network science

キーワード： Network science　Theoretical epidemioogy　Social simulation

  １版

令和

研究成果の学術的意義や社会的意義
Many of the ideas of this project have already diffused in the academic community. For society, 
Covid-19 has proved the need for accurate epidemic simulations. The distance from academic results 
to societal benefits is very short, and possibly our output has already benefitted decision-makers.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
 
The theme of this project—the feedback from an epidemic outbreak to human behavior and back—

became very topical with the emergence of Covid-19. At the beginning of the project (long before 

Covid-19), it was nevertheless clear that understanding infectious disease dynamics with the ultimate 

goal of creating effective interventions for mitigating infectious outbreaks would be precious for 

society. It also seemed like a question where theoretical science could continuously contribute to 

medical science. 

 

Before the project started, few research groups were interested in the entire feedback loop between 

epidemics on a network and behavioral contagion. There was no middle ground between highly 

abstract mathematical epidemiology working only with simple models and the statistical epidemiology 

that supports public health decision-makers. With this project, we hoped to fill this gap. 
 
 
２．研究の目的 
 

The proposal for this program used the common assumption that social behavior could spread as 

a social contagion like the infectious disease itself. This would form a feedback loop between 

epidemic and behavioral spreading. In response to perceived risks and social influence, people 

may take preventative measures such as getting vaccinated. These behavioral responses will, in 

turn, modify the infection spreading and cannot be ignored in a comprehensive theory of 

epidemic spreading. The key question in this proposal was thus: How does social spreading of 

behavior influence epidemic spreading? 

 

On the way to answering the key question, we needed to develop several computational and 

theoretical techniques. In the long run, such supporting research can be just as important as the 

primary goal, as it contributes to methods researchers can use for diverse applications (not only 

the feedback between epidemics and behavior). 
 
 
３．研究の方法 
 

Our research used computer simulations, analytical calculations, and statistical computer analysis. 

We have, among others, collaborated with experts on mathematical disease modeling (Prof. Naoki 

Masuda) and game theory (Prof. Marko Jusup). 
 
 
４．研究成果 
 

In total, this project resulted in around 25 publications in three years, around 15 of these were 

directly related to the topics of the project. This project ended one year early to make way for 

my continuation project (Kiban A) on a similar theme (JP21H04595). I will give three examples 

of our concrete research outcomes: 



 

In Phys. Rev. E 103, 052304 (2021), we observed that in many data sets, crucial elements co-

exist with non-essential ones and noise. For data represented as networks, in particular, several 

methods have been proposed to extract a "network backbone," i.e., the set of most essential 

links—however, the question of how we can effectively use the resulting compressed views of 

the data. Here we address this issue by putting forward and exploring several systematic 

procedures to build surrogate data from various kinds of temporal network backbones. In 

particular, we explore how much information about the original data needs to be retained 

alongside the backbone to use the surrogate data in data-driven numerical simulations of 

spreading processes. We illustrate our results using empirical temporal networks with various 

structures and properties. 

 

In another article—PLOS One 16, e0246961 (2021)—we discussed the detailed assumptions 

behind temporal network simulation of SIR epidemics—how to make them comparable with 

analytically tractable formulations of the SIR model and, simultaneously, as realistic as 

possible. We also present a highly optimized, open-source code for this purpose and discuss all 

steps needed to make the program as fast as possible. 

 

In J. Comp. Soc. Sci 4, 709-720 (2021), we studied a vaccination dilemma very similar to the 

ones we all experienced with Covid-19. It involves contributing to a social good—herd 

immunity—and to one's well-being. It is informed by social influence, personal experience, 

education, and mass media. In our work, we investigate a situation in which individuals choose 

based on how social neighborhoods responded to previous epidemics. We do this by proposing 

a minimalistic model using components from game theory, network theory, and the modeling of 

epidemic spreading and opinion dynamics. Individuals can use the information about the 

neighborhood in two ways—following the majority or the best-performing neighbor. 

Furthermore, we let individuals learn which of these two decision-making strategies to follow 

from their experience. Our results show that the flexibility of individuals to choose how to 

integrate information from the neighborhood increases the vaccine uptake and decreases the 

epidemic severity if the following conditions are fulfilled. First, the initial fraction of 

individuals who imitate the neighborhood majority should be limited, and second, the memory 

of previous outbreaks should be sufficiently long. These results have implications for the 

acceptance of novel vaccines and raising awareness about vaccination while pointing to 

promising future research directions. 
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Temporal networks of human interaction

The big science of small networks
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 ２．発表標題

 ２．発表標題
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〔産業財産権〕

〔その他〕
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 ２．出版社
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