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Abstract—Emotion entrainment accounts for the rhythmic 

convergence of human emotions through social interactions. This 

phenomenon abounds in various disciplines, i.e. effervescency in 

soccer games, anger proliferation in violence incidents, or anxiety 

diffusion in disasters. Although emotion entrainment is highly 

relevant to the quality of human daily life, the principles 

underpinning this phenomenon is still unclear. Previous dynamic 

models try to explain entrainment phenomenon by assuming 

symmetrical coupling among identical individuals. Yet this 

assumption clearly does not hold in real-world human 

interactions. As such, we propose an alternative model that 

captures asymmetric relationships. In depicting the coupling 

mechanism, the effect of social influence is also encoded. 

Experimental results on two emergent social events suggest that 

the proposed model characterizes emotion trends with high 

accuracy. Also, we explain the emotion dynamics by analyzing 

the reconstructed entrainment matrix. Our work may present 

practical implications for those who want to guide or regulate the 

emotion evolution in emergency events discussed online. 

Keywords—emotion entrainment; dynamic model; social 

influence 

I. INTRODUCTION 

In social interactions, emotion entrainment is a naturally 
occurring phenomenon that happens when people mutually 
adapt their emotion states towards convergence [1]. This 
phenomenon prevails in in people's everyday life. For instance, 
football fans become effervescent in exciting match; 
participants often grow radical in demonstrations; along with 
the spread of measles, anxiety also diffuses among people. 
Such incidences, if not well monitored and guided, may lead to 
unprecedented tragedies, such as the fierce conflicts between 
football fans and police during the World Cup in Brazil, or the 
bloodshed incurred by a demonstration against racial 
discrimination in Missouri in 2014. Thus, to perceive these 
unusual situations and further to figure out how these radical 
emotions converge, there necessitates a method to track and 
analysis the entrainment processes quantitatively. 

However, until fairly recently, there has been lacking 
dynamical models that could explain how human emotions 
entrain. Most previous work was conducted based on a 
restrictive symmetrical coupling matrix [2-4]. To further 

simplify the model, subjects involved in the model are often 
assumed to be identical [5]. Nevertheless, these assumptions 
may not hold in real world applications because of population 
heterogeneity [6] and the complexity of emotion conductions 
[7]. In addition, previous work mainly focuses on how social 
interactions proceed under certain coupling relationships. Yet, 
in the scenarios of emergency management, it requires to 
answer the inverse question: which coupling structure drives 
the current emotion evolution process. This issue is challenging 
since it involves modeling the topology of social interactions 
[8]. 

In this paper, we propose a novel alternative model that 
depicts coupling mechanism by considering the effect of social 
influence [9, 10]. With evaluation on two social events (i.e. 
Kunming knife rampage in China and the loss of MH370), we 
show that the proposed model is capable to characterize the 
evolution trend of emotion accurately. In addition, analytics on 
the reconstructed entrainment matrix helps to explain the 
emotion dynamics in the two events. 

II. METHODOLOGY 

Human emotions are essentially rhythmic [11], thus each 
people can be considered as a social oscillator vibrating with 
endogenous emotion phase [12]. However, there are mainly 
two aspects that differentiate people from physical oscillator. 
First, the coupling strength for each dyadic should be 
asymmetric and assigned based on the entrainment process. 
Second, human as social beings interact in a more complex 
manner than that of pure physical oscillators. Lazarus 
uncovered that human emotions are shaped by social influence 
[13]. Thus, it is rational to model emotion entrainment process 
by considering the effects of social influence. With these two 
considerations, we depict emotion entrainment process by 
extending the Kuramoto model [12]: 
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where, ix is the average emotion charge of the ith individual, 

ranging from -1 to 1, i
 is its offset component; 

{ } ijaA represents the coupling strength to be estimated for 



each user pair, the phase difference is characterized by the 
emotion disparity multiplied by 2 . 

Under this modeling framework, the following happens. 
Suppose Isaac (individual i)  seeks to adapt his emotion with 
regards to that of Jim (individual j), he checks how others 
adapt their emotions with respect to that of Jim. If they adapt 
emotion in the same direction as Isaac does with regard to his 

gossiping partner, (i.e. coupling strength 
kja   and  

ika  have the 

same sign), then Isaac will adapt his emotion towards that of 
Jim, or depart otherwise (Fig. 1). 
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Fig. 1. Illustation of two modeling strategies. 

Although (1) seems straightforward to estimate, it is 
actually computationally expensive to apply it on large 
population. We address this problem by aggregating 
longitudinal content generated by each individual into three 
groups, i.e. negative (or NEG in short), neutral (or NEU in 
short), and positive (or POS in short). By selecting sentimental 
messages as the agents for exploring entrainment, we instead 
model the ratio of messages bearing specific emotion charge 
(e.g. POS). 

III. EXPERIMENTS AND RESULTS 

A. Datasets 

We employ the proposed model to study two emergent 
social events. The first event refers to a mass knife attack at 
Kunming railway station in China, which incurred 33 people 
dead and at least 140 wounded on the night of Mar. 1, 2014 
(Kunming hereafter). The second event corresponds to a flight 
accident. On Mar. 7, 2014. Malaysia Airlines lost contact with 
one of its flights numbered as MH370, which ultimately 
crashed in the southern Indian Ocean, with all passengers dead  
(MH370 hereafter). 

TABLE I.  STATISTICAL INFORMATION OF DATASETS 

Items Kuming MH370 

Nr. of messages 113752 285,712 

Nr. of users 107363 267,131 

Messages per 

user 
1.10 1.07 

Note: Kunming  and MH370 datasets are collected respectively  

on Mar. 28th, 2014 and Mar. 27th, 2014. 

These two emergency events attract worldwide attention, 

and are fiercely discussed in Sina Weibo
1
.  In each of the two 

events, there are huge amount of emotion-rich messages 

generated, which marks the convergence and departure of 

emotions in the community. In this study, we crawled down 

the top 10 most discussed topics for each event. Statistical 

information of the two datasets is shown in Table 1. 

B. Results 

In what follows, we first test the fitting result of the 
proposed model on the two datasets, and then examine model 
implications from the constructed entrainment matrix. 

1) Results of Model Fitting  
 Figure 2 presents the fitting result of our proposed model 
on two datasets. The good agreement with datasets supports 
our modeling strategy. Apart from data fitting, our model also 
predicts the evolution trends. For instance, the increasement of 
negative emotion in Fig. 2 (a) and the decreasement of neutral 
emotion in Fig. 2 (b) are both captured by our model. 
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Fig. 2. Modeling results. 

2) Model Implications for Entrainment Matrix 
If the proposed model and its interpretation is correct, we 

then expect that the fitted entrainment matrix { } ijaA  

                                                           
1 http://www.weibo.com 

http://www.weibo.com/


captures the interaction among users bearing different emotions. 
Fig. 3 shows the learned entrainment matrix on two datasets.  
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Fig. 3. Entrainment matrix. Postive values and negative values respectively 

indciate the stength of entrainment and departure between distinctive emotion 

groups. 

Fig. 3 suggests that people with negative emotion are 

willing to entrain to others (as indicated by the positive 

coupling values in the first row), while how they stick to their 

negative emotion is rather event dependent. People with 

neutral emotions are prone to entrain to those with negative 

emotions in Kunming dataset. However, they have an 

apparently high tendency to entrain to those with positive 

emotions in MH370 dataset, where showing good wishes 

maybe considered as more practical than express sadness. For 

those in positive mood, they mainly entrain to those with 

negative emotions in Kunming dataset (the first row of Fig. 3 

(a)), yet depart from those people in MH370 dataset (the first 

row of Fig. 3 (b)). This difference may originate from the 

distinctive utilities of emotion in the two incidents, i.e. 

negative emotions mainly convey sorrow for the victims or 

condemn the knife attackers in Kunming dataset, while 

positive emotions transmit bless or good wishes for the lost 

passengers among online users. 

IV. CONCLUSIONS AND FUTURE WORK 

As there lacks an approach to explain how human emotion 
entrains, we propose a dynamic model that depicts coupling 
mechanism by considering the effect of social influence. 
Experimental results on two emergency events suggest our 

model can fit emotion evolution process with higher accuracy. 
Besides, the reconstructed entrainment matrix helps to explain 
the emotion dynamics in these events. 

In our future work, we intend to explore whether modeling 
entrainment phenomenon at both the emotion and the behavior 
level benefit the prediction of each. Also, we want to 
differentiate and measure the effects ported by emotion and 
behavior respectively on online users. 
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