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Abstract 

People tend to associate with other people whose 

qualities are similar to their own. This phenomenon is the 

so-called “like attracting like”, or the “homophily”, in 

social networks. This paper presents a model that 

simulates how individuals in social networks with 

homophily make decisions as a result of the empathic 

effect, which refers to influence by the decisions of 

friends or the populations of social networks of which 

they are a member. In this study, experiments were 

conducted using Monte Carlo simulation to test a 

particular decision-making preference (such as asking a 

question in a Facebook group) and Chi-square tests were 

conducted to see whether the distribution of people’s 

final choices is the same as that of people’s intrinsic 

choices. Experimental results show that under each the 

following conditions, individuals are less likely to 

experience the empathic effect, meaning that they are less 

likely to change their intrinsic choices: (1) the social 

network exhibits a more homophily; (2) decision-makers 

have more options from which to choose, and (3) 

individuals have fewer friends. 

Keywords: Simulation model, Social networks, 

Empathetic decision-making, Homophily, 

Small-world network 

1 Introduction 

A social network is a set of people who are 

connected by social relationships of one or more types 

and who share common interests. People use social 

networks to see what their friends are doing; show 

them that they care about them, and obtain new 

information from the messages that their friends share 

directly on such networks. 

One of the most basic concepts concerning the 

structure of social networks is homophily, which refers 

to the fact that people tend to be similar to their friends 

[1]. When people have similar personalities and 

preferences, they are likely to please each other and 

exhibit the same decision-making behaviors. This 

phenomenon underlies “sharing vile habits” or the fact 

that “birds of a feather flock together”, which relate to 

a similarity between attributes [2]. When social 

interactions that are based on homophily are 

established, friends are more likely to maintain contact 

with each other. 

In an environment with greater homophily, decision-

makers are more likely to put themselves in other 

people’s shoes; consider their psychological reactions, 

and understand their attitudes and emotional 

competences before making judgments and decisions 

concerning events. This phenomenon is called empathy 

or “psychic mobility”. Empathy easily occurs among 

individuals with various backgrounds. When emotions 

rise to a certain level that inhibits objective judgment, 

decision-makers begin to empathize with other 

decision-makers as if they were important figures in 

their lives. Empathy typically occurs when decision-

makers inadvertently do or say something that triggers 

unsolved problems that occupy others’ minds. These 

problems typically concern families, including parents 

and siblings, as well as friends and other important 

figures. 

This study examines which factors, such as 

population size, mean number of friends per individual, 

homophily level, social network structure, and the 

number of available options in a decision, affect the 

empathetic decision-making behaviors of individuals in 

social networks and how they do so.  

The main contributions of this paper are as follows. 

First, a model of social networks with various 

homophily levels is developed. Second, a computerized 

mathematical model of empathetic decision-making 

behavior that considers intrinsic preferences and 

empathetic preferences is proposed. Third, experiments 

are conducted using Monte Carlo simulation to test the 

hypothesis that the distribution of people’s final 

choices is the same as that of their intrinsic choices. 

The rest of the paper is organized as follows. Section 

2 provides a brief overview of relevant literature. 

Section 3 describe the methodology that is used to 

model empathetic decision-making behavior in social 

networks with homophily. Section 4 explains the 

experimental setup and Section 5 discusses the 

experimental results. Section 6 draws conclusions. 
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2 Literature Review 

The reviews of literatures are organized as follows. 

First, the small-world network that is used to model the 

proposed social network in Subsection 3.1 is studied. 

Second, the literature on the concept of homophily, 

which will be incorporated into the small-world 

network in Subsection 3.2, is reviewed. Finally, the 

literature most closely related to this paper and, in 

particular, research on the empathetic decision-making 

behavior in social networks, which will be studied in 

Subsection 3.3, is briefly discussed. 

2.1 Small-World Network 

In 1976, Milgram [3] was the first to raise the small-

world issue in interpersonal relationships. He 

performed a series of experiments to confirm that the 

distance between people is not as far as imagined and 

only six degrees of separation (people) separate 

everyone in the world. The small-world network model 

can be generated using a defined regular graph and a 

probability of rewiring the links pr. When the rewiring 

probability pr = 0, no irregular connections occur and a 

regular graph is formed, in which every node is 

connected to several neighbor nodes and the clustering 

is maximal; when the random link probability pr = 1, 

all of the regular connections become irregular and a 

random graph is formed; this graph has the smallest 

average path length. The results of the experiment 

show that when the rewiring probability pr is between 

0 and 0.15, the average path length decreases rapidly 

while clustering decreases slowly; this finding which 

consistent with the fact that the small-world network 

model has a small average path length and a large 

average clustering coefficient [4]. This situation is 

schematically in Figure 1 [5]. 

               

pr = 0                  pr = 0.15                 pr = 1 

Figure 1. Diagram Showing Changes in Regular 

Network – Small-World Network – Random Network 

[5] 

A variety of social networks, particularly friendship 

networks, have been shown to exhibit the small-world 

phenomenon. One such example was considered by 

Wohlgemuth and Matache [6], who showed that 

Facebook group networks have small average path 

lengths and large clustering coefficients that do not 

vanish as the network size increases; they therefore 

exhibit small-world features. This study will use the 

small-world network as the default social network 

topology. 

2.2 Homophily 

McPherson et al. [7] showed that individuals with 

similar characteristics, such as gender, race, ethnicity, 

age, and educational history, tend to be friends; this 

phenomenon is called homophily. The homophily 

phenomenon has been widely studied extensively in 

various domains. Aral et al. [8] developed a dynamic 

matched sample estimation framework to distinguish 

influence and homophily effects in dynamic networks. 

Their results showed that previously developed 

methods significantly overestimated peer influence in 

such networks, mistakenly identifying homophily-

driven diffusion as influence-driven contagion. Yavaş 

and Yücel [9] identified the conditions under 

homophily reinforces or undermines diffusions over 

social networks. Small increases in homophily favor 

diffusion whereas large increases disfavor it. Gerwen 

and Sleeuwen [10] examined the differences between 

opportunity-based and choice-based homogeneities 

within subgroups, based on the gender and 

socioeconomic status of 1640 university students from 

one university in the U.S. Their results revealed that 

Facebook networks of individuals with a higher 

socioeconomic status are more homogeneous with 

respect to major field of study than are Facebook 

networks of individuals with a lower socioeconomic 

status. 

Pin and Rogers [11] described the process of 

formation of a social network with homophily as 

having two stages. First, the characteristic of a node is 

chosen based on some type of homophily; second, 

nodes form connections with a probability that 

increases with the similarity of this characteristic. To 

analyze the empathetic effect at various homophily 

levels, Subsection 3.2 proposes a novel approach to 

generate a social network with homophily. 

2.3 Empathetic Decision-making Behavior 

One research study that is closely related to this 

work was performed by Salehi-Abari and Boutilier 

[12]. The authors proposed a model of empathetic 

social choice in which individuals derive utility based 

on both their own intrinsic preferences and their 

empathetic preferences that are derived from their 

friends. The authors then converted the problem into a 

weighted form of classical preference aggregation of 

which social welfare maximization and certain forms 

of voting are examples. Many significant differences 

exist between our work and that of Salehi-Abari and 

Boutilier [12]. First, their empathetic model assumed 

that person’s intrinsic preferences are not correlated 

with those of their friends. However, this work 

proposes a novel model for generating a social network 

that exhibits homophily, in which individuals were 

likely to have the same intrinsic preferences as their 

friends. Second, they performed their experiments 
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based on the impartial culture assumption which 

requires that, given a number of alternatives, each 

individual assigns a random and equal probability 

(uniform distribution model) to all possible preference 

rankings. Since the uniform distribution model is not 

very realistic, this work provides experimental results 

concerning some other distribution models, such as 

truncated-normal and Zipf distribution models. Third, a 

statistical (hypothesis testing) method is used herein to 

analyze the effects of various factors on an individual’s 

empathetic decision-making behavior; however, 

Salehi-Abari and Boutilier [12] used the index of social 

welfare loss as a performance metric in various 

empathetic models. 

3 Modeling Empathetic Decision-Making 

Behavior in Social Networks with 

Homophily 

This section introduces the use of small-world 

networks to create a model of social networks, and 

then defines homophily level in relation to people’s 

intrinsic choices in a particular decision-making 

preference. It finally presents a model of empathetic 

decision-making behavior and discusses how 

individuals make final choices. 

3.1 Modeling a Social Network as a Small-

world Network 

The simulation model in this research is based on a 

small-world network. Methods for establishing the 

small-world network from the literature [5] are referred 

to. These methods firstly generate a regular graph and 

then, based on the rewiring probability pr, select some 

links from the graph to be re-linked to non-neighboring 

nodes. The steps of constructing a small-world network 

with n nodes and a mean degree k are described in 

detail below. 

 

 

Algorithm 1: Modeling social network based on  

small-world network  

Step 1: Place n nodes in a ring lattice and label the 

nodes with numbers from 1 to n according to 

their respective positions around the ring. 

Step 2. Connect every node to k neighbors, k/2 on 

either side. 

Step 3: Randomly rewire every link with rewiring 

probability pr so that self-connections and 

duplicate links are not formed. 

end algorithm 

 

 

Table 1 presents some basic properties of small-

world networks (n = 4000, k = 50) that are rewired 

with probability pr = 0.05, 0.15 and 1 in the 

experiments, and Figure 2 displays the distributions of 

the degrees of the nodes in these small-world networks. 

Table 1. Basic properties of small-world networks (n = 

4000, k = 50) 

rewiring 

prob. (p
r
)

avg. path 

length L(p
r
) 

avg. clustering 

coefficient C(p
r
)

network 

diameter D(p
r
)

0.05 3.077 0.631 5 

0.15 2.809 0.454 4 

1.00 2.517 0.012 3 

 

Figure 2. Distributions of degrees of nodes in small-

world networks with various rewiring probabilities pr 

(n = 4000, k = 50) 

3.2 Modeling Homophily in Social Networks 

People are typically more likely to build social links 

with people who are similar to them. This phenomenon 

is called homophily: “birds of a feather flock together”. 

Homophily is evident in connections in social networks, 

such as marriage, friendship, connection with co-

workers, and co-membership, for example, as can be 

evidenced in interests, education, political views and 

other characteristics. People commonly consider 

differences between traits and those of others before 

deciding whether they want to build social links with 

others. Therefore, people with the same traits are 

typically more likely to become friends, and 

individuals and members of their social networks 

generally have homogeneous characteristics. Since the 

homophily principle limits the diversity in how people 

obtain information, and affects how individuals 

perceive certain things and make decisions, the 

homophily level among individuals in social networks 

must be considered in elucidating how individuals 

make decisions in social networks. 

Here, homophily among intrinsic choices made by 

individuals at a particular preference is considered. For 

example, the following survey question appears on 

Facebook; “Which do you prefer, baseball or 

football?” People in Taiwan and most of their friends 

will probably answer “baseball” while those in Brazil 

are more likely to answer “football”. Therefore, 

people’s intrinsic choices concerning this question 

exhibit high homophily. In contrast, if people’s 

intrinsic choices concerning a particular preference 

have low homophily, then the inconsistency between 

their and their friends’ intrinsic choices will be greater. 
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For example, the following survey question appears on 

Facebook; “What is your favorite color?” Since the 

color preferences of individuals typically do not 

depend on their educational backgrounds, religion or 

places of residence, people in Taiwan and their friends 

will probably not all prefer a certain color; the same 

will be true for people in Brazil. Restated, people’s 

intrinsic choices with respect to the questoin, “What is 

your favorite color?” have a low homophily level. 

Based on this concept, it is necessary to specify 

individuals’ intrinsic choices related to the homophily 

level with repect to a particular preference before 

information about their final choices begins to diffuse 

across a social network. 

The complete sequence of steps in the proposed 

approach for modeling homophily in a social network 

is as follows. 

Step 1. Let P = {1, 2, ..., n} denote the set of nodes 

(individuals) in a social network and let O = {1, 2, ..., 

m} denote the set of available options to be chosen 

with respect to a particular preference. First, a small-

world network with n nodes (individuals) and mean 

degree k is generated using the algorithm in Subsection 

3.1. In the following steps, let ai,x = 1 if the intrinsic 

choice that is made by individual i is x; otherwise ai,x = 

0. Initially, assume ai,x = 0 for all individuals i∈P and 

all options x∈O. 

Step 2. Assume that X is as a random variable (which 

may follow a uniform distribution, truncated-normal 

distribution, or Zipf distribution, for example) that is 

used to generate intrinsic choices. Use X to generate n 

random numbers (x1, x2, …, xn), xi∈O, for 1≤i≤n. Then, 

(x1, x2, …, xn) are reordered to (
(1)

x
π

,
(2)

x
π

,…,
( )n

x
π

) 

such that 
(1)

x
π

≤
(2)

x
π

≤…≤
( )n

x
π

. Accordingly, identical 

options 
( )i

x
π

are placed in consecutive positions. Then, 

for all individuals i∈P, let 
( ),
i

i x
a

π

 = 1, meaning that the 

intrinsic choice of individual i is 
( )i

x
π

. Since the small-

world network that was constructed in Step 1 is 

characterized by high clustering, the probability that 

node i connects with neighboring nodes i−1, i+1, i−2, 

i+2, …, i−k/2, i+k/2 (meaning that they become friends 

with each other) is high. Therefore, the probability that 

an individual and his or her friends make the same 

intrinsic choice is high because identical options are 

placed in consecutive positions, as mentioned above. 

Restated, this social network has a maximum 

homophily level. 

Step 3. Next, adjustments are made to the homophily 

in this social network based on the selected homophily 

level ph ∈ [0..1]. Each individual is assumed to have 

probability 1−ph of generating a new random value x* 

from the random variable X and his or her intrinsic 

choice will then be reset to x*. If ph equals 1, then the 

intrinsic choices that are made by all the members in 

this social networks are not reset and these intrinsic 

choices have the highest homophily level, which was 

obtained in Step 2; if ph equals 0, then all the 

individuals will reset their intrinsic choices based on 

the random variable X and these intrinsic choices have 

the lowest homophily level. 

Based on the above description, the formal 

algorithm for modeling the homophily in a social 

network is presented below. 

 

 

Algorithm 2: Modeling homophily in social networks 

Step 1: Create a social network according to 

Subsection 3.1; for each individual i∈P and 

  each option x∈O do ai,x←0; // initially, reset all 

ai,x to zero// 

 end for 

Step 2: Use a specific random variable X to generate n 

random numbers (x1, x2, …, xn) with values that 

range from 1 to m; Reorder (x1, x2, …, xn) to 

  (
(1)

x
π

,
(2)

x
π

,…,
( )n

x
π

) such that  

  
(1)

x
π

≤
(2)

x
π

≤…≤
( )n

x
π

; 

  for each individual i∈P do 
( ),
i

i x
a

π

←1; 

  end for 

Step 3: for each individual i∈P do 

 Use uniform distribution U [0,1] to generate a  

 random number r; 

   if r ≥ ph then 

    Use the specific random variable X to 

generate a random number x*; 

   
( ),
i

i x
a

π

←0; , *i x
a ←1; 

  end if 

  end for 

end algorithm 

 

3.3 Modeling Empathetic Decision-making 

Behavior in Social Networks 

How do individuals in social networks make 

decisions when they encounter a choice and have many 

available options to choose from? They consider 

intrinsic preferences (which are related to intrinsic 

choices, defined in the previous subsection), but they 

are also influenced by the decisions that are made by 

their friends or fellow members of their netwrok. Such 

influence is called empathetic preference. For example, 

when an individual fills out a questionnaire in a 

Facebook group, he or she can see statistics concerning 

available selected options, including statistics 

concerning the choices that were made by his or her 

friends. These statistics may affect the decision of the 

individual, causing him or her to change his or her 

intrinsic choice. Accordingly, the model of empathetic 

decision-making in social networks is as follows. 
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Step 1. Let P and O denote the set of nodes 

(individuals) in the social network and the set of 

available options that can be chosen in relation to a 

particular preference, respectively. Use the algorithm 

in Subsection 3.2 to specify the intrinsic choices of all 

individuals i such that ai,x = 1 if the intrinsic choice that 

is made by individual i is x; otherwise ai,x = 0. In the 

following steps, let bi,x = 1 if the final choice that is 

made by individual i is x; otherwise bi,x = 0. Initially, 

assume bi,x = 0 for all individuals i∈P and all options 

x∈O.  

Step 2. Randomly select s individuals from P as initial 

seeds of S and their final choices are assumed to be 

entirely based on their own intrinsic choices rather than 

being affected by their friends or others, so bi,x is set to 

ai,x for i∈S, x∈O.  

Step 3. Let P* denote the subset of individuals in the 

population that has made final decisions and let F(i) 

represent the set of friends of individual i. Assume that 

wo represents the strength of an individual’s own 

intrinsic preference; wf is the strength of the 

individual’s empathetic preference that is derived from 

influence by friends, and wp is the strength of 

empathetic preference that is derived from the 

influence of population of the social network. Define 

w(i,x) as the strength of the preference of individual i 

for option x, which is a linear combination of the 

abovementioned three preference as follows. 

w(i,x) = 
,o i x

w a⋅ +
,

( ) *

f j x

j F i P

w b

∈ ∩

⋅∑ +
,

*

p j x

j P

w b

∈

⋅∑ , 

for i∈P−P*, x∈O. 

According to the above equation, individual i may 

choose option xi
* with the maximum value w(i,x) as his 

or her final choice and then *

,
i

i x
b is set to one. The 

value of xi
* is calculated as follows. 

 *

arg  max{ ( , )}
x O

i
w ix x

∈

= , for i∈P−P*. 

Based on the above two equations for the calculation 

of w(i,x) and xi
*, the final choice of individual i will 

related to the choices of his or her friends and the 

population P* of the social network that has made final 

decisions. Notably, the time when individual i receives 

information from his or her friends will affect his or 

her final decision. The probability that individual i 

receives this information is assumed to depend on the 

number of friends who have made their decisions 

(|F(i)∩P*|). Basically, a greater |F(i)∩P*| value 

indicates that individual i is more likely to receive the 

information soon and become the next decision-maker. 

The formal algorithm for modeling the empathetic 

decision-making process in social networks is as 

follows. 

 

 

 

Algorithm 3: Modeling empathetic decision-making  

in social networks 

Step 1: According to Subsection 3.2, specify the 

intrinsic choice ai,x for all individuals i∈P and 

all options x∈O; for each individual i∈P and 

  each option x∈O do bi,x←0; // initially, reset all

  bi,x to zero // 

  end for 

Step 2: Randomly select s individuals as initial seeds 

of S; for each individual i∈S and each option 

  x∈O do bi,x←ai,x; 

  end for 

Step 3: P*
←S; 

  while P* ⊂ P do 

 Randomly select individual i from P−P* with 

the probability proportional to |F(i)∩P*|; 

   for each option x∈O do 

w(i, x) = 
,o i x

w a⋅ +
,

( ) *

f j x

j F i P

w b

∈ ∩

⋅∑ +
,

*

p j x

j P

w b

∈

⋅∑ , 

  end for 

  *

arg  max{ ( , )}
x O

i
w ix x

∈

← ; 

  
, *

i
i x
b ←1; 

  P*
← P*

∪{i}; 

  end while 

end algorithm 

4 Simulation Design and Methods 

A simulation experiment is conducted using the 

model that was presented in Section 3 and the Monte 

Carlo method. Random samples are generated using 

random numbers. The same experiment is repeated 

many times. Finally, the experimental results are 

analyzed using statistical methods. The simulation 

platform is built using the NetLogo, which is a very 

popular multi-agent simulation tool and that is 

frequently used to simulate various behavioral patterns 

in social networks. 

4.1 Simulation Parameters 

The user-friendly interface that is provided by 

NetLogo enables easy adjustment of various 

experimental parameters. Figure 3 shows a snapshot of 

the NetLogo simulation platform, which allows 

different combinations of parameters to be input to 

generate different outputs. As shown in Figure 3, the 

platform enables the adjustment of many parameters. 

Table 2 defines the more important parameters in the 

proposed model. 
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Figure 3. Snapshot of NetLogo interface of simulation 

platform 

Table 2. Summary of parameters used in the 

simulation model 

Parameter Description Possible values 

n 
population size (number of 

nodes) 
1000-10000 

k 

mean number of friends per 

individual (mean degree of 

nodes) 

20-200 

m 
number of available options for 

decision making 
2-50 

s number of initial seeds 100 

ph homophily level 0-1 

pr 
rewiring probability in the 

small-world network 
0-1 

wo 
strength of an individual’s own 

intrinsic preference 
1800 

wf 

strength of empathetic 

preference derived from the 

influence of friends 

200-1000 

wp 

strength of empathetic 

preference derived from the 

influence of the social network 

population 

0-10 

X 

distribution of intrinsic choices 

for each of the available 

options 

Uniform, 

T-normal, 

Zipf 

θ Zipf rank exponent 0-1 

 

Parameter X represents a random variable to 

generate the intrinsic choices that were described in 

Subsection 3.2. In this experiment, simulations are 

performed using the three probability models - uniform, 

truncated-normal (T-normal) and Zipf. The following 

figure shows the three probability distribution 

functions that were generated by NetLogo with n = 

3000 and m = 10. 

 

Figure 4. Probability distributions of intrinsic choices 

used in simulation model 

Given that f (x) represents the probability that the xth 

option is randomly among m options, the following 

subsections describe the three probability models in 

detail. 

Uniform model. The probability distribution function 

is: 

 f (x) = 
1

m

.  

The uniform distribution specifies that the each 

option has the same probability of being chosen. For 

example, a tossed coin is equally likely to land head or 

tail side up, just as a thrown die is equally likely to 

land with one of its six sides’ facing upward.  

Truncated-normal (T-normal) model. The normal 

distribution is commonly used to describe some 

statistics that arise in biology and nature. For example, 

the distribution of body heights in an ethnic group and 

that of air temperatures in an area are both normally 

distributed. The T-normal distribution is similar to the 

normal distribution with the difference that the values 

must be between the given values c1 and c2. If x has a 

normal distribution with mean μ and standard deviation 

σ, then the density of the T-normal distribution is 

 f (x|c1 ≤ x ≤ c2) = 
1 ( )

2 1( )

φ

( )

x

c c

μ

σ σ

μ μ

σ σ

−

− −

Φ −Φ

,  

where φ and Φ are the density and distribution 

functions of the standard normal distribution. 

The above equation indicates that the probability 

distribution for f(x| c1≤x≤ c2) is determined by the four 

parameters μ, σ, c1 and c2. Since the x boundary in this 

simulation experiment is apparently [1, m], c1 and c2 

are set to 1 and m, respectively; to simplify the 

experiment, the mean μ and standard deviation σ are 

set to m/2 and m/4, respectively, so that they form a 

symmetric T-normal distribution. Since the T-normal 

distribution is a continuous random variable, rounding 

is performed to obtain discrete integer values. 

Zipf model. In the Zipf model, options are numbered 

in descending order based on f(x) probability: f(x = 1) ≥ 

f(x = 2) ≥…≥ f(x = m). The probability distribution 

function is, 

 f (x) = 

1

1

1

( )
m

j j
x
θ θ

=

∑
,  

where θ  is called the Zipf rank exponent. Zipf’s law 

states that the jth most frequently appearing object will 

appear 1/jθ times as often as the most frequently 

appearing object. The Zipf distribution has a wide 

range of applications. For example, the frequency of an 

English word is inversely proportional to its rank in the 

frequency table based on the logarithm of its frequency 

and the same is true for the population of a city to its 

rank in the population table. 



Modeling and Simulating the Empathetic Decision-Making Behavior in Social Networks with Homophily 409 

 

4.2 Evaluation Metrics 

This simulation experiment mainly examines how 

various parameters affect the empathetic decision-

making behavior of individuals in social networks. For 

example, are the results (final choice statistics) that are 

obtained by asking a question in a Facebook group the 

same as those (intrinsic choice statistics) obtained by 

conducting a traditional telephone survey? Statistical 

testing techniques are used to test the results of the 

experiment. The null hypothesis H0 to be tested in this 

experiment is as follows. 

H0:  The distribution of people’s final choices 

is the same as that of their intrinsic 

choices. 

This hypothesis is tested using the Chi-squared 

goodness-of-fit test. Assume that Aj and Bj represent 

the numbers of people who choose the jth option as 

their intrinsic choices and those who choose the same 

as their final choices, respectively. The equation for the 

test statistic 2
χ  is as follows. 

 

2

2

1

( )m j j

j

j

B A

A

χ
=

−

=∑   

Common approaches to testing H0 are the critical 

value approach and the p-value approach. The latter is 

used in this work. A p-value is the probability that an 

observed (or more extreme) result arises by chance if 

the null hypothesis is true. Since the above 2
χ has a 

Chi-square distribution with m−1 degrees of freedom, 

the corresponding p-value can be calcultated using 

statistical software. If the p-value is less than the 

significance level α, then H0 is rejected; in contrast, if 

the p-value is greater than the significance level α, then 

H0 is not rejected. The value of the significance level α 

is typically set to 0.01, 0.05 or 0.1. 

The p-value is used as an evaluation metric for our 

simulation results and the p-values that are generated 

using various combinations of parameters can be 

compared. A smaller p-value means that an individual 

is more likely to be affected by his or her friends or 

fellow members, such that the empathetic effect 

changes his or her decision; in contrast, a greater p-

value means that an individual is less likely to 

experience the empathetic effect and his or her final 

choice is more likely to be the same as his or her 

intrinsic choice. 

5 Experimental Results 

This study provides insights by examining the 

following questions through a series of experiments. 

‧ What is the effect of population size on p-value? 

‧ What is the effect of mean number of friends per 

individual on p-value? 

‧ What is the effect of homophily level on p-value? 

‧ What is the effect of number of available options in 

decision-making on p-value? 

‧ What is the effect of social network structure on p-

value? 

‧ What is the effect of strength of the empathetic 

preference on p-value? 

‧ What is the effect of Zipf rank exponent on p-value? 

The experiments herein are performed according to 

the design in Section 4 using three distributions of 

intrinsic choices to generate each of the available 

options - Uniform, T-normal and Zipf. Each 

experiment is repteated many times with the same 

values of the parameters, and the average p-values are 

reported to answer the above questions. 

5.1 Effect of Population Size 

Figure 5 presents the experimental results. 

Regardless of the population of the social network, the 

p-values in the three distributions of intrinsic choices 

follow the order Uniform model > T-normal model > 

Zipf (θ = 0.6) model. When the significance level α is 

set to 0.1, the p-values in both the Uniform and T-

normal models are greater than α (= 0.1), meaning 

“fail to reject the null hypothesis H0”, so the 

distribution of people’s final choices is the same as that 

of their intrinsic choices in these two models. However, 

the p-value in the Zipf model decreases as the 

population increases. When p-value < α (= 0.1) (the 

population is greater than 3000), this suggests “reject 

the null hypothesis H0”, and the distribution of 

people’s final choices is different from that of their 

intrinsic choices when the population is greater than 

3000 in the Zipf model. 

 

Figure 5. Correlation between P-value and population 

size (k = 50, m = 10, s = 100, ph = 0.5, pr = 0.15, wo = 

1800, wf = 200, wp = 0, θ = 0.6) 

5.2 Effect of Mean Number of Friends per 

Individual 

Figure 6 shows that a larger mean degree per node (a 

larger mean number of friends per individual) leads to 

a lower p-value, so an individual with more friends is 

more likely to be influenced by them and thus to 

change his or her intrinsic choice. For example, when 
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the mean number of friends per individual exceeds 160 

in the Uniform model or 120 in the T-normal model, 

the p-value < α (= 0.1), suggesting “reject the null 

hypothesis H0” and the distribution of people’s final 

choices differs from that of their intrinsic choices. 

 

Figure 6. Correlation between P-value and mean 

number of friends per individual (n = 4000, m = 10, s = 

100, ph = 0.5, pr = 0.15, wo = 1800, wf = 200, wp = 0, θ = 

0.6) 

5.3 Effect of Homophily Level 

Figure 7 reveals that greater homophily results in a 

greater p-value, so when the homophily level among 

the intrinsic choices of an individual and his or her 

friends is higher, the distribution of people’s final 

choices is more likely the same as that of their intrinsic 

choices. The experiments herein show that when the 

homophily level > 0.5, “fail to reject the null 

hypothesis H0” for the Uniform model, the T-normal 

model and the Zipf model. 

Notably, when the homophily level < 0.2, the 

Uniform model has a large p-value because when the 

homophily level is insignificant, the intrinsic choices 

that are made by an individual’s friends are almost 

randomly distributed in the Uniform model and the 

number of those who choose any particular option is 

not significant. Therefore, the individual is less likely 

to experience the empathetic effect and change his or 

her decision. However, as the homophily level 

increases, the number of an individual’s friends who 

choose a particular option also increases, causing the 

individual to become more susceptible to the 

empathetic effect and to more likely to change his or 

her decision accordingly. Nevertheless, when the 

homophily reaches a certain level (0.2 in this 

experiment), the probability that the distribution of 

people’s final choices is the same as that of people’s 

intrinsic choices begins to increase; the individual 

becomes actually less likely to change his or her 

decision under the influence of friends and the p-value 

gradually increases. 

 

Figure 7. Correlation between P-value and homophily 

level (n = 4000, k = 50, m = 10, s = 100, pr = 0.15, wo = 

1800, wf = 200, wp = 0, θ = 0.6) 

5.4 Effect of Number of Available Options in 

Decision-Making 

Figure 8 demonstrates that more available options 

yield a larger p-value, so an individual is less likely to 

experience the empathetic effect when he or she has 

more options in making a decision, and vice versa. For 

example, when the number of options is less than five 

in the T-normal model or less than 15 in the Zipf 

model, the p-value < α (= 0.1), suggesting “reject the 

null hypothesis H0” so the distribution of people’s final 

choices differs from that of their intrinsic choices. 

Accordingly, surveys via social networks may produce 

different statistical results from traditional surveys 

when few options are available.  

 

Figure 8. Correlation between P-value and number of 

available options (n = 4000, k = 50, s = 100, ph = 0.5, 

pr = 0.15, wo = 1800, wf = 200, wp = 0, θ = 0.6) 

5.5 Effect of Social Network Structure 

This experiment examines whether the structure of a 

social network affects individual decision-making. The 

first step is to eliminate any effect of homophily by 

setting its level to zero. Next, the rewiring probability 

of the small-world network, pr, is adjusted to alter the 

small-world network structure. Figure 9 presents the 

experimental results. The right-hand axis represents the 

ratios L(pr)/L(0) and C(pr)/C(0) for various pr, where 

L(0) and C(0) are the average path length and average 

clustering coefficient in the regular network (when pr = 

0), respectively, and L(pr) and C(pr) are the same 

quantities in the small-world network rewired with 

probability pr. 
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In the Uniform model, the T-normal model, and the 

Zipf model, the p-value is almost independent of L(pr) 

and C(pr), which are the two characteristics of the 

social network structure. Therefore, under the 

assumption of zero homophily in the social network 

and given fixed population size, n, and fixed mean 

number of friends per individual, k, neither the average 

path length L(pr) nor the average clustering coefficient 

C(pr) in the social network significantly affect the p-

value. For example, the p-value is almost one in the 

Uniform model, meaning that, under the assumption of 

no homophily in the social network, an individual 

barely changes his or her decision regardless of 

whether the social network is a regular network (when 

pr = 0 and the average path length and the average 

clustering coefficient are large), a small-world network 

(when 0.001 < pr < 0.15 and the average path lenght is 

small and the average clustering coefficient is large), or 

a random network (when pr = 1 and the average path 

length and the average clustering coefficient are small). 

In contrast, based on the assumption of no homophily 

in the social network, the p-value is almost zero in the 

Zipf model, indicating that an individual is very likely 

to be influenced by friends and change his or her 

intrinsic choice because of the empathetic effect, 

regardless of the social network structure. 

 

Figure 9. Correlation among p-value, ratio of average 

path length, ratio of average clustering coefficent and 

rewiring probability (on log scale) of small-world (n = 

4000, k = 50, m = 10, s = 100, ph = 0, wo = 1800, wf = 

200, wp = 0, θ = 0.6) 

5.6 Effect of Strength of the Empathetic 

Preference 

Figure 10 plots how the strength of the empathetic 

preference under the influence of friends is related to 

the p-value. Evidently, a larger strength makes the 

empathetic effect more likely to occur, increasing the 

probability that an individual changes his or her 

decision and the p-value is reduced. Figure 11 presents 

how the strength of the empathetic preference under 

the influence of the population of a social network is 

related to the p-value; the results are similar to those in 

Figure 10, especially with respect to the significant 

effects in the T-normal and Zipf models. As presented 

in Figure 11, when the strength exceeds two, the p-

value equals almost zero, meaning that the distribution 

of people’s final choices differs from that of their 

intrinsic choices. 

 

Figure 10. Correlation between P-value and strength 

of empathetic preference derived from each of friends 

(n = 4000, k = 50, m = 10, s = 100, ph = 0.5, pr = 0.15, 

wo = 1800, wp = 0, θ = 0.6) 

 

Figure 11. Correlation between P-value and strength 

of empathetic preference derived from each member of 

population (n = 4000, k = 50, m = 10, s = 100, ph = 0.5, 

pr = 0.15, wo = 1800, wf = 200, θ = 0.6) 

5.7 Effect of Zipf Rank Exponent 

Figure 12 plots the effect of the value of the Zipf 

rank exponent (θ), which is a parameter in the Zipf 

model, on the p-value. A larger θ  value leads to a 

higher variance in the distribution of intrinsic choices 

for each of the available options. In this case, an 

individual is more likely to experience the empathetic 

effect when making his or her decision and choose the 

most chosen option. This phenomenon is referred to 

“the rich getting richer” or “preferential attachment” 

and results in a smaller p-value. In contrast, when the θ  

value is smaller, the intrinsic choices are more evenly 

distributed among alternatives and an individual is less 

likely to be influenced to change his or her decision. 

When θ = 0, the Zipf model approximates the Uniform 

model and the p-value is the largest. 
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Figure 12. Correlation between P-value and Zipf rank 

exponent (n = 4000, k = 50, m = 10, s = 100, ph = 0.5, 

pr = 0.15, wo = 1800, wf = 200, wp = 0) 

6 Conclusions 

In this paper, a model of social networks is 

constructed based on the small-world network and a 

simulation model of social networks with homophily is 

proposed for simulating empathetic decision-making 

behavior in individuals. Initially, the distribution of 

intrinsic choices among available options is defined 

using three probability models - uniform, truncated-

normal (T-normal), and Zipf. Then, many simulation 

experiments are performed. Finally, the Chi-square 

goodness-of-fit test is conducted to test whether the 

distribution of people’s final choices is the same as that 

of their intrinsic choices, revealing how experimental 

parameters influence the empathetic effect. 

Experimental results reveal that population size does 

not significantly affect the empathetic effect in either 

the Uniform model or the T-normal model, and that the 

empathetic effect in the Zipf model becomes stronger 

as the population size increases, causing the 

distribution of people’s intrinsic choices to be 

inconsistent with that of their final choices. The 

experiment also shows an individual with more friends 

is more likely to be influenced by friends and change 

his or her intrinsic choice. 

The homophily parameter yields the same 

experimental results in the Uniform model, the T-

normal model, and the Zipf model. In social networks 

with greater homophily, the empathetic effect is less 

likely to occur and decision-makers are more likely to 

make their final choices according to their intrinsic 

preferences. 

The experimental results also indicate that decision-

makers are less likely to experience the empathetic 

effect when they have more available options from 

which to choose. 

The experiment that was also conducted on various 

social network structures reveals that the network 

structure does not significantly affect the experimental 

results. Regardless of the social network structure, the 

empathetic effect is weakest in the Uniform model, 

middling in the T-normal model and strongest in the 

Zipf model. 

Stronger influence by friends and members of a 

social network populations constitutes a stronger 

empathetic effect, so decision-makers are more likely 

to be influenced by others into changing their decisions. 

When the value of the Zipf rank exponent (θ) is 

greater, the difference between the number of people 

who choose different options as their intrinsic choice 

becomes more significant. Therefore, the individuals 

are more likely to experience the empathetic effect and 

select the most popular option. 
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