
  

  
Abstract—Rapid developments of modern technology have 

impacted the lives of all peoples. In this paper, we discuss a few 
mathematical models for estimating social impacts of such 
developments on today’s society. In particular, we consider the 
impacts in the area of communication. Mathematical models for 
estimating those impacts are discussed, numerical procedures 
to implement these models are mentioned, and simulated data 
are used to illustrate the applications of these models. 
 

 Index Terms—Technology development, social impact, 
communication, mathematical models. 
 

I. INTRODUCTION 
Today’s world is in the era of rapid developments of 

modern technologies. New ideas, new designs, new 
applications, and new devices pop up every day. The impacts 
of such developments on our societies are broad and huge. 
The technology developments have changed our lives in 
many aspects. For example, how many people are still 
regularly writing letters to their families and friends today? 
Not many! At some point in our lives, emails and phone calls 
were replacing letters. Now, text messaging, online chatting, 
and social web (such as Facebook) posting have started 
replacing emails and phone calls. 

In this paper, we discuss a few mathematical models for 
estimating the social impacts of technology developments in 
the area of communication. Markov chain models are used to 
estimate the long term trend of the impacts in those areas, 
entropy models are used to estimate the diversity of the 
impacts on different groups of people, and χ2 tests are used to 
estimate the homogeneity of impacts on different groups of 
people. Numerical procedures to implement these models are 
mentioned and simulated data are used to illustrate the 
applications of these models. These models are ready to be 
applied by sociologists once they have real world data 
available. 

 

II. MARKOV CHAIN MODELS FOR LONG TERM TRENDS 
In this section, we consider the long term trends of the 

social impacts of technology developments in the areas of 
communication and education. In a later section, we will use 
a dynamical system model to estimate the trend of the 
impacts in the career options. 

Take the area of communication to start with. Let’s 
consider three basic ways of communication: by regular mail, 
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by email or telephone, by text messaging, online chatting, 
and social web posting. Let us categorize people in three 
groups: Group A contains those who still use regular mails a 
lot (either for social purposes or for paying bills) and also use 
emails and phones a lot, but barely use the newest technology 
such as text messaging, online chatting, or social web posting; 
Group B contains those who rarely use regular mails for 
social purposes but only for paying bills. They mainly use 
emails and phone calls for social communications, and they 
have started to try the text messaging, online chatting and 
social web posting; Group C contains those who are “tech 
advanced”. They rarely use regular mails now. Sometimes 
they use emails and telephones, but they prefer to use the 
newest online technology for all the social communications, 
plus paying their bills. When time goes by, the technology is 
getting more and more affordable and user-friendly, and 
accordingly we see more and more people leaning to the use 
of technology.  

So, what would happen in long run? Would we ever need 
post offices in the future? Let us discuss the use of Markov 
chain models in estimating the long term trend.  

Let us start illustrating this model with an example. 
Suppose a survey is made at the beginning of each year to 
find out the percentages of our population in each of the three 
groups. Each survey will show a status vector 
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S where 1x , x2, and x3 stands for the percent of the 

population in groups A, B, and C, respectively. Clearly 
1,,0 321 ≤≤ xxx  and 1321 =++ xxx . To be more precise, 

let us use 1S  to denote the initial status vector, that is, the 
status vector at the beginning of the first year, 2S  to denote 
the status vector at the beginning of the second year, and so 
on so forth.  

Suppose the survey at the beginning of the first year shows 

that the initial status 
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1S , that is, at that time 10% of 

the population are in Group A, 60% in Group B, and 30% in 
Group C. Suppose the succeeding surveys show that in each 
year, 10% of those in Group A move to B, 90% of those in 
group A stay in A, and none of them jump into Group C. For 
those in Group B, none would move to A, 90% stay in B, and 
10% move to C. For the people in Group C, none goes to A, 
3% move to B for various reasons, and 97% stay in A. 

Based on these hypothetic assumptions regarding the 
changes in the trend, we can see that  

Mathematical Models for Social Impacts of the Modern 
Technology Developments 

Yixun Shi 

International Journal of e-Education, e-Business, e-Management and e-Learning, Vol. 2, No. 4, August 2012

308DOI: 10.7763/IJEEEE.2012.V2.134



  

       

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
=

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
=

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
=

351.0
559.0
09.0

30.0
60.0
10.0

97.010.00
03.090.010.0
0090.0

97.010.00
03.090.010.0
0090.0

12 SS                  (1) 

That is, after one year 9% of the population will be in 
Group A, about 59% in Group B, and about 35% in Group C. 
Similarly we have 
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So after two years about 8% of the population will be in 
Group A, about 52% in Group B, and about 40% in Group C. 

If a simple estimate is made based on the surveys of those 
few years and we believe that the same changes will happen 
in every year in long run, then a Markov chain 

321 ,, SSS … is 
formed, with the transition matrix 
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       It is easy to see that this is a regular Markov chain with 
the stationary status vector 
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In other words, if the same changes keep going on, then 
eventually regular mails through post offices will only be 
needed for paying bills and rare use of social purposes.   

Note that the stationary status S in equation (4) satisfies 
              SPS =                                                 (5) 

It is also well known that for a regular Markov chain like 
this, the stationary status S does not depend on the initial 
status vector S1. That is, for any initial status S1, under the 

constant transition matrix
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the transition matrix P may change from year to year. 
Therefore, the above model may be further generalized into a 
Markov chain model with changing transition matrices. More 
precisely, we may use 
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kP  to denote the transition 

matrix for the k-th year, with 
     0 ≤  pij(k) ≤  1, for all i, j = 1, 2, 3                 (6) 

and  
                     p11(k) + p21(k) + p31(k)= 1,  

                p12(k) + p22(k) + p32(k)= 1,   
        p13(k) + p23(k) + p33(k)= 1                               (7) 

Many classes of functions may be applied to formulate the 
transition matrices P(k) based on various social assumptions. 
For further details in selecting function classes, estimating 
parameters involved in the functions, and maintaining the 
models, see [4] and [5]. 

 

III. ENTROPY MODELS FOR DIVERSITY OF THE IMPACTS 
What groups of our society are most impacted by the rapid 

development of technology, in terms of ways of 
communication? For example, if we divide our population 
into classes by age (young, middle age, elderly) and gender 
(male, female),  then we have six classes: male-young, 
male-middle age, male-elderly, female-young, 
female-middle age, and female-elderly. Let p1, p2  … p6 stand 
for the percent of each class in our population. The entropy 
model may be applied to measure the diversity of the 
population. 

                          ∑−= )ln( ii ppE   

        with p1, p2  … p6 ≥ 0   and   ∑ = 1ip             (8) 

The value of E reaches its maximum when the population 
reaches the maximum diversity with p1 = p2  = … = p6. The 
value of the entropy E will become smaller if the population 
is less diverse. For example, if p1 = p2  = … = p6 = 1/6, then 
the value of entropy E = 1.792. If the population diversity 
changes a little, say  p1 = p2  = p3 = p4  = 0.2 and p5 = p6  = 0.1, 
then E = 1.748. In case p1 = 0.9 and p2  = p3 = p4  = p5 = p6  = 
0.02, then the value of E goes down to 0.486.  

We then may look into the diversity estimates of groups A, 
B and C defined in the previous section. Let a1, a2 … a6,  b1, 
b2  … b6, and c1, c2  … c6,stand for the percent of each class in 
groups A, B and C, respectively. Then we may compute the 
entropy for each of the three groups. By comparing the 
entropies of the entire population and of the three groups, we 
may estimate the diversity of the impacts on different classes 
of people. 
 

TABLE I: COMPARISON OF ENTROPIES 
Classes M-y

oung
M-m
iddle

M-eld
erly 

F-you
ng 

F-mi
ddle 

F-el
derl
y 

Entro
py 

Populat
ion 

0.15 0.20 0.15 0.15 0.20 0.15 1.782

Group 
A 

0.01 0.10 0.35 0.01 0.13 0.40 1.32 

Group 
B 

0.05 0.35 0.10 0.05 0.38 0.07 1.451

Group 
C 

0.35 0.13 0.02 0.40 0.09 0.01 1.34 

 
Let us use a simulated data to illustrate the application of 

the entropy model. The data and the entropy values are given 
in the following Table 1. The results clearly show that, in this 
simulated society, the developments of technology have 
made a significant difference in diversity in the way people 
communicate. 
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will form a dynamical system, and various data fitting models 
may be applied to estimate the long term trend of  E(k). See [2] 
and [3], for example. 

 

IV. Χ2 TESTS FOR HOMOGENEITY OF IMPACTS ON DIFFERENT 
GROUPS OF PEOPLE 

Do technology developments have equal impacts on 
peoples in different nations? In different cultures? At 
different income levels? Or with different education 
backgrounds? 

The χ2 test may be used to estimate the homogeneity of 
impacts on different groups of people, in the area of 
communication. 

For example, suppose we consider peoples in a certain 
nation, and divide them into three groups by the income 
levels: Lower Income, Middle Class, and Wealthy. We like to 
see whether these groups have the same proportion 
distributions in the groups A, B, and C defined earlier. In 
other words, we like to see whether the technology 
developments have equal impacts on those three groups of 
people. χ2 test may be applied to find that out.  

TABLE II: SAMPLE PROPORTION DISTRIBUTION    
Income\Technology Group A Group B Group C Total 
Lower Income 10 80 10 100 
Middle Class 10 100 40 150 
Wealthy 10 20 20 50 
Total 30 200 70 300 

Let us use a simulated data to illustrate the application of 
this method. Suppose a random sample of 300 people in this 
nation were interviewed, and the distribution of the sample is 

listed in the following Table 2. The table shows that among 
those 300 individuals, 100 are at lower income, 150 at middle 
class, 50 at wealthy.  Also, 30 of them are in Group A, 200 in 
Group B, and 70 in Group C. Further, 10 of them are at lower 
income level and in Group A, and so on. The total sample size 
is 300. 

Using the χ2 test procedure, we can test on the hypotheses: 
H0: the three income level groups have the same proportion 
distributions in groups A, B, and C. V.S. H1: the three income 
level groups have different proportion distributions in groups 
A, B, and C. 

The numerical procedure to implement the χ2 test can be 
found in, for example [1].  By applying that numerical 
procedure to conduct the χ2 test, we found that the χ2 test 
statistics value equals 28.95. With the degree of freedom 
(3-1)(3-1) = 4, the corresponding P-value is about 0.000008 
which is almost zero. With such a small P-value, we believe 
that the three income level groups have different proportion 
distributions in groups A, B, and C. In other words, we 
believe that in this simulated nation, the impacts of the 
technology developments on people in the three different 
income level groups are not equal. 
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