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ABSTRACT 

As a traditional method to test relationships between variables, regression has been used widely but there are also 

limitations. Based on information theory, this study proposed an entropy method for researchers to use as an 

alternative option. Firstly, the mathematical foundation basing on entropy theory was built. Then a computer-

simulated model and data were generated and tested. Finally, real survey data were used to test the method. Both 

computer-simulated and survey models proved the equivalence between the entropy method and traditional 

regression, while the entropy method told more details behind the data. This study extends methodologies and 

research in business. 
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1. INTRODUCTION 

In business research, regression has been a 

traditional method to test relationships between 

variables. However, regression fails to verify the 

relationships between two variables in some simple 

cases. Noticing the methodological gap, this study 

attempts to propose an alternative method based on 

information theory to strengthen the test of 

relationships. 

Information theory is a mathematical research field 

that studies the transmission of information through 

communication systems, e.g. the amount of information 

that we could transmit in a 5G network. In 1948, 

Shannon [1] formally define the mathematical 

representation of information, and studied and answered 

the questions about the maximum amount of 

information that can be transmitted through some noisy 

channels. 

Information can be thought as uncertainty, the 

information theoretic function – entropy in information 

theory measures the amount of uncertainty that could 

produce of random variables. Consider a scenario that 

Alice talking to Bob in a very noisy place. It is natural 

that sometimes Alice may need to repeat her words 

multiple times, so that Bob could understand what Alice 

is talking about with low probability of error. Shannon 

made this concept concrete, and shows that, the 

fundamental limit of the transmission rate given the 

noise level. 

Rather than in communication, information theory 

has been widely adopted in different research area 

including economy, finance, and psychology. The 

psychology society was excited after the birth of 

information theory as the researchers believed that the 

measures in information theory can be adopted in 

psychological experiments and behaviour analysis. A 

work [2] showed that the response sequences could be 

analyzed using information theory. Miller applied 

information measures to show the “magical seven” [3]. 

Since then, ideas from information theory have then 

been used in communication, group decision-making [4, 

5], and sequences of talk and silence [6, 7, 8] etc. 

In this work, based on entropy function in 

information theory, the mathematical foundation with 

definitions and formulas are built. Then computer-

simulated data are employed to illustrate the entropy 

method. And the results are compared with those using 

traditional regression. To confirm the application of the 

entropy method, a dataset from a real survey is used to 

test the relationship between two variables. Both the 

computer-simulated and survey models prove the 

equivalence between the entropy method and traditional 

regression, while the entropy method can tell more details 

behind the data. Therefore, this study contributes to 
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methodology and business research by providing an 

alternative method for researchers. 

 

2. BACKGROUND 

2.1. Information Theory 

In this section, information theoretic functions will 

be used in analyzing the survey data. 

 

Definition 1. (Discrete Entropy) Given a discrete 

random variable 𝑋 with alphabet 𝒳 and the probability 

mass function 𝑝(𝑥) = 𝑃(𝑋 = 𝑥) , 𝑥 ∈ 𝒳 . The entropy 

𝐻(𝑋) of 𝑋 is defined by 

𝐻(𝑋) = − ∑ 𝑝(𝑥) log 𝑝(𝑥)

𝑥∈𝒳

, (1) 

where the logarithm is of base 2. 

From equation (1), we can see that the maximum 

value of Shannon’s entropy is log |𝒳|  when 𝑝(𝑥) =
1/|𝒳|  (we consider only |𝒳|  is finite) for all 𝑥 ∈ 𝒳 . 

Also, we assume that 0 log 0 = 0. 

We can see that from the above definition, the 

entropy function 𝐻(𝑋)  measures the amount of 

uncertainty (randomness) of the random variable 𝑋, that 

is, when the probability 𝑝(𝑥)  is uniformly distributed 

(completely random), the entropy 𝐻(𝑋) is maximized, 

and if 𝑋  is deterministic, which means, there is no 

randomness, then the entropy 𝐻(𝑋) = 0. 

Similar to Definition 1., the discrete entropy can be 

further extended to the multiple random variables. In 

this work, we use two random variables in measuring 

the “relationship” between an independent variable and 

a dependent variable, and the following definition gives 

us the two random variables entropy. 

Definition 2. (Discrete Entropy for Two Random 

Variables) Given two discrete random variables (𝑋, 𝑌) 

with the joint probability mass function 𝑝(𝑥, 𝑦) . The 

joint entropy 𝐻(𝑋, 𝑌) is defined by 

𝐻(𝑋, 𝑌) = − ∑ ∑ 𝑝(𝑥, 𝑦) log 𝑝(𝑥, 𝑦)

𝑦∈𝒴𝑥∈𝒳

. (2) 

Next, we define the condition entropy. 

Definition 3. (Discrete Conditional Entropy) Given 

two discrete random variables (𝑋, 𝑌)  with the joint 

probability mass function 𝑝(𝑥, 𝑦) . The conditional 

entropy 𝐻(𝑌|𝑋) is defined by 

𝐻(𝑌|𝑋) = ∑ 𝑝(𝑥)𝐻(𝑌|𝑋 = 𝑥)

𝑥∈𝒳

. (3) 

So, we have, 

𝐻(𝑌|𝑋) = − ∑ ∑ 𝑝(𝑥, 𝑦)

𝑦∈𝒴𝑥∈𝒳

log 𝑝(𝑦|𝑥) . (4) 

 

To understand the discrete conditional entropy, one 

may interpret as a measure of uncertainty given prior 

knowledge. That is, the conditional entropy 𝐻(𝑌|𝑋) 

measures the uncertainty of 𝑌 given that 𝑋 is known. 

From the above definitions about the entropy, we 

have, 

𝐻(𝑋, 𝑌) = 𝐻(𝑋) + 𝐻(𝑌|𝑋)  (5) 

                = 𝐻(𝑌) + 𝐻(𝑋|𝑌)  (6) 

Next, a two variables measure is introduced, which 

is called mutual information, is a measure the amount 

between two random variables in common. 

Definition 4. (Mutual Information) Given two 

discrete random variables (𝑋, 𝑌)  with the joint 

probability mass function 𝑝(𝑥, 𝑦), marginal probability 

mass function 𝑝(𝑥) and 𝑝(𝑦). The mutual information 

𝐼(𝑋; 𝑌) is defined by 

𝐻(𝑋; 𝑌) = ∑ ∑ 𝑝(𝑥, 𝑦) log
𝑝(𝑥, 𝑦)

𝑝(𝑥)𝑝(𝑦)
𝑦∈𝒴𝑥∈𝒳

. (7) 

From the definition of mutual information, the 

relationships to the Shannon’s entropy functions is 

shown as follows, 

𝐼(𝑋; 𝑌) = 𝐻(𝑌) − 𝐻(𝑌|𝑋) (7) 

               = 𝐻(𝑋) − 𝐻(𝑋|𝑌) (8) 

                                      = 𝐻(𝑋) + 𝐻(𝑌) − 𝐻(𝑋, 𝑌). (9) 

2.2. Relationship Between Information Theory 

and Survey Analysis 

In communication theory, the scenario about 

“talking in a noisy place” we described earlier in the 

introduction can be modelled by a communication 

model as shown in Figure 1. That is, the receiver (Bob) 

is trying to recover the original message 𝑀  from the 

sender (Alice). The message 𝑀  first encodes into a 

codeword 𝑋𝑛  (one may imagine that 𝑋𝑛  is a 0-1 

sequence of length 𝑛, as the fundamental transmission 

unit is in bits, which is 0 and 1), and the output of the 

channel depends probabilistic on the input, it is 

characterized by a transition probability 𝑝(𝑦|𝑥) . The 

receiver decoded the message �̂� by observing 𝑌𝑛. 

 
Figure 1 Fundamental communication model. 
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On the other hand, in survey analysis, consider a 

construct A and construct B, then hypotheses the 

relationship between construct A and construct B, such 

as positively influence or negatively influence. 

Regression analysis can be conducted from the dataset, 

and used in answering such questions by checking the 

statistical parameters of 

𝑦 = 𝛽0 + 𝛽1𝑥. (10) 

 

 
Figure 2 Basic casual relation model. 

We see that this basic communication model is like 

the casual relationship model in survey analysis, see 

Figure 2. The survey analysis focuses in understanding 

the relationship between construct A and construct B. In 

terms of information theory, the survey analysis can be 

viewed as the problem of finding the channel 

parameters given the empirical distributions to be 𝑋 and 

𝑌. 

2.3. A Counter Example That Traditional 

Statistical Measurements are Failed 

Consider a simple survey analysis with two 

constructs A and B. Let 𝑿 and 𝒀 be 3-level Likert scale 

variable with respective to construct A and B. Also, the 

level of survey namely “agree”, “neutral”, “disagree”, 

and values −𝟏, 𝟎, 𝟏  respectively. Also, we let 𝒀  to be 

deterministic, that is, 𝒀 = 𝟏, if 𝑿 = −𝟏; 𝒀 = 𝟎, if 𝑿 =
𝟏 ; and 𝒀 = −𝟏 , if 𝑿 = 𝟎 . Given a certain input 

distribution of 𝑿 , 𝑷(𝑿 = −𝟏) = 𝑷(𝑿 = 𝟎) = 𝟒/𝟗  and 

𝑷(𝑿 = 𝟏) = 𝟏/𝟗 , assuming 𝒏  survey results that we 

have collected, and regardless of the size of 𝒏 , from 

regression analysis, 𝜷𝟏 = 𝟎 and 𝑹𝟐 = 𝟎 in expectation. 

From this simple counter example, we see that the 

measurement of construct B should be completely 

determined by construct A, which means the 

“relationship” is strong. But, instead, from the 

traditional statistical measurements, it does not tell a 

certain result. Therefore, in the next section, we 

introduce a new method adopting information theory 

that tries to measure the “relationship” between two 

constructs. 

2.4. Defining Information Theoretic Measure 

of Significance 

We define an information theoretic measure for two 

random variables (which is in fact the empirical 

distributions of the collected surveys in this case) as 

follows: 

Definition 5. (Information Theoretic Measure of 

Significance) Given two discrete random variables 

(𝑋, 𝑌) with the joint probability mass function 𝑝(𝑥, 𝑦), 

marginal probability mass function 𝑝(𝑥) and 𝑝(𝑦). The 

information theoretic measure of significance / 

determination 𝑠(𝑋, 𝑌) is defined by 

𝒔(𝑿, 𝒀) =
𝑰(𝑿; 𝒀)

𝑯(𝑿, 𝒀)
. (𝟏𝟏) 

If 𝒔(𝑿, 𝒀) > 𝟎. 𝟎𝟓 , we say 𝑿  and 𝒀  are significant 

information theoretically. 

From the above definition, we see that 𝟎 ≤
𝒔(𝑿, 𝒀) ≤ 𝟏 , and 𝒔(𝑿, 𝒀) = 𝟎  if 𝑿  and 𝒀  are 

independent, 𝒔(𝑿, 𝒀) = 𝟏  if 𝑿 = 𝒀 , which shares 

similar property of the coefficient of determination. The 

following Figure 3 is one of our experiments that shows 

the relationship between the measure 𝒔(𝑿, 𝒀) and the t-

statistics of the regression analysis. 

 

Figure 3 A 7-point Likert scale (values from -3 to 3) 

survey with 2 questions, which corresponds to construct 

A and B respectively. The question corresponding to the 

construct A is generated according to a distribution 

𝑿~(𝟎, 𝟎. 𝟐, 𝟎. 𝟔, 𝟎. 𝟐, 𝟎, 𝟎, 𝟎), where the question of 

construct B follows 𝒀 = 𝑿 + 𝑵, where 𝑵 is the noise 

and values -1, 0, and 1 with the distribution 

𝑵~(𝟎. 𝟑, 𝟎. 𝟒, 𝟎. 𝟑). For each round, 100 samples are 

generated according to the above setting. 1000 tests 

were conducted, where x-axis and y-axis corresponds to 

𝒔(𝑿, 𝒀) and the t-statistics (significance) of the 

regression analysis. 

3. RESULTS 

In this section, survey data is used to test the entropy 

method. The data include two variables: powerlessness 

and workplace deviance (in this study, we focus on 

organizational deviance rather than interpersonal 

deviance). Powerlessness, defined as a lack of autonomy 

and participation, is a component of job insecurity [9]. 

Being disempowered, employees are more likely to 

resort to violence as a way of capturing some influence 

over their environment [10]. Powerless employees tend 
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to adopt outcome-based moral thinking [11]. To restore 

a control on a “fair” outcome or maintain gains, they 

may undertake deviant behaviour such as sabotage or 

theft toward the organization. The data were collected in 

two waves, with an interval of three months, from a 

telecom company in China. The scales of powerlessness 

(time 1) and workplace deviance (time 2) were adopted 

from Ashford, Lee and Bobko [9] and Bennett and 

Robinson [12], respectively. 

Results show that the correlation between 

powerlessness and workplace deviance is just 0.105, and 

the significance is 0.112. Also, the regression 

coefficient 𝛽1 = 0.0497  with 𝑝 -value 0.113. It means 

that from the traditional statistical measurements do not 

give any concrete evidence about the relationship 

between powerlessness and workplace deviance. 

Therefore, the information theoretic measure that 

defined in Section 2.4. results 𝑠 = 0.132 > 0.05. 
Therefore, the result is significant using the method in 

this work. 

4. CONCLUSION 

Although it has been widely used, regression still 

has limitations in testing relationships. This study 

introduces the logics of information theory and employs 

it to develop a new method. Information can be thought 

as uncertainty, and entropy measures the amount of 

uncertainty inherent in random variables. Borrowing the 

theory, a new method to test the relationship between an 

independent variable and a dependent variable is 

established. In a computer-simulated model and a 

survey-based model, the results prove the equivalence 

between the entropy method and the traditional 

regression. However, the entropy method can provide 

more detail behind the data. 

This study extends the methodology by providing an 

alternative method, while the value and contribution of 

the entropy method is clearly demonstrated. Future 

research in business or social science may include the 

method as a confirmation to the regression results, 

enhancing examinations on hypothesized relationships. 

Nevertheless, this study also has limitations as more 

experiments can be conducted. 
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