 

Original Research Article




[bookmark: _Hlk161477523]An Auxiliary Judgment Method with Multiple Regression Analysis 
[bookmark: _GoBack]






ABSTRACT

	This paper refers to as various results of regression calculators on the website among some of the results are either too complicated or too concise, so that the author summarized those results data from SPSS system of EXCEL software and regression calculators, during found it was ambiguous to interpretation and judgment. therefore, boosting an ideal to develop a simple and effective judgment method out to resolve those questions.  This method is verified with a group of actual data; however, all steps have executed through the SPSS system of EXCEL application software. Which development steps are as follows: firstly, collecting variable (dependent variable and independent variable) data, secondly, completed the results of multiple regression analysis through the SPSS system, finally the results data values are converted into text interpretation and judgment model. The analysis results of regression converted into text model which is a highlight point in paper. Taking an example to verify from the data of combustible gases in the insulating oil of power transformers, such as hydrogen (H2), methane (CH4), ethane (C2H2), ethylene (C2H4), acetylene (C2H6) and carbon monoxide (CO), as variables through the method to test, then the results data were compared with the result were calculated through the regression analysis calculator on website, and all results were consistent, so that verified the method is feasibility, and more simply and clearly for judgment.  Meanwhile, the author hopes it can set a standard for regression analysis of judgment and interpretation. Based on the principle of experience sharing, the research results are written down for reference by scholars and interested colleagues of in electricity field.
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1. INTRODUCTION
[bookmark: _Hlk208060421]Regression method is a vital tool for analyzing the relationship between variables. It mainly explores the linear relationship from independent variables (X) and dependent variables (Y). Through the establishment of regression models to research what independent variables how to influence the dependent variable, so that can be inferred and predicted. This paper discusses how to establish the estimation of the multiple regression equation  , and generate those parameters of equation from the SPSS operation system of the EXCEL software.  In order to make the interpretation and judgment more concise, a text model recognition system was developed that directly can convert the result data of regression analysis into text judgment and interpretation model, so that can avoid misinterpretation by human interpretation errors. In addition to this section, this paper also includes sections such as literature review, development process format preparation, practical verification, review, conclusion and references.
2. LITERATURE REVIEW
The earliest form of regression was the method of least squares, which was applied by Legendre in 1805 and Gauss in 1809 to develop into a statistical method for analyzing data with the aim of understanding the direction and strength of the correlation between two or more variables and the amount of change in the dependent variable when the independent variable changes. We selected papers related to this paper from numerous literature sources and recounted their characteristics as follows: [1] To investigate the correlation between two variables, one is the independent variable (X) or predictor, and the other is the dependent variable (Y) or outcome value; and to calculate the correlation coefficient of the equation using simple examples. [2] The meaning of each correlation coefficient in simple linear and multivariate regression analysis is described, and the significance test procedure and standards are used. The process uses practical cases to perform regression analysis calculations. [3] Explore the relationship between multiple independent variables and a dependent variable, explain how to use it and use examples, and especially explain the sequence of steps. [4] The R-squared and adjusted R-squared of regression analysis and the basis for judging whether the hypothesis test falls within the rejection region are explained. However, the significance level of 0.05 is an important discriminant data. [5] Describes the estimated standard error, which is established by the least squares regression line and the numerical value of the measured prediction error. The larger the value, the greater the error; the lower the accuracy, and vice versa ones. [6] Explain the relationship between the P value and the null hypothesis （） or the alternative null hypothesis （）and how to calculate its value. [7] [8] Instructions for operation and interpretation of online regression analysis calculator. [9][10][11] Explain the combustible gases obtained from decomposing insulating oil, and its content were used as the basis for judging the internal maintenance of transformer. [12] List the cases from previous years in Taiwan Power Company as supporting evidence.
[bookmark: _Hlk138661734]3.  PRODUCTION PROCESS 
The production flow chart consists of four main blocks: data establishment, SPSS regression analysis calculation, copy data result converting to text technology, and result interpretation of the self-made regression analysis, as shown in Figure 1 below:

Fig. 1. The block of flow chart
3.1 DATA ESTABLISHMENT
Based on the data, this paper designs regression models ranging from one to five independent variables (X1...X5) with one dependent variable (Y). The data provides what are important message to describe the relationship between the dependent and independent variables. However, how to describe variables, that is a critical question because data values of multiple independent variable will affect data value of the dependent variable；Let's use a simple example to illustrate. the sales price of a used house is as the dependent variable, and the location, age, square footage, number of rooms are as independent variables considered. any dependent will affect the price how much dependent variables are appropriate that is virtual question so that need through multiples regression analysis to distinguish which dependent variable needs deleted because it does not influence the price.
3.2 CALCULATION OF SPSS
SPSS is widely recognized as one of the most effective procedures of regression analysis calculation.  When after data of a group was established including dependent and independent variables, next to execute calculation through SPSS system in Excel software. Then the calculation procedures are as following orders: on the main menu of EXCEL system choice Data > Data Analysis > Regression > confirm > Set the dependent variable (Y) range and independent variables (X1...X5) range, and output position range (including labels), To confirm execution the calculation report of the regression analysis is generated.
3.3 DATA CONVERSION TECHNOLOGY
The equation system of EXCEL software effectively converts some important result value from the result data of occupied position of multiple regression analysis into text judgement and explanations through the formulas of setting, so that the text result of multiple regression analysis changes to simplify understanding. Every process of the development clearly has compiled and described in each column; detailed explanation is shown in Table 1 and Table 2. The converting approach is the key point of core in the paper.
3.4 INTERPRETATION of A SELF-MADE ANALYSIS
After completing the settings step in 3.3 above, back the step 3.1 to create data of one group and perform the step 3.2 to calculate via the SPSS system operation, completed what the result data of a self-made multiple regression analysis including a data group, multiple regression analysis, and a self-made analytical interpretation show the same a table in. Due to the limited layout for being print and good look, only shows the text interpretation part in the paper, detailed is as shown in Table (3).
4.  REPORT FORMAT CREATION
4.1 Each data of record consists of a dependent variable and five independent variables, having 10 data record add one column of gas name is up to 11 columns for a group that are taken to calculate in the paper.
4.2 The result data of multiple regression analysis  of traditional is necessary to leave 25 columns (including 3 blank columns), and being one blank column isolates with the data group, and has 3 blank columns isolates with the result data of a self-made multiple regression analysis. 
4.3 The result data of this auxiliary judgment method with multiple regression analysis requires 24 columns, and the equation command setting including judgment and interpretation is done through the EXCEL software. For more clearly to described, the format report table is divided two - one column number, another the meaning setting in column are shown below:
[bookmark: _Hlk161628880]4.3.1 The column number is set on the format of result report, as shown table (1).
Table 1. setting column number
	A39

	A41
	C41
	E41
	H41
	I41

	A43
	E45

	A45
	E47

	A47
	E49

	A49
	E51

	A51
	E53

	A53
	E55

	A55
	E57

	

A57
	E57
	F57
	G55
	H57
	I57

	
	E58
	F58
	G58
	H58
	I58

	
	E59
	F59
	G59
	H59
	I59

	
	E60
	F60
	G60
	H60
	I60

	
	E61
	F61
	G61
	
	


4.3.2 the meaning of setting column number is detailed. as shown table (2).
Table 2. the setting meaning in column
	number
	equation settings or explanation

	
A39
	=IF(AND(E24<>0, F24<0.05),"The estimated multiple regression model rejects the null hypothesis, so belongs (H1)","The estimated multiple regression model accepts the null hypothesis, so belongs (H0)") 

	A41
	R^2 value is between 0 to 1 

	C41
	=B17

	E41
	=IF(B17>0.5,"the value larger gets better fitter”, “the value smaller gets less fit")

	H41
	Adjusted R^2 value

	I41
	=B18

	A43
	Standard error value 

	E43
	=B19

	A45
	Item 1 X1 Analysis Content Description

	
E45
	=IF(AND(D30<> 0, E30<0.05),"[Have] significant influence”, IF(AND(D30<> 0, E30>0.05),"[No] significant influence, need to be deleted”, “No such item")) 

	A47
	Item 2 X2 Analysis Content Description

	
E47
	=IF(AND(D31<> 0, E31<0.05),"[Have] significant influence”, IF(AND(D31<> 0, E31>0.05),"[No] significant influence, need to be deleted”, “No such item")) 

	A49
	Item 3 X3 Analysis Content Description

	
E49
	IF(AND(D32<> 0, E32<0.05),"[Have] significant influence”, IF(AND(D32<> 0, E32>0.05),"[No] significant influence, need to be deleted”, “No such item")) 

	A51
	Item 4 X4 Analysis Content Description

	
E51
	IF(AND(D33<> 0, E33<0.05),"[Have] significant influence”, IF(AND(D33<> 0, E33>0.05),"[No] significant influence, need to be deleted”, “No such item")) 

	A53
	Item 5 X5 Analysis Content Description

	
E53
	=IF(AND(D34<> 0, E34<0.05),"[Have] significant influence”, IF(AND(D34<> 0, E34>0.05),"[No] significant influence, need to be deleted”, “No such item"))

	A55
	Intercept term Analytical content description

	
E55
	=IF(AND(D29<> 0, E29<0.05),"Significantly different - b is not equal to 0”, IF(AND(D29<> 0, E29>0.05),"b is not significantly different from 0","No such item"))

	A57
	Predictive Multiple Regression Analysis Equation

	E57
	=B29
	G57
	=B30
	F58
	=B31

	E59
	=B32
	I59
	=B33
	H60
	=B34

	G61
	=B19
	I57
	X1
	H58
	X2

	G59
	X3
	F60
	X4
	E61
	X5

	symbol+
	F57, E58, I58, H59, G60, F61

	symbol*
	H57, G58, F59, E60, I60


5. PRACTICAL VERIFICATIONS
This section took a practical example to verify from combustible gases that were decomposed from transformer insulating oil, such as hydrogen (H2), acetylene (C2H2), methane (CH4), ethylene (C2H4), ethane (C2H6), carbon monoxide (CO), etc. The author collected combustible gases of abnormal from Taiwan Power Company over the years. The data are shown as Table (3).
Table 3. Combustible gases data list      unit: ppm
	No
	C2H4
	C2H2
	CH4
	C2H6
	CO
	H2

	1
	7
	10.1
	41
	88
	57
	44

	2
	11
	36
	10
	2
	685
	113

	3
	21
	53.8
	54
	79
	35
	140

	4
	58
	51.4
	271
	116
	128
	181

	5
	82
	167
	74
	8
	39
	418

	6
	787
	23.7
	346
	78
	312
	239

	7
	1077
	0.4
	694
	356
	36
	48

	8
	930
	1446
	884
	314
	199
	1718

	9
	590
	1.7
	601
	208
	72
	185

	10
	384
	1.9
	211
	66
	411
	133


[bookmark: _Hlk208511781]these data (gases) key into SPSS system of EXCEL software , A results data of the multiple regression analysis of traditional were generated. Meantime, these result data are been converted into text interpretation and judgment model through some equation commands In EXCEL software. The format of this auxiliary judgment method is shown in the following table (4). Based on the range of the paper is limited, so some of parts of report tables need to delete that making clearer and simpler. Only the report table of the self-made regression analysis is presented in paper.  

Table 4. A auxiliary judgment method report
[image: ]

[bookmark: _Hlk203808592]From the text interpretation and judgment model of Table (4) can protect what mislead from being lack of experience for analysis regression, so that improve the accuracy of judgement and interpretation. From these  parameter values were shown in Table (4), the results of the item 5 X5 analysis content description shown below:
1. [bookmark: _Hlk207302337]The calculated t-statistic value of C2H4(X1) is 1.0744, and the significance (p) value is 0.343, so the null hypothesis is accepted; therefore, C2H4(X1) has no significant effect on Y(H2) and needs to be eliminated.
2. When the gas of C2H4 was deleted that repeated above steps – 3.1,3.2, and 3.3 to generate a new report table.
3. The results data of the multivariate regression analysis of transformer insulating oil test data with hydrogen (H2) as the dependent variable (Y) and the other acetylene (C2H2), methane (CH4), ethane (C2H6), and carbon monoxide (CO) as independent variables (X1...X4) that were generated a new predict multiple regression analysis which were shown in formula (1).

6. DISCUSSION
The interpretations of a self-made multiple regression analysis it is range from simple linear regression to five-variable (X1...X5) regression analysis, that is one dependent variable (Y) with from one independent variable (X1) to up to five independent variables in. The data of number can be increased or decreased at will. Some precaution points for ones are listed below:
1. All tasks (establish data, regression analysis, text judgment or interpretation) require through in EXCEL software to operate or design.
2. The output location of the regression analysis should be designed with leaving one space (column) between the last item of data.
3. The result range of the regression analysis must leave three blank columns to compartmentalize with the self-made regression analysis, and then set the self-made text explanation format in sequence.
4. If you need to increase or decrease the number of data records, you can click Insert to add or delete rows in the data.
5. This method uses five independent variables regression analysis design. If there are only three independent variables in the estimation, the description of the other two variables will be displayed as "no such item. "
6. The text statement of the content can be modified within its column.
7. Changing the independent variables of position (X1, X2, X3 becomes X3, X1, X2) does not affect the estimated regression analysis equation.
8. Compared with the popular regression analysis calculator, the results of all important data are consistent. This self-made regression analysis only provides judgments or interpretations of important data and major key items.
7. CONCLUSION
Regression analysis is an effective evidence-based tool for evaluation and forecasting as well as supporting research data. Having various regression analysis calculators were referred from on website, but some explanations are either overly complex or overly concise analysis, so that it makes difficult to understand. Therefore, the author summarized this information to developed a simple key analysis method out by text. For to understand easy, taking the data of the combustible gas content in the insulating oil of the power transformer as an example to perform this auxiliary judgment method with multiple regression analysis, however firstly the data is calculated by SPSS system. next the results were converted into text interpretation, finally those results were shown in the same table, so that is to simplify judgement and make more effective analysis interpretation.  Meanwhile, the author hopes it can set a standard for regression analysis of judgment and interpretation. On the end of the paper, author will write down what these experiences of study to share it with those technicians who worked in the field of electricity for reference and hopes that senior scholars will give me criticism and suggestions.
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result interpretation of the self-made regression analysis


copy result data converting to text   technology


data establishment


SPSS regression analysis calculation
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187.1545 + 1.0773 * X1

+ -1.6031 * X2 +

0.5331 * X3 + -0.1843

* X4 + 0.0483 *

X5 + 22.3422

Intercept term Analytical content description  Significantly different - b is not equal to 0

Predictive Multiple Regression Analysis Equation

Item 3 X3 Analysis Content Description [Have] significant influence

Item 4 X4 Analysis Content Description [Have] significant influence

Item 5 X5 Analysis Content Description [No] significant influence, need to be deleted

Standard error value

22.3422

Item 1 X1 Analysis Content Description [Have] significant influence

Item 2 X2 Analysis Content Description [Have] significant influence

The estimated multiple regression model rejects the null hypothesis, so belongs (H1)

R^2 value is between 0 to 1 0.9991 the value larger gets better fitter Adjusted R^2 value 0.9980


