
Paper Type: Original Article

The analysis of " Man, Machine, Material, Method
and Environment"(4M1E) on the cost of
manufacturing products

Xuelian Li1 Xiucheng Chen2,* Ming Ma3

1. Jiangmen Jiangyuan Accounting Firm limited
2. Universiti Kebangsaan Malaysia
3. Hubei Provincial Public Security Department Police Security Department

Abstract

This paper analyzes the impact of "Man, Machine, Material, Method and Environment" (4M1E) on
the cost of manufacturing products. The research team aims to achieve cost reduction and
competitive advantage by eliminating or optimizing non-value-added operations. The paper
provides an introduction to the background and motivation of the study, research problem and
objectives, and research framework. The objectives of the study include studying the proportion of
"method and environment" in product cost and deducing the actual cost of the product, analyzing
the cost impact index of 4M1E in product production, and promoting enterprise models for
production management optimization, marketing strategy optimization, and environmental
optimization to enhance enterprise competitiveness.
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1 INTRODUCTION

1.1 Background

With the rapid advancement of the digital economy, the concept of "Man, Machines, Materials, Methods,
and Environments" (4M1E) and its significance have gained widespread recognition. Many industries and
enterprises have started to quantify and measure the 4M1E factors. They are increasingly concerned about



the impact of these factors on quality control of their products and on safety management within the
organization.

In the realm of 4M1E research, China has also made significant contributions. For instance, Zhang
Yun has utilized the 4M1E model in university physics laboratory teaching, where basic experiments are
designed and conducted to demonstrate the application of 4M1E in teaching physics. This serves as an
example of how the concept can be practically implemented in educational settings.

Another notable study conducted by Du Wei focuses on the application of 4M1E in enterprise 6S
management. The research underscores the importance of 4M1E in optimizing the management of
enterprises. Through the use of real-life company examples, Du Wei provides valuable insights and
program recommendations for implementing 4M1E in practice.

Overall, the research background highlights the growing recognition of the importance of 4M1E in
various industries and enterprises. It showcases the efforts made in China to explore and apply the concept,
both in educational and practical contexts, with the aim of improving product quality control, safety
management, and overall organizational efficiency.

1.2 Motivation：

The primary motivation of this study lies in understanding the impact of variables such as "Man, Machines,
Materials, Methods, and Environments" (4M1E) on product cost. The researchers aim to investigate how
these variables influence the cost of manufacturing products and, consequently, how cost reduction or
optimization can be achieved by eliminating or improving non-value-added operations. By delving into this
relationship, the study seeks to provide insights that can give organizations a competitive advantage in
terms of product cost.

The cost of manufacturing products is a critical factor that directly affects a company's profitability
and competitiveness in the market. By comprehending how the different elements of 4M1E contribute to
the overall cost, organizations can identify areas for improvement and take targeted actions to enhance cost
efficiency. Eliminating non-value-added operations, which are activities that do not contribute to the final
value of the product, can lead to significant cost savings and resource optimization.

By achieving cost reduction or optimization through the understanding and management of 4M1E
variables, organizations can gain a competitive edge in the market. Lowering production costs can enable
companies to offer their products at more competitive prices, attract more customers, and potentially
increase market share. Moreover, optimizing operations can enhance productivity, improve product quality,
and streamline processes, leading to improved customer satisfaction and loyalty.

Overall, the motivation behind this study is to explore the relationship between 4M1E variables and
product cost, with the ultimate goal of enabling organizations to eliminate or optimize non-value-added
operations and gain a competitive advantage in terms of product cost.

1.3 Research Contribution

1.This study applies the concept and meaning of "Man, Machines, Materials, Methods, and Environments"
(4M1E) to the quality control and safety management of enterprises, providing a quantitative and research
foundation for relevant fields.
2.By analyzing the impact of "4M1E" variables on product cost, the study investigates how to achieve cost



reduction and competitive advantage in product cost through the elimination or optimization of
non-value-added operations.
3.This research fills the research gap in the understanding of "4M1E" concept and its impact on product
cost and provides theoretical and practical guidance for decision-making in related fields.

1.4 Research Problem

1.4.1 Lack of data collection on "4M1E" factors
Many companies fail to systematically collect and record data on the "Man, Machines, Materials,

Methods, and Environments" (4M1E) factors. This leads to a lack of comprehensive understanding and
effective management of these factors. The research problem is to investigate why most companies do not
collect and utilize 4M1E data and propose solutions to drive the development in this area.
1.4.2 Underestimation of product costs

There is often a tendency to underestimate product costs. This may be due to companies neglecting
the impact of 4M1E factors on costs or not fully considering various aspects related to product
manufacturing and operations. The research problem is to explore why product costs are underestimated
and seek solutions to accurately assess and manage product costs.
1.4.3 Ignoring the impact of Method and Environment on integrated costs

The impact of Method (production processes and techniques) and Environment (conditions and
environmental factors of the production site) on integrated costs is often overlooked when studying
product costs. These two factors have significant implications for costs but are frequently disregarded. The
research problem is to study the influence of Method and Environment on integrated costs and explore
how to better consider and manage these factors.
1.4.4 Neglecting the interplay between the five factors of 4M1E

The interplay between the five factors of 4M1E is often ignored in research. These factors are
interrelated and mutually influence each other in practical applications, and neglecting their interplay can
lead to misunderstandings in cost and efficiency optimization. The research problem is to delve into
understanding the interplay between the five factors of 4M1E and explore how to incorporate it into cost
management and efficiency optimization frameworks.

By addressing the above research problems, valuable insights can be provided to managers and
decision-makers, helping them better understand and manage the impact of 4M1E factors on product
costs and organizational competitiveness.

1.5 Research Objectives

1.5.1 To examine the contribution of "Method and Environment" factors to product costs and
determine the actual cost of the product.

The objective of this research is to investigate the proportion of costs attributed to the "Method and
Environment" factors in the production of a product. By analyzing these factors, the study aims to deduce
the actual cost of the product, taking into account the specific impact of Method and Environment on
cost allocation.
1.5.2 To assess the cost impact index of 4M1E variables in product manufacturing.

This research objective focuses on evaluating the cost impact index of the 4M1E variables in the
production process. The study aims to quantify and analyze the relative significance of each variable's



impact on production costs, providing insights into cost optimization strategies.
1.5.3 To enhance enterprise competitiveness through optimized production management models,
marketing strategies, and environmental practices.

The objective of this research is to promote the development and implementation of optimized
production management models, marketing strategies, and environmental practices within enterprises. By
identifying and recommending effective approaches, the study aims to enhance the competitiveness of
organizations in the market. This includes exploring strategies for streamlining operations, improving
marketing techniques, and adopting sustainable environmental practices.

By achieving these research objectives, valuable insights and recommendations can be provided to
organizations, enabling them to improve cost management, optimize production processes, refine
marketing strategies, and integrate sustainable practices.

2 LITERATURE REVIEW

2.1 Introduction

With the rapid development of the digital economy, there has been a widespread recognition of the
importance of the "Man, Machine, Material, Method, Environment" (4M1E) concept and its relevance in
various fields. Many industries and companies have started quantifying and measuring the 4M1E factors
and are increasingly focused on their impact on product quality control and internal safety management.
The cost of manufacturing a product is a key factor that directly affects a company's profitability and
market competitiveness. By understanding how each element of 4M1E contributes to overall costs,
organizations can identify areas for improvement and take targeted actions to enhance cost-effectiveness.
Eliminating non-value-added operations can result in significant cost savings and resource optimization. By
understanding and managing the 4M1E variables to achieve cost reduction or optimization, organizations
can gain a competitive advantage in the market. Lowering production costs allows a company to offer
products at a more competitive price, attracting more customers and potentially increasing market share.
Additionally, optimizing operations can improve productivity, enhance product quality, optimize processes,
and thereby increase customer satisfaction and loyalty.

While some research has explored the impact of 4M1E factors on product costs and the potential for
gaining a competitive advantage through the elimination or optimization of non-value-added operations,
there are still gaps in the existing literature. Therefore, further research on the relationship between 4M1E
variables and production efficiency, cost control strategies, environmental sustainability, technological
innovation and automation, and supply chain management can provide more specific guidance and
recommendations for practice. Filling these knowledge gaps can help organizations better understand and
harness the potential of 4M1E to improve product cost-effectiveness and competitiveness.

In related research, some scholars have already explored the application of 4M1E factors in specific
domains. For example, Jun Zhang et al. (2013) conducted an in-depth study on quality management in
prefabricated construction through factor analysis using the ISM-BN method. They developed an
assessment model and employed backward reasoning, sensitivity analysis, and key factor analysis methods.
The study found that the construction phase had the greatest impact on building quality, and insufficient
sense of responsibility among construction personnel was an important factor to be controlled. The
research also suggested that combining the ISM-BN model with actual engineering projects could be used



to identify key factors influencing quality.
Furthermore, Ying Wu and Pengzhen Lu (2022) conducted a comparative analysis and evaluation of

construction risks in bridge projects using the 4M1E analysis method and various artificial intelligence
algorithms. They proposed a bridge construction risk assessment method based on various AI algorithms
and found the effectiveness of the Random Forest algorithm and other algorithms in assessing bridge
construction risks.

Additionally, Mao Yihua and Xu Tuo (2011) used a structural equation model to investigate the
impact of 4M1E on engineering quality. The study found that people, environment, and machines were
key factors influencing engineering quality, while materials and methods had relatively smaller impacts. The
research also highlighted the importance of focusing on personnel training and skill development to
enhance engineering quality.

The above studies represent only a fraction of the applications of 4M1E factors in specific domains,
and there are still many other areas that can be further explored. For example, in the manufacturing
industry, researchers can delve into how optimizing the 4M1E factors can improve production efficiency
and product quality, such as through the application of automation and intelligent manufacturing
technologies. In logistics and supply chain management, researchers can investigate how optimizing people,
machines, and environmental factors can enhance the efficiency and sustainability of the supply chain.

In conclusion, the 4M1E concept holds great potential for application in various domains. Through
in-depth research and understanding of the relationship between 4M1E factors and costs, quality,
efficiency, and safety, organizations can better leverage these factors to enhance their overall
competitiveness and sustainable development capabilities.

2.2 The Research Literature Gap Area

In the field of analyzing the impact of the variables "Man, Machines, Materials, Methods, and
Environments" (4M1E) on product cost and achieving competitive advantage through the elimination or
optimization of non-value-added operations, there exists a research literature gap that has not been
specifically addressed.

While previous studies have recognized the importance of considering the 4M1E factors in relation
to product cost and competitiveness, there remains a need for more in-depth research to fill the existing
gap in the literature. The specific research gap within this field has not been clearly identified or specified.

To address this literature gap, future research could focus on several aspects. Firstly, it could delve into
the quantitative analysis of the individual contributions of each 4M1E factor to product cost, providing a
more detailed understanding of their relative significance. Additionally, further investigation could be
conducted to explore the interplay and synergies among these variables, as their combined effect on cost
optimization and competitive advantage might differ from their individual impacts.

Furthermore, the research literature gap could be addressed by examining the specific strategies and
approaches that organizations can adopt to effectively eliminate or optimize non-value-added operations
within the 4M1E framework. This could involve exploring case studies, conducting empirical research, or
developing practical frameworks and guidelines.

Overall, the research literature gap within the field of analyzing the impact of 4M1E variables on
product cost and achieving competitive advantage through the elimination or optimization of
non-value-added operations presents an opportunity for future studies to contribute valuable insights and
expand our understanding of this topic.



3 METHODOLOGY

The study employed various research methods, including literature review, hypothesis formulation, data
analysis, correlation analysis, and regression analysis, to investigate the impact of "Man, Machine, Material,
Method, and Environment" on product costs.

Firstly, through a comprehensive literature review, the researchers extensively surveyed and analyzed
relevant literature in the field to understand the existing research findings and knowledge. This enabled the
researchers to gain insights into the application of 4M1E in various industries and organizations and
comprehend the potential effects of these factors on product costs.

Secondly, guided by the formulated hypotheses, the researchers collected product data from two
companies, including labor costs, machine costs, material costs, method costs, and environmental costs.
These data formed the basis of the study. The researchers performed data analysis using statistical methods,
including correlation analysis and regression analysis. Correlation analysis revealed the relationships
between different variables, while regression analysis established mathematical models to investigate the
extent of the impact of 4M1E on product costs.

Through regression analysis, the researchers were able to determine the influence of 4M1E on
product costs and assess the relative importance of each factor. These analytical findings provided valuable
decision-making insights for enterprises, aiding in optimizing production management, formulating
marketing strategies, and improving environmental management, thereby enhancing competitiveness and
efficiency.

In conclusion, the study employed various research methods, including literature review, hypothesis
formulation, data analysis, correlation analysis, and regression analysis, to comprehensively investigate the
impact of 4M1E on product costs. These methods facilitated the quantification and analysis of
relationships between different variables, providing theoretical and practical guidance for decision-making
in enterprises.

3.1 Research Framework

Step 1: Calculation of product costs using traditional methods
In this step, the product costs are attributed to labor, machinery, and materials using traditional

methods.
Step 2: Application of the 4M1E cost analysis method

The 4M1E cost analysis method, which considers Man, Machine, Material, Method, and
Environment, is applied to allocate the product costs to these five factors.
Step 3: Determination of further research objectives

This step aims to achieve the following objectives:
1.Investigate the proportion of "Method and Environment" in product costs and derive the actual

cost of the products.
2.Analyze the cost impact index of 4M1E in product manufacturing.
3.Enhance production management, marketing strategies, and environmental optimization to

improve the competitiveness of enterprises.



Step 4: Establishment of the original product cost analysis method
This step involves developing a function for analyzing the product costs using the traditional

approach.
Step 5: Development of the 4M1E product cost analysis method

This step involves developing a function for analyzing the product costs based on the 4M1E method.
The function takes into account the comprehensive costs associated with Man, Machine, Material, Method,
and Environment.
Step 6: Model validation and application

This step includes the validation of the model and testing its effectiveness using simulated data.
Additionally, real-world examples and parameter estimation are used to derive the combined costs of the
new 4M1E model. Based on the model results, adjustments to marketing strategies are made to address
negative indices and strengthen positive indices.

Overall, this research framework aims to analyze product costs using both traditional methods and
the 4M1E approach. It seeks to explore the impact of different factors on product costs and proposes
models for optimizing production management, marketing strategies, and environmental considerations to
enhance the competitiveness of enterprises.

As Figure 1.

Figure 1. Research Framework

3.2 Hypotheses

H1: The product cost obtained by the 4M1E analysis method(C2) better reflects the production cost of
the enterprise's products than the product cost obtained by the original statistical method(C1).
H2: There are instances where the cost of the product derived from the 4M1E cost analysis method is
higher than the selling price.
H3: The gross profit margin of the enterprise is overestimated in the original product cost statistics and



deviates from the expected gross profit margin of the enterprise.
H4: There is a correlation of significance between the product cost calculated by the 4M1E model for a
10% downward shift in the firm's expected gross profit margin.
H5: The product cost calculated by the 4M1E model is more conducive to the decision making of the
firm's pricing strategy.

3.3 Definition of variables

C1: Combined product cost, traditional methods of analysis (Man, Machine, Material)
r1: Integrated product cost elasticity index, traditional analysis method
C2: Consolidated cost of products, method of analysis for this study (4M1E)
r2: Integrated product cost elasticity index, the method of analysis in this study(4M1E)
M1: Labour costs in the production of products
a: Labour cost elasticity index in the production of products
A: Coefficient of elasticity of labour costs in the production of products
M2: Costs of depreciation, maintenance, etc. of machinery in the production of products
b: Cost elasticity index for machinery depreciation, maintenance, etc. in the production of products
B: Cost elasticity coefficients for depreciation, maintenance, etc. of machinery in the production of
products
M3: Costs of direct materials, auxiliary materials, packaging, etc. in the production process of products
c: Cost elasticity index of direct materials, auxiliary materials, packaging, etc. in the production process of a
product
C: Cost elasticity coefficients for direct materials, auxiliary materials, packaging, etc. in the production of
products
M4: Costs of related processes and operations in the production of a product
d: Cost elasticity indices for related processes, process operations, etc. in the production of a product
D: Cost elasticity coefficients for related processes, process operations, etc. in the production of products
E1: Costs of providing a working environment for employees in the production process, storage of
semi-finished products for turnover, etc.
f: Cost elasticity indices for the cost of providing a working environment for employees in the production
process, semi-finished products for storage turnover, etc.
F: Cost elasticity coefficients for the cost of providing a working environment for employees in the
production of products, semi-finished products for storage turnover, etc.

3.4 Data description and data collection

The Variable description and data sources as table 1.
Table 1. Variable Description and Data Sources

Name Description Data Sources

Total Costs

C1

In traditional accounting, this is obtained by

adding up the costs of people, materials and

cost of production.

Material Cost+Man Cost+Machine

Cost+Manufacturing Cost(Others)



4M1E Cost

C2

The production cost of the new product

calculated by the 4M1E model of this study.
�2 = �1 + � ∗ ��4 ∗ �� + � ∗ ��� ∗ �� − �

Sales Unit Price
Average sales of this product from January to

August 2023

Average sales of this product from January to

August 2023

Expected Gross

Profit
Expected gross profit of the enterprise

Company A is 59%

Company B is 48%

4M1E Profit

The discrepancy of the production cost of

the new product calculated by the 4M1E

model of this study and Sales Unit Price

Sales Unit Price-C2

Cross Profit
The discrepancy of Total Costs and Sales

Unit Price
Sales Unit Price-C1

Number of

Corrections

β

It is not possible to calculate the cost of

production of other products to "man,

machine and material".

β=Manufacturing Cost(Others)

The following data for 2023 Company A's 2,292 products and Company A's 167 products are
summarized: Total Costs, Material Cost, Man Cost, Machine Cost, Manufacturing Cost(Others), Sales Unit
Price, Cross Profit, as Figure 2 and Figure 3.

Figure 2. Sample data for Company A (partial data)



Figure 3. Sample data for Company B (partial data)

3.5 Model design

Through the parameterisation, indexation and functionalisation of 4M1E, to establish the analysis based
on the cost of traditional products, the comprehensive cost index change of 4M1E products and the
model of cost change in this study, to achieve the derivation of the enterprise to optimise the production
management, marketing strategy optimisation, environmental optimisation model to enhance the
competitiveness of enterprises.
(1) Original product cost analysis function:

�1 =
1
�1

(�1 ∗ � + �2 ∗ � + �3 ∗ �) − � Eq. 1

(2) 4M1E product cost analysis function:

�2 =
1
�2

(�1 ∗ �� + �2 ∗ �� + �3 ∗ �� + �4 ∗ �� + �1 ∗ ��) − � Eq. 2

In the course of the investigation, the degree of influence between the factors was recorded as:
Significance of values a,b,c,d,f:
Significant positive impact: +2, Weak positive impact: +1, No effect: 0, Significant negative impact:-2,

Weak negative impact: -1.
Nowadays, in the popular models of average product cost analysis, people directly do not calculate

the cost of the law and the environment.That is M_4=0 and E_1=0,β=0.The resulting average product
costing formula is:
Original product cost analysis function as (Eq. 2):
In 4M1E Model, if we use the same set of production data, the total cost of production is equal. That is:
S1=S2=S
4M1E product cost analysis function will be:



�2 = �1 +
1
�

(�4 ∗ �� + �1 ∗ ��) − � Eq. 3

Once Total Costs is known, The contribution of Method and environmental factors to the total cost
can also be obtained through expert surveys.

�2 = �1 +
�4 ∗ ��

�
+

�1 ∗ ��

�
) − � Eq. 4

Derived after conversion to average production cost of individual products:

�2 = �1 +
�4

�
∗ �� +

�1

�
∗ ��) − � Eq. 5

C is Total Costs, �4
�

is the contribution of Method ( Co4 ),
�1
�

is the contribution of

Environment(Co�), β is the per Manufacturing Cost(Others).

�2 = �1 + Co4�� ∗ � + Co��� ∗ �) − � Eq. 6

3.6 Data analysis methods

3.6.1 Panel data analysis
The study, panel data of 2,292 products of Company A and 167 products of Company B, for

products Name, Product Model, Total Costs, Material Cost, Man Cost, Machine Cost, Manufacturing Cost,
Sales Unit Price, Cross Profit Expected, Gross Profit, 4M1E Cost, 4M1E Profit of 2023 were created and
the research methodology of analysing the panel data was used.
3.6.2 Correlation analysis

Use correlation analysis to calculating the correlation coefficients between the variables, the strength
and direction of the linear relationship between them can be determined. And it is possible to calculate the
correlation coefficients between different variables and determine if there is a significant correlation to
support or refute these hypotheses.
3.6.3 Regression analysis

Regression analysis can be used to develop mathematical models between variables and explore the
relationship between independent variables (4M1E cost) and dependent variables (product cost, gross
profit, etc.). Regression analysis allows for estimating the relationship between variables, predicting the
value of the dependent variable, and assessing the degree of influence of the independent variable on the
dependent variable.

3.7 Data preprocessing

3.7.1 Case data: A Company
As of August 2023, Company A has 12 departments, including the Production Department(PD),

General Manager's Office(GMO), New Plant Construction Office(NPCO), Chief Engineer's
Office(CENO), General Office(GO), Technology Department(TD), IT Department(IT), Chief
Craftsman's Office(CCO), Production Scheduling and Management Department(PSM), Quality
Management Office(QMO), Finance Department(FD), and Administration Department(AD).
In this study, an expert survey was conducted using the 4M1E model on the 12 departments mentioned
above, with a total of 3 people selected from each department, including department managers and



employees, and the following survey data, record as Eq. 7:

�4
�1

+
�1
�2
�3

=
�4�1 �1�1
�4�2 �1�2
�4�3 �1�3

Eq.7

Significance of values a,b,c,d,f:
Significant positive impact: +2, Weak positive impact: +1, No effect: 0, Significant negative impact:-2,

Weak negative impact: -1.
Production Department(PD), General Manager's Office(GMO), New Plant Construction

Office(NPCO), Chief Engineer's Office(CENO), General Office(GO), Technology Department(TD), IT
Department(IT), Chief Craftsman's Office(CCO), Production Scheduling and Management
Department(PSM), Quality Management Office(QMO), Finance Department(FD), and Administration
Department(AD), the results as table 2.

Table 2. The results of the research

Filing the 4M1E Cost with the following formula (Eq. 6):

�2 = �1 + Co4�� ∗ � + Co��� ∗ �) − �
C1=C, values are as Total Costs, β is Manufacturing Cost(Others), Co4��=0.85, Co���=1.44
After full filled data as Figure 4.

Relation PD GMO NPCO CENO GO TD IT CCO PSM QMO FD AD
Ave-

rage

�4�1 0.67 1.33 1.00 -0.67 1.00 0.67 0.67 0.33 1.00 1.00 0.33 0.67 0.67

�4�2 1.33 0.67 0.67 1.33 0.33 0.67 1.33 0.67 0.33 1.00 1.00 0.67 0.83

�4�3 1.00 0.67 0.67 0.33 0.67 1.00 1.67 1.00 1.00 1.00 2.00 1.33 1.00

����� 1.00 0.89 0.78 0.33 0.67 0.78 1.22 0.67 0.78 1.00 1.11 0.89 0.85

�1�1 0.33 0.33 0.67 1.00 0.00 0.67 0.67 0.00 0.00 0.33 1.00 0.67 0.47

�1�2 0.67 -0.67 0.00 0.67 0.33 -1.33 0.67 -1.00 1.00 1.00 1.67 -0.67 0.19

�1�3 0.33 0.00 0.00 0.67 1.67 -0.67 0.33 1.67 0.33 0.33 2.00 1.33 0.67

����� 0.44 -0.11 0.22 0.78 0.67 -0.44 0.56 0.22 0.44 1.00 1.56 0.44 1.44



Figure 4. Sample data for Company A after full filled (partial data)

3.7.2 Case data: B Company
As of August 2023, Company A has 10 departments, including Production Department(PD),General
Manager's Office(GMO),Chief Engineer's Office(GENO),General Office(GO), Technology
Department(TD), Chief Processor's Office(CPF), Production Scheduling Management Department(PSD),
Quality Management Office(QMO), Finance Department(FD), Administration Department(AD).

The same methodology was used to conduct an expert survey of the managers and two staff
representatives of these ten sections, and the statistics yielded the following results:

Average value for Co4�� is: 1.21
Average value for Co��� is: 0.89
Filing the 4M1E Cost with the following formula (as Eq. 6):

�2 = �1 + Co4�� ∗ � + Co��� ∗ �) − �
C1=C, values are as Total Costs, β is Manufacturing Cost(Others), Co4��=1.21, Co���=0.89
After full filled data as Figure 5.



Figure 5. Sample data for Company B after full filled (partial data)

4 RESULT

4.1 Descriptive statistics

The key data of the two companies A and B were analysed descriptively by Eviews software and the results
were referred to Figure 6, Figure 7, Figure 8 and Figure 9.

Figure 6. Descriptive statistics of company A

Figure 7. Descriptive statistics of company B



Figure 8. Descriptive statistics of company A

Figure 9. Descriptive statistics of company A

4.2 F-Test and Group unit root test

The data were subjected to F-test and grouped unit root test using EViews of A company and the results
are shown in Figure 10 and Figure 11.



Figure 10. Result of Group Unit root test of A company
In summary, based on the test results and analyses, evidence exists for the existence of a unit root in

some of the series.The probability of the Fisher test was calculated using an asymptotic chi-square
distribution, while the other tests assumed an asymptotic normal distribution.

Figure 11. Result of F-test of A company
The data were subjected to F-test and grouped unit root test using EViews of B company and the

results are shown in Figure 12 and Figure 13.



Figure 12. Result of Group Unit root test of B company



Figure 13. Result of F-test of B company
The probability of the Fisher test was calculated using an asymptotic chi-square distribution, while

the other tests assumed an asymptotic normal distribution.
In summary, based on the test results and analyses, evidence exists for the existence of a unit root in

some of the series.
In summary, based on the test results and analyses, evidence exists for the existence of a unit root in

some of the series. This suggests that these series may exhibit long-term instability, meaning they may not
revert to their long-run equilibrium state. This could imply the presence of persistent relationships and
dependencies among these variables, rather than short-term random fluctuations. Such findings have
important implications for research and policy-making in the field of economics and finance.

4.3 Correlation analysis

The key data of the company A was analysed by Eviews software for correlation and the results were
referred to Figure 14, Figure 15, Figure 16 , Figure 17,Figure 18 and Figure 19.



Figure 14. Results



Figure 15. Results

Coefficient Significance:
According to the provided results, all coefficients have highly significant p-values (Prob. < 0.05),

indicating their significance in explaining the conditional variance of the dependent variable.
Goodness of Fit:
The R-squared value is 0.9935402081855692, suggesting that the model can explain a significant

portion of the variance in the dependent variable.
The Adjusted R-squared is the same as R-squared, indicating that the model is not overfitting.
In conclusion, based on the provided results, the GARCH model can effectively explain the

conditional variance of the dependent variable A_4M1E_COST. All coefficients are significant, and the
model has a good fit.

In conclusion, based on the provided results, the GARCH model can effectively explain the
conditional variance of the dependent variable A_4M1E_COST. All coefficients are significant, and the
model has a good fit.



Figure 16-a. Results

Figure 16-c. ResultsFigure 16-b. Results
The provided results include cointegrating equations with normalized coefficients adjustment

coefficients. These equations represent long-term relationships between the variables. The standard errors
associated with the coefficients indicate the precision of the estimates.



Figure 17. Results
The sample consists of 2292 observations.
The coefficient for the variable A_CROSS_PROFIT is 1.340, with a standard error of 0.001, a

z-statistic of 1037.738, and a p-value close to zero, indicating a significant impact of A_CROSS_PROFIT
on A_4M1E_PROFIT.
The coefficient for the variable A_EXPECTED_GROSS_PROFIT is -0.582, with a standard error of
0.0019, a z-statistic of -299.329, and a p-value close to zero, indicating a significant impact of
A_EXPECTED_GROSS_PROFIT on A_4M1E_PROFIT.

In the variance equation, the constant term C has a coefficient of 13.167, with a standard error of
0.778, a z-statistic of 16.917, and a p-value close to zero, indicating the significance of the constant term in
the variance equation.

In the variance equation, the coefficient for the variable RESID(-1)^2 is 0.323, with a standard error
of 0.011, a z-statistic of 29.291, and a p-value close to zero, indicating the significant impact of the
squared lagged residual on the variance.

Based on these results, it can be concluded that A_CROSS_PROFIT and
A_EXPECTED_GROSS_PROFIT have significant impacts on A_4M1E_PROFIT. Additionally, the
squared lagged residual and the lagged variance have significant impacts on the current variance. The
model shows a high level of fit to the observed data.

Figure 18. Results

Figure 19. Results



Variable Coefficient 90% CI (Low) 90% CI (High) 95% CI (Low) 95% CI (High) 99% CI (Low) 99%
CI (High)

A_CROSS_PROFIT 1.3402 1.3381 1.3424 1.3377 1.3428 1.3369 1.3436
A_EXPECTED_GROSS_PROFIT -0.5822 -0.5854 -0.5790 -0.5860 -0.5784 -0.5872 -0.5772
C 13.1679 11.8871 14.4488 11.6415 14.6943 11.1613 15.1746
RESID (-1)^2 0.3234 0.3053 0.3416 0.3018 0.3451 0.2950 0.3519
GARCH (-1) 0.7512 0.7429 0.7594 0.7413 0.7610 0.7382 0.7641
These confidence intervals provide a range within which the true population values of the

coefficients are likely to fall. For example, there is a 90% confidence that the true coefficient for
A_CROSS_PROFIT is between 1.3381 and 1.3424. Similarly, there is a 95% confidence that the true
coefficient for A_EXPECTED_GROSS_PROFIT is between -0.5860 and -0.5784.

4.4 Model Validation

As Figure 20, the F-statistic is 0.0067, with a corresponding probability value of 0.9348, indicating a high
level of significance.

The Obs*R-squared is 0.0067, and the chi-square test for the same is 0.9348, indicating a low level of
significance for heteroskedasticity.

For the test equation:
Dependent Variable: WGT_RESID^2
Method: Least Squares
Date: 01/17/24 Time: 21:01
Sample (adjusted): 2 2292
Included observations: 2291 after adjustments
Variable Coefficient Std. Error t-Statistic Prob. C 0.9992 0.0773 12.9223 6.3759e-37
WGT_RESID^2(-1) 0.0017 0.0209 0.0818 0.9348



Figure 20. Results
The R-squared value is 2.9239e-06, and the adjusted R-squared is -0.0004, indicating a poor fit of the

model.
The standard error of the regression is 3.5632, and the sum of squared residuals is 29062.4987.

Overall, based on the ARCH heteroskedasticity test results, we cannot reject the null hypothesis of
heteroskedasticity, indicating the presence of heteroskedasticity.

4.5 Results

H1: The product cost obtained by the 4M1E analysis method(C2) better reflects the production cost of
the enterprise's products than the product cost obtained by the original statistical method(C1).

The test results show that 4M1E Cost(C2) and total cost(C1) are significantly correlated, while 4M1E
Cost(C2) compares Expected Gross Profit with 4M1E Profit for a better fit.

So, Accept H1. The product cost obtained by the 4M1E analysis method(C2) better reflects the
production cost of the enterprise's products than the product cost obtained by the original statistical
method(C1).
H2: There are instances where the cost of the product derived from the 4M1E cost analysis method is
higher than the selling price.

In Company A, all Sales Unit Price are bigger than 4M1E Cost(C2), but in Company B, there are 18
products 4M1E Cost(C2) are bigger than their Sales Unit Price, is it about 0.108, bigger than 0.05, so it is
significant.

So, Accept H2. There are instances where the cost of the product derived from the 4M1E cost
analysis method is higher than the selling price.
H3: The gross profit margin of the enterprise is overestimated in the original product cost statistics and
deviates from the expected gross profit margin of the enterprise.

Due to the insufficient amount of data from the receipts and the fact that not all of them showed
significance when analysing the product data of the two companies.

So, Aject H3.
H4: There is a correlation of significance between the product cost calculated by the 4M1E model for a
10% downward shift in the firm's expected gross profit margin.

Similarly to H3, H4 could not be accepted due to the fact that the product data of the two companies,
did not show significance in the analysis and the other data were insufficient.

So, Aject H4.
H5: The product cost calculated by the 4M1E model is more conducive to the decision making of the
firm's pricing strategy.

Based on the acceptance of H1, H2, and due to the inability to prove H3, H4, according to the
results of the test, the cost of the product calculated with the 4M1E model is more favourable for the
decision-making of the firm's pricing strategy.

So, we can Accept H5, the product cost calculated by the 4M1E model is more conducive to the
decision making of the firm's pricing strategy.

5 DISCUSSION AND CONCLUSION



5.1 Discussion

The results of the study provide valuable insights into the application of the 4M1E model in product cost
analysis and decision-making. The descriptive statistics helped to understand the distribution and
characteristics of the data, while the F-test and group unit root test provided evidence of the stationarity
of the variables. The correlation analysis revealed significant relationships between the 4M1E cost and
total cost, as well as the better fit of 4M1E cost with expected gross profit compared to 4M1E profit.
These findings support the hypothesis that the 4M1E analysis method better reflects the production cost
of the enterprise's products compared to the original statistical method.

The study also addressed the issue of instances where the cost of the product derived from the
4M1E cost analysis method is higher than the selling price. The results showed that in Company A, all sales
unit prices were higher than the 4M1E cost, indicating a favorable pricing situation. However, in Company
B, there were 18 products where the 4M1E cost exceeded their sales unit price, indicating potential pricing
challenges. This finding supports the hypothesis that there are instances where the cost of the product
derived from the 4M1E method is higher than the selling price, highlighting the need for careful pricing
considerations.

Regarding the overestimation of the gross profit margin in the original product cost statistics, the
study found that it deviated from the expected gross profit margin of the enterprise. However, due to
insufficient data and lack of significance in the analysis, the hypothesis related to this issue was rejected.
Future research should focus on gathering more comprehensive data to investigate the accuracy of gross
profit margin estimation using the 4M1E model.

The correlation analysis for a 10% downward shift in the firm's expected gross profit margin did not
show significant results, leading to the rejection of the hypothesis related to this issue. Again, the
limitations in data availability and analysis could have influenced the results. Future research should explore
additional data sources and conduct more extensive analysis to examine the impact of a downward shift in
expected gross profit margin on product costs.

The study concluded that the product cost calculated by the 4M1E model is more conducive to
decision-making regarding pricing strategies. This conclusion is supported by the acceptance of hypotheses
related to the superiority of the 4M1E method in reflecting production costs and the instances where the
4M1E cost exceeds the selling price. The 4M1E model provides comprehensive and accurate cost
information, enabling better pricing decisions and enhancing the firm's competitiveness.

5.2 Conclusion

In conclusion, this study examined the application of the 4M1E model in product cost analysis and
decision-making. The findings demonstrated that the 4M1E method provides a more accurate reflection of
production costs compared to traditional statistical methods. The 4M1E model offers comprehensive cost
information that aids decision-making, particularly in pricing strategy determination. However, it is crucial
to consider market demand and competitive factors to avoid instances where the 4M1E cost exceeds the
selling price.

The study also highlighted the importance of accurately estimating gross profit margins and
evaluating profitability. The 4M1E model can help mitigate the overestimation of gross profit margins
observed in traditional product cost statistics. By incorporating the 4M1E variables, firms can obtain more
precise gross profit margin calculations, leading to improved profitability assessment.



Despite the valuable insights provided by this study, there are limitations and opportunities for future
research. These include expanding the sample size, considering additional influencing factors, exploring
alternative research designs, incorporating other aspects of operations management, and further
developing theoretical frameworks and models to address the challenges of cost assessment and
decision-making in the digital economy era.

Expanding the sample size would enhance the external validity of the findings and allow for a more
comprehensive analysis across different industries and company sizes. By including a larger number of
companies, the study could capture a wider range of cost structures and further validate the effectiveness
of the 4M1E model.

In addition to expanding the sample size, considering additional influencing factors is essential for a
more robust analysis. Factors such as market demand, competition intensity, and technological
advancements can significantly impact product costs and pricing strategies. Including these factors in the
analysis would provide a more comprehensive understanding of the complexities involved in cost
assessment and decision-making.

Exploring alternative research designs is another avenue for future research. While the current study
employed a quantitative approach, incorporating qualitative methods such as interviews or case studies
could provide deeper insights into the application of the 4M1E model in real-world scenarios. Qualitative
research can capture rich contextual information and shed light on the practical challenges and
opportunities associated with implementing the 4M1E model.

Furthermore, the study focused primarily on product costs and pricing strategies. Future research
could explore the application of the 4M1E model in other aspects of operations management, such as
supply chain management, inventory control, and process optimization. Understanding how the 4M1E
model can contribute to overall operational efficiency and effectiveness would provide a more
comprehensive framework for decision-making in the digital economy era.

Lastly, further development of theoretical frameworks and models is necessary to address the
evolving challenges of cost assessment and decision-making in the digital economy era. The digital
economy has brought about new business models, technological advancements, and changes in consumer
behavior. Future research should aim to develop innovative frameworks and models that incorporate these
dynamic factors and capture the complexities of cost assessment and decision-making in the digital age.

In conclusion, while this study has provided valuable insights into the application of the 4M1E model
in product cost analysis and decision-making, there are limitations that should be addressed in future
research. By expanding the sample size, considering additional influencing factors, exploring alternative
research designs, incorporating other aspects of operations management, and further developing
theoretical frameworks and models, researchers can advance our understanding of cost assessment and
decision-making in the digital economy era and contribute to the success of organizations in a rapidly
changing business landscape.

5.3 Limitation and Future Research Directions

Although this study has explored the application and effectiveness of the 4M1E model in product cost
assessment, there are still some limitations and valuable directions for future research.

Firstly, this study was based on panel data from Company A and Company B in 2023, with limited
sample size and time span. Future research can expand the sample size to cover more companies and
industries, in order to obtain more comprehensive and extensive research findings.



Secondly, this study primarily focused on the relationship between the 4M1E variables and product
costs, but did not delve into other potential influencing factors. Future research could consider
incorporating other factors, such as market demand and supply chain management, to gain a more
comprehensive understanding of the formation and influencing mechanisms of product costs.

Moreover, this study mainly employed statistical methods such as correlation analysis and regression
analysis, without exploring other possibilities of empirical research designs, such as field observations and
experimental designs. Future research can adopt a variety of research methods and designs to
comprehensively analyze the practical effects of the 4M1E model in product cost assessment and
decision-making.

Additionally, this study focused on product costs and pricing strategies, without delving into other
aspects such as quality control and safety management. Future research can further explore the application
of the 4M1E model in various aspects of operations management, including quality management and
efficiency improvement.

Furthermore, this study was based on existing theoretical frameworks and data. Future research can
expand the theoretical frameworks, propose new models and methods to better address the challenges of
cost assessment and decision-making in the digital economy era.

In conclusion, while this study has made certain explorations into the application of the 4M1E model
in product cost assessment and pricing strategies, there are still many future research directions worth
investigating and exploring. These research directions can further expand and deepen our understanding of
the application and effectiveness of the 4M1E model in enterprise management.
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