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ABSTRACT

In this study, the authors aimed to enhance supply chain efficiency at Company A, a key player in 
China’s manufacturing sector, by focusing on user-centric system design. The approach involved 
analyzing departmental-level user characteristics to inform the development of an optimized human-
machine interface. To achieve this, they conducted focus groups and card sorting exercises, identifying 
specific user needs across departments like planning, purchasing, receiving, warehousing, production, 
and quality control. The application of these insights into system design led to significant operational 
improvements. Notably, time savings were observed in departments such as receiving (74.44%) 
and quality control (41.86%). This tailored approach underscored the importance of understanding 
and integrating user characteristics in supply chain systems, leading to enhanced productivity and 
a competitive edge. The study demonstrates the impact of user-focused system design in improving 
both efficiency and user satisfaction in supply chain management.
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INTRODUCTION

Accompanied by the development of information technology, the supply chain system is gradually 
becoming the most important tool for enterprise operation and revenue (Nuamah & Seong, 2017). 
The supply chain system integrates the information of every link in the enterprise supply chain, 
realizes the rational allocation of resources, strengthens the synergy between various departments, 
and continuously improves the productivity and international competitiveness of enterprises. As an 
operational supply chain system, user experience (UX) sensing is the primary problem to solve, and 
the satisfaction of system users directly affects the enterprise’s behavior and decision-making (Cao 
et al., 2021). The main means to improve UX sensing is to help enterprises grasp the actual needs 
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of users by analyzing the user characteristics of supply chain systems as well as designing friendly 
human-machine interfaces to help users use the system more conveniently to achieve the purpose 
of optimizing product design, improving product quality, enhancing UX, and improving the market 
competitiveness of enterprises (Kumar & Lee, 2022). Therefore, research on user characterization 
and human-machine interface design of supply chain systems has become a hot topic.

This paper takes the supply chain system of Company A, a key player in China’s manufacturing 
sector, as the research object by investigating the actual business needs and supply chain characteristics 
of Company A (according to the company’s supply chain process), developing the company’s 
supply chain system by using focus groups and the card method, comparing the differences in the 
user characteristics of the supply chain’s various departments and designing them into the system, 
realizing the system’s human-computer interface function, and analyzing (using the UX questionnaire 
[UEQ]) the efficiency of each link of the optimized system and customer satisfaction to improve the 
company’s supply chain efficiency and to provide theoretical data support for the user characteristic 
analysis and human-machine interface design of the supply chain system. There is a formal relationship 
between the company’s use cases and the UX model for the UEQ analysis, which together constitute 
a complete UX that is essential for the development and growth of the company. At the same time, 
UX modeling is also closely related to efficiency, and good UX modeling can improve efficiency and 
promote the development and growth of the company. Therefore, companies should pay attention to 
UX and continuously optimize their products and services to increase user satisfaction and loyalty, 
thus improving their efficiency and competitiveness.

The innovation of this study is that it adopts a system design that gives user characteristics to 
achieve user-centered system optimization; it proposes an effective task management strategy by 
analyzing the correlation between task completion time and satisfaction to provide system efficiency 
and user satisfaction; and it analyzes in depth the role of the human-computer interface function, 
demonstrating its significant impact on improving processing efficiency and reducing resource 
consumption. It provides theoretical and practical references for the optimization and enhancement 
of enterprise supply chain management systems.

LITERATURE REVIEW

Research on user characterization and human-machine interface design of supply chain systems 
has achieved certain research results. Some research scholars have studied the modular system 
establishment of the supply chain, taking the actual business needs of users as the goal, using micro-
servicing technology to transform the traditional procurement system, splitting each module of the 
procurement system, realizing the independence of each module, and not affecting the operation 
of the main business when the system carries out horizontal business expansion. Through micro-
servicing technology, it realizes the business peak of the procurement system and maximizes resource 
savings by expanding the business modules horizontally to solve the problem of poor stability and 
low performance of the traditional procurement system. Through micro-servicing technology, it is 
realized that when the procurement system is in peak business, the business modules involved can be 
expanded horizontally to maximize resource savings and solve the poor stability and low performance 
of the traditional procurement system (Whicker et al., 2009). Some research scholars proposed an 
enterprise supply chain system based on microservice architecture and designed the microservice 
architecture enterprise supply chain system by analyzing the user requirements. Finally, the system 
formed the key business function modules (demand, project, contract management, commodities, 
and order center) and innovative function modules (blockchain access certificate, risk prevention and 
control, supplier information, and customer service center) (Zarei et al., 2023). Some researchers 
and scholars have studied the personalized interface design of supply chain systems, analyzed the 
individual needs and use of each user through on-site investigation and research, and concluded that 
the user groups of supply chain systems have diversified needs and the demand for the system varies 
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from the management personnel, purchasing personnel, supervisors, warehouse workers, and other 
employees at each level, making it necessary to design personalized human-computer interfaces for 
different user groups.

The first approach has dominated human-machine systems research for several decades and 
has led to orthodoxy in modeling, in which certain structural characteristics are accepted without 
question. Hollnagel (2002) describes a type of functional model called a contextual control model, 
which shows how it is possible to account for both different control modes and how performance is 
affected by time(Hollnagel, 2002). Lin et al. (2004) study controller design and reduction of bullwhip 
for a model supply chain system using z-transform analysis. A discrete time series model of a supply 
chain system is derived using material balances and information flow. The bullwhip effect, i.e., 
magnification of amplitudes of demand perturbations from the tail to upstream levels of the supply 
chain, is a very important phenomenon for supply chain systems (Lin et al., 2004). Whicker et al. 
(2009) investigate, through the use of an industrial case study, how analysis of both time and cost can 
be combined to provide a more accurate view of supply chain performance, which can lead to better-
informed decision-making. The subsequent analysis provides insight into the relationship between 
time and cost in supply chain processes and demonstrates how product costs accumulate in the supply 
chain (Whicker et al., 2009). The intersection of supply chain management and sustainability is still 
a rather young research field, emerging as a growing topic only recently. Gold et al. (2010) outline 
the findings of a content analysis systematically assessing all case studies in the field of sustainable 
supply chain management, published from 1994 to 2007 in English-speaking peer-reviewed journals, 
and thus mapping and evaluating the scope of current SCM topics reflected in these case papers. 
The analysis confirms previous research that highlights pressures from governments, customers, 
and stakeholders as triggers of sustainable supply chain management and the neglect of the social 
dimension of sustainability within supply chain management (Gold et al., 2010). Supply chain product 
visibility may be defined as the capacity of the supply chain to have a view of a product’s lifecycle, 
from its conception, manufacturing, and distribution, to its delivery to the end customer, the customer’s 
experience of the product, and the product’s end-of-life activities and processes. Based on an extensive 
content analysis of academic and trade literature, including websites and documents of vendors and 
users of the technologies, Musa et al. (2014) capture, analyze, compare, and contrast the design 
choices, essence, results, and current and potential future impacts of some recent developments. The 
contribution of Madenas et al. (2016) is to demonstrate a system architecture for integrating product 
lifecycle management (PLM) systems with cross-supply chain maintenance information to support 
root cause analysis. By integrating product data from PLM systems with warranty claims, vehicle 
diagnostics, and technical publications, engineers were able to improve the root cause analysis and 
close the information gaps (Madenas et al., 2016). The contribution of Behnake and Janssen (2020) is 
to identify boundary conditions for sharing assurance information to improve traceability. Four cases 
in the food supply chain have been investigated using a template analysis of 16 interviews (Behnke & 
Janssen, 2020). The pharmaceutical supply chain involves some level of commingling of a collection 
of stakeholders, such as distributors, manufacturers, wholesalers, and customers. If exposed beyond 
the temperature range, the medicine no longer works as intended. An internet of things sensor-based 
blockchain framework is proposed that tracks and traces drugs as they pass slowly through the entire 
supply chain (Singh et al., 2020).

RESEARCH OBJECTS AND METHODS

Research Object
This paper takes the supply chain of enterprise resource management at Company A as the research 
object. Company A is in a leading position in the manufacturing industry, and its main competitors 
are all from abroad. These competitors all have advanced enterprise resource management systems. 
Company A has a complete industrial chain and produces many kinds of products. With the change 
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in market demand for various products, its production mode is also adjusted, which brings certain 
challenges to company management (Borkar et al., 2021). As a manufacturing company, Company 
A has a great demand for employees. At present, it has more than 20,000 employees, most of whom 
are front-line employees with low education levels. However, the production of products requires 
high precision and quality, relatively little manual labor, and the human resource structure is quite 
complicated (Zhang et al., 2021).

The company has been distributed in three prefecture-level cities in four plants. Each plant is 
responsible for different businesses. There is a need for coordination and unity in the enterprise 
management system of each plant. The internal management system needs to be sound and inter-
plant production should be coordinated. Logistics and production management put forward higher 
requirements.

Research Methods
The healthy and orderly development of enterprises cannot be separated from a reliable and advanced 
supply chain management system (Herbert et al., 2018). This paper analyzes the logic of supply chain 
operations for enterprises and establishes the user group of the system software according to the type 
of business carried out by the supply chain system. Figure 1 gives the main process of the supply 
chain of Company A. Company A’s supply chain system starts with material demand application. 

Figure 1. The main process of supply chain of Company A
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After formulating purchasing demand, issuing a purchase order, and purchasing material arrives, 
the receiving department formulates an arrival list, and distributes it to each warehouse according to 
the material type. The warehouse completes the designated purchasing warehousing order and puts 
the material on the shelves in the warehouse. The material then enters the inventory management of 
Company A.When the production line uses the materials, it will put forward the application form for 
material release, and the warehouse will send it to the production line according to the application form 
for material release to meet the demand of the production department. The company’s entire supply 
chain system involves more departments and business diversification. Supply chain departments also 
need to carry out quality inspections of materials, outsourcing operations, production line returns, 
procurement returns, and inventory of a series of operations.

According to the supply chain process, the company is divided into six departments: planning, 
purchasing, receiving, warehouse, production line, and quality control. The planning department is 
mainly responsible for the formulation of material requirements and purchase orders, paying attention 
to the company’s annual and monthly plans, making inventory statistics, and grasping the production 
capacity of the production line (Hancock & Chignell, 1987). The purchasing department makes 
purchase orders and purchases materials, focusing on the receiving capacity and inventory of the 
receiving department. The receiving department formulates the arrival document and is responsible 
for distributing the materials to various warehouses. It is necessary to determine the arrival time and 
quantity of the materials and the quantity sent to each warehouse (Zarei et al., 2023). The warehouse 
is mainly responsible for a series of operations, such as purchase receipt, inventory management, 
material delivery, transferring in and out, good inventory, and material loading and unloading. Some 
people in the production line make a material delivery application form and record the production 
and material inventory of the production line in detail (Trotta et al., 2021). Quality control is mainly 
responsible for the inventory, allocation, and arrival inspection of materials, as well as understanding 
the warehouse inventory and production line requirements.

Based on arranging the responsibilities of each department of a company’s supply chain, the 
characteristic information of system users in each department is obtained to develop the supply chain 
system (Rojas et al., 2018). Through the focus group, the staff of all departments were investigated 
before the system design, the staff of departments involved in the supply chain were called to collect 
requirements (see Table 1), and group discussions were held on product functions, workflow, user 
requirements, design of user interface structure, user model, etc. Using the card method, many 
functions of system products are written on cards (Arnold, 2018). Designers and users classify these 
cards according to business logic, work content, and other factors and arrange them according to the 
importance of users’ requirements for these functions, to obtain the degree of users’ requirements 
for each functional module of the product and carry out function development and human-machine 
interface design (Akundi et al., 2022).

Supply chain system development is divided into starting the project, demand research, selecting 
the installation environment, configuring the customer, online operation, system training, acceptance, 
and operation. Before the start of the project, Company A makes system development plans and sets 
up a special research and development team and the IT department assigns special people to cooperate 
and mobilize employees to help them better understand the advantages of the supply chain system. 
In the supply chain system step-by-step development, first, the supply chain departments must carry 
out demand research to understand the system concerns of each department and become familiar 
with the internal management model of each department (Petzoldt et al., 2020). To configure the 
supply chain system installation environment, this paper adopts the Python programming language, 
chooses a Java environment, and upgrades the browser to ensure the normal use of the supply chain 
system through the operation of the system by the various departments of staff training so that they 
are skilled in the system operation with the enterprise’s existing data into the test system, the parallel 
test system, and the real system to compare the effect of operation (Zhang et al., 2022). There are 
differences in the responsibilities of the supply chain departments and the need to configure the 
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supply chain system customers according to the departmental business processes in the system to 
standardize (Nguyen et al., 2022). The system formally began to run online, and the company used 
the problems encountered in the first round of feedback to the developers and questions and answers. 
The system has been in operation for one month and is stable; each department’s staff have been 
able to operate it proficiently. (see Figure 2). In this paper, the supply chain system adopts the B/S 
(Browser/Server) structure system, which enters the supply chain system by inputting and logging 
in the browser, transmits and operates the data through the hypertext mode, and at the same time, 

Table 1. Company A supply chain system specific demand development form

Function Needs Priority Functional Description

Supplier qualification 
certificate B Certificate expired and cannot be purchased

Stage price maintenance B Material stage price maintenance

Import material demand 
requisition B Import purchase requisitions in different formats

Order card control A Qualified stage, stage price, and frozen purchase

Storage card control A Shelf life, GP validity period

In-warehouse inspection B Check the consumption, freezing, and thawing of materials

Transfer receipt document B Transfer receipt material quantity

Zero inventory requisition 
purchase order B Generate arrival documents and material requisition documents

Zero inventory material arrival 
document B Human-machine interface completes material warehousing, 

inspection, and delivery

Transfer outbound order B Consolidated print of outbound order

Incomplete billing materials A return

Figure 2. Company A supply chain system implementation process
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issues commands by using the processing system, feeds back the results of the command’s execution 
to the client’s browser, and analyzes the data.

RESEARCH RESULTS

User Characteristic Analysis
Company A’s supply chain system is divided into six segments according to corporate departments, 
and each supply chain segment has different roles. This paper compares the differences between 
the user characteristics of each sector of the supply chain in terms of the user’s education, the 
number of people using the system in each sector, the scope of responsibilities of the sector, and the 
documents that need to be operated. By incorporating user characteristics into the system, it truly 
realizes user-centered design, enhances the efficiency of supply chain system usage, and improves 
the competitiveness of enterprises.

The planning department staff are more educated than the staff in other departments, and they are 
more receptive to the new system. At the same time, they have higher requirements for the system’s 
human-machine interface, data accuracy, and real-time requirements. The planning department staff 
mainly study the quarterly and annual production planning of the enterprise, accurately grasp the 
production efficiency of the production department and the situation of the warehouse materials, and 
make the material demand list and purchase request list so the system can clearly show that the data 
is the key concern of the planning department.

The purchasing department mainly completes the purchase according to the material requirements 
of the planning department. Users in the purchasing department require the system to clearly show 
the material requirements of the planning department, and purchase orders can be formed through 
as few operations as possible. When the system is designed, the material demand requisition can be 
automatically generated into a purchase order, and the main material information (such as code, model, 
supplier, and quantity) of the demand requisition can be automatically matched with the purchase 
order. Only by providing the printing function can the purchasing department print the document 
and complete the purchase project.

The receiving department is mainly responsible for the handling of goods and filling in arrival 
documents, with a relatively heavy workload. The arrival documents are automatically generated 
through the system and the receiving department only needs to check the data of the arrival documents 
and distribute them directly to each warehouse. The efficiency of the receiving department can be 
greatly improved through the system.

Warehouse operation is the link with the largest number of users in the supply chain system and the 
types and quantities of documents are also the largest. According to different businesses, warehouses 
can be divided into material warehouses, parts warehouses, municipal warehouses, and other modules. 
There are more than 1,500 warehousing orders and more than 1,000 outbound orders in the warehouse 
every day. There are also transfers between materials in various factories. Therefore, the warehouse is 
the core user of the supply chain system, and the demand is diversified. It is necessary to ensure that 
the check between the inventory and the purchase warehousing is convenient, intuitive, and accurate.

The production line mainly plays the role of data checking and interception to ensure data accuracy. 
As the core software of enterprise management, the accuracy of data is particularly critical, and the 
comfort of use should also be ensured. Therefore, the accuracy of the data should be ensured in the 
system development process.

The quality control link is mainly about the inspection of materials, and various quality inspections 
are carried out on materials, mainly based on input data and a few operating systems. Pay attention 
to the convenience of the system when designing the quality control module. The import and export 
operation of the inspection sheet is simple, and the experimental information and material consumption 
quantity are filled in.
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By further refining the requirements of the participating departments of the supply chain system 
and further optimizing and perfecting the system functions, the time taken by users to complete tasks 
before and after the system optimization is compared (see Figure 3).

The operation time of the planning department is saved by 15.71%. By adding the inventory display 
function, users can know the inventory situation of materials in the purchase order interface without 
going to the scene to inquire about the inventory, which simplifies the operation steps and saves the 
page conversion time and the system query response time. When the planning department prepares 
the purchase order, the system can visually observe the safety stock of the material, the consumption 
quantity of the previous month, and the information of the next order that has not arrived, so that the 
purchase will not be duplicated, resulting in waste.

The operation time of the purchasing department is saved by 27.91%, and the improved system adds 
the function node of supplier certificate maintenance, which can facilitate the purchasing department to 
maintain supplier certificates, intuitively display the relevant information of each supplier certificate to 
the purchasing personnel, and facilitate the buyers to carry out purchasing business.

The receiving department had an operation time savings of 74.44%. The original supply chain 
system needs to receive materials in the receiving order link, and then check the materials in and out 
of the warehouse. It required opening the system’s three nodes. After the optimization of the system, 
only the arrival order node needs to be opened, and the user can directly carry out the operation of the 
warehouse and out of the warehouse, thus saving system operation time and reducing the user’s workload.

The storage link saves about 28.57% of operation time. After the improvement, the system adds 
material warehousing interception. When users operate purchasing warehousing, there is a lot of data 
and it is very easy to forget the purchasing warehousing type, which leads to an error in the material 
warehousing type, which will affect the return of materials and lead to unnecessary disputes with 
suppliers. At present, the system has ensured the accuracy of information, saved inspection time, and 
made the supply chain process more accurate.

Figure 3. User task completion time
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The production line saves about 37.88% of operation time. After the improvement, users of 
the system can directly transfer the materials to the warehouse without customizing the inspection 
documents and delivery documents and they can click the button of inspection to send the materials 
for inspection. After the system signs, it automatically completes the operation of inspection and 
consumption delivery and generates the material delivery documents.

The quality control link saves about 41.86% of operation time. After the improvement, the 
system will directly send the materials that need to be sent for inspection, freeze the materials when 
they are sent for inspection, unfreeze and deduct the inspection consumption after the inspection 
is completed, reduce the system operation time for quality control, improve work efficiency, and 
improve user satisfaction.

System satisfaction is mainly based on questionnaire surveys on the system interface, interaction 
mode, operation mode, and accuracy from the user’s point of view. The theories of psychology and 
human-computer interaction are used to construct a model to verify the relationship between UX and 
efficiency. According to psychological research, UX is affected by several factors, such as cognition, 
emotion, and behavior, while efficiency is affected by factors such as task complexity, tool availability, 
and individual ability. By combining these factors, a comprehensive model can be built to validate 
the relationship between UX and efficiency. In this paper, we record the user’s expression and speech 
when operating the system in the form of an interview to determine the user’s satisfaction, and the 
satisfaction is fully categorized into five levels, as shown in Table 2.

Figure 4 shows the user’s satisfaction. Although the time saved in the warehouse link is only 
28.57%, the satisfaction increased a lot, mainly due to the obvious improvement in the accuracy of 
data such as material warehousing and warehousing when users use the supply chain management 
system. The accuracy of data has been enhanced by intercepting the warehousing and warehousing 
types, so the satisfaction of users has improved.

The overall optimized system of supply chain management is more standardized, and the 
operational efficiency is significantly improved. Through the optimization of business operations, it 
makes personnel more comfortable and convenient. By modifying and improving some functions of the 
system business process, the business process is optimized, and the multi-step process is simplified to 
a button operation, saving the operation time. The process is also simplified to effectively reduce the 
probability of error by the staff and to ensure more accurate and reasonable distribution and processing 
of materials. Supply chain systems set up several systems for card control and effective control of 
human errors in operation. With the progress of science and technology, the level of enterprise 
information management is constantly strengthened to help enterprises in the development of good 
results. Therefore, UX and efficiency are two indispensable aspects in the design and development 
of supply chain management systems. Only by considering UX and efficiency can the product stand 
out in the market and gain the recognition and love of the users, and through continuous optimization 
of the product, it can provide a better UX and higher efficiency.

HUMAN-MACHINE INTERFACE DESIGN EFFECT ANALYSIS

In the design of the human-machine interface, the system realizes a table of material information, 
which can be directly checked, and it is not easy to cause inconsistency between the actual 
situation and the system data. When the system has a human-machine interface function, each 

Table 2. User satisfaction level

Satisfaction Score 9~10 7~8 5~6 3~4 1~2

Satisfaction evaluation Very satisfied Satisfied Common Dissatisfied Very 
dissatisfied
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document must pull the progress bar to check hundreds of items of material information, which is 
very time-consuming and labor-intensive, and users need to check more than 1,500 items of data 
every day. Through the human-machine interface function, the checking time of each document 
is reduced by 10 seconds, and the total working time is greatly reduced. This paper compares 30 
tests of data checking, combined printing, and operation steps. Figure 5 shows the comparison 
of data checking time, paper consumption, and operation steps before and after the use of the 
human-machine interface function. As can be seen from Figure 5, before and after the human-
machine interface function is realized, the time for users to check 30 pieces of data is reduced 
by 85.42%, the paper consumption is reduced by 61.29%, and the operation steps are reduced by 
91.38%. Therefore, through the human-machine interface function, the data processing time is 
faster. After adding the merge print button, document data can be printed all at once by selecting 
the data to be printed. This means that printing operation time has nothing to do with document 
data volume, which saves the workload. The traditional printing of material information one 
by one wastes paper, and the material information of each document on each paper is only two 
blue lines. After combined printing, the blank space on the paper can be filled, which can save 
about half of the paper and significantly reduce the printing cost.

Figure 4. User satisfaction
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CONCLUSION

Enterprise supply chain systems directly affect the core competitiveness of the enterprise market, 
which is vital for the production capacity and profit of manufacturing enterprises. Taking Company 
A as an example, this paper analyzed its supply chain system and developed the company’s supply 
chain system by using focus groups and card sorting according to the company’s supply chain process 
after investigating its actual needs and supply chain characteristics. To contrast various supply chain 
departments, find the differences in user characteristics, design the differences into the system, realize 
the human-machine interface function, analyze the efficiency and customer satisfaction of each 
working procedure after system optimization, and improve the efficiency of the company’s supply 
chain. The user characteristics analysis and human-machine interface design of the supply chain 
system provide theoretical data support. The main research results are as follows.

Company A, as a manufacturing enterprise, has a complete industrial chain, produces a wide 
range of products, has many employees, and has a presence in many regions. The whole supply chain 
system of Company A involves planning departments, purchasing departments, receiving departments, 
warehouses, production lines, quality control, and other departments. Before the development of the 
company’s supply chain system, the requirements of the department personnel involved in the supply 
chain were collected, and the functions of the system were recorded using the card-by-card method. 
Designers and users were arranged according to the business process and work content of the supply 
chain, and the B/S (Browser/Server)structure system was adopted to complete the design of each 
functional module and human-machine interface of the supply chain system.

Figure 5. Comparison of human-machine interface function before and after use
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The user characteristics of various departments in the supply chain are quite different. By refining 
the requirements of the participating departments of the supply chain system and optimizing the 
functions of the supply chain system, the operation time of the planning department, the purchasing 
department, the receiving department, the warehouse, the production line, and the quality control 
department is reduced by 15.71%, 27.91%, 74.44%, 28.57%, 37.88%, and 41.86%, respectively. After 
the optimization, the supply chain management of the system is more standardized, the operation 
efficiency is improved, the personnel are more comfortable and find it more convenient to use, the 
step flow is simpler, and the accuracy is higher. With the realization of human-machine interface 
design, material data checking time, paper consumption, and operation steps are reduced, which 
greatly saves manpower and financial costs.

The user characteristics analysis of the supply chain system shows that it provides enterprises 
with more accurate market positioning and personalized services, while the novelty of the human-
machine interface design is that it improves the UX, reduces the complexity of operation, and improves 
work efficiency.
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