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Abstract 

Technology, especially in the logistics industry, has experienced rapid development 

and offers various benefits such as increased efficiency, productivity, and cost 

reduction, as well as supporting corporate sustainability. This study aims to evaluate 

the effect of work process automation, warehouse management systems, and experts 

mediated by smart warehousing on operational efficiency in e-commerce warehouses 

in Jakarta. This study uses a quantitative method with data analysis through a t-test 

using SPSS version 27 for Windows. The results of the study indicate that work 

process automation has no significant effect on smart warehousing and operational 

efficiency. On the contrary, the warehouse management system has a significant effect 

on smart warehousing and operational efficiency, while experts have no significant 

effect on both variables. The effect of smart warehousing on operational efficiency is 

also significant. These findings indicate that warehouse management systems such as 

WMS, ERP, OMS, and inventory management systems have a significant positive 

impact on operational efficiency. However, the lack of readiness and understanding of 

employees towards technology can hinder the effectiveness of the implementation of 

work process automation. 
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INTRODUCTION 

The digitalization era is growing. Starting from Industry 4.0 which focuses on 

productivity and efficiency, and shifting to Industry 5.0 with a focus on sustainable, human-

centered, and resilient industrial activities (European Commission, 2020). The shift prompted 

a review of the warehouse sector, especially in response to the expansion of the e-commerce 

landscape and the dynamics of integrated systems in contemporary omnichannel settings 

(Boysen et al., 2019; Junaidi, 2023). The exponential surge in e-commerce sales, especially 

in the e-grocery sector, which is expected to grow by 12% per year over the next five years 

(GroceryDive, 2023), has changed customer expectations. There is an increasing demand for 

faster delivery and increased convenience (PwC, 2022; 2023). 

In Indonesia itself, e-commerce companies are increasingly aware of the importance 

of digital warehouse management systems in company operations (Isbahi et al, 2022). A 

digital warehouse management system is a technological solution that allows companies to 

automate and integrate warehouse management processes. Implementing this system allows 

e-commerce companies to optimize cost efficiency and increase company profitability. 

In an e-commerce business, efficient warehouse management is essential to avoid 

unnecessary costs. With a digital warehouse management system, companies can reduce 

excessive storage costs or errors in shipping goods. This system also allows companies to do 

real-time inventory management, so they can make smarter decisions in inventory 

management. With the right use of technology, companies can reduce their operating costs 

and increase profits "Digitizing the warehouse can increase the efficiency of the logistics 

process by up to 40% and reduce operating costs by up to 10%." (McKinsey & Company, 

2022). 

With increasingly fierce competition and increasingly mature and diverse 

technologies, the automation trend has also spread among retailers and logistics service 

providers worldwide (Reiser, 2020; MH&L, 2020). A significant factor is that the latest 

generation of automation technologies offers the flexibility to handle a variety of products 

and adapt to demand fluctuations, allowing for effective and efficient storage, handling, and 

sorting of large product flows (Kembro et al., 2022). Several new technologies are relevant 

to warehouse operations, including artificial intelligence (AI), the Internet of Things (IoT), 
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cyber-physical systems (CPS), big data, 5G, and intelligent video analytics (IVA) (Chung, 

2021). The need for technological adaptability and information and communication 

technology (ICT) competence among logistics operators can be a potential social issue for 

companies implementing 4.0 (Ejsmont et al., 2020). Literature shows that Industry 4.0 

initiatives generate economic benefits, mainly due to cost reductions (especially operational 

and labor costs), increased productivity and efficiency, and increased customer satisfaction 

by reducing lead times and improving delivery and information accuracy, responsiveness, 

and product customization (Choudhury et al., 2021). The need for technological adaptability 

and information and communication technology (ICT) competencies among logistics 

operators has the potential to become a social issue for companies implementing the fourth 

industrial revolution (4.0) (Ejsmont et al., 2020). 

Human and technology involvement is essential in the digital warehouse workflow. 

Human expertise ensures adaptability and problem-solving, while technology enhances 

efficiency, accuracy, and automation. Therefore, sustainable logistics providers must focus 

on employee development to enable them to handle new technologies. To create smooth and 

innovative operations, drive productivity, and maintain high standards in a rapidly evolving 

industry. However, on the other hand, the challenge in digital warehouse operations is to 

achieve an optimal balance between the roles of humans and technology, to increase 

efficiency while maintaining flexibility and problem-solving skills. As automation increases, 

it is essential to identify the most effective integration between human supervision and 

technological precision to ensure the implementation of a smooth and adaptable workflow. 

Departing from the problems above and the lack of empirical research that discusses the 

relationship between the variables above and the efficiency of the warehouse process, it 

encourages researchers to conduct a more in-depth analysis. It is hoped that this research can 

provide an empirical contribution to determine whether the digital warehouse management 

system has a significant influence on the efficiency of the company's warehouse operations. 
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REVIEW OF LITERATURE 

Smart Warehousing 

The information network is the foundation of the warehouse, providing information 

exchange channels and basic technological support for the warehouse system. Equipment 

automation and process integration are the two pillars of the warehouse. Environmental 

sustainability is the light of the warehouse, supported by the network, automation, and 

integration. These four perspectives, namely information network, equipment automation, 

process integration, and environmental sustainability, form the conceptual framework of the 

smart warehouse (Lu Zhen & Hao Li, 2022). 

Work Process Automation 

Warehouse automation is the process of automating the movement of inventory into, 

within, and out of a warehouse to customers with minimal human intervention. As part of an 

automation project, companies can eliminate labor-intensive tasks that involve repetitive 

physical labor and manual data entry and analysis. Some studies have used smart 

warehousing to describe warehouses that include a combination of automated material 

handling and AI. 

Warehouse Management System (WMS) 

WMS is an information technology database used to support warehouse operations 

and improve warehouse productivity by coordinating integrated warehouse activities and 

maintaining accurate inventory (Istiqomah et al., 2020). WMS acts as a system that regulates 

all warehouse activities in the supply chain, such as receiving stock, storing stock, and 

managing stock orders. This software helps track inventory, raw materials, and shipping 

details as well as customer feedback (Ali et al., 2020). 

Experts 

According to Obijifo (2012), workforce planning is a process within a company to 

ensure that the company has the right number of workers, with the right skills, at the right 

time and place, so that economic value is obtained with maximum utility. Workforce 

planning involves the process of planning human resources in an organization or company. 

Due to the new state of technology, there are fewer qualified professionals and operators in 
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the warehousing sector so those who have access to this technology are large-scale companies 

because they are easier to adopt the latest information technology (Hao et al, 2020). 

Warehouse Digitalization 

To improve warehouse operations, global online giants such as Alibaba and Amazon 

have made significant investments in automated material handling technologies (Alibaba 

Cloud, 2019; Amazon, 2020). With increasing competition and more mature and diversified 

technologies, the automation trend has also spread among retailers and logistics service 

providers worldwide (Reiser, 2020; MH&L, 2020). 

Operational Efficiency 

Zhang et al. (2021) investigated Alibaba's smart warehouse, which uses a series of AI 

applications, along with robots working collectively and other related human and 

organizational resources, to improve the efficiency and effectiveness of key business 

processes. The researchers noted that while humans focus on higher-value tasks that require 

creativity, robots, and AI are used to carry out repetitive, time-consuming, and/or dangerous 

tasks. 

 

RESEARCH METHOD 

Research Design 

The design of this study is hypothesis testing, which aims to test the influence of 

several independent variables on the dependent variable, as well as the mediation effect. This 

study uses a quantitative approach using a survey questionnaire. 

This research is of a naturepredictive correlation, to test the relationship of 

independent variables, namely automation, warehouse management systems, and expert 

personnel to operational efficiency as dependent variables and mediated by smart 

warehousing variables. This approach was chosen to capture a situational picture of the 

relationship between the variables being studied in the context of e-commerce warehouses in 

Indonesia. 

The unit of analysis in this study is individuals. Therefore, survey respondents are 

individuals working in e-commerce warehouses in Indonesia, including warehouse 

managers, supervisors, and operational workers. 
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Variables and Measurement 

This research involves several variables, which are grouped as follows: 

1. Independent Variables (X) 

o Work Process Automation (X1) 

o Warehouse System Management (X2) 

o Expert (X3) 

2. Mediating Variable (M) 

o Smart Warehousing (M) 

3. Dependent Variable (Y) 

o Operational Efficiency (Y) 

Measuring variables in qualitative research involves understanding respondents' 

perceptions, experiences, and insights. Each variable is explored through open-ended 

questions designed to elicit detailed responses from participants. 

Measurement example: 

• Work Process Automation: Measured through things like “The automation systems in our 

warehouse help increase work productivity.” 

• Warehouse System Management: Measured through things like “The WMS used in our 

warehouse helps with more efficient stock management.” 

• Skilled Workforce: Measured through things like “The workforce in our warehouse has 

the skills necessary for efficient operations.” 

• Smart Warehousing: This can be proven by the following statement: "The use of smart 

warehousing technology in our warehouses improves operational accuracy and speed." 

• Operational Efficiency: Measured through things like “Our warehouse consistently meets 

operational targets.” 

The data collection method used in this study is a survey questionnaire. The 

questionnaire was distributed to individuals working in e-commerce warehouses in Jakarta. 
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RESULTS AND DISCUSSION 

Validity Test 

Azwar (2015) stated that the rule used is the limit of r Corrected Item-Total 

Correlation ≥ 0.30. If the criteria used by the researcher is if the validity coefficient shows 

more than 0.30 (r count ≥ 0.30) then the statement will be said to be valid. If the validity 

coefficient is less than 0.30 (r count < 0.30) then the statement is said to be invalid. Validity 

testing is carried out using SPSS software version 27.0. The criteria are said to be valid or 

not seen in the SPSS value if r count ≥ 0.30 then the statement can be said to be valid, 

conversely if r count < 0.30 then the statement is declared invalid. 

 Based on the calculation results, the respective coefficient values are obtained as 

follows: 

Table 1. 

Independent Variable Validity Test 

Independent Variable Validity Test 

Statement r count r table Information 

1 0.331 0.30 Valid 

2 0.431 0.30 Valid 

3 0.392 0.30 Valid 

4 0.666 0.30 Valid 

5 0.627 0.30 Valid 

6 0.605 0.30 Valid 

7 0.280 0.30 Invalid 

8 0.415 0.30 Valid 

9 0.634 0.30 Valid 

10 0.412 0.30 Valid 

11 0.518 0.30 Valid 

12 0.468 0.30 Valid 

13 0.833 0.30 Valid 

14 0.403 0.30 Valid 

 

Table 2. 

Mediation Validity Test 

Statement r count r table Information 

1 0.564 0.30 Valid 

2 0.697 0.30 Valid 

3 0.748 0.30 Valid 
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4 0.728 0.30 Valid 

 

Table 3. 

Dependent Variable Validity Test 

Statement r count r table Information 

1 0.600 0.30 Valid 

2 0.681 0.30 Valid 

3 0.733 0.30 Valid 

4 0.628 0.30 Valid 

 

Based on the table above, it is known that the statements tested were 22 questions. 

The number of invalid questions was 1 question, where the rcount value <0.30. While the 

number of valid questions was 21 questions, where the rcount value ≥ 0.30. Invalid 

statements will not be used in the preparation of the research instrument so 21 questions will 

be used as an instrument to determine the results of the research. 

Reliability Test 

According to Suharsimi Arikunto (2013:221), "Reliability indicates the 

understanding that an instrument can be trusted to be used as a data collection tool because 

the instrument is good." 

The validity test was conducted using SPSS software version 27.0 using Cronbach's 

Alpha test. For the instrument in the form of reliability, it is declared reliable if Crobanch's 

Alpha value obtained at least reaches moderate reliability. 

Table 4. 

Reliability Test 

Question Reliability Information 

R11 < 0.20 Very Low 

0.02 < r11 0.40 Low 

0.40 < r11 0.70 Currently 

0.70 < r11 0.90 Tall 

0.90 < r11 1.00 Very high 

Source: Suharsimi Arikunto (2010:93) 

Based on the analysis carried out on the 5 variables that have been described, the 

Cronbach's Alpha value is as follows: 
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Table 5. 

Variables Cronbach's Alpha Limit Value Information 

1 0.71 0.60 Reliable 

2 0.38 0.60 unreliable 

3 0.65 0.60 Reliable 

4 0.64 0.60 Reliable 

5 0.60 0.60 Reliable 

 

So, it can be concluded that there is 1 variable that is not reliable with moderate 

reliability criteria. So, in 1 variable there is 1 statement that will be issued so that the 

following results are obtained: 

Table 6. 

Variables Cronbach's Alpha Limit Value Information 

1 0.71 0.60 Reliable 

2 0.61 0.60 Reliable 

3 0.62 0.60 Reliable 

4 0.68 0.60 Reliable 

5 0.60 0.60 Reliable 

 

Table 7. 

Variable Final Statement Number 

Warehouse Management System (Emir et, al., 

2018) 

6 Statements 

Experts 

(Grinold, 1977) 

2 Statements 

Automation (Adam Nilsson & Daniel Merkle, 

2018) 

4 statements 

Smart Warehousing 

(Lu ZHEN & Haolin LI, 2022) 

4 statements 

Operational Efficiency (Second Edition Handbook 

of Industrial and System Engineering, 2014) 

4 statements 

 

Based on the table above, there are 20 statements, 6 of which are for the Warehouse 

Management System variable, 2 statements for the Expert variable, 4 statements for the 

Automation variable, 4 statements for the Smart Warehousing variable, and 4 statements for 

operational efficiency. 
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Assumption Test 

Normality Test 

This study uses a normality test with the Kolmogorov-Smirnov Test method with the 

help of the SPSS version 27 program with a significance level (α = 0.05). If the sig α value 

> 0.05, then the data is normally distributed and vice versa if the sig α value <0.05 then the 

data is said to be not normally distributed (Nifiannoor, 2013). 

Table 8. 

 

 

 

 

 

Table 9 explains that the results of the normality test using the Kolmogorov-Smirnov 

test show that the warehouse management system, expert personnel, and automation towards 

smart warehousing have a significance value of α = 0.583 (α > 0.05). 

Table 9. 

 

Table 10 explains that the results of the normality test using the Kolmogorov-Smirnov 

test on the warehouse management system, expert personnel, automation, and smart 

warehousing on efficiency are known to have a significance value of α = 0.560 (α > 0.05). 

So from the two tables above it can be concluded that the variables used in this study are 

normally distributed. 

Structural Equation Model (SEM) Test 

The method used in this study is the Structural Equation Modeling-Partial Least 

Square (SEM-PLS) approach. SEM is one of the modeling techniques in covariance analysis 

statistics with cross-sectional statistics features in linear models and general models. SEM 

consists of factor analysis modeling, path analysis, regression, and curve growth in latent 

One-Sample Kolmogorov-Smirnov Test 

Monte Carlo Sig. 
(2-tailed)e 

Sig. 0.583 

99% 
Confidence 
Interval 

Lower 
Bound 

0.570 

Upper 
Bound 

0.596 
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variable modeling. Data were processed using Smart PLS software version 3.2.9 with a 

threshold value for the P value of 0.05. 

Hypothesis testing is carried out by looking at the t-statistic value (t-table) and the p-

value (p-value). If the t-statistic value is higher than 1.96 or the p-value is smaller than 0.05, 

then there is a significant influence between the variables. 

Table 10.  
T Statistics 

(|O/STDEV|) 

P Values 2.50% 97.50% 

Automation -> 

Smart 

Warehousing 

0.196 0.845 -0.231 0.228 

Warehouse 

Management 

System -> Smart 

Warehousing 

6,686 0.000 0.335 0.661 

Experts -> Smart 

Warehousing 

0.658 0.512 -0.264 0.235 

Automation -> 

Operational 

Efficiency 

0.798 0.426 -0.134 0.260 

Smart 

Warehousing -> 

Operational 

Efficiency 

2.213 0.029 0.035 0.417 

Experts -> 

Operational 

Efficiency 

0.72 0.473 -0.212 0.141 

Smart 

Warehousing -> 

Operational 

Efficiency 

5,627 0.000 0.305 0.624 

Automation -> 

Smart 

Warehousing -> 

Operational 

Efficiency 

0.238 0.812 -0.152 0.140 
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Warehouse 

Management 

System -> Smart 

Warehousing -> 

Operational 

Efficiency 

2.102 0.038 0.020 0.226 

Experts -> Smart 

Warehousing -> 

Operational 

Efficiency 

1,611 0.110 -0.147 0.284 

 

Based on Table 11, it can be seen that: 

1. The first hypothesis (H1) is not accepted where there is no significant influence of 

process automation on smart warehousing with a path coefficient value of 0.196 and p-

value (0.845 > 0.05). 

2. The second hypothesis (H2) is accepted, namely there is a significant influence of the 

warehouse management system on smart warehousing with a path coefficient value of 

6.686 and a p-value (0.000 <0.05). Where every change that occurs to the warehouse 

management system will increase the capability of the smart warehouse which is located 

from 0.335 to 0.661. 

3. The third hypothesis (H3) is not accepted where there is no significant influence of 

expert personnel on smart warehousing with a path coefficient value of 0.658 and a p-

value (0.512 > 0.05). 

4. The fourth hypothesis (H4) is not accepted where there is no significant influence of 

work automation on operational efficiency with a path coefficient of 0.798 and a p-value 

(0.426 > 0.05). 

5. The fifth hypothesis (H5) is accepted, namely there is a significant influence of the 

warehouse management system on operational efficiency with a path coefficient value 

of 2.213 and a p-value (0.029 <0.05). Where every change that occurs to the warehouse 

management system will increase the capability of the smart warehouse which is located 

from 0.035 to 0.471. 
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6. The sixth hypothesis (H6) is not accepted where there is no significant influence of 

expert personnel on operational efficiency with a path coefficient of 0.720 and a p-value 

(0.473> 0.05). 

7. The seventh hypothesis (H7) is accepted, namely there is a significant influence of smart 

warehousing on operational efficiency with a path coefficient value of 5.627 and a p-

value (0.000 <0.05). Where every change that occurs to the warehouse management 

system will increase the capability of the smart warehouse which is located from 0.305 

to 0.624. 

8. The eighth hypothesis (H8) is not accepted where there is no significant influence of 

work process automation mediated by smart warehousing on operational efficiency with 

a path coefficient value of 0.238 and a p-value (0.812 > 0.05). 

9. The ninth hypothesis (H9) is accepted where there is a significant influence of the 

warehouse management system mediated by smart warehousing on operational 

efficiency with a path coefficient value of 2.102 and a p-value (0.038 <0.05). Where 

every change that occurs to the warehouse management system will increase warehouse 

efficiency by 0.020 to 0.226. 

10. The tenth hypothesis (H10) is not accepted where there is no significant influence of 

work process experts mediated by smart warehousing on operational efficiency with a 

path coefficient value of 1.611 and a p-value (0.110 > 0.05). 

Based on the results of the first hypothesis, there is an influence between automation 

and smart warehousing, fourth, there is an influence of automation on operational efficiency 

and eighth, there is an influence of automation mediated by smart warehousing on operational 

efficiency from the three hypotheses, the results obtained are not significant. Similar results 

were also stated in a study conducted by Mahroof (2019), the study revealed that when a 

company does not have a good enough understanding of the technology used, there is a 

tendency for the company to fail to benefit from the use of the technology that has been 

implemented. Moreover, if there is a lack of clarity in the technology roadmap in the 

company, it will also have a negative impact on the operational level. However, in a study 

conducted by Kembro & Norrman (2022), it was stated that several companies focus on 

technology such as automation, but there are supporting factors that cause the implementation 
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of this technology to run, namely a good understanding of business actors and their 

employees and the existence of adequate and urgent needs such as a lack of manpower, 

requiring the business to adopt automation technology. A similar thing was also stated by 

Nantee & Sureeyatanapas (2021) which stated that a mature understanding of the technology 

that will be used is needed to get maximum results from the use of technology. Ali, et.al 

(2023) stated that the use of automation such as drones and driverless vehicles requires in-

depth observation before implementation such as work structure, company resources and 

even government regulations. The results obtained are different due to different factors where 

in the research results that have been mentioned, previous researchers conducted research on 

warehouse operations directly such as the use of drones, unmanned vehicles to automation 

for the production and packing sectors while researchers focus more on the use of document 

automation such as RPA or the use of UI-path technology. 

Based on the results of the third hypothesis, there is an influence of experts on smart 

warehousing, sixth, there is an influence of experts on operational efficiency, and tenth, there 

is an influence of experts on operational efficiency mediated by smart warehousing. From 

the three hypotheses, insignificant results were obtained. This was also stated in a study 

conducted by Gupta et al. (2021) which discussed the need for readiness and willingness of 

workers and business owners to learn ideas from new business models and their implications. 

This is different from the study conducted by Fabera et al. (2017) which stated that when a 

manager can use technology well, productivity in the company can increase significantly. 

Karim et al. (2020) in his research stated that when a manager can use technology well, the 

level of operational productivity will increase, this indicates the need for readiness and good 

understanding from actors when using technology. The results obtained are different due to 

different factors where in the research results that have been mentioned, previous researchers 

focused on users and managers who are already trained in the development and use of 

technology, while researchers took all groups without limitations on respondents' 

understanding of the technology used by the company. 

Based on the results of the second hypothesis, there is an influence of the warehouse 

management system on smart warehousing, fifth, there is an influence of the warehouse 

management system on operational efficiency, seventh, there is an influence of smart 
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warehousing on operational efficiency and ninth, there is an influence of the warehouse 

management system mediated by smart warehousing on operational efficiency from the four 

hypotheses, significant results were obtained. This was also expressed in a study conducted 

by Kembro & Norrman (2022) which stated that the warehouse management system will be 

the backbone of warehouse operational activities. A similar thing was also stated by Fabera 

et al. (2017) where the use of a warehouse management system can increase productivity at 

a fairly significant level. As well as research conducted by Sahara & Aamer (2021) found 

that a digital transformation of the warehouse operational process is needed to be able to meet 

the increasingly complex needs of consumers. Nantee & Sureeyatanapas (2021) stated that 

technological developments, especially in Industry 4.0, have a good impact on various 

aspects. In his research, Ali et al. (2023) found that smart warehousing when used optimally 

can increase operational efficiency and can even become an important part of a reliable 

supply chain process. 

 

CONCLUSION 

Technology has developed rapidly and become a very useful tool for the logistics 

industry. Technology that is used properly can increase the level of efficiency, work 

productivity and reduce costs, and direct the company to be more sustainable. Based on the 

results of the study, it can be seen that most companies that have implemented the use of 

WMS have a positive and significant impact. However, the use of technology without 

understanding, readiness, and willingness from technology users and stakeholders in the 

company can result in the implementation of technology not having a significant effect and 

even causing losses as stated in the results of the study. 

The purpose of this study was to determine the effect of work process automation, 

warehouse management systems, and experts mediated by smart warehousing on the 

operational efficiency of companies in e-commerce warehouses in Jakarta. The subjects in 

this study were active employees who work in e-commerce and are in the information 

technology division, head office operations, or warehouse operations. The research method 

used is quantitative. The data analysis technique uses the t-test with the help of SPSS version 

27 for Windows. 
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Based on the results of the t-test, the calculated t value was 0.196 and the p-value 

(0.845 > 0.05) which means that there is no significance of process automation on smart 

warehousing, there is a significant influence of the warehouse management system on smart 

warehousing with a calculated t value of 6.686 and a p-value (0.000 < 0.05), the calculated t 

value was 0.658 and a p-value (0.512 > 0.05) which means that there is no significant 

influence of experts on smart warehousing, there is no significant influence of work 

automation on operational efficiency with a calculated t value of 0.798 and a p-value (0.426 

> 0.05), there is a significant influence of the warehouse management system on operational 

efficiency with a calculated t value of 2.213 and a p-value (0.029 < 0.05), there is no 

significant influence of experts on operational efficiency with a calculated t value of 0.720 

and p-value (0.473 > 0.05), there is a significant influence of smart warehousing on 

operational efficiency with a t-value of 5.627 and p-value (0.000 <0.05), there is no 

significant influence of work process automation mediated by smart warehousing on 

operational efficiency with a t-value of 0.238 and p-value (0.812> 0.05), there is a significant 

influence of the warehouse management system mediated by smart warehousing on 

operational efficiency with a t-value of 2.102 and p-value (0.038 <0.05), there is no 

significant influence of work process experts mediated by smart warehousing on operational 

efficiency with a t-value of 1.611 and p-value (0.110> 0.05). This means that there is a 

significant influence felt by employees on the use of warehouse management systems such 

as the use of WMS, ERP, OMS, or inventory management systems, another thing that was 

found was that even though the use of warehouse management systems was already running, 

this was not in line with the level of readiness or willingness of employees who used the 

technology and the lack of clarity regarding technology caused the ineffectiveness of the 

implementation that had been carried out regarding the automation of work processes. 
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