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Abstract: Efficient logistics requires skilled professionals for warehouse operations management. Conventional 
teaching methods often fail to bridge the gap between theoretical knowledge and practical expertise. Modeling and 
simulation (M&S) is becoming an important tool for training in different engineering disciplines due to its capability 
of providing a realistic and interactive environment. We study the impact of modeling and simulation on student 
training using AnyLogic software. The study analyzes the use of simulation modeling software to teach students how 
to optimize warehouse picking procedures. Starting from comprehensive literature on modeling and simulation and its 
impacts on learning and training, we employed two exercises for warehouse picking management. After gaining 
adequate knowledge of the software, the students experimented with different scenarios, assessed the influence of their 
decisions on key performance indicators (KPIs) such as picking time and efficiency, and developed their critical 
thinking, problem-solving, and decision-making abilities in a practical and interactive environment. Finally, we 
conclude the potential impact of modeling and simulation on enhancing students’ learning and training in warehouse 
picking management.  
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1. Introduction 

Warehouses have become increasingly significant as e-
commerce and customer demands have grown. The precise 
execution of the warehouse's picking and shipping process 
directly impacts the supply chain's right product in the 
correct amount (Richards, 2017 ; Hernandez, 2022). Order 
picking is a critical component of warehouse operations 
management, which accounts for over fifty percent of 
warehousing costs. Its operation is highly labor-intensive, 
involving a massive amount of human manual activities 
because inefficiency is directly related to higher expenses 
(Pham, 2019). In this regard, Warehouse operations 
management can be significantly improved by the 
collaboration of humans and robots. Human-robot 
collaboration is increasing to upgrade existing order-
picking systems. Both dimensions of cooperation, humans 
following the robot or robots supplementing the humans, 
positively affect job satisfaction (Pasparakis, 2023). These 
collaborating robots are sometimes called cobots. Unlike 
traditional robots limited to safety zones, these robots share 
space with humans and work alongside them (Kakade, 
2023). 

Besides meeting higher demands, warehouse operations 
management faces other challenges due to the complexity 
of the workflow and varying levels of employees’ 
competencies. These challenges include lost products and 
stock discrepancies requiring further training; however, it is 
costly because firms do not have an additional warehouse 
to train new employees, and displaced products must be 
returned to the initial spot after training (Yigitbas, 2020). 
Future employees can be trained in a virtual environment 
that mimics real-world systems to overcome this issue. 
Scientific research looks into the benefits of modeling and 

simulation to demonstrate complex scientific and technical 
topics, create interactive laboratories for practical training, 
tailor learning experiences, support professional growth for 
educators, and examine student learning and progress 
(Alam, 2023). Using simulation software and tools 
promotes a real-world understanding of complex 
structures. It allows learners to improve their learning by 
developing hands-on activities accurately designed by their 
teachers (Juan, 2017). Considering the complex nature of 
warehouse management and challenges in training, we 
incorporate the benefits of modeling and simulation in 
learning and training warehouse operations management. 
The study's target audience is engineering students 
(enrolled in bachelors and master’s degree programs), i.e., 
future professionals involved in the decision-making of 
warehouse designs and operational management. Details of 
participating students have been mentioned in section 3. 

In this paper, we analyze the impact of modeling and 
simulation for training engineering students in warehouse 
operations management. For this purpose, engineering 
students were given exercises to design a layout of the 
warehouse and the required number of robots under 
specific parameters. The students experimented with 
different scenarios, assessed the influence of their decisions 
on key performance indicators (KPIs) such as picking time 
and efficiency, and developed their critical thinking, 
problem-solving, and decision-making abilities in a 
practical and interactive environment. Prior to the study, 
students were adequately introduced to the simulation 
software Anylogic. 

The remainder of the paper is organized as follows: section 
1 includes an introduction, section 2 comprises the 
literature review, section 3 describes the method employed, 
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section 4 comprises discussions, and section 5 consists of a 
conclusion. 

2. Literature review 

2.1 Warehouse operations management: challenges 
and importance of collaborative robots 

Warehouses are an integral part of supply chain 
management and logistics; thus, they must adapt well to the 
increasing demands in the market. Technology giants are 
looking for more rapid and cost-effective ways to meet the 
logistics demand (Zhen and Li, 2022). Industrial 
organizations rely heavily on warehouse operations to 
ensure the smooth flow of inventory and products (Abidin, 
2021). The warehouse's primary functions include fulfilling 
customer orders, protecting goods before transportation, 
providing short-term storage, and serving as a location for 
packaging and repacking. Before shipment, several 
warehousing facilities offer product inspection and repair 
services. The four main categories of warehouse operations 
are shipping, receiving, picking, and storing (Shah and 
Khanzode, 2017). In increasing demand, collaborative 
robots are increasingly installed in warehouses. Research 
highlights the benefits of utilizing human-robot 
collaboration for different tasks in warehouse operations 
management, including picking orders (Pasparakis, 2023).  

Furthermore, warehouse operations management requires 
training due to evolving technologies (He, 2022 ; Yigitbas, 
2020). The state-of-the-art approach highlights the benefits 
of employing collaborative robots and calls for further 
employee training for efficient warehouse operations 
management. However, this training requires more 
resources, such as a separate warehouse for training 
purposes Yigitbas, (2020), which is not affordable to most 
organizations. Literature highlights the significance of 
utilizing modeling and simulation to help this cause. 

2.2 Simulation-based education: significance in 
training   

Simulation-based education (SE) means using simulation 
software and tools to improve teaching and learning 
processes and enable a practical understanding of complex 
systems. The fundamental idea of simulation is the 
simplified representation of the real system in its simulation 
model, which describes just those properties of the real 
system that are relevant to our study (simulation) (Juan, 
2017 ; Campos, 2020). Instead, a simulation can be 
considered a support tool that allows the experiment to 
examine the impact of its selections on the simulation 
model (Gola and Wiechetek, 2017). This will enable us to 
answer the question, "What happens if.” The significant 
advantage of this technique is that it is feasible to pre-
visualize the system's future behavior and realize the 
necessary adjustments in the real system based on its 
knowledge (Lau, 2022). Simulation is seen as a tool allowing 
interns to replace or expand their practical experience using 
an artificially developed environment. One of the primary 
benefits of simulation modeling systems is that the user 
does not have to worry about the model being executed as 
a series of executable statements. Thus, they build highly 
convenient computer environments in which you may 

create simulated parallel systems and research with them in 
an increasingly interactive way (Alam, 2022). The graphical 
environment resembles a real-world testing bench. Still, the 
user interacts with their images on the monitor rather than 
using heavy metal boxes, cables, and measuring equipment 
such as oscillographs and recorders. Furthermore, the user 
can examine and evaluate the simulation results within the 
experiment and, if required, take an active role in it (Magana 
and Silva Coutinho, 2017 ; Gaba, 2004). Many studies 
highlight the benefits of using modeling and simulation for 
training in different professional fields. Shah, (2022) 
performed a literature review on the current status of 
simulation-based training in healthcare. Modeling and 
simulation have also proved to be effective in students' 
learning. The study highlights the positive impacts of 
modeling and simulation on training students compared to 
traditional teaching methods (Bradley,  2020). 
Incorporating modeling and simulation into engineering 
curricula may have a pedagogical effect since it appears to 
create a more applied learning environment that 
encourages students to integrate numerous concepts and 
skills and complicated types of learning. The paper covers 
a variety of modeling and simulation approaches for 
students of computer science and engineering (Magana and 
Silva Coutinho, 2017). A survey of recent studies in SE is 
given in another research, emphasizing the fields of science, 
engineering, and management. Students with varying 
degrees, locations, and institutions can utilize simulation-
based laboratories. Consequently, this facilitates the growth 
of multidisciplinary competencies, collaborative 
capabilities, and cross-cultural learning methodologies. 
Therefore, we may consider simulation education to be 
both a widely used and a resource that will continue to grow 
in popularity within current degree programs (Campos, 
2020). So, the existing literature encourages modeling and 
simulation for education and training. Choosing 
appropriate modeling and simulation tools is itself an 
important task. 

The literature highlights the usefulness of AnyLogic 
software for warehouse operations management. Anylogic 
is an easy-to-use simulation program that supports multiple 
methods. It allows us to integrate system dynamics, agent-
based modeling, and process modeling into a single model 
entirely developed in Java (Kuklová and Přibyl, 2019). 
AnyLogic can present simulation models in both 2D and 
3D, enhancing the visual representation of any ideas or 
concepts. Unlike linear optimization or table-based 
analytics, modeling allows observing an actual system's 
behavior over time with the necessary degree of detail. For 
instance, you may look up a warehouse's occupancy 
proportion on a specific day (Skafa, 2022). Focused on the 
analysis of its operation mode and the factors affecting the 
operation efficiency, obtains the existing problems of the 
Cainiao Station (warehouse in China) by using the modeling 
and simulation technology of Anylogic software and 
optimizes the spatial layout and operation mode of the 
Cainiao Station in combination with the field investigation 
and current simulation results (Chen and Chang, 2022). 
Many studies employed Anylogic software for warehouse 
operations management in different fields. The study 
Zhanbirov, (2023) employed AnyLogic software to build a 
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simulation model of 114 blocks to study the impact of 
various parameters and volumetric planning solutions on 
the effectiveness of the warehouse’ functioning. Another 
author proposed the AnyLogic simulation model as a 
practical approach to identifying and solving multi-grocery 
inventory problems for a modern warehouse 
(Vladimirovic, 2023). Mazurenko and Rusinov, (2022) used 
AnyLogic environment to create a digital copy of a coal 
terminal warehouse. Also, the software has been aiding in 
designing different trade-offs in the performance context, 
and identifying bottlenecks is crucial in warehouse 
operations management (Ferrari, 2021). The AnyLogic 
model has proven useful in determining the optimum truck 
fleet size. To aid decision-making, the simulation model has 
also been used to study the system's key performance 
metrics, including cycle times, resource consumption, and 
bottlenecks (Amjath, 2022). 

Hence, the extensive literature review highlights the 
advantages of collaborative robots for warehouse 
operations management and emphasizes the need for 
further training to meet market demands. In this regard, our 
study analyzed the impact of modeling and simulation on 
learning and training future engineers. The following 
sections describe the study's methods and outcomes. 

3. Materials and method 

The participants of the study were engineering students at 
bachelor’s and master’s level of education enrolled in 
Operations management & Supply chain management 
courses respectively. The students were asked to design the 
warehouse shape to reach the desired target movements per 
hour. The required warehouse was intended to deliver 
medicine kits to the hospital. The warehouse's target 
audience was hospital patients. The means of delivery were 
automated robots. Such auto stores are flexible and are 
available 24/7. The overall attendance of the students’ 
participation was eighty percent. 

Students were equipped with adequate knowledge about 
the software and principles of warehouse management 
prior to this exercise. A detailed description of the desired 
parameters was provided which includes: 

i. Design the actual shape of the warehouse 
meeting, which requires target movements per 
hour. 

ii. Define an adequate number of robots to be used. 

iii. Determine the number of charging stations and 
their positions. 

iv. Define the loading and unloading portals. 

v. Provide proof of their design using the Virtual 
Laboratory, available on the university cloud. 

Virtual lab interference is shown in Figure 1. 

 

 

Figure 1. Virtual lab interface 

 

Figure 2. Exercise stages 

The exercise had three stages, as shown in Figure 2. In the 
first stage, students made preliminary calculations for the 
mission, such as the expected number of deliveries, average 
speed, time, and length of the mission. These calculations 
were performed in an Excel file, as explained below. The 
bachelor level students were provided with excel 
calculations involved for the design of the warehouse 
whereas master’s level students followed all the stages of 
the study at their own. 

Students could enter several parameters in their design. 
Defining the layout is not very complex. In fact, it is based 
on a simple Excel file where each column represents one 
cell of the warehouse. In separate sheets, students could 
define an adequate number of robots per area and the 
specific schedule of the arriving picking orders. In Excel 
preliminary calculations, students used parameters that 
could directly affect the model, such as the number of 

PRELIMINARY CALCULATIONS 
(EXCEL) 

• EXPECTED NUMBER OF MISSIONS 

(DELIVERIES) 

• AVG. MISSION LENGTH & TIME 

• AVG. MISSION SPEED 

SIMULTION 

ANYLOGIC 

VALIDATION 

• LATIN 

SQUARE 
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robots, area size, and layout, as mentioned in Table 1. For 
the simulator, students had sensitive and informative 
parameters to provide valuable information about the 
simulated warehouse design. The second stage involved the 
simulation of the scenarios using Anylogic software. 
AnyLogic software has the ability to import excel files. 
Students could visualize their interplay's impact with 
different design parameters, such as changing the number 
of robots per area and order scheduling. 

Table 1. Exercise parameters 

 

The last stage was the validation of the model. For this 
stage, we used the Latin square technique as the simulation 
model was characterized by initial saturation, number of 
robots, and area. To identify the significance of each of 
these factors, the exercise delves into variation analysis 
using the ANOVA technique. This gave students insight 
into how a layout could be designed in multiple ways. For 
example, students could identify the required number of 
robots by controlling factors such as initial saturation and 
areas. Table 2 Enlists formulas used for ANOVA. 

Table 2. ANOVA formulas 

Variatio
n 

Source 

Sum of 

squares 
DoF Mean 

square 
Fo 

Treatme
nt 

(initial 
saturatio

n) 

∑𝑌𝑗
2 −

𝑌2

𝑁

𝑝

𝑗=1

 

𝑝 − 1 𝑆𝑆𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑡

𝑝 − 1
 
𝑀𝑆𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

𝑀𝑆𝐸
 

Rows(ar
ea) ∑

𝑌𝑖
2

𝑝
−
𝑌2

𝑁

𝑝

𝑖=1

 

 
𝑝 − 1 

𝑆𝑆𝑟𝑜𝑤𝑠
𝑝 − 1

 
 

Column 
(robot) ∑

𝑌𝑘
2

𝑝
−
𝑌2

𝑁

𝑝

𝑘=1

 

 
𝑝 − 1 

𝑆𝑆𝑐𝑜𝑙𝑢𝑚𝑛

𝑝 − 1
 

 

Error 𝑆𝑆𝐸  
(𝑝
− 1)(𝑝
− 2) 

𝑆𝑆𝐸
(𝑝 − 1)(𝑝 − 2)

 

Total 
∑𝑌𝑖𝑗𝑘

2

𝑖,𝑗,𝑘

−
𝑌2

𝑁
 

   

 

For the analysis, participants used three initial saturation 
scenarios: 40%, 66%, and 76%, three robot scenarios: 1,2,3, 
and three scenarios for areas 6,12,18. Table 3 shows the 
results of the ANOVA analysis, where initial saturation is 
taken as the treatment factor. The results show that initial 
saturation is a non-significant factor, i.e., there is no 
difference in the outcome at all three initial saturation 
scenarios (40%, 66%, 76%). 

Table 3. ANOVA solution 

ANO

VA 

Variati

on 

Degr
ee of 
freed
om 

Mean 

square 
Fo Ftab 

Rows(
area) 

387962.
4931 

2 193963.2
4655 

104.296
8842 

5.4  > 
reject 
HO 
,signifi
cant 
factor 

Colum
n 
(robot) 

41309.0

0247 
2 20654.50

123 

11.1051

9786 

5.4 > 
reject 
HO 
,signifi
cant 
factor 

Treatm
ent 
(initial 
saturati
on) 

10338.0
758 

2 5169.037
9 

2.77920
9625 

5.4 < 
cannot 
reject  
HO, 
non-
signific
ant 
factor 

Error 3719.78
9867 

2 1860   

Total  8    

HO: no difference in mean — non-significant factor 

HA: difference in mean — significant factor 

 

4. Discussion  

This exercise is part of the regular training of bachelor’s and 
master’s level students. In the fall 2021 semester, more than 
86 students joined the Virtual Lab. They produced 1940 
simulations, an average of 22 different scenarios evaluated 
for each student. Figure 3. shows one of the generated 
scenarios.  

 

Figure 3. Example scenario generated by participants. 

The large number of scenarios for each student enhanced 
student learning by visualization of the impact of their 
interplay with various parameters. The impact of the study 
on student’s learning and experience was evaluated by the 
report submitted by the participants. The evaluation criteria 

EXCEL SIMULATOR 

SENSITIVE SENSITIVE INFORMATIVE 

N°  AREAS 

AREAS 

SIZE AND 

LAYOUT 

N°  

ROBOTS 

STACKING 

INITIAL 

SATURATION 

HORIZONTOL 

SPEED 

ORDERS 

ITEMS 

% ORDERS 

CELL 

DIMENSIONS 
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was structured in three sections and students learning has 
been categorized at three levels as explained below. 

i. Level 1 : theoretical understanding of the 
participant has been considered satisfactorily if he 
was able to make correct preliminary calculations. 

ii. Level 2 : if the results of simulations are consistent 
with the calculations? The cells (columns) or 
blocked or not? 

iii. Level 3: overall report, if the student was able to 
justify the number of robots per unit area or 
adequate ? 

Apart from delivered reports, students expressed keen 
interest in these exercises during the course with positive 
verbal feedback and suggestions. The students suggested 
more such exercises for this course as well as other courses. 
Interactive applications enhance students’ learning as 
proved by many studies. According to a survey, 89% of 
students expressed satisfaction with their learning through 
interactive applications. 96% of students desired more 
interactive applications to increase their learning (Corral 
Abad, 2021). Higher attendance, i.e., 80% in our study, 
indicates students’ interest in this course and exercises.  

Furthermore, this study demonstrates the advantages of 
employing Anylogic for education, as stated by Skafa, 
(2022). AnyLogic can present simulation models in both 
2D and 3D, which helps students better visualize their ideas 
and concepts. Modeling allows observing an actual system's 
behavior over time with the necessary degree of detail, 
which is impossible with linear optimization or table-based 
analytics. For instance, you may look up a warehouse's 
occupancy proportion on a specific day. The outcomes of 
the study agree with Alam, (2023) that using simulation in 
education is beneficial for students. It helps students gain 
more profound knowledge and clear concepts in their 
respective fields. Students are better prepared for their 
future careers by active learning and engagement. The 
benefits of simulation education are multi-dimensional; 
apart from simplified visualization of complex systems, the 
students can conduct virtual experiments to flourish their 
innovative and critical thinking abilities. The students 
learned how the system behaved under different scenarios, 
making them more familiar with the real-world contexts of 
warehouse operations management. Another crucial aspect 
of simulation education is collaboration, as students can 
collaborate with their fellows to generate different 
scenarios and find solutions to existing problems in 
warehouse operations management.  

However, the use of simulation has some challenges that 
should be considered while using it for education and 
training. The simulation model should be a replica of the 
real-world system, which can be achieved by paying 
meticulous attention to input data and other parameters 
(Alam, 2021). After carefully considering these issues, 
simulation can be a powerful tool in education that can be 
applied for personalized learning experiences for each 
student, hands-on training, providing real-world context, 

and enhancing innovative and creative thinking skills 
(Skafa, 2022). 

5. Conclusion  

Increasing demands from online customers and e-
commerce have challenged the efficiency of warehouse 
operations management. To meet this demand, the trend 
of using collaborative robots for warehouse order picking 
is increasing. Automatic storage and retrieval systems have 
many benefits over conventional warehouses, including 
24/7 availability and power savings.  

Using modeling and simulation has proved to be an 
effective approach for training future engineers in 
warehouse operations management. The course 
participants' free, direct feedback was encouraging. Future 
research may focus on developing metrics to assess the 
impact of Modeling and simulation on training and its 
comparison with conventional training methods. 
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