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Abstract

Background. Serious games and game-based learning are widely used in education.
Gaming in logistics education relies on serious gaming with no or less consid-
eration on enjoyment.

Intervention. This study examines in a first step whether and if so, how (serious)
games are used as part of logistics majors’ curricula at German universities. Based
on the findings, an entertainment game about warehousing is developed and
validated.

Methods. Warehousing is an application-based discipline in which the operation of
different picking techniques has an impact on the order picking. To help students
understand the impact of such techniques, the 2D game WareMover was de-
veloped. The open-access game combines education and entertainment with
different gamification objects and can be played in singleplayer or multiplayer
mode. In this competitive 2D game, the objective is to pick orders by navigating
around the warehouse towards the right shelf and to click on the correct storage
compartment. The player has to achieve the highest score, which is determined
by the fastest and least erroneous delivery. Four different picking techniques can
be used in two game modes.

Results. The results of a 14-player game session are presented. All players played
both game variants with all picking techniques and completed a questionnaire.
The players rated the game as user-friendly, entertaining, didactically useful,
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suitable for teaching and education, and engaging. In addition, the majority of
players would play the game again and recommend it to others.

Conclusion. The open-source gameWareMover can contribute to studies in the field
of warehousing by teaching students about picking techniques and the differences
between these techniques. The novel game approach of interpreting a serious
game as an entertainment game can increase the enjoyment and motivation of the
players.
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Background

Serious games are used in educational institutions as a way of learning. They can be
found in elementary schools (Baek and Whitton 2013; De Gloria, Bellotti, and Berta
2014), secondary schools (Watson, Mong, and Harris 2011), universities (Barr 2019;
Ma et al. 2013), and apprenticeships (Hugger and Walber 2010). To expand the use of
serious games, there are calls for video games to be included at appropriate points in
higher education curricula and for universities to give video games the same status as,
for example, sports (Barr 2019). In the relationship of serious games to traditional
learning methods, predominantly positive effects can be observed. These include the
promotion of a holistic understanding of scientific concepts, the preservation/
improvement of cognitive skills, the possibility of flexible learning, mood improve-
ments, or the improvement of learning outcomes. However, negative effects may also
occur, such as a negative impact on the relationship between workload and learning
effectiveness (Lamb et al. 2018; Ullah et al. 2022; Zhonggen 2019). Primary research
suggests that the potential of learning with serious games should be considered as a
function of learners’ age, gender, and personal characteristics (Annetta et al. 2009;
Riemer and Schrader 2015; Stege et al. 2011).

Entertainment Games and Serious Games in Logistics

Logistical principles have found their way into entertainment games long ago. Games
in which logistical planning is an aspect of the game’s success can include simulation
games and construction games, in which the construction of a game world optimized
for transport logistics is the focus of the game experience. Other important elements are
resource handling and automation. In logistics education, games can have a positive
effect in self-directed learning competence, knowledge and motivation (Pacheco and
Palma-Mendoza 2021). Thereby, a lot of playable games already exist. A study
identifies 39 serious games for business and industry, of which 19 games teach
competencies in supply chain management (SCM) and logistics (Riedel and Hauge
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2011). Another paper examines the complexity of 40 games used in SCM (Deghedi
2023).

The objective of the study is to develop a novel, entertaining, open source game for
university teaching in the field of warehousing that teaches order picking techniques,
where players should unconsciously understand the picking techniques without ex-
planation and be able to playfully reflect on the advantages and disadvantages of the
techniques themselves through the game design. Research has shown that no German
university with more than 10,000 students currently offers a warehouse-related game
for teaching purposes (see Intervention).

In Germany, logistics students often only learn picking techniques in a lecture. It is
not possible for universities to create a realistic warehouse environment where order
picking is applied. Therefore, it is very difficult to teach these practical areas in a
lecture. In such cases, game-based learning can help (Pivec and Kearney 2007). The
WareMover approach is intended to close the gap between paper-based learning and
reality to a certain extent.

Intervention

In the following, we examine the current use of logistics games at German universities
and whether these are games from SCM or other disciplines. All German universities
with more than 10,000 enrolled students will be examined. The games have to be from
logistics or a related discipline and have to be used in the corresponding courses of
study/faculties for teaching or research. The list of universities is compiled using the
Higher Education Compass (German Rectors’ Conference 2023) and cross-checked
(Federal Statistical Office 2023). After filtering the described criteria, 59 universities
remain. These are scanned for degrees in logistics or related disciplines as well as for
degrees related to gaming. A total of 31 study programs are identified, of which 29 are
related to logistics and two are related to gaming. These are spread over 14 of the
59 universities. Based on the identified study programs, the modules with game use are
recorded and the games used are derived from them. For this purpose, all relevant
faculties and the module manuals of the study programs are examined. In total, there are
twelve modules at seven universities in which games are used. Results are shown in
Table 1.

Method

Based on the findings, an entertainment game about warehousing is developed and
validated on a group of 14 subjects. The 2D open-access singleplayer and mul-
tiplayer game WareMover deals with the picking technologies of order picking. The
game is available in English and German. Multiplayer games are created via a lobby
with a host. It is intended to be used in a lecture in which the corresponding content
is taught or students can play it alone in advance to build up motivation for the topic.
The goal is to complete orders using the different technologies in the least amount of
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Table 1. Serious games related to logistics at German universities with more than
10,000 enrolled students.

No. University Study program Module Reference

1 Technical
University
of Munich

Rail, Transport and
Logistics (M.Sc.)

Health Care Logistics (TU Munich 2023)

2 University of
Duisburg-
Essen

Technical Logistics
(M.Sc.)

Industrial Science (University of
Duisburg-Essen
2023)

3 TU Dortmund
University

Logistics (M.Sc.) Logistics Lab Business Game (TU Dortmund,
FLW 2023)

4 Corporate Logistics and
Supply Chain
Management

(TU Dortmund,
LFO 2023)

5 Logistics “Optimization”
Laboratory

(TU Dortmund, ITL
2023)

6 University
Stuttgart

Logistics
Management
(M.Be.)

Simulation of logistics
systems with business
game

(University of
Stuttgart 2023)

7 Methods and strategies and
logistics management
game

8 Strategic Management
9 Technical

University
Darmstadt

Traffic and Transport
(M.Sc.)

Basics of planning,
Designing and Constructing

(TU Darmstadt
2023)

10 Technical
University
Dresden

Waste Management
and Contaminated
Sites (M.Sc.)

Business games waste
management and
contaminated sites

(TU Dresden 2023)

11 University
Magdeburg

Industrial engineer
logistics (B.Sc.)

Supply Chain Networks:
Connected / Cross-linked
Thinking and Qualitative
Analysis

(University of
Magdeburg 2023)

12 Sustainable Development -
fundamentals and
implementation

Note. The names of the games used are mostly not publicly available on the module websites or in the module
manuals. Exceptions are No. 2, 3, and 11. It can be stated that the games used at German universities with
more than 10,000 students are exclusively serious games. The use of entertainment games has not yet been
applied so far. Likewise, the games make use of the subject matter of SCM and similar areas. There is no
application in warehousing. None of the games are open source.
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time. Players can choose between pick-by-list, pick-by-voice, pick-by-light, and
pick-by-vision. The technologies are described in (Gleissner and Femerling 2013;
Reif and Günthner 2009). The players are supposed to learn how the technologies
differ in handling and efficiency. Although a game description guide is available in
the main menu, players should be able to get by without it and start the game straight
away. The game design and the game environment were designed to be so simple
that players should intuitively understand the game mechanics and the task at hand.

The game was developed using the GAMEDmethodology from (Aslan and Balci
2015). GDevelop (GDevelop 2023) was used as a game builder because it is a free
and easy way to create a game with little programming effort. The game is publicly
available at https://anonymous.4open.science/r/WareMover/. It can be installed on
Windows, Linux and macOS using the installer file. It is also possible to create a link
for the game via GDevelop, so that the game can be played online as a browser
application.

Gameplay and Rules

The objective is to pick one or more orders by navigating to the correct shelf and
clicking on the correct compartment for the correct amount of times. The player’s goal
is to achieve the highest score possible, by performing the aforementioned actions as
correctly and quickly as possible. The player moves with the WASD or arrow keys and
all actions are performed with the E key. As soon as a player approaches an interaction
object, a pop-up with the E button symbol appears so that an action is immediately
understandable. There are two variations of the game:

Variant 1. Pick an order as quickly as possible,
Variant 2. Pick as many orders as possible within 90 seconds.

There are four different missions to choose from. Each mission represents a pick-by
system. The systems in the game differ in the way the player receives mission in-
formation, either visually or acoustically. Before starting the game, all information
about the gameplay, the score calculation, and the selected mode is explained. One
order consists of 20 items, which are distributed over eight positions. The player starts
in a 2D top-down view (Figure 1). First, the player has to move towards the in-game
computer and get the order. Then, the player has to go to the shelves to pick the order. In
the shelf view, the player clicks on the appropriate compartment with the left mouse
button (to take out goods) and with the right mouse button (to put goods back on the
shelf). When all articles are picked, the player has to submit the order and the game
ends. A score is then calculated and displayed in a high score list. Fulfilling the order is
the only goal of the game. Wrongfully articles are scored negatively, not picked articles
not at all.
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Sample, Validation and Analysis

The developed game was validated with a test group of 14 subjects and improved based
on their feedback, in order to use it in future periods and to use it actively in teaching. In
an extraordinary session, five PhD students and nine undergraduate students from
logistics, industrial engineering, data science and computer science were interviewed
with a questionnaire after playing the game for 15 minutes in singleplayer mode and in
a group in multiplayer mode. The groups consisted of two to five people. The groups
were not introduced the game and therefore did not know what kind of game to expect.
They were asked to play all game variants independently without a guide. The purpose
of the test was to check whether the game was self-explanatory and if the objective had
been achieved. At the time of testing, the participants played the web-based version.
Validation took place in six dimensions (see Table 2). Information about the partic-
ipants were collected beforehand.

The response format used for the closed-ended statements is a 5-point Likert ordinal
scale from 1 (strongly disagree) to 5 (strongly agree). For the open-ended questions,
text boxes are used as response options. The participants were interviewed in order to
obtain different perspectives. Personal data was not collected. The age range of the
experimental group was 20 to 39. Twelve participants in the group had prior knowledge
of the technologies presented and two did not. Half of the group played computer games
regularly at some point in their lives (more than 5 hours per week for a duration of at
least 12 months).

Figure 1. Top-down warehouse view in the main game scene.
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Results

All participants played the game in singleplayer and multiplayer mode without in-
terruption. The questionnaire was filled out immediately afterwards. The results are
shown in the table below.

Most participants answered the free text questions. They were asked how the
previously answered questions were justified. This included advantages, disadvan-
tages, suggestions for improvement, and use in teaching.

Table 2. Results of the survey with 14 participants.

Category Question
1.
--

2.
-

3.
o

4.
+

5.
++

Usability Game objective is clearly understandable 0 0 0 2 12
Game structure is clearly understandable 0 0 0 6 8
Missions are easy to understand 0 0 0 3 11
Variants are easy to understand 0 0 1 4 9
Controls are easy to learn 0 0 0 5 9

Enjoyment Game is fun 0 0 1 4 9
Game is exciting 0 1 4 7 2
Game is challenging 1 1 1 6 1
I like the reward system 0 0 1 5 8

Didactics I like the 2D implementation 0 0 0 7 7
Game helps to understand principles of pick-by
systems

0 0 0 2 12

Playing the game learning can be better than via
paper-based methods

0 0 2 5 7

Game deepens knowledge about pick-by-
systems

0 0 3 7 4

Use in teaching Game is suitable for use in teaching 0 0 0 7 7
The contents of the game can be connected with
the curriculum of a logistics degree program

0 0 1 7 6

The duration of the game is appropriate for use
in a lecture

0 0 1 6 7

Use outside of
teaching

Game arouses interest in logistical principles 0 0 2 9 3
Game is suitable for use on an open day 0 0 0 6 8
Game helps pickers to understand the
technologies

0 1 1 7 5

Game is also fun for people not interested in
logistics

0 1 4 5 4

Recommendations Probability for recommendation to people
interested in logistics or students

0 0 2 5 7

Probability for playing again 0 1 2 6 4
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Discussion

The information about gaming experiences provided by the test group is consistent with the
German population. 91% of 16-29-year olds and 74% of 30-49-year olds play video games
from time to time (Statista 2023). In the 12-19 age group, 76% of respondents say they play
video games daily or several times a week (Statista 2022). The younger target group is
therefore counted among the addressees, as the game is aimed at students.

From the quantitative responses of the questionnaire, it appears that the game can be
classified as user-friendly. In the enjoyment category, it is stated that the game is
enjoyable. The challenge aspect has no clear result. This may be due to the fact that half
of the group played computer games regularly and the other half did not. The par-
ticipants also like the 2D implementation. In addition, the understanding of the pick-by-
systems is increased. In how far the game is better than paper-based learning remains to
be studied. It should be noted that serious gaming cannot be used across the board for
every application. Nevertheless, it has been shown that educational games can be
successfully used to transfer knowledge to areas outside the world of computer games.
Game-based learning concepts have a high learning value, especially for interdisci-
plinary topics. The topics covered can often not be applied in real-life contexts if they
are learned in isolation (Pivec and Kearney 2007).

Most of the players answer that they consider the game suited for teaching. The
question of whether the game helps pickers and whether people interested in logistics
would enjoy the game is answered ambiguously, which may be due to the hetero-
geneous group. The majority would recommend the game and play it again.

From the total of 13 free text questions, the 59 answers can be grouped into the
following positive features: competitive elements, simple game structure, simple
graphics, implementation of picking principles in 2D, web-based, and the possibility of
game-based learning. The negative aspects can be summarized as follows: lack of
information about real systems, unclear order information, insufficient game in-
structions, no arrow key control, and lack of other logistical principles. The comments
on the order information, instructions and arrow key control could already be improved.
The information about the real systems was not provided at the time of testing. It is
planned to show this to the students in the lecture in combination with the game, which
still has to be tested in the upcoming lecturing period. Further logistical principles will
be implemented in the next game.

The feedback does not provide direct evidence that the game is enjoyable for all
players, contributes to learning, or is easy to understand. However, the test provides
indications of success in terms of enjoyment, motivation, a better understanding of the
topic, and usability in teaching.

Limitations and Suggestions for Further Future Research

The game does not provide a high level of realism and the game experience is rather
short. The environment of the warehouse is presented in a very simplified way and
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many elements are missing. Due to the simple concept, experienced players may not
feel sufficiently challenged. In addition, it is necessary to contextualize the game with
the right educational content in order to understand what the game scenario represents.
A test with additional target groups, such as subjects not involved in the field of
logistics or professional pickers may be useful. The learning effect or the motivation for
the subjects should also be reviewed.

For future research, the game will be tested during a teaching period and enhanced
based on feedback. The long-term goal is to create an open-source game platform
covering all aspects of warehousing to teach lecture content interactively. The games
should be engaging, fun and open source, so that others can implement their own ideas
based on the concept. Further research into incorporating reinforcement learning with
an emphasis on imitation learning could offer a transformative approach for the game’s
decision-making dynamics. This methodology would amplify the game’s complexity
for players and create a symbiotic, knowledge-sharing environment, enhancing
gameplay and educational value.

Conclusion

The here presented game WareMover is the first of its kind. German universities do not
have a game in the field of warehousing. It has the character of a standard video game
and is not intended to be a classic serious game. It contributes to make a part of
warehousing, order picking, more accessible, enjoyable and understandable to students.
The simplicity of the game explains a practical application in a digital framework that
can be used in a lecture. The game is not intended to replace a lecture, but is intended to
support the learning process taking place during a lecture on picking. The questionaire
shows that the game can be motivating and useful for teaching as a supplement, which
will be evaluated in the coming teaching period. The open-source development is
intended to stimulate discussion and independent development in the field, so that new
ideas can be implemented into the existing concept. Further development of Ware-
Mover and other novel games related to warehousing are planned for the future.
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