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The digital transformation associated with the Fourth Industrial Revolution is having an impact on the way we teach.

Under the term Education 4.0, new teaching methods, new technologies, as well as a student-centered approach, are

expected to be used in teaching. One established method of teaching is the use of Serious Games, as it has various

positive effects in terms of motivation and engagement. 
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1. Introduction

Education, like other areas of our society, is subject to social change. In the 18th century, Education 1.0 developed

alongside the First Industrial Revolution, with the lecturer at the center and learners assuming a predominantly passive

role . The second industrial revolution was succeeded by Education 2.0, which also centered on the lecturer, albeit with

learners assuming a more active role . This was succeeded by Education 3.0, which was characterized by

computerization. Teachers were no longer at the forefront, but instead curated courses that empowered learners to

educate themselves independently . In recent years, the renewed transformation of industry has brought about a further

changes in education, encapsulated by the term Education 4.0 . This transformation is characterized by technological

advancements enabling digitalization, virtualization, datafication, and smartification . It entails a shift from teacher-

centered to student-centered teaching and from passive to active learning .

The term Education 4.0 is defined differently depending on the perspective. Based on the new industrial revolution to

Industry 4.0, Education 4.0 should provide resources to develop skills for this . Miranda et al.  see other components

in addition to this, such as the integration of new teaching methods as well as the implementation of current and new

information and communication technologies as well as the use of new infrastructure to improve learning processes. They

and other authors see the term in connection with new teaching–learning methods of active learning and innovative

pedagogical procedures .

Challenges thus appear in the context of higher education with regard to new technologies, large amounts of data, and

innovations in teaching and its secure infrastructure . Furthermore, changes in the structure of higher education

appear to be emerging. In the future, students will determine for themselves the content they wish to experience, and

when and how. This shift leads to the development of new curricula and methods such as the Flipped Classroom or

collaborative project work .

Considering that Abt  defined the term Serious Games as early as 1971, it can be assumed that the utilization of Serious

Games in university teaching precedes the era of digitalization and Education 4.0. Although the term Education 4.0 was

coined in 2015, the scientific literature only increasingly refers to it from 2018 onward . Nevertheless, it can be inferred

that the introduction of new teaching methods influences the utilization and design of already existing methods. One such

method is the use of Serious Games. Abt  conceptualizes Serious Games as a fusion of serious thinking and problem-

solving with the experimental and emotional freedom of gaming . Chen and Michel define Serious Games as games

whose main purpose is not entertainment, fun, or pleasure . In education, they can prompt students to engage with

content for longer durations compared to other teaching formats and can have a motivating effect on them .

Backlund and Hendrix  also report mostly positive effects on problem-solving skills, learning impact, and motivation to

learn.

A concept that has been addressing the digitalization and technical equipment of universities for some time is that of the

Pervasive University. This concept pertains to the development of a personalized technical infrastructure that remains

partially unnoticed by the user, thereby avoiding technical barriers and disruptions . For this reason, the concept seems

to share certain similarities with the field of Education 4.0, particularly in focus on the user and integration of new

technologies into the university environment. Lucke et al.  have already considered the use of Serious Games in this
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context and cite a few examples. However, these examples do not fully incorporate the possibilities of the Pervasive

University or Education 4.0 but instead concentrate on the user’s location.

2. Serious Game Objective

The focus of 15 of these games is to teach knowledge. This knowledge is located in the areas of computer science (n =

6), medicine (n = 4), pharmacy (n = 1), the environment (n = 1), engineering (n = 1), logistics (n = 1), and mathematics (n
= 1). It is noteworthy that in the fields of the environment and pharmacy, the same game is presented in two articles each.

It is noticeable that the focus of the work is not always on achieving the objective of the game, i.e., imparting knowledge.

For example, Antoniou et al.  use their game to impart medical knowledge, to evaluate physiological parameters, and to

explore emotions during learning using virtual reality. The work aims to provide feedback based on the emotional state.

The other games in this area have the purpose of motivating or engaging students , or increasing the

learning effect .

The game from the field of pharmacy and the one from the field of logistics, in addition to the goal of imparting knowledge,

also pursue the goal of enhancing teamwork . The game presented by Ammouriova et al. requires solving

challenges in teams and thus calls for leadership and task management skills . In the case of the game for pharmacy

students, a real pharmacy is simulated. Supported by team-building activities and coaching, students should learn to work

together and communicate in an interdisciplinary way . A game that focuses on teamwork is presented by Wong et

al. Here, too, interprofessional collaboration is to be promoted with the help of a simulation .

The remaining six games, which do not aim to teach knowledge, are aimed at teaching other soft skills. One game has the

goal of teaching engineering students how to solve design and manufacturing problems in virtual reality, since this is a

skills gap of undergratude students . Conversely, the game FLIGBY is designed to teach entrepreneurs a leadership

style that enables employees to work in an optimal mental state. Therefore, the students work in interdisciplinary teams

and have to solve conflicts and communicate . Teaching non-technical skills is the focus of the remaining games.

Deniozou et al.  aim to teach students to take better notes. The game Compete! is about making decisions that improve

one’s soft skills like creative problem solving, stress management, and communication, as well as teamwork . Two

games impart knowledge about SCRUM, a procedure that structures the development of software in teams. Steghöfer

and Burden  focus on teaching the necessary knowledge and skills, while Gordillo et al.  use and compare different

methods for teaching.

3. Implementation

The majority of the games (n = 8) use simulations to achieve the game goal. Two of these games additionally use points

. Points are awarded in seven other games, but never without using an additional game element 

. Similarly, the element of challenge is mostly used in combination with other elements . Only

in one of the nine games, the one from the logistics area, are challenges exclusively used as an element . Five of the

games employ puzzles , three use surprising or random elements , two use ranks , and two

character advancement . One game uses rewards and hidden content . Another applies badges . In one of the

games, players are manually evaluated by lecturers . The game GidgetML is characterized by using artifical

intelligence to adapt the game content to the player .

Mini-games within the game are used in three games . One game is designed as a quiz , another as a story-

driven adventure , one as a strategic board game , and one in the IT security domain as a tower defense game .

Most articles do not explain why a mechanic was chosen but focus on the presentation of the game or the rules. Often

rewards are understood as state-of-the-art and used because they fit the concept of the game. Espinha Gasiba et al. 

explain that the decision to use a competitive design was made because this approach had led to higher motivation and

engagement in previous studies.

The implementation of the games is realized differently. The majority of the games are realized as a desktop computer

game (n = 7) or online or web app (n = 9). Apart from games outside a specific subject area, desktop games are mostly

used in the field of medicine , while online/web app games are often used in computer science .

Two games describe a setup where teams work with computers but the game takes place in presence . The

game in the field of pharmacy especially stands out because actors are used for the simulation and only realistic software

is used for the activities in the pharmacy . Augmented, mixed, or virtual reality is used by four games in the area of

computer science , medicine , and engineering . More than half of the games (n = 15) are designed for single
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players, eight for multiple players. Most of the articles describe cooperative games in which players have to work together

in teams. The game The Island from the field of environmental awareness and the game from the field of pharmacy have

a competitive character with competing teams . The game from the field of computer science with a focus on IT

security was planned as a singleplayer game, but has developed into a cooperative multiplayer game through agreements

between players . The game for learning anatomy is the only one that turns out to be exclusively competitive .

4. Evaluation

Various evaluation methods and study objectives are reported in the publications. Both Peña Miguel et al. and Saitua-

Iribar et al. investigate whether the use of the Serious Game on environmental awareness impacts on different

competencies of the players . Peña Miguel et al. conclude that the game can promote competencies such as

anticipation, systematic thinking, problem-solving, and critical thinking . Saitua-Iribar et al. note that the game

influences the knowledge level but not perceived meaningfulness . Perrin et al. also report that students find the

SUPER HEMO game helpful in acquiring knowledge. Furthermore, they report that the use of multimedia and mini-games

has a positive impact on game enjoyment . Similarly, students who tried a data-driven IT game reported an increase in

knowledge in various areas of IT security . In the same subject area, a game with challenges was reported as an

adequate means of imparting knowledge . However, it should be mentioned that all studies were conducted without a

control group and were partially based on students’ self-assessment. A study with a control group among students of a

programming course shows that an adaptive game can have positive effects on motivation and continuous performance

.

Fens et al.  examine how a non-digitally designed Serious Game can be integrated into the lecture curriculum using the

example of a pharmacy course. The authors find that the game was offered by the majority of universities as a stand-

alone mandatory course. Students are usually assessed in teams and as individuals. Depending on the exact learning

objectives of the universities, varying amounts of capacity were used to deliver the game . They investigated how

students evaluate courses in which Serious Games are used and a positive evaluation was found . Regardless of

the course, other studies also found positive evaluations towards the use of Serious Games. In this context, students

consider the learning effect through the game to be given and perceive an increase in motivation . However, the

expectations of Serious Games seem to depend on the game experience of the students, as shown by the results of

Cook-Chennault et al. .

Regarding motivation, Buijs-Spanjers et al.  addressed whether and why students choose to intentionally make a

decision within the game with negative consequences for the simulation. Reasons for the decision were, besides a

different game experience, the interest in the simulation results based on their decision .

Games whose serious goal is to teach skills are considered by the authors to be helpful in terms of the game goal. An

online Serious Game is described by Steghöfer and Burden as an effective teaching method for the SCRUM method .

The same is true for the game to improve the ability to take good notes . FLIGBY enabled self-assessment and training

of students’ management skills .

Using virtual and augmented reality in the field of Serious Games is described as positive for the learning goal.

Advantages are described with regard to various learning processes in the fields of medicine and computer science. In

both studies, however, the interplay between the learning experience and students’ emotions is pointed out . When

comparing a virtual reality game with another game-based method, Gordillo et al. demonstrated that students with the

virtual reality game were able to achieve the same level of knowledge of SCRUM as the comparison group, despite

having a lower level of knowledge before the intervention.

5. Summary

The results reveal a heterogeneous landscape of Serious Games in university teaching. On the one hand, the areas of

application and objectives vary, while on the other hand, the articles present markedly different concepts. This diversity is

especially apparent in the mechanics utilized. The findings indicate that game designs often align with the serious

objectives while the playful aspects are typically crafted at the developers’ discretion, ensuring consistency in the game

rules. In some instances, games were modeled after existing non-Serious Games, such as Minetest . Customization of

games can facilitate goal achievement, highlighting the advantage of developing Serious Games in interdisciplinary teams

. Furthermore, the articles demonstrate positive outcomes in their respective studies. Notably, the observed

increases in motivation, learning effects, and the transfer of new knowledge or soft skills are consistent with previous

research . Insights from evaluations employing varied questions should inform the future design of Serious Games,
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particularly regarding the integration of multimedia and consideration of students’ emotional states. These aspects are

pertinent within the context of Education 4.0 .
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