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In the gaming industry, serious games as a tool to share educational content and provide learning experiences

have gained popularity in recent years by leveraging the power of games for purposes beyond pure entertainment.

Unlike other services, products, or solutions that usually serve a single purpose, a serious game is tasked with not

only being fun and engaging but also raising awareness and educating the player.

co-creation  co-design  design thinking  serious games  serious game design

participatory game prototyping

1. Serious Games

Even though there is already much literature available that discusses serious games , their definition remains

broad and is mainly interpreted in relation to their aim and purpose. Since the time serious games came to

prominence in the 1970s, their main characteristic has been the educational component, which was combined with

entertaining aspects to train and/or develop the skills of the players . Tuli and Mantri  concisely define serious

games as ones that are developed and designed for aims other than entertainment, possessing immersive and

interactive features with problem-solving approaches to improve teaching and learning.

Serious games can be effective tools for promoting behavioural change and raising awareness about several

topics like social, health, and environmental issues  and often focus on challenging players with complex

problems and decision-making scenarios. The common notion about serious games is that they facilitate an

environment that allows the player to experiment and learn through engagement in hypothetical real-world

situations . Serious games act as a good basis for decision-making and communication, and many of them

allow the players to act as a particular character and interact with each other within a regulated setting to achieve

the set goals and objectives . Lanezki et al.  add that serious games motivate players to reach goals and

learn cooperatively, while at the same time implementing complex issues into the easy-to-understand game

environment and raising awareness about them. Thus, they engage players in meaningful experiences,

encouraging them to adopt new behaviours, understand complex problems, and make informed decisions (in ).

Moreover, serious games, especially digital ones, can serve as effective platforms for research and data collection

. By designing games that simulate real-world scenarios, researchers can gather data on performance, user

behaviour and preferences. This information aids in understanding human interactions and refining further

strategies in diverse domains.
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The main difference between serious games and regular digital games lies in their end goals. Whereas regular

digital games aim to keep the player engaged in the game as long as possible through fun and enjoyable

gameplay, the serious game design is more aimed at the learning outcomes and experience with the knowledge

that the player will get. The gameplay in serious games is also important, but plays a secondary role compared

with educational aspects . Nevertheless, for serious game design, it is usually a challenge to integrate

learning principles in the gameplay without losing its entertainment factor and motivation to play the game further

. Thus, it can be argued that the more developers can incorporate the expectations of the potential users on all

aspects into such game design, the more relevant is the result and that is where participatory design process

potentially adds value.

With technological advancement, particularly digitalisation, the potential role serious games can play is becoming

increasingly relevant . The integration of digital tools in education has become even more relevant due to the

COVID-19 pandemic, forcing teachers and students to adopt to digital and remote learning . Paired with the fact

that schoolchildren spend more time on game-related activities due to the massive increase in mobile devices and

game consoles, increases the relevance of serious games concept even more . Serious games can also be

applied to science and research, which is well illustrated in the Dekker and Williams literature review on the use of

serious games being co-designed with their target group to address depression and anxiety disorders . Taken

together, the use of serious games is highly relevant and topical considering the advancement of digital tools—

particularly as educational tools—over the past few years, which underscores its significance in a digital society.

2. Evaluating Serious Games

Serious games have proven to be effective when used in various contexts because of their ability to teach,

persuade, and entertain . Their effectiveness has been measured through the experience of the players: their

increase in literacy; raised awareness about the issue in focus; acquired skills and knowledge, etc.  According to

Wainess and Oneil , the effectiveness of a serious game can be defined in terms of (1) the intensity and

longevity of engagement with a game, (2) the commercial success of a game, and (3) the acquisition of knowledge

and skills as a result of the implementation of a game as an instructional medium.

There has been research carried out to evaluate the effectiveness of serious games in particular fields to see what

further improvements could be made in developing such games. For instance, Wu et al.  studied twenty-one

serious games related to the area of energy consumption. The results of their study show that a serious game can

be a valuable tool in altering energy consumption behaviour for consumers. Additionally, by incorporating a well-

designed gameplay concept, a serious game environment can introduce ground-breaking ways of interaction and

relationships among consumers. Hammady and Arnab’s  review of over 200 articles about serious games in

different fields aimed to identify game design mechanics and features that are reported to commonly influence

behaviour change during and/or after the interventions through these games, and Tan and Nurul-Ansa  reviewed

the reasons for the increasing popularity of serious games, the features of successful serious games, and current

trends in serious game application in environmental education, stressing their potential to “facilitate interaction

between learners and the natural environment, and in turn strengthen environmental awareness and appreciation”
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(p. 19). Indeed, several research findings consistently highlight the effectiveness of serious gaming as a powerful

tool for enhancing learning outcomes, and when compared to traditional methods (see also ). That is why serious

games are a popular method to bring about knowledge on the themes that are important for society and its

sustainable development, for example, natural resources management, energy efficiency, urban planning, or

climate change, among others .

Den Haan and Van der Voort  examined the current state of the art of different evaluation methods and

procedures used to assess social learning outcomes of collaborative serious games by investigating 42 relevant

publications and found that most evaluations focused on cognitive learning, few on normative and about half of the

reviewed evaluations also on relational learning. In terms of tools, pre–post measures and qualitative interviews

have been most widely used, mostly through self-reflective questions. Gameplay participant feedback is also

widely used, as it is a relatively inexpensive and quick method for rapid assessment of the immediate impact of the

game, and, indeed, is suitably robust when collated over a large number of game workshops (see in ). A multi-

method evaluation approach is also recognised to fit well with serious gaming in general .

Some drawbacks related to the attempts to assess the effectiveness of serious games, especially in terms of

behaviour change and social learning, are covered by several scholars , for example, the doubt of some

researchers in the validity of the use of self-reflective questionnaires to assess the motivational aspects or that

often no pretest of knowledge is implemented, which may unintentionally ignore the fact that differences in ultimate

learning outcomes could actually be due to knowledge differences between individuals or groups at the start of the

intervention . Additionally, they discovered that players’ motivation as an important aspect in cases where the

effectiveness of digital game-based learning is not always assessed or the type of motivation measured . For

assessing motivation, it is advised to assess the motivation to play the game, especially enjoyment, fun, and

immersion; the motivation to continue using the game; and motivation towards learning the educational content of

the game .

Researchers also discuss a variety of solutions for choosing more accurate evaluation approaches. In-game

assessment becomes important to give information about the players’ or learners’ progress to the researcher and

analyses the players’ competences at various levels during the play . Indeed, the game itself can generate

valuable assessment data by documenting how the player acts and chooses strategies inside the game .

Thus, serious games open up rich possibilities for data collection with the aim of understanding a wide range of

human actions and behaviours . Moreover, the need to augment survey-based evaluation scales with

qualitative insights gained through observation and interaction with end users is highly recommended , thus

emphasising the need for mixed-method approaches while evaluating the game design development and final

outcomes.

Inevitably, using serious games can be beneficial in educating and raising awareness about bioeconomy topics,

which is directly related to the focus of this research. Over the last couple of years, there have been several EU

projects developed to raise people’s awareness about the bioeconomy and policies related to the topic. The EU-

funded project BIOWAYS  has released two games—“Bio…What?” and “BIOChallenge”—where the players can
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discover how different raw materials can be used to produce everyday things and test their bioeconomy

knowledge. The AllThings.bioPRO project, based on the outcomes of which this research is developed, has also

created a bioeconomy game aiming to involve society in the transition to a more circular economy by introducing

the key bioeconomy concepts and knowledge to the citizens and/or consumers. By following the overview of the

widely applied evaluation methods and involving a mix of comprehensive evaluation tools, the case study provides

learning opportunities in the discussions of serious game designs and potential added value by undertaking this in

a fully participative way.

3. Co-Creation and Co-Design

The importance of user participation in designing innovative products and services has received growing

recognition . The concept of such open innovation promotes the idea that innovation can be enhanced by

involving external stakeholders beyond the traditional boundaries of an organisation. “Co-creation”, “co-design” and

“design thinking” are keywords that are often applied in open innovation approaches . These concepts

originally emerge from transformative processes in the entrepreneurial world by bringing together users and

producers for a collaborative creation of new products and services. Fields like research and education have

increasingly taken up this approach . This shift from the traditional expert-driven approach emphasises the need

to involve end users, such as learners, educators, domain experts, and even the general public in the ideation and

design processes. One notion of co-creation is that if a user is involved in the production of a good or service, the

end value will be enhanced because the user/customer can tailor the product as he or she would prefer 

.

Co-creation itself is a broad term used to denote stakeholder involvement in creating something, whether it be a

specific object, outcome, product, or service . There is no single universally accepted ‘official’ definition of

co-creation, as the term is used in various disciplines and contexts . However, several definitions offered, for

example, by Sanders and Stappers , Unalab , and the SISCODE project , provide a comprehensive

understanding. Morello et al.  define co-creation as a “collaborative approach to engagement which allows

stakeholders to collectively design and build more inclusive and sustainable mechanisms for change” (p. 93), which

has become a popular method of engagement in different areas of policy and decision-making.

Co-design (also known as participatory design) can be a part of co-creation and refers to involving stakeholders in

designing something and combining collective creativity throughout the entire design procedure . Usually,

involved stakeholders are the potential users of the designed result (product, service, or otherwise) or other

relevant and/or interested parties. Co-design recognises the expertise and perspectives of all participants,

empowering them to contribute their knowledge and insights to create solutions that better meet their needs. The

method’s flexibility to “accept multiple perspectives and work with a wide range of stakeholders” makes it suitable

for application in various contexts  (p. 4). If used properly, it is a powerful tool that not only helps to ensure that

the final result meets its users’ needs but also that there is a relationship between the designer and the

users/stakeholders. Similar to co-creation, there is no single universally accepted ‘official’ definition of co-design, as

the term is used in various disciplines and fields. However, there are a few recognised definitions that provide a
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comprehensive understanding of the concept, for example, those provided by Sanders and Stappers ,

Kleinsmann and Valkneburg , Steen , and the Design Council .

Concepts of co-creation and co-design intertwine closely with another popular strand: the design thinking

approach. Design thinking is closely connected with interdisciplinarity. Its tools are helpful to visualise content,

knowledge, relations, and mechanics and develop them further in iterative workshops with various stakeholders 

. Design thinking offers a range of methods and tools that support collaboration and co-design, such as

ideation techniques, empathy mapping, prototyping, and user testing . Together, design thinking and co-

creation, as well as co-design, foster an environment that encourages collective creativity, user participation, and

the development of solutions that address real-world challenges.

Co-creation and co-design in any domain or innovation process should be viewed as a continuous process: neither

can be a one-time event but should be thought of as a process in which stakeholders are engaged and followed up

on. As such, long-term engagement requires what is commonly known as ‘community building’, i.e., recruiting

participants to not only offer up their ideas but also to learn and collaborate with others (often cross-sectoral actors)

while working towards a mutual goal. Some key steps to foster long-term stakeholder engagement and its

orchestration are packaged by Unalab and other toolboxes . They focus on community building, setting up

processes and platforms for collaborative learning, guaranteeing transparency for all participants in the process,

planning for options to integrate newcomers to the process at any stage and orchestrating and managing the

system so that all components are integrated into their specific needs.

4. Benefits of Co-Creation and Co-Design

Since the notions of co-creation and co-design have become more widely accepted in different sectors and

domains and methods of design thinking increasingly applied in innovation processes, the value and benefits of

these new approaches have been under focus. Co-design brings about two overarching advantages,

demonstrating its ability to generate original and valuable design concepts for users , while also enhancing

overall product quality . Researchers have found that a co-design approach facilitates a greater number of

design ideas compared to non-co-design methods . Moreover, innovations proposed by users during co-design

activities exhibit a higher level of originality when compared to those generated solely by professional developers

. In service design contexts, co-design offers a range of benefits, including a deeper understanding of end

user’s needs, the generation of more original and valuable ideas from users’ perspectives, and the creation of a

better alignment between services and customer/user requirements . Ultimately, co-creation and co-design

enable enhanced service experiences and higher service quality .

Regarding the benefits of co-creation and codesign in developing serious games, some case study examples are

promising . For example, Lanezky et al.  analysed the development process of the serious

board game “Changing the Game—Neighbourhood” and found that the influence of all participants of the co-design

phases was crucial for the development process of the serious game, especially for the expansion of the learning

content, the improvement in the gameplay, and the balancing of the difficulty level. All and Nunez Castellar’s study
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of the educational game for road safety  indicates that co-design can be a source of additional ideas on top of

other research methods such as state-of-the-art analysis and expert consultation and thus can lead to more

effective interactive content creation. In several other cases, including the target groups in the co-design process of

a serious game helped create an understanding of current behaviour, preferences, and needs of the user, thereby

enhancing the uptake and adherence of the intervention (serious game) .

However, co-creation and co-design do not usually deliver ready-to-use ideas or complete insight into the themes

or game mechanics that would attract the whole target group. Rather, one should regard such a participatory

design process as a useful source of inspiration for concept development and a method to broaden the perspective

of game developers and researchers . Therefore, it is useful to understand the qualitative value of the co-

creation and co-design and find the best model, tools, and methods to foster the process to gain maximum benefits

for all stakeholders—developers and participants. Kristensson et al.  focused on the conditions that lead to the

benefits of co-creation in new technology-based services. Their empirical data suggest that user involvement

during new product development should consider the following key strategies: (1) users identifying needs in their

own setting of use; (2) users identifying needs in their various roles; (3) providing users with analytical tools; (4)

motivating users via the apparent benefit to be gained from their involvement; (5) non-reliance on brainstorming

when generating ideas; (6) involving users not having too much knowledge of technology; and (7) the involvement

of a heterogeneous group of users to ensure that a diversity of ideas is provided for future services. Similar and

connected principles that characterise a co-creative process and make it inviting for participants were phrased in

2017 by Jansen and Pieters : (1) togetherness: there is an equal collaboration between all internal and/or

external parties; (2) end users: they must play a central role in the overall process; (3) ongoing: the process is

ongoing and participative in every phase; (4) productive: it leads to the implementation of the co-created solution;

(5) transparent: relevant information is accessible to all; (6) supported: supported by all stakeholders; and (7)

value-driven: results in value creation for end users and involved parties.

5. Evaluating Co-Creation and Co-Design

While there is widespread agreement on the value of involving end users in the design process of products or

services they may eventually use, there is a need for concrete evidence regarding the impact of such involvement

. Thus, an important part of any participatory approach is its evaluation to understand the quality and impact of

the process. This entails monitoring the process from inception to conclusion and gathering various types of data

on the users engaged, activities conducted, and results achieved. Nevertheless, few studies have thoroughly

examined the precise and multifaceted effects of end user involvement on the actual design outcomes being

developed, especially in the game design field .

Evaluating co-creation and co-design is mainly accomplished through a mix of quantitative and qualitative research

methods such as counting facts and figures, conducting interviews, and questionnaires  that provide data on

users/participants, e.g., age, gender; how participants are engaging, how often, how long, and which activities; and

feedback about participants’ experiences . The user experience and satisfaction with the process is an important

criterion for successful co-creation and co-design . However, the non-linear nature of these processes can
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pose a challenge for evaluation, especially because co-design can include a wide range of activities that can make

it difficult to directly link and attribute the co-creation and co-design with the outcomes; co-design may not even

have predefined outcomes and different participants in co-design may engage in different ways or have different

experiences. As such, monitoring the co-creation process and co-design throughout its various stages and

constantly recording users’ behaviour, engagement patterns, and opinions can provide the main insights into

assessing the impact of the co-creation and co-design approach. If available, quantitative data such as participant

numbers is helpful as well in supporting evaluation, providing both additional information and a means of validating

the qualitative input, but it alone provides an insufficient basis for evaluating the involvement of stakeholders .

It is therefore important to combine several methods and tools to gather input for evaluation, especially highlighting

collective discussions between participants, using interviews and direct contact with evaluation target groups,

combined with more quantifiable and standard surveys helping to keep track of progress over time, and collecting

standardised information from the evaluation target groups.

By fostering effective co-creation and co-design in serious game development, the AllThings.bioPRO project aimed

to ensure that the game meets the needs of the target audience, addresses complex issues and provides an

engaging and impactful experience. In the following sections, the process is described in detail and lessons

learned are discussed.
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