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This study furthers game-based learning for circular business model innovation (CBMI), the complex, dynamic process of designing business models according to the circular economy principles. The study explores how game-play in an educational setting affects learning progress on the level of business model elements and from the perspective of six learning categories. We experimented with two student groups using our game education package Re-Organise. All students first studied a reader and a game role description and then filled out a circular business model canvas and a learning reflection. The first group, i.e., the game group, updated the canvas and the reflection in an interactive tutorial after gameplay. The control group submitted their updated canvas and reflection directly after the interactive tutorial without playing the game. The results were analyzed using text-mining and qualitative methods such as word co-occurrence and sentiment polarity. The game group created richer business models (using more waste processing technologies) and reflections with stronger sentiments toward the learning experience. Our detailed study results (i.e., per business model element and learning category) enhance understanding of game-based learning for circular business model innovation while providing directions for improving serious games and accompanying educational packages.
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HIGHLIGHTS

- Game-based learning is effective for teaching circular business model innovation.

- Explorative business games for practitioners can be redesigned for higher education purposes by aligning the game narrative with the learning objectives and assignments of the course.

- Text mining methods provide opportunities to gain detailed insights in learning about circular business model innovation and in the student's perception of their learning experiences.



INTRODUCTION

The transition to a circular economy (CE) has increasingly gained attention among scholars and practitioners over the past 15 years (European Commission, 2019). CE is an alternative to the dominant linear economic model (Ness, 2008; Ghisellini et al., 2015; Geissdoerfer et al., 2017b). CE aims to close, slow and narrow resource loops, e.g., products, materials, energy (Bocken et al., 2016), and create economic, environmental and social benefits (EMF and McKinsey, 2014). Therefore, CE provides a promising way to decrease resource demands and environmental footprints while maintaining (or even increasing) social welfare and wellbeing.

Businesses developing and implementing novel circular business models (CBMs) play a crucial role in the circular economy transition (Bocken et al., 2016; De Angelis, 2016, p. 38; Geissdoerfer et al., 2017a). Business model innovation is the process of devising or improving value creation, delivery and capture by designing new business models or reshaping existing business models (Osterwalder and Pigneur, 2010; Zott and Amit, 2010). In line with the work of Guldmann (2018), our definition of Circular Business Model Innovation (CBMI) is the process of redesigning linear business models into circular business models to create, deliver and capture value through slowing down, closing and narrowing cycles.

Students in higher education are increasingly drawn to CE knowledge and practices. Many of them will become future CBM innovators or—at least—stakeholders affected by novel CBMs. This paper aims to contribute to teaching business model innovation toward circularity by evaluating an education package around a serious board game called “Re-Organise—The Game”, abbreviated as Re-Organise, developed in earlier work (Lange, 2019b). We hypothesize that explorative and design-driven serious gaming is a powerful method to simulate and teach the intricate dynamics of shaping and implementing CBMs. In addition, we study the extent to which students learn and perceive their learning experience in detail. The findings of this study contribute to the further development of circular economy business modeling in higher education.

In the following sections, we first elaborate on the challenges regarding circular business model innovation in higher education and explore using game-based learning in circular business model education. Then, we introduce the game and the education package. Next, we explain how we studied the learning effects of the Re-Organise education package. The last sections discuss the learning effects and what this means for future research and education concerning circular business model innovation.



LITERATURE REVIEW


Learning and Teaching in Higher Education

Literature on game-based learning in higher education lacks shared definitions of learning (Vlachopoulos and Makri, 2017). However, there is abundant general literature on learning taxonomies. Scholars generally accept three learning taxonomies (Dee Fink, 2013): (1) cognitive, involving understanding, thinking and solving problems; (2) affective, comprising interaction with others and self-reflection; and (3) psychomotor, entailing experiential learning, reflection and action. The most influential cognitive taxonomy is the one created by Bloom (1956) and revised by Krathwohl et al. (2002). The taxonomy describes six types of learning, from remembering knowledge to creating solutions. Teachers have widely used it to design teaching activities. However, this taxonomy has been criticized for lacking affective and psychomotor aspects of learning. Several scholars have created taxonomies to structure those learning perspectives (e.g., Krathwohl, 1964; Cooper and Harrow, 1973). Dee Fink's (2013) taxonomy is a widely used and practical framework that integrates cognitive, affective and psychomotor learning into six learning categories: foundational knowledge, application, integration, human dimension, caring, and learning how to learn. This study uses Dee Fink's taxonomy to provide structure in analysing the learning impact.



Circular Business Model Innovation

Circular business models are rooted in multiple business and sustainability-related fields (Geissdoerfer et al., 2018). Some of these fields are Industrial Ecology (Graedel and Allenby, 2010), Cradle-to-Cradle (Braungart et al., 2007) and the Performance Economy (Stahel, 2008). Based on the work of Richardson (2008), Geissdoerfer et al. (2018) state that CBMs articulate the logic of how organizations create, deliver, capture and offer economic, environmental and social value to multiple stakeholders by closing materials cycles. Circular business model innovation—more than regular business model innovation—involves developing a comprehensive set of novel collaborations among previously unacquainted stakeholders (Geissdoerfer et al., 2018). While traditional business model innovation is already challenging and time-consuming (Chesbrough, 2010), sustainable business modeling—such as CBMI—is even more complex (Roome and Louche, 2016). Understanding how business model designs affect key activities, processes, and economic, environmental and social impact across multiple stakeholders is crucial to achieving circularity. To do so, students need to understand, apply and integrate all dimensions of circular business models, including value proposition, value creation and delivery and value capture for creating and maintaining successful circular practices. EMF and IDEO (2016) provided a business model canvas to support this broad integration of CBM dimensions. It is built upon the traditional canvas elements by Osterwalder and Pigneur (2010), addressing circularity and multiple sustainability values.



Challenges in Teaching Circular Business Model Innovation

Innovating circular business models requires a variety of competencies because of the broad set of stakeholders involved, each with different economic, environmental and social values. Professionals designing new circular business models are expected to have combinations of applied knowledge and skills regarding operations and organization and develop attitudes that enhance coordination collaboration (Herczeg et al., 2018). We now elaborate on the different types of learning required for circular business model innovation.


Content-Related Competencies

Circular practices involve connecting output flows to production inputs, often first converting the waste streams into usable resources, requiring technological and organizational knowledge and skills. Furthermore, students must consider multiple CE strategies (PBL Netherlands Environmental Assessment Agency, 2019) for economic, environmental and social value creation and capture (EMF and IDEO, 2016). Thus, students need to understand, create and apply business models that describe the implementation of new technologies and organizational arrangements (Guldmann and Huulgaard, 2020). They also need to understand and apply foundational concepts of the circular economy and sustainable impact (Centobelli et al., 2020). In this study, we refer to these as content-related competencies.



Personal and Interpersonal Competencies

CBMI requires more than connecting residual materials to production processes.

It entails the creation of shared and sustainable value among partners and customers, spanning across organizational boundaries (Geissdoerfer et al., 2018). Creating collaborations across stakeholders requires personal and interpersonal skills, behaviors and attitudes. The viewpoints regarding normative sustainability goals and affective competencies to reach collaborations are crucial to creating and maintaining a circular business (Breuer et al., 2018). Thus, students need to reflect upon their learning experiences and develop values, interests, and feelings related to the topic, their peers and the learning process.



Iterative Design Thinking Competencies

CBMI is characterized by highly uncertain and changing conditions (Guldmann, 2018, p. 78). Companies may hesitate because alternative options are automatically discarded by cooperating and investing in certain resource conversion technologies. A competition among technical, organizational and network solutions may thus emerge (Korhonen et al., 2018). As circumstances change and stakeholders learn and adapt, CBMs support conversations among stakeholders to improve the CBM design. Thus, learning outcomes in CBMI education must include the corrective iterative nature of CBMI (Wynn and Eckert, 2017). Improving and learning are basic elements of CBMI (Baldassarre et al., 2019) since iterative design thinking processes support integrating theory with practice. Therefore, design thinking must be included in teaching CBMI (Geissdoerfer et al., 2016).

To summarize, teaching CBMI should include technical and social aspects, facilitate stakeholder integration, follow collaborative and inclusive processes (Breuer et al., 2018), and incorporate iterative design thinking to develop new collaborations and organizational arrangements in a dynamic environment. It needs personal and interpersonal reciprocity and integration of technical and social perspectives. Iterative thinking is a key element in CBMI (Geissdoerfer et al., 2016), requiring reflective action, adaptation or even rethinking the CBM design. The students learning about CBMI need to be engaged in all learning domains. Teaching students about these complex issues and processes strictly theoretically is therefore insufficient.




Game-Based Learning for Circular Business Model Innovation

Higher education institutes increasingly use serious games as rich, safe and interactive learning tools (Caponetto et al., 2014). Serious games enable players to experience situations in a virtual world, aiming to have a positive and meaningful impact on skills development (Susi and Johannesson, 2007). Fraccascia et al. (2021) show that digital games are suitable for teaching business dynamics of circular practices but are limited in direct communication. Board games have not yet been studied as extensively as digital games, but they are considered suitable for collaborative games due to their transparency and immediate interactive nature (William et al., 2018). Serious games are explicitly suitable for solving complex problems in collaborative settings (Geurts et al., 2007). They provide a safe virtual learning environment, allowing students to make mistakes without risk. Game-based learning—learning during and from playing serious games—fosters learning engagement through role-playing (Tobias et al., 2014).

Numerous studies have shown that teaching sustainability through game-based learning is effective (e.g., Katsaliaki and Mustafee, 2012; Bevilacqua et al., 2015; Chappin et al., 2017). Serious games have already been developed to teach sustainable design decisions (e.g., Clarke, 2020), circular economy design and business opportunities (e.g., Inchainge, 2019), finance-focused circular economy (Whalen, 2017) and circular product design (Whalen and Peck, 2014; Whalen et al., 2018). Multiple games have been developed to teach business modeling (e.g., Innovative Dutch, 2021) and business model innovation (e.g., Davidovici-Nora, 2013). Fraccascia et al. (2021) conclude that game-based learning is necessary to teach innovations in circular business modeling. Manshoven and Gillabel (2021) recently published an article presenting a game for educating business model innovation. They tested the learning effects using game observations and post-test surveys.

Literature suggests increasing rigor, detail and structure to enhance understanding of game-based learning for CBMI. Rigor is obtained through utilizing pre- and post-test data from randomized experiment and control groups (Connolly et al., 2012). Boyle et al. (2016) suggest studying the interplay between game design and mechanics, other educational activities and learning on a detailed level. By connecting game mechanics to learning taxonomies, a structured foundation for understanding and communicating the effects of game-based learning is provided (Arnab et al., 2015).



Study Objectives

CBMI is already challenging for practitioners, let alone for students without working experience. Therefore, teaching must take place in a safe but realistic learning environment to facilitate students becoming the circular professionals of the future. Most existing studies on game-based learning of CBMI use data from game observations and post-test surveys. By experimenting using our education package Re-Organise, this study furthers understanding game-based learning for CBMI. We collected data from a pre- and post-test experimental and control randomized group study. We analyzed this data on a detailed level: per business model element (EMF and IDEO, 2016) and learning category (Dee Fink, 2013). By doing so, this study aims to provide rigorous, detailed and structured recommendations for enhancing research on game-based learning for circular business model innovation while improving the game and accompanying educational package.




METHODS

We start this section by presenting the origin of the game, the game characteristics, and the game education package, including student assignments. Then, we explain how we conducted the experiment and collected data from the submitted student assignments. Last, we explain how we analyzed the data to explore any learning effect.


Re-organise—A Game Originating From Case Study Research

Re-Organise is an explorative and design-oriented serious game. It was based on practice-oriented research in two case studies of agro-industrial symbiosis networks in Amsterdam, the Netherlands (Lange et al., 2017; Mulder et al., 2018). These networks consist of industrial and commercial actors that exchange (mainly biotic) materials, energy and information to increase resource efficiency (Lombardi and Laybourn, 2012). The game has been developed in two versions: version 1 for the research project and version 2 for the education package.

In the research project, practitioners in the two cases aimed to find ways to exchange, process and re-use their waste streams locally. By doing so, they intended to increase the creation—and avoid the loss—of economic, environmental and social value (Mulder et al., 2018). The board game was developed by a consortium of project researchers, circular economy consultants and a game developer. Re-Organise is a typical simulation game, creating a scenario-based environment. It consists of various real-life activities, phenomena or mechanisms and has rules to simulate reality for training and learning (Vlachopoulos and Makri, 2017). We used the game for two purposes. Firstly, it was used to validate collected data regarding waste streams and necessities with the stakeholders. Secondly, it was used for the ideation of new closed-loop value networks. The game resulted in the co-creation of several collaborative and circular business model concepts. After ending the research project, one of the concepts created during gameplay, was implemented in the form of a composting cooperative (Tuinen van West, 2019).

We anonymised the game and added an education package to teach circular business model innovation to bachelor and master's degree students. The game and education package were iteratively redesigned to improve the learning experience during two pilot studies with undergraduate engineering students and lecturers at the Amsterdam University of Applied Sciences.



Game Characteristics

Re-Organise—The Game is a collaborative multiplayer board game consisting of 8–16 roles (Figure 1).


[image: Figure 1]
FIGURE 1. An impression of Re-organise—The Game. The game consists of a board, technology and role pawns, connection ribbons and play cards (representing necessities, waste streams and other assets).


In the game, each player (or duo) takes on the role of an organization within an agro-industrial park. A role description is given on a card placed as a pawn on the board. Examples of game roles are a cattle farmer, restaurant owner and recreational area manager (public institution). The players' goal is to find as much local use for their waste streams (represented by “Waste” cards) as possible while maximizing the fulfillment of their own needs (“Necessities” cards). To achieve this, they can use several assets (“Other assets” cards) to invest in processing technologies. The optimal outcome for a player is to play all waste and necessities cards on the board without using other assets. The players are free to do whatever it takes to close their loops, provided that the game is played in a respectful, safe manner, and the rules as described on the cards are being followed. Despite the freedom given to the players, the gameplay unfolds more or less according to the process in Figure 2. The game ends after a given playing time of 1 h.


[image: Figure 2]
FIGURE 2. Re-organise game process.


Table 1 shows how real-life elements were reflected in the first version (business game) and the last version (education game).


Table 1. Real life game elements vs. the elements of both game versions.
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We aimed to explore solutions in the original game for the research project. However, in education, we aimed to teach the broader concept of CBMI. Therefore, we iteratively redesigned the game during the pilot to address this change of purpose. Compared to the original game, some complexities were simplified or added to improve the game experience for our teaching purposes.

One of the improvements entailed reducing the variety of waste cards by rounding off quantities to multiple units of 1, 2, 5, 10, etcetera. To avoid players losing interest or wasting time making exact input-output calculations, we deleted the quantities from the necessities cards and allowed gameplayers to estimate the quantities roughly. The third difference with the original game was the addition of the “other assets” cards. We intentionally left out any obstacles to creating novel business concepts during the research project to increase creativity among case study participants. However, for educational purposes, we decided it was necessary to enrich the game experience with the notion that assets such as money, time, space, network connections, and knowledge are required to close the loop. The “other assets” cards created this extra dimension. For example, the players had to collect money, time, and space cards to invest in technology. The instructions were provided on the technology pawn.



Game Education Package

According to the principles of constructive alignment (Biggs and Tang, 2010), the education package was created to align learning objectives (study and gameplay), activities and assessment.

Based on the literature study, the following learning objectives were determined:

Content-related competencies, i.e.:

1. Applying biotic waste streams, resource needs, processing technologies and other assets to close loops in an agro-industrial symbiosis network;

2. Applying the Circular Business Model Canvas by EMF and IDEO (2016).

Personal and interpersonal competencies, i.e.:

3. Understanding different perspectives and goals of the various actors, including their own;

4. Reflective skills on the learning experience.

A design thinking competency, i.e.:

5. Understanding and experiencing that CBMI is a dynamic, iterative design process.

To achieve the learning goals, we provided the student with the education package consisting of the following items:

• the game, and a flip-over to summarize the game outcomes.

• digital supplementary teaching materials:

• an introductory presentation (presented during a lecture);

• a digital reader with a brief explanation of the assignment, a case description, and descriptions of the roles and technologies;

• an assigned role (ticket).

• digital assessment materials:

• a circular business model canvas (CBMC) questionnaire; and

• a reflection questionnaire.

We assessed the learning experience utilizing two existing methods. Students filled out a Circular Business Model Canvas (CBMC) to prove that they achieved the required learning goals. In addition, a reflection assignment based upon Dee Fink's learning taxonomy was used to demonstrate the students' perception of learning. The CBMC assignment consisted of the canvas provided by EMF and IDEO (2016); (see Appendix A). The CBMC was assumed to be easy to comprehend by our students because the traditional canvas is widely known by many students that obtained a bachelor's degree in business and technology innovation. The canvas has widely been in use since 2017. Furthermore, we assumed the questions in the CBMC to be quite straightforward. The reflection assignment consisted of a questionnaire based on the taxonomy by Dee Fink (2013) to address knowledge construction, problem-solving skills and affective attitudes and behavior. The questions in the reflection assignments can be found in Appendix A.

The following sections show how we conducted an experiment using the submitted CBMs and personal reflections to measure the actual and perceived learning experience. Furthermore, we show how a mix of qualitative and quantitative data analysis methods was used to provide insights concerning the required competencies.



Experimental Design to Measure Learning Effects of Gameplay

We conducted an experiment with 85 first-year students at the Master of Science Program Industrial Ecology (joint degree of Delft University of Technology and Leiden University, the Netherlands), and furthermore, 11 undergraduate students and PhD students from the Faculty of Technology, Policy, and Management (Delft University of Technology, The Netherlands), (see Table 2).


Table 2. Experimental design.

[image: Table 2]

Many Industrial Ecology students were new to the field, as the experiment was performed during their introduction week. About half of the participants were international, and the other half were Dutch. English was the language used, but this was not the primary language for most students. The students attended a lecture 2 days before gameplay in which they were introduced to the game. During the lecture, they received the reader and the assignments. They were randomly given a role ticket. The students filled out and submitted the CBMC and reflection assignment in the following days. Then, we split the group into a game group and a control group, ensuring that the roles were equally distributed. The game group first played the game, then discussed the outcomes during an interactive tutorial in the classroom and updated both CBMC and reflection assignments. The control group students first discussed their CBMCs and reflections during the interactive tutorial. They updated their work and then played the game afterwards. Three weeks after playing the game, the students were asked to reflect and discuss their opinions on their learning experience during a lecture. Furthermore, they provided written feedback during the course evaluation.



Data Analysis Methods

Table 3 provides an overview of how various data collection and analysis methods contribute to multiple perspectives on this study's learning objectives. Text mining is a quantitative manner of automatically extracting and processing written information by computer. It supports gaining new insights on that information (Hearst, 2003). We generally followed the generic text mining steps from Kwartler (2017). Table 3 shows that three simple text mining analysis methods were used for the comparative analysis. These are: (1) comparison of pre-test and post-test CBMC and reflection answers per student, (2) a comparison of the use of technology and role card terms in the CBMCs, and (3) a sentiment analysis of the answers in the submitted reflection. After text organization and data clean-up, the work of 79 students (44 in the game group, 35 in the control group) remained suitable for data analysis.


Table 3. Data collection and analysis methods to evaluate competencies.

[image: Table 3]


Difference Between Pre-test and Post-test CBMC Answers

We compared the word-by-word difference between pre-test and post-test CBMCs of each student. The results show us whether the CBMCs were filled out multiple times. Since scholars widely consider repetition as an important premise to the improvement of knowledge and skills (Brabeck and Jeffrey, 2014), this measurement tells us which group experienced a better application of the CBMC (learning objective 2) and a more thorough learning reflection (learning objective 4). Furthermore, the change of answers shows which of the groups experienced the dynamic and iterative nature of the design process (learning objective 5).

We performed multiple text organization, data cleaning and feature extraction steps. First, the pre- and post-test answers were extracted from the submitted work, anonymised and ordered per student, group, and question. The data was cleaned, and unanswered questions were tagged as such. In addition, the complete answers of the pre-test and post-test were ordered per question. Then, the absence of answers in both pre-test and post-test and the presence of similar patterns were detected.

For visualization and analysis purposes, the results were ordered in four categories of answers, see Results:

• “Both no answers”, in which no answer was given in both the pre-test and the post-test,

• “Same answer”, in which the pre-test and post-test consisted of precisely the same answer,

• “Addition to the first answer”, containing a similar pattern between pre-test and post-test, and an addition, and

• “New answer”, in which the pre-test answer was completely removed and exchanged for a new answer.

To gain insights into the words most used, we also created word clouds of the control and game group (see Appendix B).



Use of Information From the Technology and Role Cards in the CBMCs

We measured the extent to which words used in each student's complete work (pre-test + post-test) related to the game cards (i.e., technologies, waste streams, needs and other assets). By doing so, we compared the effect of gameplay on students' learning objectives 1–3.

This measurement's text organization and feature extraction steps were conducted as follows. First, a document-term matrix was constructed from the anonymised data by extracting the answers from the CBMC questions. Another document-term matrix was constructed from the technology cards and the role cards of the game. The data was ordered into four categories. The categories included words related to: (1) technology names on the technology cards and terms related to the (2) waste streams, (3) needs, and (4) other assets on the player's role cards. Then, both document-term matrices were cleaned by:

• correcting misspellings;

• removing punctuation, numbers, capitals and whitespace;

• removing stop words and irrelevant words, e.g., words related to the university name or game material;

• replacing synonyms through lemmatization;

• word stemming (reducing inflected words) to avoid a mismatch between words with the same meaning but a different suffix.

The card words used at least once in both pre-test and post-test CBMCs were then identified by comparing the cleaned document-term matrices. We visualized the percentage of words used in the CBMCs compared to the total number of relevant words in the game cards (see Results). The word clouds in Appendix B show the words most used.



Difference Between Pre-test and Post-test Reflection Answers

The answers of the two measurements of the submitted reflections were examined. These questions are about the perception of learning, according to the learning categories of Dee Fink (2013). In the same way as the CBMCs, we compared the differences between the answers per learning category, see Section Results.



Sentiment Analysis of the Answers to the Reflection Assignments

Sentiment analysis is intended to measure the emotional intent of persons based on the text these persons produced (Kwartler, 2017). In this study, we used the sentiment dictionary by Hu and Liu (2004) to tag polarized words (RDocumentation, 2019) and measure the emotional intent of students toward their learning experience. The polarity of the student's answers indicates how positive or negative the students think about each of these categories. A polarity of 0 represents a neutral sentiment; 1 is positive; −1 is negative. A change in polarity score between the pre-test and post-test shows whether the students felt positive or negative sentiments toward the game-based learning experience. We set the number of words considered valence shifters at 6 before and 3 after the polarized word to optimize the polarity differences. The sentiment clouds in Appendix B provide insights into the relationship between words and sentiment.



Qualitative Data From Student Feedback and Observations

Through observations during the game, classroom feedback, and course evaluation, we gained more insights into students' learning experiences and perceptions.





RESULTS

Students from the minor Data Science largely prepared data extraction from the submitted work and visualization code at AUAS (Mooij et al., 2020; Zweep et al., 2020). The anonymised data is available in a public data repository (Lange, 2019a). In addition to the quantitative results presented in this section, Appendix B provides several word clouds to get a feel for the data.


Difference Between Pre-test and Post-test CBMC Answers

The measured differences between CBMC answers are shown in Figure 3.


[image: Figure 3]
FIGURE 3. Difference between pre-test and post-test CBMC answers. The questions used in the CBMC assignments can be found in Appendix A. Visualization prepared by our students (Mooij et al., 2020).


These results show that the game group made more changes in all questions of the post-test CBMC assignment. Questions related to the value propositions, key partners and key resources changed more than 50% after gameplay. However, the game group also contained more unanswered questions, particularly channels and revenues. The game group participants were more actively involved in applying the CBMC for the second time, indicating a positive learning objective 2. Furthermore, the game group students have experienced a more dynamic and iterative design process, positively affecting learning objective 5.



Use of Information From the Technology and Role Cards in the CBMCs

The use of information from the cards in the submitted CBMCs is shown in Figure 4.


[image: Figure 4]
FIGURE 4. Percentage of students using each card term in both submitted CBMCs. Standard Tukey boxplot representation.


The small sample size weakens the results, and therefore, we found no statistically significant differences between the groups. Nevertheless, these boxplots indicate that the game group used more terms related to technologies and needs and other assets to a lesser extent. These results suggest that there is a positive impact of the game on learning objective 1 (application of technologies) and 3 (understanding the roles) and more thorough use of the CBMC (learning objective 2).



Difference Between Pre-test and Post-test Reflection Answers

In the same way as the CBMCs, the answers between the pre- and post-test reflections were examined. This time, each of the answers to questions regarding the learning categories of Dee Fink (2013) were compared, (see Figure 5).


[image: Figure 5]
FIGURE 5. Difference between pre-test and post-test reflection answers. The questions can be found in Appendix A; each involves one question per learning category (Dee Fink, 2013). Students prepared this visualization (Mooij et al., 2020).


The results provide insights into the extent to which the perceived learning experience of students evolved. The game group participants made much more changes to the reflection than the control group. In line with Dee Fink (2013, p. 7), changes in thinking affect learning positively. Game group students have thus practiced more reflecting on the learning experience (learning objective 4). Since the game group reflections show more answer differences, we can conclude that the game positively affects learning about iterative design thinking (objective 5).



Sentiment Analysis of the Answers to the Reflection Assignments

Figure 6 shows that the average polarity did not change. However, the boxplots' variance (i.e., interquartile range) reveals that many answers from the game group resulted in a more significant polarity change than the control group students. These results indicate that gameplay leads to practicing a more thorough and outspoken reflection in the post-test (learning objective 4). The game group experienced more positive or negative feelings concerning application and integration of knowledge, for example, excitement or disappointment by (not) realizing their plan. Moreover, we observed a broader sentiment variance concerning learning how to learn (LHTL). This variance suggests that the game invokes a stronger sense of contextual dynamics and the need for iterative design (learning objective 5). The question regarding the category Human Dimension (HD) reflects that game group students were clearly either more positive or negative about learning from themselves and other participants, referring to perspectives and goals of the various participants (learning objective 3). The sentiment cloud in Figure 7 gives an impression of the words used by the game group in this learning category.


[image: Figure 6]
FIGURE 6. Polarity score difference of student answers to the reflection questions. Standard Tukey boxplot representation. The questions can be found in Appendix A.



[image: Figure 7]
FIGURE 7. Sentiment cloud of the terms used in the learning category “Human Dimension”. Source: submitted reflections of the game group.




Student Feedback and Other Observations

A qualitative analysis of the participant's feedback was performed to give more meaning to the results.

In the course evaluation, students from the Industrial Ecology program generally found it “a nice game to get the feeling of complexity and how processes can go unstructured”. However, few students did not quite understand why the game was not structured: they felt it would be “more professional and better prepared” if it were more bound by rules. Some students came up with ideas to improve the game in that direction. We explained to these students that coincidence and the unstructured nature of the game were deliberate elements to simulate real-world complexity and dynamics. Some students would have liked to have more background to apply the knowledge better, especially on applying the business model canvas. The business model canvas was more thoroughly explained in the discussion sessions (control group step 2 and game group step 3). The students declared that this made them feel more familiar with the canvas and comfortable using it. Their comments implied that more time and effort should be invested in explaining the CBMC and building up experience with its various elements. A few students declared that they disliked playing board games and did not like the assignment. Furthermore, a student suggested combining the game with other games to extend the learning scope on CBMI, industrial symbiosis and network development.

Discussions with participants of the mixed group of undergraduate and PhD students showed that they enjoyed the gameplay and found it instructive. However, these students were volunteering in their own time, so we can assume that they already had an intrinsic motivation to play a game about the topic. In addition, these students all have some degree of knowledge about the business model canvas and the circular economy.




DISCUSSION


Reflection on the Experiment Results

The experiment results show that gameplay invoked the students to put more effort into adapting their work. It supported creating richer business models. Game participants used a richer palette of technologies, fulfilled needs and used other assets. However, the game did not result in more waste streams being re-used. The game imposes some boundaries on the maximum amount of waste to be recovered. It thereby simulates competition between the various solutions due to limited resources. However, we also conjecture that students' limited game time may have resulted in unoptimized resource recovery.

The results show the extent to which business model elements were affected by gameplay. For example, in “customer segments” and “revenues”, the questions related to who else might benefit from the business model were the least adapted by both groups (although still more than the control group, which almost left these topics unchanged). Since these questions require more background knowledge of the case, the limited modifications may be caused by the limitations of the case description and the simplified world the game represents. Thus, educators must be aware that the learning goals in mind are properly addressed by the game and accompanying educational materials. Another option is to iteratively adapt the game when certain questions are not addressed satisfactorily.

Furthermore, sentiment analysis results offer detailed insights into the students' perceived progress per learning category. The game resulted in stronger sentiments regarding the learning experience. The change of sentiment was the highest in learning categories application, integration, human dimension and learning how to learn. In the application and integration categories, negative sentiments were related to some students' frustrations when their pre-test CBM was not implemented during gameplay. These negative sentiments imply that students learned about competition in CBMI. Positive sentiments were more related to a sense of victory when loops were closed. Students in the game group had stronger opinions on integrating knowledge, whereas the control group students remained neutral on this topic. Thus, the game engaged students to integrate and connect ideas, technologies or people/organizations. The game also invoked stronger feelings on learning from themselves and others and the learning effectivity of the gameplay, implying that the perception of affective learning varies more as a result of the game.

The sentiment analysis and the qualitative evaluation strongly suggest that the game invokes a stronger sense of contextual dynamics. Some students only discovered during the evaluation lecture afterwards that the unstructured nature of the game was a deliberate element to teach complexity and dynamics. Thus, the game often makes students experience a rollercoaster of frustrations, passion and emotions, which provides a (perhaps even critical) positive influence on learning (Tyng et al., 2017).



Key Findings and Implications
 
Effect of Gameplay on Learning and Implications for Research and Education

The effect of gameplay for each learning objective, as stated in Section Game Education Package, is discussed below.

Content-related competencies:

1. The game encourages the application of a more diverse set of resource needs, processing technologies and other assets to close loops in an agro-industrial symbiosis network.

2. The game motivates students to rethink their business model designs. Although students in both groups found the discussions on business model canvasses enlightening, the control group did not change their canvasses based on these discussions. These findings imply that the game positively impacts learning to apply the canvas. This evidence supports the conclusion of Fraccascia et al. (2021) that games are suitable learning tools for teaching circular business model innovation.

Personal and interpersonal competencies:

3. The game helps students understand the different perspectives and goals of the various actors, including their own. Evidence can be found in modifications made in canvas elements value proposition, key partnerships and customer relationships. In the reflection assignment, the human dimension learning category was mostly affected by gameplay. In this category, a change of sentiment was strongly present.

4. Gameplay motivates students to reflect on their learning experience, as seen in the differences in modifications of the game and control group reflections.

Design thinking:

5. The answers to the CBMC and reflection assignments and the student feedback show that the game increases an understanding of the dynamic, unstructured and iterative process of CBMI. It also shows the need for an evaluative discussion after finishing the assignment to help some students understand the unstructured and competitive nature of the game. The richness of the submitted game group CBMCs shows that these students got to fulfill more needs and use more technologies and other assets.

To summarize, the results show that the aimed content-related, personal and interpersonal and iterative design thinking competencies are better developed after gameplay. Furthermore, the students' perceptions of their learning were also demonstrably higher after gameplay.



Experiment and Analysis Methods and Implications for Research

Using pre-test and post-test experiments with control and game groups provides strong evidence of how the circular business model canvas by EMF and IDEO (2016) and students' reflections evolved from game-play. We have shown that this can be done on a detailed level, i.e., results are visible per business model canvas element and learning category.

To our knowledge, measuring and analyzing the student's perception of learning using Dee Fink's taxonomy is new in both the context of game-based learning and text mining. The taxonomy assumes that learning goes beyond the cognitive domain and that change is one of the most important learning indicators (Dee Fink, 2013, p. 7). Applying the sentiment polarity method on Dee Fink's six learning categories enabled us to measure each student's change of perception per learning category. This study thus demonstrated that change is measurable and can be analyzed employing digital text collection and mining methods.

The use of text mining for analyzing written information from submitted student assignments is gaining attention among game researchers and educators but is still in full development (Ferreira-Mello et al., 2019). Some text mining methods, such as sentiment analysis, have been used to measure learning in serious board games, e.g., William et al. (2018). The novelty of this study lies in proposing a method to match data from an existing CBMI tool and learning taxonomy with learning objectives (Table 3). By using mixed quantitative and qualitative data analysis methods, this study contributes to a broad and deep understanding of game-based learning.

To conclude, the amount of detail our experimental method provides can guide researchers and educators in shaping games so that the desired business model elements and learning competencies are addressed according to the needs of the course program.



Game and Education Package Design and Implications for Education

Although the original purpose of the game was to help practitioners explore solutions for closing the loop, its purpose could be extended to the broader scope of circular business model innovation after modifying the game. During redevelopment, the game was used with various players from different backgrounds. Undergraduate, graduate and PhD students from different programs, part-time students with professional backgrounds, and research participants played the game for different purposes. The students in our pilots merely learned about the concept of closing loops; students participating in our experiment learned about CBMI.

The business model canvas' format provides formulated open questions, making the assignment comprehensible to students. The used business model canvas is only one of many (circular) business modeling tools. The game can thus be combined with other tools if it has a certain common ground with the game elements (i.e., technologies, roles, and waste streams). The game is versatile, and it can be tailored for different learning objectives. Still, it must not be used standalone: it always needs additional materials and activities to help the participants understand and interpret the meaning of gameplay.




Limitations and Avenues for Future Research

Some limitations concern our sample group. The groups of students consisted of a diverse mixture of Dutch and international students with different educational backgrounds. As a result, we observed a dichotomy between experienced and inexperienced students regarding the circular economy, business model innovation, and reflective skills or customs. English was not the native language for most students of our experiment, and specific circular business modeling jargon was even more challenging for many students. We have attempted to deal with these differences by randomizing the division of students into groups, using pre- and post-test results to measure the development of each student, and using text mining methods to support the software in finding the right co-occurrences with the reader. Still, it would be of value to experiment with other types of students and groups, e.g., native English-speaking students or professionals in further education and compare the differences in outcomes. Furthermore, we expect that the game facilitator may also affect the results. Therefore, we recommend providing both lecturers and students with a minimum level of knowledge regarding the business model canvas and the taxonomy of Dee Fink.

The board game was intended to be played in a setting of multiple interacting participants to encourage free communication as if it were happening in real-world conversations. However, negotiations are increasingly being held through digital communication (Harvard Law School, 2020), especially during the COVID-19 pandemic. Therefore, we recommend converting this game into a digital variant, in which participants can communicate through chats or other social media services. It could provide interesting insights into the similarities and differences between physical and digital negotiation and its effect on CBMI. This game is created in the small context of agro-industrial symbiosis networks. It thus only simulates local and small-scale exchange and processing of organic materials, which may not appeal to all target groups. Future work may therefore encompass the simulation of technical material loops on multiple scales of collection and re-use. It would also be interesting to develop a less unstructured game version that includes the role of a facilitator to demonstrate how this will affect the course of events and the outcomes.

Although the used circular business model canvas proved to be suitable for our educational purposes, it is certainly not the only relevant circular business modeling tool, especially since the circular economy is currently under rapid development. It would be of value to experiment with other tools, for example, the value mapping tool by Nancy Bocken et al. (2015). The same applies to the used taxonomy in the reflection assignment. Since CBMI processes touch upon affective behavior, skills and attitudes, the traditional taxonomy of Bloom (Krathwohl, 2002) would not have been sufficient, whilst Dee Fink's taxonomy does include these “softer” sides of learning. Nevertheless, studying the effect of gameplay using other taxonomies that incorporate cognitive, affective and psychomotor learning is still warranted to enhance our understanding of teaching CBMI.

Quantitative text analysis methods are still most suitable for English texts. Therefore, we recommend conducting experiments with games in English until the next generation of text mining tools has been developed to an equal level. Another caveat is that the measurement groups were not large enough to make statements about statistical significance. Repetition of the experiment with more groups of students is needed to provide a conclusive answer to this.

This study provides opportunities to develop new ideas for both education and research. The education package could be tailored in detail. It can also be combined with other games and simulations of industrial symbiosis networks and circular business modeling contexts, which may provide students with other perspectives on the circular transition, such as material criticality or financial, environmental and social impact. In line with suggestions made by Tseng et al. (2021), the game could be used to create a digital twin, e.g., an agent-based model, to study the different decision-making processes and other activities during the development and implementation of circular business models. Doing so may eventually provide more insights into the role of business model innovation in the transition toward the circular economy.




CONCLUDING REMARKS

Our study findings provide detailed information per business model element and learning category. It furthers understanding of game-based learning for circular business model innovation while improving serious games and accompanying educational packages. Therefore, this section presents this study's conclusions and contributions from three perspectives: the game, the education package, and the experiment.

This study demonstrates how Re-Organise evolved from a product of practice-oriented research—a business game—into an educational tool for game-based learning—an educational game. During this process, the game objectives changed from exploring solutions for closing loops into teaching about circular business model innovation. It was necessary to enhance the gameplay experience by simplifying the game cards. Adding the assets cards to the game was necessary to ensure that the students understood that innovation also involves making investments. The game is versatile, and it would be interesting to extend or redevelop it for other contexts and sectors. However, additional materials need to be developed to ensure an optimal learning experience if this is done. In general, this study thus shows how originally explorative business games for practitioners can be redesigned for higher education purposes by aligning the game narrative with course learning objectives and assignments.

The Re-Organise game—education package teaches the iterative process of circular business model innovation. The game is a realistic simulation, as it was based on real-world case evidence. It encourages the application of technologies to fulfill needs, which helps in a better understanding of the role of technologies in the real world. Important dynamics and path dependencies that affect circular business model innovation are revealed during gameplay; the players' decisions can undercut planned solutions in earlier game stages. The gameplay also increases the student's reflective competencies on the learning experience. It gives insights into the importance of social interactions and learning from oneself and others. Furthermore, it motivates students to develop interests and feelings about circular business model innovation, entrepreneurship and the concept of industrial symbiosis. Based on these findings, we argue that game-based learning is of important value to help students understand, synthesize, and iteratively improve circular business models. We recommend including this education package and other game-based learning tools in curricula that teach circular business model innovation and industrial symbiosis.

In the context of game-based learning for circular business model innovation, this article is the first to combine mixed quantitative and qualitative analysis methods on data from pre- and post-test experimental and control groups. Echoing Dee Fink (2013, p. 34), learning is a process of change: “No change, no learning”. The methods used offer insights into this change process on a highly detailed level: per business model element and Dee Fink's learning category. Text mining is an exceptionally powerful method to study the changes in large text corpora of many sources. We applied it to CBMCs and reflections of large student groups in this study. Since emotional change is a strong indicator of learning, this study's sentiment analysis on Dee Fink's learning categories demonstrates the broadness of the game-based learning experience. Text mining methods thus provide opportunities to gain insights in learning about circular business model innovation and in the student's perception of their learning experiences. The current developments in text mining uncover a world of new insights for game-based learning and sustainability in higher education. This study advances a deeper understanding of game-based learning by utilizing these methods. Moreover, it provides detailed directions for shaping serious games and accompanying educational packages to meet educational and professional requirements.
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