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Rationale: The development of the complex thinking meta-competency in the education of university students potentially promotes high capacities, where artificial intelligence (AI) might work as a supporting structure.

Objective: This proof-of-concept study of an AI-based platform aimed to integrate a sequence of activities into the design of an online platform to assess the development of complex thinking competency in higher education students.

Method: The Transition Design method was used within an Ideathon event supported by an AI platform to provide students with a sharing economy challenge. A total of 31 university students from five university campuses in Mexico synchronously participated. An instrument was applied in the pre-test and post-test phases to explore the complex thinking meta-competency and its sub-competencies of critical, innovative, scientific, and systemic thinking.

Results: Two hypotheses were tested, both of which turned out to be true: (a) the functioning of the constructed learning situation and (b) the model of the learning situation.

Conclusion: These findings may be of value to scientific and academic communities, as well as social and business organizations interested in developing high capacities of complex thinking and educational innovations using digital platforms.
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1. Introduction

Educational research uses methods that support the analysis of educational trends and priorities in the digital age to develop teaching and learning environments to properly train students to navigate digital transformation and address societal needs. Before the outbreak of COVID-19, Bonfield et al. (2020) provided different possible futures desirable in higher education, including smart campuses, digital assistants, lifelong learning, and online learning. Later, Yang et al. (2022) studied trends in global and digital education, revealing a rapid development phase (September 6, 2018–2022) where the research hotspots of digital education primarily focused on interdisciplinary fields of practice and adaptive education research supported by Big Data. They predicted that human-computer interdisciplinary teaching models and smart education might become a future development trend of digital education. Other research throughout the pandemic emphasized ensuring continuous and universal education; each country needs to deploy a national (cluster) e-learning platform and ensure free access for all students (Ivanova et al., 2021) to increase the level of education of the population and guarantee continuity of knowledge throughout life (Krasovskiy et al., 2020). The contributions of knowledge generated by educational research in digital, remote, hybrid, and traditional formats should involve educational actors and tasks that include educational policies, changes in the structure of academic programs, new pedagogical approaches, updating of teachers, and the integration of interdisciplinary research groups to capitalize on the use of new technologies.

The global horizon of higher education and the paradigm shifts in educational trends require incorporating technologies that effectively solve problems through virtual and traditional learning interactions that positively impact citizens’ skills. Artificial intelligence (AI) refers to the ability of a digital machine to perform tasks commonly associated ith intelligent humans, and its associated technologies are divided into various fields, such as computer vision, speech, machine learning, Big Data, and natural language processing (Chiu, 2021). AI is incorporated into these research technologies to assist in predicting student performance and behavior, especially in platform online education. In particular, machine learning makes predictions using mathematical and statistical operations. In this case, it is convenient to analyze the data obtained from the education processes and evaluate the students’ success and the factors affecting success (Akmeşe et al., 2021). For Yu (2021), online learning behavior refers to the learning-related behaviors in the network learning environment. Constructing a predictive model of academic performance in online education requires algorithms based on different languages supporting machine learning methods, regression, clustering, and preprocessing modules.

This paper aims to present the integrated flow of proof-of-concept activities for an AI platform that assesses the development of complex thinking meta-competency in higher education students. The event for running the test was a pedagogical intervention based on an Ideathon, assembled through a methodological sequence based on the Transition Design approach. Studies related to this research because of their approach incorporating AI to assess student behavior are those of Yu (2021), which shows an algorithm that uses a prediction method to help teachers and students conduct better teaching and learning activities. Another research that refers to this was conducted by Hu (2021), highlighting the use and optimization of machine learning algorithms. In turn, Mcginnis et al. (2018) implemented the Scikit-learn (sklearn) toolkit based on Python, which contains various commonly used machine learning methods that facilitate analyzing a data set. Furthermore, Jarke and Macgilchrist, 2021 focused on the data dashboards of learning support systems based on machine learning (ML) and how these systems produce credible knowledge and compelling, persuasive, and convincing narratives as a pedagogical approach.

In this paper, the distinctive contribution is the methodology used, which involves Transition Design as a pedagogical approach to identify learning behaviors through an Ideathon-style event, with the primary objective of assessing participants’ level of mastery of the meta-competency of complex thinking when performing learning activities on an online AI platform. The results are presented for two hypotheses through statistical data revealing students’ level of complex thinking at the end of the Transition Design activities.



2. Theoretical framework


2.1. Complex thinking in higher education

Higher education is moving toward rethinking the competencies needed for socio-economic, cultural, and environmental solutions that integrate emerging technologies. Changes in technology, social life and economics call for a change of traditional teaching and research methods (Bengu et al., 2020). Complex thinking is considered a meta-competency comprising four sub-competencies or types of thinking (critical, innovative, scientific, and systemic) (Ramírez-Montoya et al., 2022), which have been successfully applied and measured, for instance, in social entrepreneurial contexts (Vázquez-Parra et al., 2022). Critical thinking can be defined as an individual thought process that begins with the intent to solve a problem or answer a question by examining different options and choosing the most suitable and logical one (Alsaleh, 2020). Innovative thinking is the capacity for creativity, implemented with a high degree of success; four levels of innovation are delineated: incremental, modular, architectural, and radical (Passig and Cohen, 2014). Scientific thinking involves intentional information seeking, including asking questions, testing hypotheses, making observations, recognizing patterns, and making inferences (Kuhn, 2002). Systemic thinking uses methodological tools to manage emerging complexity in local and global contexts (Barile et al., 2018). Developing competencies and motivating learning involves tracking through the different stages of pedagogical approaches that integrate various technologies and consider the emotional support that should be provided to students during their training.

Fostering reasoning for complexity in higher education means enhancing skills to provide solutions to the challenges posed by new digital, social, environmental, and economic interactions. In higher education, complex thinking skills can develop students’ competencies, human potential, and the capacity for innovation to solve new problems (Suárez-Brito et al., 2022). The digital transformation trends in teaching and learning are becoming increasingly oriented toward online learning (Marks and Al-Ali, 2022). By the end of 2021, Massive Open Course Online (MOOC) learning platforms enrollment exceeded 220 million students; 950 universities worldwide had announced or launched 19,400 courses (Shah, 2021). According to Cornejo-Velazquez et al. (2020), MOOC platforms offer value propositions to the universities and instructors, such as solid infrastructure in the cloud, marketing, advertising, and other administrative activities that allow for reducing operational costs of maintenance and updating. Although traditional higher education providers remain the dominant institutions, have the best reputation and are where most students aspire to go, MOOCs can work in a complementary way to strengthen the learning that higher education institutions seek to promote, as they are resources designed to respect the learning pace of students, as well as motivation through the inclusion of interactive elements.

Education worldwide is transforming and must consider economic and technological megatrends to connect with the skills and competencies that students need. On the one hand, a world of possibilities opens up for us with AI. Xia et al. (2022) point to the potential of AI in several critical educational domains, such as (1) teaching, (2) learning, (3) evaluation, and (4) administration; but, on the other hand, Munir and Awan (2022) emphasize the importance of cultivating creative thinking, while considering emotions and intuition. This opens the door to new perspectives and avoids creating solutions based on scientific reasoning alone. One of the guidelines for developing a synergistic relationship between the AI functionalities and the sub-competencies of complex thinking is creating taxonomies of future scenarios through diverse, innovative teaching models where the learner’s process is personalized and collaborative to contribute to the social construction of knowledge.



2.2. Creative design with AI in Education 4.0

AI in education (AIEd) gives rise to new opportunities by having structured and unstructured data, introducing the concept of Big Data, robotics, and artificial intelligence, to analyze and process for greater clarity of learning processes. The digital transformation of education allows systems to improve educational quality (Chen, 2021) and analyze the positive or negative effects of teaching by combining computer algorithms (Hou, 2018) and other technologies. Liang and Wang (2020) propose to improve the digital management of teaching through algorithms at various times with data analysis techniques. Also, teaching creativity contributes valuable solutions to any type of problem, including specifying the requirements of a new software or system (Giunta et al., 2022; Ramírez-Montoya et al., 2022). Hybrid learning is gradually taking place in higher education, demanding new teaching and teacher interaction methods.

Various technologies with AIEd monitor and track student and teacher interactions and administrative tasks. Students and teachers accept AIEd because they can perceive that its compatibility can solve their learning needs (Alhumaid et al., 2023). AIEd has enormous potential to improve learning, teaching, assessment, and educational administration and provide anywhere, anytime machine-supported queries and immediate feedback (Xia et al., 2022). Costa-Mendes et al. (2021) argued that selecting student data for classical statistics may not fit AIEd predictive models to probe student performance. Predicting student performance with AIEd in contexts where creative design is taught essentially encompasses inquiring into students’ development of reasoning for complexity at the neurological level.

Most e-learning platforms or learning management systems (LMS) offer functionalities to analyze the interactions of students and teachers to create statistics that give clues to the behavior of the actors. Hamal et al. (2022) emphasize that one of the most common applications of AI in education is intelligent tutoring systems (ITS), which can determine step-by-step an optimal path through support and learning activities; they are integrated with three models: (a) domain model represents the knowledge intended for students to acquire, (b) the pedagogical model represents knowledge of effective teaching and learning approaches that have been obtained from pedagogical experts and researchers in the learning sciences (Siemens, 2012), and (c) the learner model refers to the initial representation of the learner’s state of knowledge. It is ideal to have these three models to create AIEd data structures that provide more information on the aspects that need to be addressed to improve student performance.



2.3. Models that support AIEd

Taking into account the intelligent tutoring system created by Hamal et al. (2022), the three proposed models are described below: (a) domain model, (b) pedagogical model, and (c) learner model, which were considered for this research.


2.3.1. The domain model: sharing economy

With the emergence of Technology 4.0 enablers, new opportunities have arisen to exchange goods, services, and knowledge timely and collaboratively, without intermediaries. The phenomenon of enabling technologies for individuals or organizations to share goods or physical assets and reduce costs is called sharing economy (World Economic Forum, 2015). It aims to increase efficiency and optimize societal resources (Muñoz and Cohen, 2017), complementing the definition of Wang and Ho (2017) “… an emerging social and technological phenomenon based on developments in information and communications technology (ICT) that implies the collaborative consumption of physical, virtual, and intellectual goods.” Acquier et al. (2017) posit the sharing economy on three fundamental pillars: (1) access economy, (2) platform economy, and (3) community-based economy. The most developed countries have invested in innovation, science, and technology, leading the growth of collaborative technology platforms that reflect new forms of sustainable consumption and have an impact far beyond their borders.



2.3.2. The pedagogical model: Transition Design

Transition Design is one of the pedagogies emerging to teach design with a focus on sustainability. For Di Bella (2022), Transition Design is “a new area of research, study, and practice, whose heuristic model is composed of (a) vision, (b) theories of change, (c) mindset and posture, and (d) new forms of design, which constitute the framework that defines four interrelated areas of knowledge, action, and self-reflection.” Transition Design, as a pedagogical approach, could support and facilitate social transition processes by supporting, connecting, or developing interventions to change values, technologies, social practices, and infrastructures intentionally (Irwin, 2015). The need to create a future with a sustainable vision arises from the figure of the transition designer (Irwin, 2012), who must be an actor who provides solutions to the world engaged in complex systems that require a cultural transformation (Di Bella, 2018) considering economic megatrends and technologies. The pedagogical approach of Transition Design using technologies such as AI may provide clues as to what innovative solutions may be optimal for design education.



2.3.3. The learner model: Ideathon

Identifying the personal characteristics, attitudes, and behavior of students who use learning platforms offers knowledge about their behavior in different learning activities. Aligned with the United Nations’ Sustainable Development Goals (United Nations, 2015), the Ideathon program aims at undergraduate students between 18 and 23 years old to foster potential change agents through the generation of innovative solutions to the challenges of our society. Ultimately, the Ideathon seeks to promote an ecosystem of high-impact entrepreneurship in the early stages and foster a culture of innovation through access to knowledge, tools, expert mentoring, and talent linkage, in line with the global trends in innovation and technology (Haro, 2018). However, consolidating an online learning community requires considering the personalities of its members, the attitudes and values that underpin their practices, and their consumption of products and services (Bäro et al., 2022). Evaluating each student’s learning based on their interactions and providing them with feedback and activities that allow them to reinforce specific skills is one of the functionalities expected to be solved through AI in learning platforms.





3. Hypotheses development

We hypothesized that since Ideathon-type events tend to trigger ideas and initiatives due to the collaborative energy and involvement they generate, this setting could provide the ideal environment for students between 18 and 23, who usually participate in open events. The focus on problem analysis and solution finding following the Transition Design methodology for a limited number of hours and in a competition-style environment (albeit without winners) led us to our first hypothesis:


H1. A Transition Design-driven Ideathon can be an engaging scenario to develop complex thinking in higher education students.
 

Secondly, we argued that student behaviors on the platform could be distributed into sections to be tracked by a computer system. Moreover, we envisioned that such behaviors could be recorded and accumulated by the system throughout the event and classified according to specific evaluation criteria, which led us to our second hypothesis.


H2. AI-provided digital platforms can measure the development of complex thinking traits in higher education students.
 



4. Methodology

Transition Design was the methodology employed in the educational scenario presented in this study (Irwin, 2015). According to Irwin et al. (2022), this approach allows an understanding of wicked problems typified by a diversity of stakeholders and concerns at different spatiotemporal layers, which, to be understood, requires multi-disciplinary and longitudinal interventions. Transition Design is emerging in the global north along with resilient Thinking and Policy Design, all pursuing plurality and synthesis of knowledge in systemic transformation processes (Juri et al., 2021). Examples of its application include the search for solutions to wicked problems faced by the Museum of Environmental Sciences in the framework of the “HUMETAV” project (Sanabria-Zepeda and Santana-Castellón, 2022); the generation of experiential futures in the field of fashion (Cowart and Maione, 2022); and building collaborative media for the transformation of designers’ mindsets (Bosch-Gómez et al., 2022). Irwin et al. (2022) describe it as a sequence of six steps that begins by (1) identifying the wicked problems and (2) their stakeholders, (3) mapping their historical origin, (4) creating their desirable long-term vision, (5) designing a pathway from the present to the future, and (6) proposing synergistic solutions for the ideal future. Therefore, this methodology was chosen for the Ideathon event dynamics because it proceeds in a composite and logical way to analyze and search for solutions to a problem.

For the practical integration of Transition Design into the educational experience, we devised an idea-generation event based on the Ideathon concept. The Ideathon is a hackathon-style event in which a timed challenge is presented to be solved by the participants using innovative learning practices, usually in a competitive or collaborative environment (University of Washington, 2016; Barrow, 2021). The implementation of an Ideathon, which can be either face-to-face or virtual, has been applied to a variety of topics, including developing methodologies to enhance creativity (Yudina et al., 2021), preventing disasters through location-based gaming (Uesugi and Moriyama, 2020), supporting community development and revitalizing urban areas, and providing maker-driven solutions to regional strategic sector issues (SIC, 2021). The Ideathon implementation was based on module II of the program developed by Sanabria-Z et al. (2020), which integrates the following general recommendations: workshop rooms limited to 25 participants at tables with a maximum of 5 individuals; one instructor and one facilitator for mediation per room; 6 h of work including an opening and a closing conference, and a central screen displaying general instructions. Thus, while the Transition Design guides the participants in the operation of the on-screen activities, the Ideathon umbrella marks the big stages of the event to orchestrate the activities in the different rooms or venues.


4.1. Methodology for the Ideathon implementation

A total of 31 students participated in the Ideathon. As for the participant profile, it comprised undergraduate students between 18 and 23 from different disciplinary areas. They belonged to five universities in Mexico: Tecnologico de Monterrey (ITESM), which participated with the Mexico city (ITESM-CCM) and Guadalajara (ITESM-GDL) campuses; Universidad Autónoma de Ciudad Juárez (UACJ), in Chihuahua city; Instituto de Investigacion, Innovacion y Estudios de Posgrado para la Educacion del Estado de Nuevo Leon (IIIEPE), in Monterrey city, and the Instituto Politécnico Nacioanl (IPN), in Mexico city. To manage the event, instructors received and briefed the participants, and facilitators assisted in logistical and technical matters only; neither were allowed to provide support in content issues. Regarding ethical considerations, students were asked to authorize the use of their data for research purposes by clicking on a button when registering on the platform. The Ideathon was run simultaneously in the five venues which were streaming online video from the classrooms throughout the event. Figure 1 shows the methodology followed for the implementation of the Ideathon.
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FIGURE 1
 Methodology for Ideathon implementation.


Figure 1 shows the establishment of the Ideathon, which setting was based on Sanabria-Z et al. (2020). The starting point was the provision of an instructional design guideline that contemplated three types of models according to Hamal et al. (2022): domain model (sharing economy), pedagogical model (Transition Design) and learner model (Ideathon). It can be seen that four modules were integrated into the platform for implementation. Prior to the event, students were asked to answer the eComplexity instrument (Castillo-Martínez et al., 2022) to assess their perception of their level of mastery of complex thinking, and also were provided with the sharing economy case study to get familiar with the topic. The day of the Ideathon, each student was assigned a specific theme to be addressed as a problem during the event, namely fashion, education, food industry, or health. Then, they proceeded to work through the 4 modules based on the Transition Design (Irwin, 2015) on the interactive platform as described below.

a) Module 1, “Long-term vision,” consisted of boards 1 and 2. For the work on board 1 the participants started by placing an issue in a box related to the thematic problem in each of the 5 categories of social, economic, environmental, political and infrastructure. They reflected on possible connections or ramifications among all categories, aiming at making a full loop around all the categories until they could understand how the problem branched into all the areas. By using connecting lines between boxes they related the available issues to the original topic. On board 2 students mapped positive and negative relationships between stakeholders around the topic.

The main complex thinking subcompetency addressed in this module was systemic thinking.

b) Module 2, “transition pathway,” consisted of board 3. Here, participants placed key issues drawn from board 1, then expanded them through three socio-technical levels according to the Transition Design approach: (1) large systems influences, (2) the “stuck” status quo, and (3) micro systems influences. They identified several themes or events at each of the three levels and their interconnections. Whenever they placed text in one of the levels, they were prompted to reflect on the potential connection, cause or what it led to in the other two levels.

In this module, systemic and critical thinking were the complex thinking subcompetencies addressed.

c) Module 3, “medium-term visions” consisted of boards 4 and 5. For board 4 the students developed 3 milestones along the “transition path” from the present to the desired future. They tried to imagine what the situation would be like just before the desired long-term future and described it in narrative form. Then they did the same with the near future: what would a first step toward the long-term future look like? This exercise taught them to think rigorously about transitions over long periods of time. They formed a narrative about a long-term transition from a problematic present to a desirable/sustainable long-term future (year 2100). For board 5, participants described 3 to 4 aspects of the vision for the future in each of the domains of daily life. The domains are a way of thinking at the levels of “organic” and nested systems from which everyday life emerges. The categories used to map the problem were set for mapping it, while the domains were aimed at encouraging them to think in a more integrated way about how to reconceive entire lifestyles to be more sustainable and place-based. Students thought of several facets of what daily life would be like at each level if the problem had been solved.

Three subcompetencies were addressed in this module: systemic, critical and scientific thinking.

d) Module 4, “present,” consisted of board 6. Participants looked for “fragments” or “aspects” of the long-term vision of the future that may already be here, in the present, and listed them in cloud bubbles on the far right of the board. These “fragments of the future” are used as possible basis for systems interventions. They then developed concepts for potential “interventions” (solutions). They tried to place the interventions, in different areas of a matrix, in the area they wanted to change. The matrix helped them to place different types of interventions at different levels of scale within the social, political, economical, environmental, and technological dimensions, in cross-reference to the contextual nested systems levels consisting of household, neighborhood, city, state/region, nation and planet. Each intervention had to be connected to each other and to a milestone or long-term vision.

Figure 1 also shows the subcompetencies that were considered to be assessed by the AI platform, systemic thinking, scientific thinking and innovative thinking, however, critical thinking was not taken into account for this particular proof of concept test. After completion of the 4 modules, students were asked to answer two types of survey questionnaires, the eComplexity post-test, linked to the pre-test applied, and the Diapason (Alemán de la Garza, 2019) post-test, related to their perception of the interactive experience with the platform. The set of results from the eComplexity pre-and post-tests, the Diapason, and the complex thinking assessment provided by the AI platform were analyzed by examining their different crossovers and mutual influences.

To evaluate participants’ complex thinking meta-competency through AI, we created basic, intermediate, and advanced-level criteria for each sub-competency: systemic, scientific, critical, and innovative thinking. The criteria implied, for instance, that a participant digitally connects a content (box with words) with another content; or that they develop sentences with a considered construction elaborated by using operators between words (see Table 1).



TABLE 1 Three levels of complex thinking criteria for the IA platform.
[image: Table1]



4.2. Adapted works for the building of the Ideathon

A search for articles related to the subject of the present study was carried out. The search string used was as follows: TITLE-ABS-KEY (platform AND “artificial intelligence” AND competenc*). The inclusion criteria established were that the articles should be open access, that they should have been published in the period from 2019 to 2023 and that the type of document should correspond to articles, conferences, book chapters or books. Forty-seven documents were identified. Documents related to the health area (Lamberti et al., 2019; McNamara et al., 2019; Shorey et al., 2019; Rajadhyaksha, 2020; Zhao et al., 2020; Cheng et al., 2022; Creed et al., 2022; Liaw et al., 2022; Lokala et al., 2022; Shah et al., 2023), industry (Barykin et al., 2020; Mokhtarname et al., 2020; Sandner et al., 2020; Dmitrievsky et al., 2022; Obermayer et al., 2022; Zakharkina et al., 2022), education (Hrich et al., 2019; Tsalapatas et al., 2019; Cortés et al., 2020; Paba-Medina et al., 2020; Raj et al., 2020; Yang et al., 2020; Demchenko et al., 2021; Hurajová, 2021; Jiang, 2021; Petrescu et al., 2021Ghnemat et al., 2022; Polak et al., 2022; Ramírez-Montoya et al., 2022; Rataj and Wojcik, 2022), science (Bruneckiene et al., 2019; Desnos et al., 2022; Ramírez-Montoya et al., 2022; Zhu et al., 2022), evaluation (Kiran et al., 2019; Prom et al., 2019; Konys, 2020; Bachiri and Mouncif, 2023; Rashidi Fathabadi et al., 2023), engineering (Kaspar and Vielhaber, 2019; Telnov and Korovin, 2019), geography (Abd Alsammed, 2022), social problems (Tubaro, 2022), e-recruitment support (Aljuaid and Abbod, 2020; Krasovskiy et al., 2020), ethics (Hauer, 2022) were found. It was possible to establish that there is no study on the use of platforms with AI to measure the competency of complex thinking, which is why this research is valuable.

The establishment of the Ideathon was framed by several studies. The studies that served as the basis for determining the use of the Transition Design technique were those of Irwin, (2015), Juri et al. (2021), Bosch-Gómez et al. (2022), Cowart and Maione (2022), Irwin et al. (2022) and Sanabria-Zepeda and Santana-Castellón (2022). The studies that served as guidance for the choice of an Ideathon to carry out the proof of concept of the platform with AI were those of the University of Washington (2016), Sanabria-Z et al. (2020), Uesugi and Moriyama (2020), Barrow (2021), SIC (2021) and Yudina et al. (2021) and the latter was key for the implementation because the recommendations regarding space, furniture, duration and the number of facilitators and instructors per mediation and room were considered. On the other hand, the studies by Castillo-Martínez et al. (2022) and Alemán de la Garza (2019) were considered because they address the design and validation process of the instruments that were applied for the present study, the first corresponds to the eComplexity instrument to measure the perception of students regarding their level of mastery of the complex thinking competency and the second corresponds to the Diapason instrument, which allows measuring the perception of the interactive experience with the platform.




5. Results

The general results of the Ideathon proof of concept are presented below in three sections: (5.1) experience of the Ideathon educational situation, (5.2) perception of complex thinking via eComplexity instrument, and (5.3) AI-based platform performance to measure complex thinking traits. The theoretical justification for the analysis of results, general outcomes of the proof of concept, and specific results observed in the event are presented below.


5.1. Experience of the Ideathon educational situation

The implementation of the Ideathon using the Transition Design technique with the theme of sharing economy allowed us to assess the following four aspects regarding students experience: (1) level of response, (2) implementation context, (3) mediation experience, and (4) challenge design.

Figure 2 shows the four aspects considered above in relation to students participation and experience in Ideathon.
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FIGURE 2
 Analysis of key aspects in the development of the Ideathon.



5.1.1. Student level of response

When it comes to planning an event, timing is often a critical point that can greatly affect an occasion if it intersects with a school schedule of calendar events such as vacations, exams and academic events (University of Waterloo, n.d.). According to Ljubisic (2017), some motivations for students to attend college related events include the possibility of socialization in a light atmosphere, be provided with food and beverage, listen to guest speakers, and participating in thought-provoking workshops. Regarding these aspects, the conditions at Ideathon were as follows. Students were either directly invited by their teachers or recommended by other teachers to participate. Each setting was different, some were traditional formal classrooms while others were informal settings (e.g., design thinking classroom), but the atmosphere was relaxed in all settings since this was a non curricular activity, and some campus were already in winter vacations. Food and non-alcoholic drinks were provided in each location (e.g., pizza and soda). Although there was no speaker per se, the principal investigator gave a welcome address and explained the significance of the Ideathon. The event was promoted through social networks with a poster encouraging participation with the title “Ideatón: future of sharing economy,” including the key themes of Transition Design, AI, sharing economy and complex reasoning.

As for the specific results related to this aspect, timing was certainly a major drawback that yielded little student participation because two or the four participant universities were already on winter vacation. A total of 31 students participated in the event, both the IIIEPE (10 students) and the IPN (9) had more participation because the instructors were still having sessions with their students. Moreover, the day of the event also turned out to be a special occasion for administrative acts in three venues, UACJ (3), ITESM-CCM (4) and ITESM-GDL (5). Considering that each location had the capacity to receive about 20 students in each classroom for a potential grand total of 100, the attendance of 31 students was considered particularly low. Among the recommendations for future studies is to ensure that the times in which activities are carried out as part of the AI platform are optimal for greater participation.



5.1.2. Implementation context

De Pretto et al. (2019) mention the importance of classroom design, facilities and conditions to stimulate the learning experience in higher education, where improved equipment, arrangement flexibility, attractive decoration, and adding natural elements play a key role. According to these aspects, the configuration was as follows. Regarding equipment, all sites provided Internet connection via Wi-Fi or Ethernet cable. Some campuses provided desktop computers while others asked students to bring their laptops or tablets. As for the classroom configuration, the distribution of the desks varied by venue, including semicircular, square, linear and double line arrangements. Almost all classrooms provided a main screen where the main and other classrooms’ broadcasts were projected and heard. The interior design was also varied by venue, including formal classrooms with desks covered with tablecloths, robotics classrooms surrounded with electronic accessories, and design thinking classrooms with inflatables hanging from the ceiling. No natural elements were identified in the classrooms, except that some were surrounded by large windows while others were closed classrooms.

As for the particular results in this area, the UACJ could not provide a space for the event, so they had to resort to using a classroom at the Tecnologico de Monterrey, Ciudad Juarez campus, while in the ITESM-CCM students use the Robotics Laboratory because of graduation events, as noted by their instructor: “We lacked a monitor to project the synchronous participation from the other venues, which made it difficult to listen to the instructions and hold the participants’ attention.” Despite the logistical complications, the overall spaces, furniture, and equipment were adequate for the students to complete on time all the activities on the agenda.



5.1.3. Challenge design

According to Ifenthaler et al. (2018), research on the employment of challenges in online learning environments emphasizes their relationship to learning performance, where the number of activities started and completed in a challenge-based online platform are the most reliable predictor of student learning performance, also linked to the individual investment of time and effort. In terms of the AI-based platform used in the Ideathon, its instructional design included six activities that had to be completed in sequence in order to complete the challenge. Each activity was represented on a board that included instructions and examples of how to respond to the specific challenge using text and digital elements (e.g., connecting lines and boxes). In order to advance from one board to the next, it was necessary for the student to save the achievement of the section, and press the button to continue to the next section.

In terms of the specific results of this aspect, the following is observed. Of the total number of registered participants, not all completed the pre-test or post-test questionnaires, and not all showed up for the event. However, as far as fulfilling the platform activities is concerned, all students went through the 6-board sequence, which translates into 100% of the participants successfully completing the sharing economy challenge. The takeaway is that both the instructional design and performance of the platform functioned according to the expectations of the proof of concept. Regarding the time an effort, the configuration of the platform was designed for individual work, which was adequate according to expectations, however, it is acknowledged that 6 hours of ideathon on an individual basis can be demanding. Also, the possibility of collaborative work and its effects on the development of competencies were not factored in this proof of concept. Furthermore, some difficulties in using the AI platform were reported as part of the interactive experience. One of the instructors stated this issue as: “The platform did not save its maps. It was difficult to edit the maps because they were out of configuration. It was not possible to add colors to the rectangles. It was not possible to use different types of figures to make the maps.” Although this was not necessarily a common occurrence, there were several different difficulties in using the AI platform that were collected through the Diapason instrument that should make it possible to establish further improvements regarding usability and functionality.



5.1.4. Mediation experience

Distinctive features of mediation in hybrid single events such as the Ideathon are similar to those that apply to online workshops. According to the German management software company SAP (Steinmetz, 2022, November 9), best practices for digital workshop mediation include frequent contact with participants, overcommunicating, and designing for maximum engagement. The design of the Ideathon experience integrated the participation per classroom of an instructor, in charge of providing instructions and time supervision, and a facilitator, in charge of taking care of logistical contingencies, while both could mediate regarding the use of the platform and technical problems. However, none should provide assistance on questions related to the content of the challenges. Each desk was intended to have a maximum of 4 students, each working individually to solve a challenge on a different topic from that of the neighboring students. They were allowed to talk about topics not related to the activity, but in case they had any related questions, they could approach the instructor or facilitator.

In this context, the specific results were as follows. General directions were given by the main researcher during an introductory explanation broadcasted to all the participants who were in the different venues. Instructors and facilitators properly played their role as observers of the conduct and performance of the participants, guiding the students if questions arose, but taking care that they could advance independently by following the instructions that were integrated into the platform. Although the physical facilities may well allow for collaborative work, the AI platform did not yet provide the algorithm possibilities to measure team performance; therefore, instructors and facilitators supervised that only individual work was conducted during the event. Furthermore, the event design and mediation appeared to contribute to engaging the students since they were able to overcome all stages according to the time limits.




5.2. Perception of complex thinking via eComplexity instrument

Students’ perception of their competency in complex thinking was conducted by applying the eComplexity instrument before and after the Ideathon. The eComplexity instrument (Ramírez-Montoya et al., 2022) is a five-point Likert-type scale questionnaire: do not agree at all (1), slightly agree (2), neither agree nor disagree (3), agree (4) and strongly agree (5). The instrument consisted of the following indicators: Knowledge, skills and attitudes or values for the four dimensions of innovative thinking, scientific thinking, systemic thinking, and critical thinking, which were integrated into 25 items. It was applied as a pre-test and post-test to identify whether the participants’ perceptions had changed when they finished the four blocks of the Ideathon.

Table 2 shows the mean scores obtained before and after the Ideathon.



TABLE 2 Pre test and post test means of eComplexity questionnaire.
[image: Table2]

As shown in Table 2, although 31 students participated in the Ideathon, only 18 students answered both the pre-test and post-test eComplexity instrument. The Student’s t-test performed on the 18 cases indicates that the means obtained in the pre-test and post-test had statistically significant differences, implying that the results are reliably different. The result of the Student’s t-test was t(18) = 2.06; p = 0.008. When performing an analysis by types of thinking, we observed that the mean for scientific thinking increased in the post-test, indicating that the students perceived a higher level of mastery in this sub-competency.



5.3. AI-based platform performance to measure complex thinking traits

The AI-based platform was enabled to identify features of the complex thinking competency, which could complement the results of the students’ own perception of complex thinking from the eComplexity instrument. To this end, a rubric was used with three levels of mastery of complex thinking, basic, intermediate and advanced (see Table 1), which were programmed into the platform through identifying student interaction behaviors with the platform as well as the characteristics of the texts they inserted. The rubric was then transformed into an algorithm which, by analyzing the boards using a decision tree classifier (Jijo and Abdulazeez, 2021), was able to extract from each board the number of ideas, logical conjunctions, and existing connections; this was done by converting the boards into JSON format files, so that all the contents can be read as text strings. Of the four sub-competencies of complex thinking, this proof of concept test focused on three, innovative, scientific, and systemic thinking, leaving the integration of critical thinking to be tested in a future edition. Specifically, complex thinking traits were calculated according to the following programming on the platform. The innovative thinking trait was measured by calculating the number of ideas inserted throughout the 4 blocks, where the intermediate level is considered to be the range between 18 and 36 ideas allong all boards; an idea was equivalent to a sentence placed in a box, which was identified by the system by tracking what was written between periods. For the scientific thinking trait, terms were identified that appeared in more than one board across the four blocks, where the intermediate level is considered to be the range between 4 to 6 terms along all boards; a term consisted of a word or construct, which was identified by the system as distinct from pronouns and articles. The systemic thinking trait was addressed through identifying the number of connections made in the maps, along blocks 1 and 2, where the intermediate level is considered to be the range 5 to 9 connections in both blocks; the connections were equivalent to the lines made between boxes by the students, which the system identified as a single line (and not the use of arrows or other connecting elements).

The results of the mastery levels are shown in Table 3.



TABLE 3 Complex thinking subcompetencies’ levels of mastery through the AI platform.
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Table 3 shows that concerning scientific and systemic thinking, there was a clear predominance at the advanced level with 23 students on each, contrary to innovative thinking where only 3 students reached the advanced level. However, the majority of participants achieved an intermediate level in the innovative thinking trait, with a total of 26 students.




6. Discussion

Carrying out learning activities through an Ideathon using the Transition Design approach under a time limit encouraged participants to generate innovative solutions to complex problems. Figure 1 showed the challenges that arose before and during the Ideathon: low response from students due to the winter vacation and difficulty in designing the maps requested in the Transition Design activities with the theme of sharing economy; however, despite the difficulties, all participants managed to complete the agenda activities on time. Against the unexpected in the process, following the recommendations by Sanabria-Z et al. (2020) regarding what should be taken care of when carrying out an Ideathon contributed to the successful completion of the activities (e.g., duration, numbers of students per table). Furthermore, the overall Ideathon setting was in line with what Haro (2018) mentioned regarding the role of the Ideathon: promoting a culture of innovation was achieved by using 4.0 technology, the event was held simultaneously in different venues, and the products generated by the participants were shared online. Combining the Ideathon with Transition Design to achieve a learning target was an optimal pedagogical formula that can be replicated using other megatrends as a central theme, as was the case with the sharing economy.

Applying the eComplexity instrument makes it possible to identify changes in the student’s perception of mastery of the complex thinking meta-competency after an Ideathon-style intervention. Table 2 shows that changes in students’ perception of mastery occurred, for instance, the high increase in the scientific thinking sub-competency. The effectiveness of measuring complex thinking sub-competencies in the context of the sharing economy is consistent with the results of the study by Vázquez-Parra et al. (2022). The application of the eComplexity instrument allows us to know precisely whether an intervention with university students improves students’ perception of the level of mastery of their complex thinking competency.

The tested IA platform goes beyond measurement in perceptual terms, identifying levels of participants’ mastery of complex thinking sub-competencies. Table 3 shows that most participants were at an intermediate level of mastery of innovative thinking, contrary to the systemic and scientific types of thinking, in which they were at an advanced level. AI has been used to monitor and track student interactions, showing enormous potential to improve learning, teaching, assessment, and educational administration (Xia et al., 2022). Through the proof of concept, it was possible to identify that an AI platform has the potential to measure the levels of mastery of the complex thinking meta-competency and can serve as a basis for the design of strategies that strengthen its sub-competencies.

Using a variety of instruments to measure complex thinking competency allows for a more robust assessment outcome. The results regarding the perception of the participants thanks to the application of the eComplexity instrument are important (Table 2), but it is valuable to be able to have intersected results that allow us to know practical levels of mastery through the measurement through the platform with the use of AI (Table 3). Xia et al. (2022) point out that assessment is one of the educational domains where there is potential for the use of AI. The analysis of instrument outputs in the process of interpreting the results showed that there was an increase in student perceptual terms with respect to their level of mastery of the four sub-competencies of complex thinking (i.e., critical, innovative, scientific, and systemic thinking), which was in accordance with the results for the three complex thinking sub-competency traits identified by the AI-based platform (i.e., innovative, scientific, and systemic thinking), since most participants achieved intermediate (innovative thinking) and advanced (systemic and scientific thinking) levels of mastery.



7. Conclusion

The stated hypotheses were validated for the development of complex thinking. H1, regarding the event as a pedagogical situation, was true because the Ideathon and the guide of the Transition Design achieved the expected performance in the allotted time. H2, related to the use of AI for measuring complex thinking traits, also proved true because the criteria created for each sub-competency allowed us to assign basic, intermediate, or advanced values for the mastery level of complex thinking.

The implications for practice are that an implementation model has been produced that can be replicated to test different themes beyond the sharing economy megatrend. This combination of physical (Ideathon) and digital (Transition Design) environment gives us a guideline to generate research on hybrid achievement in pedagogy in an accelerated and somewhat competition-driven fashion. Likewise, the exercise of making a proof of concept using AI to measure mastery of complex thinking is a pedagogical experience that can be transposed to different subjects of study and even be incorporated into LMS platforms that are used daily.

The present research focused on a first proof of concept. We note limitations in the quality of the graphics and usability of the platform; the lack of collaborative activities that can be integrated with individual ones to be measured by the platform; the testing of different event lengths to measure performance over days, weeks, or months; the sparse content entered into the platform by students which does not yet allow AI to flourish, for example, by replacing facilitators with a chat system for student queries. Future studies could test different event lengths to measure performance over days, weeks, or months. Other opportunities include using additional criteria to measure the developmental behaviors of complex thinking, its traits, and its sub-competencies in greater detail; monitoring other types of competencies such as problem-solving, computational thinking, or collaboration; and testing functional interactive aspects that are relevant to make the use of the platform more user-friendly, functional and attractive.
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