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Abstract

:

The development of Industry 4.0 revolutionising the concept of automation and digitisation in an organisation poses a huge challenge in employee knowledge and skills to cope with the huge leap from Industry 3.0. The high-level digitisation of an organisation requires the workforce to possess higher order thinking skills (HOTS) for the changing job roles matching the rapid technological advancements. The Education 4.0 framework is aimed at supporting the Industry 4.0 skills requirement not only in digital technologies but more towards soft skill development such as collaboration and lifelong learning. However, the education sector is also facing challenges in its transition from Education 3.0 to Education 4.0. The main purpose of the paper is to propose an Agile approach for developing smart classroom teaching strategies that foster employee adaptability with the new learning paradigm of upskilling in line with Industry 4.0. By adopting an exploratory research methodology, the pilot study investigates the implementation of the proposed Agile approach in a higher education setting for graduates to achieve HOTS using smart classroom teaching strategies. This study uses learning theories such as experiential learning in smart classroom environments to enhance students’ HOTS individually as well as collaboratively in an Agile iterative manner. This is the first empirical study carried out for graduates specialising in the Business Analytics skillset required for Industry 4.0. The findings of the pilot study show promising results that pave the way for further exploration and pedagogical insights in this research direction.
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1. Introduction


The rapid advancement of digital technologies is resulting in the fourth industrial revolution known as Industry 4.0 [1,2]. The third industrial revolution, or Industry 3.0, saw the use of information technology (IT) to automate processes, whereas Industry 4.0 is about enhancing the connectivity with cyber physical systems and the automation with big data. With new technology enablers such as IoT (Internet of Things), big data analytics, cyber security, additive manufacturing, augmented reality, cloud data management and computing, Industry 4.0 is expected to bring about significant changes across all industries, including the education sector [3,4]. The high level of automation and digitalisation poses several challenges for enterprises to not only manage their transition towards higher value technologies, applications and processes but also to upskill their human resources [5,6]. An entirely new way of integrating IoT is required with intelligent computer algorithms learning to control the robotics remotely [7]. While much importance is given to technological changes in enterprises, there is a scarcity of research in developing an appropriate approach to the education processes required for the Industry 4.0 workforce due to the huge transition required from Industry 3.0 [8,9,10].



The Industry 4.0 wave is not merely the application of the latest technologies but rather requires the integration of multi-dimensional social and technical systems to meet the business goals of an organisation. Hence, the skillset of the workforce needs to be enhanced as employees are required to be self-adaptive to these changing multiple dimensions with lifelong learning capabilities for a successful implementation of Industry 4.0. With the advancement in Industry 4.0, the challenge for the existing education and training systems is to ensure that all industrial sectors make the best use of the digital transformation by supporting it with a completely new employee skillset across their entire business value chain. Different workplace skills are required in industry at all levels of task performance with an appropriate mix of both digital and business-specific skills and competencies [11]. To meet Industry 4.0 skill requirements, Education 4.0 is aimed at preparing the new graduates and workforce to focus on problem-solving with emerging technologies and innovative teaching strategies [9,11]. Education 4.0 is a revolution with a new paradigm of training offerings that are required to be facilitated via flexible educational environments rather than traditional teaching models [12]. In the past, business graduates gained business knowledge and skills, while information technology (IT) graduates focused on acquiring technical skills. It is expected that Education 4.0 would be able to provide the necessary training to meet the skillset requirements of Industry 4.0.



Education 3.0 refers to a variety of ways to integrate technology into learning, while Education 4.0, with a learner-centric focus, transforms the future of education through advanced technology and automation aligned to Industry 4.0. Today, enterprises expect fresh graduates to be work ready with a combination of not only business and technical skills but also lifelong learning skills necessary for job effectiveness in their new and higher-skilled roles for Industry 4.0 [5]. One such job role falls under a specialised discipline of Business Analytics, which is the focus of study in this paper.



Recent studies show that a workforce skill gap exists in Business Analytics that covers subject areas such as business analysis, data analytics, business intelligence and enterprise-wide information systems impacting a number of key industries [10]. An analysis of skills shortage amongst professionals in Business Analytics reveals a lack of importance given to the development of higher-order problem-solving skills necessary to address real-life complex business situations due to the current Industry 4.0 wave [11,12]. Developing the necessary technical and business-related data analytics skills encompasses multi-domain expertise. This requires learners’ deep engagement with advanced theories and practical concepts that can be integrated across multiple related subject areas [13,14]. To address this, Education 4.0 recommends a paradigm shift in designing learner-centric teaching strategies for Business Analytics graduates with an emphasis on achieving higher order thinking skills (HOTS). Therefore, an innovative approach to promote higher levels of cognitive skills is warranted to bridge the skill gap in the Business Analytics subject domain for upskilling the Industry 4.0 workforce [15,16,17].



According to Bloom’s taxonomy of learning, the lower levels of cognitive skills provide a base for the higher levels of skills required for industry [18]. Higher order skills include analysing, evaluating and creating or synthesising and require mastery of previous levels, such as understanding and applying knowledge to familiar or new situations [19]. Higher order thinking involves breaking up complex problems, establishing relationships among ideas and making judgements in producing a new solution or idea creatively. Figure 1 provides Bloom’s revised taxonomy and the three HOTS (Analysing, Evaluating and Creating), which forms the premise for our study on improving HOTS in the Business Analytics domain for preparing work-ready IT graduates for the Industry 4.0 revolution [20].



Higher education institutions have reported that many students pursuing Business Analytics exhibit a gap in their active classroom engagement in their studies [21]. This has been attributed to the lack of application of HOTS that is necessary for an in-depth understanding of multi-domain concepts and application of theory to complex business problems faced with the Industry 4.0 wave. This gap in student skill achievement is even more prominent with the recent move to fully online learning [22,23]. This paper takes the first steps to address such gaps in students’ creative thinking skills and other HOTS using an Agile approach for Education 4.0. Our focus is to provide innovative teaching strategies in smart classroom environments (use of online learning tools and applications) in the subject areas of Business Analytics specialisation to enhance students’ HOTS. The pilot study aims to evaluate the impact of smart classroom activities on student engagement and performance. It includes a comparative analysis of “before and after” delivery and the effect on overall student learning towards achieving the required Business Analytics skillset. This was achieved by applying quantitative and qualitative instruments such as surveys completed by students before and after the smart classroom learning activities as well as focus group discussions of the researchers compared with the Lecturer’s observations during each activity.



This paper is organised as follows. Section 2 provides a literature review of learning theory such as experiential learning, its application in smart classrooms, as well as gaps in research studies, especially in building a Business Analytics skillset for Industry 4.0. With an aim to take initial steps to fill the gap in the literature, an Agile approach is proposed for incorporating smart classroom strategies in Section 3. A practical implementation of the proposed method in developing learning activities in smart classroom environments and the findings of the pilot study are reported in Section 4. Finally, Section 5 gives the concluding remarks and future work of this ongoing research.




2. Literature Review


For several decades, active student learning in higher education has been researched with learning theories. Kolb’s experiential learning theory is the “process whereby knowledge is created through the transformation of experience” (p. 38), with each stage being mutually supportive of and feeding into the next stage [24]. Recent studies using experiential learning for competency building with technologies have been conducted in traditional classrooms only [16,21]. One such study has reported an increase of 29% in students’ level of attainment of competencies in lean-thinking using experiential learning [25]. While such studies have reported a positive increase in student engagement or an increase in student performance, they have not explored smart classroom environments for Business Analytics subjects with the focus of enhancing students’ HOTS as an Agile teaching strategy of Education 4.0.



Generation-Z (Gen-Z) students, who were born between 1995–2012, are being perceived by higher educators around the world as being non-interested and disengaged in learning these days [26]. Similarly, higher education students expect more visualised learning methods to activate their interest and motivate them for improved learning outcomes [26,27]. According to Cervi [27], social media platforms such as Tik Tok should be scientifically experimented with to understand how these applications can be used to increase learning in higher education. Recent research has reported that digital native Gen-Z learners adopt a skim reading of the web, and a decline in students’ cognitive capacity has been observed, impeding their higher order learning and critical analysis skill development [22]. In another report, Manzoni et al. [28] found that Gen-Zers highly prefer combining abstract conceptualisation and reflective observation identifying a need for interactive experience-based engagement for learning. In this digital era of Industry 4.0, the use of smart classroom environments is becoming more common and supports Gen-Z learning engagement. It is also important for higher educators to learn, develop and apply digital technologies that are student-centred to enhance communication and improve their teaching process [26]. These applications and tools are also being promoted toward facilitating HOTS in blended learning settings.



For more than a decade, many research investigations have been in educational technology that focuses on digital innovations, which have studied the impact of transformations in the physical classroom environments [14,29,30]. Advancements in IT have generated diverse scenarios, including online teaching that requires innovative teaching processes and strategies that are adapted to the needs of Gen-Z learners [31]. Recent research has reported that digital native Gen-Z learners adopt a skim reading of the web, and a decline in students’ cognitive capacity has been observed, impeding their higher order learning and critical analysis skill development [22]. In this digital era of Industry 4.0, the use of smart classroom environments (use of online learning tools and applications) is becoming more common and supports Gen-Z learning engagement. These applications and tools are also promoted as facilitating HOTS in blended learning settings. There is, however, a scarcity of research exploring how such smart classroom teaching strategies are applied for demonstrable enhancement of students’ HOTS [23,32,33]. Some attempts have been made in specific subject topics within a restricted environment that has resulted in siloed effects [34,35]. A multi-disciplinary approach was adopted to look at problems faced by the educational professionals and possible solutions in Education Technology [29]. However, there is a scarcity of research studies exploring the problem with the focus on bridging the learning gaps using a holistic approach for Education 4.0 [36,37]. This forms the key motivation of our research study.



Leveraging IT as a tool to innovate teaching methods and practices could open up didactic strategies for improving the quality of teaching and learning processes [30]. The purpose is to develop learner-centric strategies for promoting the interest and motivation of students in classroom environments. However, the key challenge in the integration of education and training processes needs to be addressed with the current digital transformation of classroom environments [28]. With the changes leading us into blended learning approaches, it is important to develop a model of learning assessment in a smart classroom environment. While some model approaches are available in the literature, there is a need to explore this in current learning contexts applied to Business Analytics skill development for Industry 4.0 [38,39]. Further, this is the first project of its kind to employ several tools in several subjects with an integrated approach towards achieving HOTS in general and, more specifically, in the Business Analytics suite of subjects.



Overall, the extant literature in information technology education lacks research that combines smart classroom environments in multiple related subjects through active learning, such as experiential learning for building competencies in the Business Analytics domain. In particular, there is a scarcity of studies exploring smart classroom environments for enhancing students’ HOTS in solving complex business problems using data analytics within the framework of Education 4.0. This research attempts to take initial steps to fill this gap in the literature by exploring innovative teaching strategies in smart classroom environments for HOTS in this knowledge domain. Further, an Agile approach is proposed in the pilot study for promoting our specialisation in a stimulating educational environment for competency building of Business Analytics skillset to meet the requirements of Industry 4.0. This Business Analytics skillset is becoming increasingly important in the post-COVID-19 scenario. The demand for such skillsets in the industry is high due to more organisations needing to make informed and better decisions based on their data and analytics. Using smart classrooms along with Agile teaching approaches supports students’ learning and upskilling more effectively through a fully online teaching model as well as a hybrid or blended teaching model being predominantly adopted in this post-COVID-19 era. The change from fully online to hybrid or blended learning will help the students develop communication skills and become more tech-savvy by needing them to interact with teachers and their peers via face-to-face, online or mixed modes.



Due to the sudden onset of the COVID-19 pandemic (COVID), during the pandemic and post-COVID, educators faced challenges in online learning and delivery due to a lack of research studies in this topical domain [40,41]. Some of the emerging research themes in the extant literature on higher education (HE) online learning pre-COVID, during COVID, and post-COVID are highlighted in the literature. Firstly, studies conducted in pre-COVID-19 times are mainly topics aligned with students and satisfaction in HE online learning [42]. Secondly, research during COVID mainly focused on studying the challenges faced due to: (i) the lack of different digital platforms to provide support for learners, (ii) learning management system (LMS) not being user-friendly, (iii) educators’ lack of resources for teaching online from home [42]. Thirdly, post-COVID studies show that educators expected changes in education practices to increase educator digital literacy and adapt courses for online learning [43,44]. Lastly, a meta-analysis of post-COVID research shows a growing trend in online learning using videos and Web 2.0 technologies for delivering courses [45]. Overall, COVID has created many challenges faced by educators where the lack of digital resources and capabilities is hindering effective online learning. Similarly, the lack of Web 2.0 literacy is hindering the adaptation of traditional courses to online course delivery.



In this paper, the above-mentioned gaps in literature will be the focus of the pilot study. There is a need to address the following problems identified:




	(1)

	
Skill-gap in Business Analytics workforce for Industry 4.0 [10];




	(2)

	
Scarcity of graduates with higher-order thinking skills (HOTS) to problem solve and deal with changing business situations due to rapid advancements of Industry 4.0 [18];




	(3)

	
Difficulty in designing multi-domain teaching strategies with Education 4.0 framework to support lifelong and sustainable learning skills. This requires teachers’ expertise in not only the multi-disciplinary subject domain of Business Analytics with sufficient industry experience but also in pedagogy and learning theories to facilitate learners’ skill development effectively [11].









A learning assessment model using multiple smart classroom teaching strategies is proposed that adopts an Agile approach for implementing strategies for Education 4.0. This includes innovative classroom strategies using online smart tools for HOTS development in IT students by incorporating experiential learning, stimulation and exploratory activities in a suite of Business Analytics subjects.




3. Research Methodology and Agile Approach


This section describes the research methodology adopted for the pilot study. Since the research questions considered in this study have not previously been studied in depth, an exploratory research methodology is appropriate to obtain a better understanding of the problem of enhancing HOTS in Business Analytics. An Agile approach for implementing a pedagogical and practice-focused model using smart classroom strategies to enhance HOTS for students in a higher education setting. The three steps to conduct exploratory research in this pilot study are shown in Figure 2. A qualitative approach is employed with an iterative development of the learning activities in smart classroom environments for teaching Business Analytics subjects.



In this pilot study, the Agile model is adopted to develop innovative learning activities in smart classroom environments by using online collaborative tools for Business Analytics subjects in a higher education setting. In particular, the proposed Agile model is used to develop and evaluate novel and contemporary smart classroom teaching strategies for improving HOTS for IT graduates in the Business Analytics domain of specialisation.



An Agile iterative development methodology was formulated for this pilot study, as shown in Figure 3. It has the necessary stages in each iteration or cycle that allows for adapting the smart classroom activities and student learning processes. Such a continuous improvement of teaching strategies would help in improving the quality of student learning. Agile development methodology is typically used in software development approaches for “collaborative self-organising teams dynamically adjust to changing customer requirements” ([46], p. 2). In this pilot study, Agile methodology is used to aid the researchers/Lecturers in applying a number of smart classroom environments for designing new teaching strategies in order to adjust to student learner requirements over cycles of improvement within and across Business Analytics subjects.



To enable the Agile approach, the Lecturers first problematise as well as identify a learner-centred framework for teaching to arrive at a learning assessment model in Business Analytics subjects. This is facilitated by mapping the appropriate HOTS (Analysing, Evaluating and Creating) with the learning activities. Weekly brainstorming among the Lecturers helps in sharing feedback gained from the student learning activities and data findings. Such an Agile approach is employed to iteratively develop innovative teaching strategies with smart classroom tools to support the integrated Business Analytics skill development. Teaching strategies are adapted and evolved based on Lecturers’ feedback gained from smart classroom teaching activities. Results and feedback from such smart classroom delivery are shared in regular meetings with internal members and external experts of the project team. The purpose is to improve the teaching strategies through the feedback loop of the Agile process, which is adopted for the research project development. Figure 4 shows a mapping of the Agile iterative process with students’ HOTS development using different smart classroom activities.



The details of the processes adopted in the experimental study for improving HOTS for IT graduates in the Business Analytics domain of specialisation are given in the next section. It also describes the practical implementation of our proposed Agile approach in developing and experimenting with various contemporary smart classroom teaching strategies in two subjects as a pilot study.




4. Implementation of Agile Approach in Smart Classrooms


Prior to the implementation of our proposed Agile approach for experimenting with smart classroom tools, the Lecturers had adopted traditional methods using a case study approach for teaching subjects in Business Analytics specialisation in a higher education setting. IT students in this specialisation were taught to apply theories to analyse, evaluate and model data, business processes and information systems to solve business problems. Some Business Analytics subjects had incorporated activities using Kolb’s experiential learning theory that adopts the process of knowledge creation through the transformation of experience, with each stage being mutually supportive of and feeding into the next stage [35,36]. With the advancements in big data, data-driven analytics aided by software tools such as SAS have been employed in the specialisation subjects [37,39]. However, these teaching strategies are not sufficient to meet organisational skill demands in this fast-paced techno-business domain of Industry 4.0 [38,47]. Further, with the concept of Education 4.0 and an emphasis on lifelong learning of the workforce to meet the skill required for Industry 4.0, learner-centric teaching strategies were explored using smart classroom online tools [48,49].



The initial implementation phase of this research work involves learner-centric modelling and designing of innovative teaching strategies using smart classroom environments to facilitate experiential learning for enhancing HOTS in Business Analytics skill development. Through our proposed Agile approach, the practical implementation of such learner-centric teaching activities aims to increase student engagement and improve overall performance in the inter-related subjects under this specialisation. The discovery phase involves gaining deeper insights into digital technologies that could enhance lecturer competency in designing such innovative teaching strategies and experiential learning activities in smart classroom environments. Summary of student engagement, graphical simulations, business process modelling and visual aided data analysis using smart classroom teaching strategies form key inputs in building graduate competencies for solving current and future business problems. Qualitative and quantitative comparison of the impact on student engagement and student performance “before and after” delivery of smart classroom activities includes the effect on overall subject engagement, performance and other program quality data [50,51]. A collective analysis across various subjects for an integrated effect under Business Analytics subjects is aimed to provide more insights into this problem domain.



Lecturers’ observations through smart classroom activities “before and after” are compared through a two-phase iterative process as shown in Figure 5 for implementing our Agile approach. Attaining Lecturers’ qualitative feedback is guided by an inductive reasoning process: (i) exploring a phenomenon, (ii) identifying themes and patterns and (iii) creating a conceptual framework. Several evaluation measures that provide quantitative and qualitative feedback were considered in this pilot study. These were based on student engagement (anonymous summarised polls, etc.), student learning observations, lecturer feedback of assignments/projects submitted by students, overall subject performance, as well as integrated performance in the Business Analytics subjects. In this pilot study, two Business Analytics subjects, namely Business Analysis (Subject 1) and Enterprise Resource Planning (Subject 2), were investigated with smart classroom activities using our two-phase Agile approach. Table 1 gives a sample questionnaire used for conducting a self-evaluation of students before and after a smart classroom activity. Figure 6, Figure 7, Figure 8, Figure 9, Figure 10, Figure 11, Figure 12 and Figure 13 provide sample findings from the pilot study on the smart classroom teaching strategies that form part of our ongoing research work.



The results of students’ self-evaluation for achieving one of the HOTS, namely analysing skills, are shown in Figure 6, Figure 7, Figure 8 and Figure 9. Students rated their skill achievement before and after each of a set of four smart classroom learning activities experimented for two subjects chosen under the Business Analytics domain. A Likert scale of 1 to 5 was adopted to capture the students’ learning activity outcomes in this pilot study. The first learning activity in Business Analysis (Subject 1) using smart classroom online tools such as MIRO and Vizologi was aimed to develop students’ ability to analyse the workflow of an end-to-end business process of a given case study so that they could recommend, monitor and evaluate changes to the workflow. The findings show that our smart classroom teaching strategy had successfully facilitated the improvement of students’ analysing competency as they acquired the enhanced capability to draw connections among ideas. The results obtained in developing the analysing skills using smart classroom activities for Enterprise Resource Planning (Subject 2) were quite similar though a group of students still remained in the ‘Below Average’ level, while some students even progressed to ‘Very High’ levels as shown in Figure 9. Further, with the experiential learning exercise designed in the smart classroom activity of Subject 1, Figure 10 and Figure 11 show an improvement in student motivation to actively engage in creating a SWOT (Strength–Weakness–Opportunity–Threat) analysis artefact. An advanced smart classroom activity was developed following our Agile two-phase iterative approach (Figure 5) by improving the process through feedback gained in the initial activity. Our approach aided in the teaching enhancement for designing and administering the smart learning activities for one of the HOTS, namely creating skills, and students’ results are shown in Figure 11. In this experiential learning exercise, students were required to engage collaboratively using a smart classroom tool to develop a business process re-engineering model using an industry-standard modelling technique taught based on the Business Analysis Body of Knowledge (BABOK) guidelines. Similarly, Subject 2 results on creating skills of HOTS show improved progress at ‘Very High’ levels as perceived by the students (Figure 12 and Figure 13).



The implementation of our Agile approach in our ongoing research involves the use of a variety of online collaboration tools. We have developed smart classroom teaching strategies using online software tools such as MIRO for interactive whiteboard collaboration, Mentimeter for interactive polling, Vizologi for business flows, business process modelling and visualisation, etc. Our key finding is that as technologies evolve in the use of big data analytics in solving complex business problems, we could adopt such software tools to improve the classroom engagement of Gen-Z learners [52]. Using an Agile iterative approach, we have demonstrated how innovative teaching strategies designed with such online tools could effectively assist students in collaborating and achieving the necessary HOTS required in Industry 4.0. Another key finding is that a combination of smart classroom environments with learning activities that focus on integrating the concepts among various related subjects can result in filling the gap found in the workplace with the necessary Business Analytics skillset.



A comparative analysis of the results from Figure 6, Figure 7, Figure 8 and Figure 9 between the smart classroom activities in two subjects of Business Analytics shows that there is a perceived increase from 0 to 25% in students’ self-assessment for the ‘High Level’ cognitive (‘Analysing’) skill achievement. The improvement is also evident as the activities are refined from one subject to the next. Similarly, there is a rise in terms of students’ (‘Creating’) skills by comparing Figure 10, Figure 11, Figure 12 and Figure 13 with an achievement of 33% ‘High Level’ in the after-activity survey as compared to 0% rated in the before activity survey.



Lecturer’s observations during the activity in the smart classroom environment were taken as qualitative feedback, and after the data collection, the student learning patterns were compared. Students were more willing to participate in the activity and engage interactively with the Lecturer and other students through a fun and interactive platform and learning activities. Overall, the tools used in the activity helped the students to enhance their HOTS skills (analysing, evaluating, and creating). Students were able to analyse the concepts learned, research and compare other concepts in the same topic as an evaluation exercise and create their own perspectives to present and share their own learning with the whole class. The entire learning process of a student, individually as well as collectively, could be shared using online software tools such as MIRO and Vizologi.



The scope of this paper is limited to a trial pilot study to design and evaluate a smart classroom framework for teaching a couple of subjects within the Business Analytics domain as a specialisation in the Bachelor of IT program. A smart classroom framework proposed and implemented in this study is based on its qualitative effectiveness in facilitating experiential learning activities and supporting consistency in a student-centred learning experience and active engagement in the Business Analytics subjects. Future work will cater to the quantitative analysis to support our findings. HOTS that are applicable for other specialisations in order to arrive at possible generalisations. This could lead to evolving a generalised smart classroom framework for all disciplines as future research and extensions of this pilot study.




5. Conclusions


This paper proposed and experimented with an Agile iterative approach to incorporate innovative teaching strategies using collaborative tools online. In order to overcome current low levels of student engagement in classrooms and in collaborative group work, new teaching approaches were formulated leveraging technological advancements for blended learning paradigms of Education 4.0. In particular, this study focused on the multi-disciplinary domain of the Business Analytics skill gap in preparing graduates for the workforce of Industry 4.0. Experiential learning via smart classroom environments to capture parallels that exist between creative collaboration in industry and interdisciplinary group-based learning community was experimented with. An Agile iterative approach was adopted, and smart classroom activities and learning processes were formulated to achieve HOTS progressively for students studying Business Analytics subjects in order to instil lifelong learning capabilities. The effectiveness of the Agile approach and smart classroom techniques in a pilot study were explored. Innovative learning activities using a collaborative online classroom environment were developed to facilitate the principles of adaptability, group work, and continuous improvement. The results of the quantitative and qualitative evaluation of students’ skill achievement before and after each activity were promising, with about a 30% increase in HOTS achievement. The smart classroom activities developed for two subjects provided greater opportunities for student engagement and creativity in the successful achievement of HOTS.



Overall, it is envisaged that by instilling HOTS as part of lifelong competencies in Business Analytics skill development, IT graduates would be professionally ready for the current and future Business Analytics workforce. Our ongoing research is expected to evolve with an enhanced smart classroom framework integrating best practices among multiple subject deliveries in developing a Business Analytics skillset. It is envisaged that common processes, patterns and trends identified would lead to a generalisation of the model, which could be adopted in other disciplines.
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Figure 1. Bloom’s revised taxonomy and HOTS. 
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Figure 2. Exploratory research steps. 
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Figure 3. Agile iterative approach for smart classroom teaching strategy development. 
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Figure 4. Agile framework mapping for HOTS development using smart classroom tools. 
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Figure 5. Two-phase iteration for implementing smart classroom teaching activities. 
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Figure 6. Students’ analysing skills before 1st smart classroom activity (Subject 1). 
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Figure 7. Students’ analysing skills after 1st smart classroom activity (Subject 1). 
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Figure 8. Students’ analysing skills before 2nd smart classroom activity (Subject 2). 
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Figure 9. Students’ analysing skills after 2nd smart classroom activity (Subject 2). 
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Figure 10. Students’ analysing skills before experiential learning in smart classroom (Subject 1). 
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Figure 11. Students’ creating skills after experiential learning in smart classroom (Subject 1). 
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Figure 12. Students’ creating skills before last smart classroom activity (Subject 2). 






Figure 12. Students’ creating skills before last smart classroom activity (Subject 2).



[image: Futureinternet 14 00255 g012]







[image: Futureinternet 14 00255 g013 550] 





Figure 13. Students’ creating skills after last smart classroom activity (Subject 2). 
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Table 1. Sample student self-evaluation questionnaire.
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	Self-Evaluation Questions Before Smart

Classroom Activity
	Self-Evaluation Questions After Smart

Classroom Activity





	How would you rate your interest in identifying and solving business problems?
	How would you rate your interest in identifying and solving business problems now, compared to before the class?



	How would you rate your business problem solving skills using visualisation (i.e., drawing charts, tables)?
	How would you rate your business problem solving skills using visualisation (i.e., drawing charts, tables) now, compared to before the class?



	How would you rate your current knowledge of key concepts of business analysis planning and monitoring of a business process?
	How would you rate your current knowledge of key concepts of business analysis planning and monitoring of a business process now, compared to before the class?



	How would you rate your current knowledge of key concepts and applications of business object modelling framework and techniques?
	How would you rate your current knowledge of key concepts and applications of business object modelling framework and techniques now, compared to before the class?



	How would you rate your current knowledge of critically assessing business problems and developing appropriate processes based on object-oriented analysis techniques?
	How would you rate your current knowledge of critically assessing business problems and developing appropriate processes based on object-oriented analysis techniques now, compared to before the class?



	How would you rate your current ability to recommend, monitor and evaluate changes to the workflow of end-to-end business processes?
	How would you rate your current ability to recommend, monitor and evaluate changes to the workflow of end-to-end business processes now, compared to before the class?



	How would you rate your current ability to formulate and create the necessary artefacts for developing a SWOT Analysis?
	How would you rate your current ability to formulate and create the necessary artefacts for developing a SWOT Analysis now, compared to before the class??
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