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Abstract: This reflective practice article proposes circular research and teaching model (CReTeaM) to enhance the 9 

enrichment of teaching and learning with research outputs, which in turns generates insights into new research 10 

themes or learning activities in a cyclic, impactful and continuously improving fashion. Case studies on how I demon- 11 

strated the CReTeaM pedagogical approach was instantiated using an air engine project, Questelligence theory and 12 

domain-based systems thinking. CReTeaM proved very useful in formulating research and teaching activities and 13 

generating evidence to advance knowledge through recycling and reusing the research outputs. The proposed ap- 14 

proach could improve the research and teaching efficiency of teachers as well as their career and professional devel- 15 

opment whilst improving educational experiences of the students. Although this paper focused on engineering peda- 16 

gogy, CReTeaM can be considered for research-informed teaching in other professional disciplines. 17 
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1. Introduction 29 

This reflective practice paper focuses on advancing research-informed teaching (RIT) mindsets which have been 30 

shown to have positive impacts on both the teacher and the students (Joseph‐Richard et al., 2021). As a teacher in 31 

engineering, I tink that engineering education is practice oriented. I often explain that engineering has to be done to be 32 

learned as it is practice-oriented. Thus, effective engineering pedagogy is crucial for equipping engineering students so 33 

that they can function effectively in the industry. In my toolbox, inquiry-based learning, project-based learning and group 34 

work provide opportunities for real skills to be acquired by engineering students in a safe and supportive space where 35 

they are free to be critical, imaginative, curious, engaging, experimental, innovative and reflective. In my recent book 36 

(Ogbonnaya, 2024) titled “Domain-based Systems and Systematic Thinking”, I proposed that thinking in systems and 37 
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applying systematics (i.e. study of methods to execute plans, objectives, goals and strategies) will be valuable skills as 38 

artificial intelligence (AI) become ubiquitous in its application. This is because large language models (LLMs) are 39 

redefining how knowledge is created and exploited to solve problems.  Thus, effective pedgagogical approaches that 40 

empowers students to solve complex problems through active learning would be valuable across all disciplines in higher 41 

education institutions (HEIs) context. 42 

Despite institutional interests in RIT, extensive theoretical and emperical efforts to mainstream RIT in practice is 43 

still lacking as there is no integrating frameworks or models to harmonously unify research activities and teaching 44 

activities for impacts in a sustainable way. From institutional perspective, (Robertson, 2007) observed that not being 45 

clear by government and higher education institutions may be creating an ontological crisis for those working in the 46 

academy. This argument appears more persuassive as many Higher education institutions across the globe create 47 

academic roles that focus on Research only, Teaching only and Research, Teaching & Enterprise. Deepening these 48 

roles as siloed roles may reduce the efficency and effectiveness of RIT at the levels of individuals, universities, nations 49 

and the global scientific community. On the other hand, integrating efficient and effective RIT strategy in HEIs, could 50 

improve their overall productivity and impacts across the globe.  51 

Students have varying degrees of perception on RIT depending on their level of exposure in their curriculum. 52 

(Limniou et al., 2019) observed that research activities and students’ interactions through dialogue and collaboration 53 

with their teachers and amongst their peers can be improved by studying real-example applications from research 54 

activities. Thus, RIT has both student and teacher’s dimensions. 55 

The overall aim of this paper is to critically reflect on my pedagogical approach for integrating research and teching 56 

to propose a CReTeaM as a systematic approach to translating outputs from research activities into teaching and 57 

learning materials, contents, activities and experiences. In turn, this enhances research activities in a circular, impactful 58 

and continous improvement fashion.  Specifically, my objectives are to: 59 

1. Propose CReTeaM as a pedagogical model for embedding research activities of the teacher and stu- 60 

dents into teaching and learning to facilitate project-based learning and inquiry-based learning. 61 

2. Present a case study on the use of air-engine project within the proposed CReTeaM  62 

3. Present a case study on how Questelligence theory was used to create research projects and how arte- 63 

facts from the projects enriched teaching and learning. 64 

4. Critically reflect on the opportunities for transforming CReTeaM into pedagogical framework for RIT. 65 

 66 

The significant of this study is that it provides insights to researchers and teachers on the pathways for improving 67 

impacts of their research to enhance students’ learning experiences. The contribution of this paper is that it highlights 68 

circularlity of RIT as a strategic approach to formulating pedagogical frameworks. Thus, HEIs and governments can 69 

improve how disciplianry research and pedagogical research are unified regardless of the nomenclature of academic 70 

job roles. Individual teachers and researchers would take personal responsibility to ensure that their research and 71 

teaching activities are impactful nationally and internationally. 72 

The outline of the paper is structured as follows: Next section presents the literatures underpining the conceptual 73 

and theoretical framework of the CReTeaM. It also highlites the philosophical underpining of RIT mindset. Section 3 74 

presents two case studies to illustrate how I applied the CReTeaM as a pedagogical approach. Section 4  presents a 75 

critical reflective practice on the topic in my classrooms and global implications for HEIs research and teaching while 76 

Section 5 presents the conclusions of the study. 77 

 78 

 79 

 80 
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2. Literature Review 81 

2.1 Conceptual and Theoretical Framework 82 

 RIT mindset was proposed by (Joseph‐Richard et al., 2021) and they demonstrated that it has impacts on teachers’ 83 

own practice in multidisciplinary contexts. CReTeaM was inspired by our previous work in energy and exergy efficiencies 84 

enhancement analysis (Ogbonnaya, Turan, et al., 2019) which used evolutionary approach to seek for the optimal 85 

configuration of modularisable integrated photovoltaic-fuel cell systems in terms of cost, efficiency and complexity. The 86 

finding shows that waste energy and exergy losses from a photovoltaic module reduce the overall effciency of the 87 

systems. However, if wastes and losses from the systems are targeted at all cost, at some point, the cost and complexity 88 

of the system would become suboptimal. Assuming that research outputs are energy inputs that could generate valuable 89 

outputs for the teacher and students, then, theoretically, there can be wastes and exergy losses. The question is 90 

therefore how energy inputs on research could be harneses for more impacts for the students and teachers using a 91 

reliable and practical model. Adopting CReTeaM could make research and teaching activities more meaningful and 92 

satisfying because of improved efficiency and effectiveness of a teacher. 93 

Figure 1 shows the conceptual framework for CReTeaM assuming that generation of knowledge starts from 94 

research of the teacher or/and the students. Research of the teacher may include funded research, persoanl research 95 

and collaborative research. Research of students may includes final year project or research conducted during 96 

coursework. These research activities create diverse research outputs. There are specific benefits of CReTeaM for the 97 

teacher. For instance, experience is gained by the teacher, which enable the teacher to shape research and teaching 98 

experiences of subsequent students.  99 

   100 

 101 

  102 

 103 

 104 

 105 

 106 

 107 

 108 

 109 

 110 

 111 

 112 

 113 

 114 

 115 

 116 

 117 

Figure 1: Circular Research and Teaching Model 118 

 119 

The evidence from the teacher and students can also be used for career and professional development. In my 120 

case, evidence from my research activities as well as those of my students proved valuable during my application for 121 

Senior Fellowship of Higher Education Academy and during my promotion as I needed to provide evidence of impacts. 122 

Without intentional design and generation of evidence from practice using CReTeaM, the opportunities would have been 123 
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lost. For undergraduate and postgraduate students, research for projects or coursework advance their knowledge and 124 

skills. Their outputs also act as inputs for further research and teaching. An example was a final year students who 125 

studied comparative analysis using inferential statistical method to study her data on bioinspired teamwork model and 126 

leadership and data generated from a student three years before her. She advanced the study by applying the model 127 

for studying teamwork and leadership in a context of engineering project management using the Project Management 128 

Institute’s Book of Knowledge and Standards. Later, a case study will be presented on how an air engine project, a 129 

group Coursework for Part A students, was used as class activity and individual coursework for final year students. The 130 

air engine was an input into postgarduate lean manufacturing class activity and individual coursework. CReTeaM could 131 

serve as a pedagogical approach to enrich teaching and learning experiences of students in hands-on professional 132 

discipline. 133 

The impact of RIT could be instrumental (to shape teachers practice or institutional policy), conceptual (to elucidate 134 

university teaching and reframing conversation on the epistemological implications of RIT) or capacity-building (to 135 

enhance personal and professional development) (Joseph‐Richard et al., 2021). CReTeaM is build upon constructivist 136 

view of knowledge acquisition which elicit high degree of dialogue among students and knowlegde was often created 137 

through students’ creativity, imagination and problem-solving skills whilst I take a position of a facilitator, providing useful 138 

feedback and asking questions that draw students into deep thinking and active learning. Section 3 presents two case 139 

studies to show how the CReTeaM was applied in my research and teaching activities. 140 

 141 

3. Case Studies on CReTeaM in Higher Education  142 

CReTeam has a cyclic framework containing four phases: Research Activities; Research Outputs; Research and 143 

Teaching contents and inputs; and Teaching and Learning Activities. The two case students will be presented using the 144 

four phases of CReTeaM. 145 

3.1 Exploitation of Air Engine Project Artefact for Teaching and Learning 146 

The case of an air engine project by Part A student involved the use engineering drawings of an air engine 147 

produced by a Lecturer. The engineering drawings were used to set project-based and team-based Coursework for Part 148 

A students in engineering management and prodduct design engineering students.  149 

  150 

RESEARCH ACTIVITIES 151 

Students were exepected to conduct own research and attend training at the workshop to enable them interprete 152 

the drawings, fabricate the parts at the engineering workshop and assemble the parts to make the air engine. The air 153 

engine was tested at the end of the project. Speed (rpm) and pressure (psi) data were recorded and plotted by the 154 

students as part of the Coursework. 155 

 156 

RESEARCH OUTPUTS 157 

Two outputs from the students’ coursework which acted as inputs into further research and teaching were the air 158 

engine prototype and the test data. Figure 2 shows the image of an air engine system. Without using CReTeaM as a 159 

pedagogical framework, research and teaching activities would have been concluded after assessment and feedback 160 

to students. Interestingly, using CReTeaM requires evaluation of the outputs from the research and coursework with an 161 

intention of deciding whether outputs from the projects or coursework could be integrated into further research and 162 

teaching activities. This empowers a mindset of continous improvement of research and teaching evolutionary and 163 

cyclically, thereby increase the efficiency and effectiveness of the teacher. 164 

 165 
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 166 

 Figure 2: A prototype of air engine 167 

 168 

 169 

RESEARCH AND TEACHING CONTENTS AND INPUTS 170 

The outputs from the air engine project were used to set Coursework for MSc students in lean and agile 171 

manufacturing module. The students were asked to conduct as research and develop novel integration integrated 172 

photovoltaic-fuel cell energy system for distributed clean energy generation. This coursework was accompanied by my 173 

previous research papers I published from my PhD research (Ogbonnaya, Abeykoon, et al., 2019; Ogbonnaya et al., 174 

2021; Ogbonnaya, Turan, et al., 2019) to enable the students learn more about integrated energy systems designs, 175 

sustaianble energy, supply chain management and risk management (Ogbonnaya & Hegarty, 2024). The test data was 176 

used to set a Coursework question on statistical process control and quality management. Students were asked to 177 

design a procedure for testing the air engine systems based on the experimental data from Part A students, assuming 178 

that their procedure would be applied in mass production of the air engine.  179 

 180 

TEACHING AND LEARNING ACTIVITIES 181 

Two of the air engines were disassembled and used as class activity in a lean manufacturing class. The Group 182 

activity required Group A to assemble the air engine without the assembly drawing but looking at an assembled air 183 

engine. Group B was given the assemble drawing as well as an assembled air engine. Group B assembled the air 184 

engine faster than Group A, which contributed to establishing the knowledge on visual management and standardisation 185 

of operations. Students observed and compared the two approaches and the lessons learned was very clear. 186 

3.2 Mainstreaming of Questelligence Theory and Domain-based Systems thinking into Research and Teaching  187 

The second demonstration of CReTeaM was based on a research I started as an independent research from 2010. 188 

The evolution of the research led to publications of books, templates, models, blogs and articles on the Questelligence 189 

Theory and Domain-based systems and systematic thinking. This case study will show how the Questelligence theory 190 

has been investigated by students and applied as framework for creative and analytical thinking for problem-solving. 191 

 192 

RESEARCH ACTIVITIES  193 

From my perspective as a teacher, the research activity focused on theory of thinking, theory of systems thinking 194 

and how the theories can be applied in communication, problem-solving, metacognition, games design, etc. The 195 

research has helped me to develope theoretical models and execute projects using systems thinking and systematic 196 

approach. Figure 3 shows the 7 domains that uderpin Questelligence theory and domain-based systems thinking theory. 197 
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Extensive documentations of the theories can be found in my two books: Thinking, Knowing, Doing and Being 198 

(Ogbonnaya Chukwuma, 2021)  and Domain-based Systems and Systematic Thinking (Ogbonnaya, 2024).  199 

 200 

 201 

 202 

 203 

 204 

 205 

 206 

 207 

 208 

 209 

 210 

 211 

Figure 3: The Questelligence Domains 212 

 213 

From the perspective of the students, their research focused on embodiments of the theories and demonstrating 214 

applications of the models I generated from my research. For instance, a student designed and prototyped a 215 

mechatronic spinner whereas another student designed and prototyped a low-cost mechanical spinner in their final year 216 

project. The intended learning objectives was to teach students Lean and Agile Design and Prototyping Methodology 217 

for product innovative. By conceptualising, designing, formulating the physics, fabricating components, assembling and 218 

testing of a prototype of an engineered system, the students learned how to translate conceptual ideas to prototype of 219 

products. This can be repeated whenever they need to generate prototypes to solve engineering problems. 220 

Students have applied the domain-based systems theories in brainstorming and problem solving. For instance, 221 

students have studied supply chain management based on Domain-based risk management framework. This involves 222 

identification and classification of risks based on domains of objective, people, process, time and place using the reason 223 

and specifics domains. 224 

 225 

RESEARCH OUTPUTS 226 

Output from the students’ research on the embodiment of the seven domains of Questelligence are shown in 227 

Figure 4(a) and 4(b). This prototypes were designed to facilitate teaching and learning of statistics and experimental 228 

probability at Primary and High Schools. The spinner can also be used to to create games for fun activities such as co- 229 

creating stories using domain-based thinking.  230 

 231 

 232 

 233 

 234 

 235 

 236 

 237 

 238 

 239 

 240 

Figure 4: Prototypes of the 7 domains (a) Mechatronic Spinner (left) and 4(b) Mechanical spinner (right) 241 
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Figure 5 shows how a student applied domain-based thinking for brainstorming on possible areas to consider 242 

when formulating risk management framework for a food manufacturer. The student specifically defined the domains 243 

that could trigger risks and the next step was to translate the identified domains into risk statements, which can be 244 

assessed and managed. This approach ensures that risks are categorised into domains and managed through a 245 

systematic approach. 246 

 247 

                    Figure 5: Brainstorming activity using domain-based thinking 248 

 249 

Figure 6 shows the result from an undergraduate student project which investigated supply chain risks in 250 

sportswear manufacturing and distribution. This particular question was based on objective domain to understand the 251 

motivations and considerations of sportswear customers in other to set performanance objectives for sportswear 252 

manufacturing. 253 

 254 

 255 

 256 

 257 

 258 

 259 

 260 

 261 

 262 

 263 

          Figure 6: Factors influencing the buying decisions of sportswear customer 264 

 265 

Figure 7 shows the result from an MSc project in which the student created an algorithm using Python to classify 266 

words respondents used as they answer open-ended questions. He categorised the themes into domains so that they 267 

can be translated into operational strategy and management activities as the analysis provided insights into the thinking 268 

of the respondents, with an assumption that what they mentioned most ranks high in terms of priority. 269 

 270 

 271 

     272 
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 274 

 275 

 276 

 277 

 278 

 279 

 280 

 281 

 282 

 283 

 284 

 285 

              Figure 7: Thematic classification of responses for metacognitive insights 286 

 287 

Table 1 shows the classification of risks using domain-based risk management approach applied in MSc module 288 

on engineering project managemnt. This output creates an exemplar that future students can study to create risk register 289 

for project and operations. 290 

 291 

Table 1: Classification of risks using domain-based risk management approach 292 

 293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 

 301 

 302 

 303 

 304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 
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RESEARCH AND TEACHING CONTENTS AND INPUTS 317 

In the case of Coursework on domain-based risk management, students were required to identify, classify and 318 

evaluate risks that may apply to manufacturing operations or projects. Table 1 was an output from risks associated with 319 

installing photovoltaic systems in schools and hospitals in five African countries. Domain-based risk management 320 

provided them with critical lenses to evauate the domain of risks associated with the project and the context of the 321 

project. This could be beneficial in clustering risks so that experts can manage them. For instance, people risks can be 322 

managed by Human Resources Managers or Team Leads. Process risks can be managed by technical staff. The 323 

Questelligence theory form a body of knowledge that could create research and teaching activities, thereby reinforcing 324 

skills of the student to creatively solve problems using domain-based systems thinking framework. Moreso, deeper 325 

reflection on the artefacts and results generated by the students tend to be so validating that I have developed more 326 

projects and teaching materials based on the theory.  327 

 328 

TEACHING AND LEARNING ACTIVITIES 329 

The Questelligence Theory and Domain-based Systems Thinking are epistemological and ontological models for 330 

thinking and metacognition. It leverages the theory of thinking and systems theory to generate and implement teaching 331 

and learning activities. The application of Domain-based Systems thinking (DBST) for teaching and learning includes 332 

creation of case studies in which students can explore risk identification and supply chain network design based on the 333 

7 domains of Questelligence.  334 

Recently, I desgned an MSc module on project management using DBST framework. The contents were 335 

organised in lectures focusing on objective domain of project management, people domain of project management, 336 

place domain of project management, process domain of project management, time domain of project management, 337 

Systems integration domain of project management using reason and specifics domains. This compressed the contents 338 

into 5 domains, which reduced the cognitive cost of understaning the principles, methodology, tools, techniques and 339 

processes of project management. The use of DBST framework for module design would include a General introduction 340 

lecture, five lectures on the five domains, a lecture on system-level integration and the last lecvel on case studies, 341 

depending on the type of the module. 342 

 343 

4. Critical Reflection on ReTeaM as Pedagogical Framework 344 

This paper advances the argument for circularity of RIT as a means of enrichment of educational contents, teaching 345 

and learning activities as well as improving the personal, career and professional development of a reserch-informed 346 

teacher. RIT mindset has already been proposed by by (Joseph‐Richard et al., 2021). In their work, they stated: “because 347 

of RIT, lecture design, delivery, assessment and student support activities have become more inquiry-focussed; study 348 

spaces have turned into collaborative learning contexts and classroom communications have become more 349 

comprehensible”. CReTeaM aligns with their proposition as it reflects my experience as a teacher in Higher education 350 

institution who has a significant understanding of UK Professional Standard Framework (UKPSF) as a Senior Fellow of 351 

Higher Education Academy. From experience, I believe that circularity of RIT can increase the efficiency and 352 

effectiveness of teachers across the globe. This is because losses of opportunities for impacts with research outputs 353 

would be dramatically reduced when circularity takes the center stage in the implementation of RIT based on CReTeaM. 354 

From the case studies, the teaching and learning activities on air engine have led to listing further research project 355 

for undergraduate final year students which will focus on thermodynmic analysis (or energy and exergy analysis) of 356 

configurations proposed by the MSc students. The output of this final year project can be published in an international 357 

journal and subsequently used to create teaching content or further research activity. By recycling and reusing ouputs 358 

from research and teaching activities, the cycle continues with benefits of continous improvements based on lessons 359 
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learned. The evidence and outputs can also be used to evidence my pedagogical practice and professional development 360 

thereby increasing the overall impact of the air engine project which may have been left unexploited after Part A 361 

coursework assessment and feedback.  362 

Unlike the air engine project which was a practical activitity, QT and DBST were initially theoretical. Yet, the case 363 

study shows that it provides a creative, analytic and reflective framework for students for coursework and practical 364 

projects. The recent application of the DBST for module design and delivery was a testament on the utility of continous 365 

improvement in the use of CReTeaM as a pedagogical framework. The accumulation of knowledge from my independent 366 

research inspired results from the coursework and projects from students. These gave me the confidence that the entire 367 

body of knowledge of project management can be categorised into domains and the feedback from the student were 368 

positive. I look forward to reorganising old modules using DBST and supporting other teachers to learn the novel 369 

pedagogical framework. It is anticipated that the potential impacts of CReTeaM could lead to teachers creating teaching 370 

materials from existing and new research projects.  371 

To increase efficiency and effectiveness of RIT in HEIs, CReTeaM needs to be embeded into institutional and 372 

national pedagogical frameworks. Thus, CReTeaM proposes valuing research from academics and students as inputs 373 

into advancing education of future generation in the fast-paced learning environment driven by AI tools and GenAI 374 

infrastructures. One practical approach to HEIs and national government support is promoting Open Access Publishing 375 

and sharing of teaching and learning as exemplified by MIT Open Courseware and other Open access educational 376 

platforms. UNESCO Recommentation on Open Science considers research outputs as public good for all humanity. As 377 

such institutions should support research and teaching approaches that makes novel and origanial scientific knowledge 378 

and effective pedagogical approach to be openly available, accessible, reusable, whilst promoting transparency, rigor, 379 

collaboration and ethical values. 380 

 381 

 5. Conclusions 382 

This paper proposed CReTeaM as a circular model for RIT in Higher Education Institutions across the globe. I 383 

adopted reflective practice approach to utilise own experiences on how CReTeaM can enhance research, teaching and 384 

learning in a cyclic, impactful and continously improving fashion. Two case studies were presented. The first case study 385 

presented was on the reuse of an air engine project artefact from part A students for setting MSc coursework and 386 

creating class activity. The second case study demonstrated the development of a novel pedagogical approach using 387 

the Questelligence theory and domain-based systems thinking. Although, I have applied CReTeaM to advance both 388 

theory and practice of engineering in a higher education context, it could improve the efficiency and effectiveness of 389 

teachers whilst improving learning experiences of the students in other professional disciplines.  390 

 391 
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