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Introduction: This study addresses the urgent need for standardized frameworks in Continuing Engineering Education (CEE) to support lifelong learning in the rapidly evolving global workforce. Significant events, such as the Digital Transformation and the rise of artificial intelligence, have highlighted the demand for adaptable and diverse learning systems, especially in engineering education. On the one hand, the World Economic Forum's, 2023 Future of Jobs Report predicts a transformation in 44% of workers’ core skills within 5 years, with engineering facing substantial labor shortages. On the other hand, the Paris Agreement’s call for sustainable development necessitates a workforce with skills aligned with the green transition.

Methods: The research introduces an innovative framework taxonomy that categorizes and organizes CEE programs by integrating standardized terminologies. It focuses on critical elements such as resourcing, organizational models, and program development strategies to provide a comprehensive structure that supports consistency and comparability across diverse educational contexts.

Results: Unlike existing models, the proposed framework enhances cross-institutional learning and dissemination of best practices. It identifies key components required for effective CEE management, filling a critical gap in the literature. The study’s output is a taxonomy for discussing and comparing CEE institutional approaches and practices to advance the field and foster a global CEE community committed to excellence in engineering education.

Discussions: This study equips educators, policymakers, and industry leaders with a practical tool to design, implement, and scale CEE programs. It ultimately fosters a skilled workforce prepared to meet the challenges of future technological and sustainable transitions, supporting the development of a standardized approach to CEE.
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1 Introduction

Despite the growing importance of Continuing Engineering Education (CEE) in addressing skills gaps driven by technological advancements and sustainability demands, there is a lack of standardized frameworks and taxonomies to categorize and manage CEE programs effectively categorize and manage CEE programs. This absence hinders cross-institutional collaboration, knowledge sharing, and the ability to assess the quality and effectiveness of CEE initiatives. Existing frameworks lack a common language, complicating CEE activities’ design, delivery, and evaluation and the design, delivery, and evaluation of CEE activities across educational contexts. Global events, such as the rapid adoption of artificial intelligence tools, widespread uptake in digital education, and a dynamic labor market (in terms of the nature of jobs, roles, and occupations) across diverse workforces, necessitate an innovative response to upskill and reskill those in the workplace. This urgency is apparent, with 44% of workers’ core skills expected to adapt by 2030. Moreover, engineering is a crucial occupation with identified labor shortages (World Economic Forum, 2023). Additionally, 18 million more green transition jobs are expected to be created worldwide in our effort to achieve the Paris Agreement (International Labour Organization, 2018). These developments highlight the need to boost the Continuing Education and Lifelong Learning systems and adapt them to be more diverse and agile. For the purpose of this study, Continuing Education (CE) is defined as the “professional development activities in which an employee, typically with a completed academic degree, seeks further learning from a higher education institution” (Friedman and Phillips, 2004). Lifelong learning (LLL) refers to the learning activities aimed at improving knowledge, skills, and competencies throughout life, having an impact on both professional and personal development (Froehle et al., 2022).

Skills and competencies are critical competitive factors in the industry. As companies continually adapt to rapid technological advancements that consistently impose new requirements on engineers, the significance of CEE cannot be overstated. Industries are transforming in response to these technological shifts and changing market demands, making it increasingly critical for professionals to update their skills and knowledge. Despite the acknowledged value of CEE, there remains a notable lack of standardization in how continuing education activities are categorized and delivered (Thwe and Kálmán, 2024). This absence of a unified framework complicates the ability of individuals and organizations to assess the quality, relevance, and effectiveness of CEE learning activities and challenges providers of CEE to design, develop, and compare activities, such as through credit systems like European Credit Transfer and Accumulation System (ECTS), levels of progression, and further also a common language for researchers to study CEE learning activities. Although this diversity provides opportunities for cross-fertilization of ideas and creativity, it can also result in fragmentation of the field and duplication of effort. Therefore, it becomes essential to develop a taxonomy that creates a language with common terminology to facilitate more precise communication and understanding among stakeholders involved in CEE, enabling more effective responses to these evolving demands.

Research within CEE is wide-ranging, diverse, and interdisciplinary; it builds on exciting and innovative research and practice being conducted in a broad range of educational and professional engineering settings across the globe. The timely and efficient capacity building of professionals and employees is becoming a priority in many countries, not only to ensure that no one is left behind in this era of great transformation but also that the labor market has the skills needed to meet the needs of this new economic, environmental, and social setup. Although influenced by unique country-specific contexts, governments and educational institutions actively seek appropriate responses to these challenges, often in isolation and without a clear guide to designing their CEE and LLL systems best.

The diversity of CEE activities, from formal to informal to non-formal learning activities, along with various delivery methods, such as online platforms, workshops, seminars, courses, and work-based learning, presents a complex ecosystem. This complexity also challenges participants in effectively navigating their learning paths and providers in efficiently designing and marketing their offerings. Furthermore, employers and accrediting bodies struggle to recognize and value CEE achievements due to lacking this common language and standards. These challenges suggest the need for a taxonomy of continuing engineering education activities and their delivery methods. A well-defined taxonomy would provide a standardized language that categorizes CE activities and delivery methods, facilitating stakeholder communication. However, no taxonomy, framework, or standardized language exists for comparing and managing CEE learning programs and interventions. A taxonomy is a hierarchical scheme that classifies terms within a field using a standardized language (Finelli et al., 2015). In the context of this research, a framework is taken to be a system of classification that can categorize and organize how institutions and program teams manage and deliver CEE (Nickerson et al., 2013). Additionally, there are limited conceptualizations around frameworks and taxonomies in Continuing Education (Jarvis, 1996, 2004) and recognition of the complexities in developing such taxonomies, as well as being focused on the learning [micro-level] activities rather than institutional decision-making (Lindsay and Richard, 1972). This paper addresses this gap by introducing a taxonomy around CEE models, and focusing on effectively managing these programs to encourage the exchange of best practices.

Recent studies underscore the need for a taxonomy in continuing education. Initial works in 2023 examined meso-level factors within academic institutions, primarily in Europe (Caratozzolo et al., 2023; Gomez Puente et al., 2023). These studies develop a systematic understanding of continuing education by categorizing key aspects into drivers and opportunities, organizational arrangements, types of offerings, and accessibility. These classifications not only refine the approach to continuing education but also provide a foundation for effectively comparing different educational systems and practices. Thus, a well-defined taxonomy is essential for categorizing and simplifying complex information and fostering dialogue and collaboration across educational landscapes. It acts as a critical tool in advancing the field of continuing education by enabling a clearer understanding of existing patterns and emerging trends and providing a structured framework that supports ongoing research and development in this vital area.

This study builds upon a 2023 comparative analysis of CEE at diverse universities in different countries, emphasizing the necessity for a standardized language to facilitate cross-country and cross-institutional knowledge sharing (Gomez Puente et al., 2023). This paper aims to unveil a new framework that could be adopted across different countries and continents, highlighting categories such as resourcing (of learning), organizational/business models, and program development strategies. The impact of this framework lies in facilitating the exchange of knowledge and best practices among actors in CEE and allowing them to embark much more quickly on collaborative projects in this space. Furthermore, the fact that CEE is on top of the agendas for many educational institutions and universities, it becomes essential to have a framework that allows for self-assessment of the organizations, for mapping and comparing CEE strategies, and, consequently, for the purpose of benchmarking. Finally, this taxonomy helps bridge the gap between academia and the labor market as education can be better aligned with industry needs at employers’ services.

Research Question (RQ): What are the critical components of a framework for comparing Continuing Engineering Education (CEE) programs?



2 Overview


2.1 The complexity of discussing continuing engineering education (CEE) practices

CEE offerings support ongoing learning, upskilling, and reskilling development to keep engineers abreast of evolving technologies, methodologies, and industry standards (Pérez-Foguet and Lazzarini, 2019; Kimmel et al., 2022; Li, 2022; Leon, 2023). These programs may include workshops, seminars, courses, certifications, conferences, and other professional development activities tailored to meet the specialized needs of engineers across various disciplines and career stages. However, discussing and comparing these practices presents inherent complexities due to the multifaceted nature of engineering education, which poses challenges when discussing and comparing CEE practices. Engineering encompasses diverse fields with specialized knowledge areas and skill sets (Caratozzolo et al., 2022; Skills Future Singapore, 2022). Additionally, CEE involves various stakeholders, including educational institutions, industry partners, professional associations, and regulatory bodies, each with distinct perspectives, goals, and priorities. Moreover, the rapid pace of technological advancements and industry changes further complicates the landscape, requiring CEE programs to adapt continuously to emerging trends and developments.

Traditional approaches to evaluating CEE programs often lack standardized language and taxonomies, which hinders effective communication and comparison of practices across institutions and countries (Lawanto et al., 2017). Without clear definitions and categorizations, assessing, comparing, and disseminating best practices in CEE becomes challenging. Standardized language ensures consistency in terminology, while taxonomies provide structured frameworks for organizing and classifying CEE practices based on critical criteria such as program objectives, delivery methods, learner outcomes, and assessment metrics. Standardized vocabularies and taxonomies can facilitate more efficient knowledge sharing, collaboration, and quality assurance in CEE initiatives.



2.2 Motivation for standardized language

In the context of CEE within the Industry 4.0 and Education 4.0 frameworks, standardized language facilitates effective communication and collaboration among professionals across diverse engineering disciplines (Chakraborty et al., 2023). The necessity for standardized language in discussing CEE practices stems from the urgency to adapt engineering education to meet the demands of a rapidly changing global workforce (Lagorio et al., 2023; Thwe and Kálmán, 2024).

The World Economic Forum's, 2023 Future of Jobs report highlights the impending evolution of workers’ core skills, emphasizing the critical role of CEE in addressing labor shortages and facilitating the green transition outlined by the Paris Agreement (Horowitz, 2016; World Economic Forum, 2023). As the skills required in the workforce evolve, CEE programs play a crucial role in upskilling and reskilling engineers to meet these changing demands. Researchers can identify common themes, emerging trends, and best practices in CEE by systematically examining various sources. These insights inform the development of a taxonomy with standardized language and an associated framework by highlighting key concepts, terminology, and areas where consensus or divergence exists among practitioners and researchers. Consequently, standardized language, a taxonomy, and a framework developed through this process are more likely to be comprehensive, inclusive, and reflective of the diverse perspectives and practices within the field of CEE (Baukal, 2022; Kimmel et al., 2022; Kubrushko and Kozlenkova, 2019).



2.3 The CEE taxonomy and its importance

A taxonomy is an essential prerequisite for further research and practice in CEE. The importance of a CEE taxonomy lies in the organization and categorization of diverse elements inherent in these educational initiatives (Finelli et al., 2015). It helps to break down complex phenomena into manageable and coherent structures, making it easier for stakeholders to understand and navigate the landscape of CEE programs. Moreover, a taxonomy allows for the standardized language development, promoting clarity and consistency in discussions surrounding CEE practices. Through the implementation of a taxonomy, stakeholders in engineering education can navigate the complexities of CEE more effectively, driving innovation and advancement in the field (Coleman and Radulovici, 2020; Caratozzolo et al., 2023). The taxonomy’s structure helps stakeholders identify critical components, relationships, and patterns within CEE programs, ultimately driving innovation and advancement in the field by promoting informed decision-making and strategic planning.




3 Methodology

The nature of the research question is predominantly qualitative, with the first objective of determining terms and concepts that describe CEE programs. When viewed in terms of any taxonomy of terms enabling the enhanced exchange of ideas, then the components need to encompass both (a) the educational aspects (what, who, where, and how it is delivered) and (b) include contextual components that speak to the way it is delivered. Specifically, the methodology is sequential mixed methods, with a qualitative, inductive analysis of existing case studies to generate the initial taxonomy and a quantitative step to count occurrences of identified terms within the literature to examine whether alternative wording in this initial taxonomy was supported through frequency of use of terms found in existing literature; the details of this are presented below.

The methodology for this research reflects that of Finnelli et al. used to develop a taxonomy for Engineering Education Research (EER) (Finelli et al., 2015). The EER taxonomy was developed to support a range of groups (researchers, novices in the field, journal editors, and funders) in having a standardized terminology. The development of the EER taxonomy was guided by two main principles: first, that it would be helpful, and second, the use of an inclusive process. Therefore, in line with (Hedden, 2010), a series of subject matter experts from different countries were engaged, along with studying the existing corpus in Engineering Education. In particular, Finelli (ibid) developed an initial draft version refined through conference events and engagement with groups of experts.

For this taxonomy around CEE, the authors sought to produce a helpful taxonomy through an inclusive process involving representatives from eight countries. The utility of this is that it is relevant to novice researchers, helps to “map the field” and will allow researchers and practitioners “to situate their individual research initiatives in the broader field, see connections and synthesize ideas, … and plan future work” (Finelli et al., 2015, p. 366). Specifically, the methods for the Research Question were: (i) to inductively re-analyze an existing comparative case-study data set, version 1.0 (Gomez Puente et al., 2023) to determine a broader range of concepts outlined and the language used, (ii) these terms were then inductively synthesized into an updated taxonomic framework, version 2.0, (iii) a mapping review was undertaken using originally-generated terms along with synonyms to determine the frequency of use of those terms, (iv) a subsequent updating of a taxonomic framework based on a review of frequency, version 2.1. Such a process aligns with the analysis of the existing corpus and the engagement of subject matter experts (Hedden, 2010; Finelli et al., 2015).

For the first step, eight previous case studies were re-analyzed, and a collaborative, online workshop was held between the eight co-researchers to list additional terms relevant to CEE. This workshop expanded the set of terms from 21 to 92. Subsequently, one researcher inductively grouped these additional and pre-existing terms, moving from the original five categories of Gomez Puente et al. (2023) to four top-level categories: (1) Drivers and Opportunities; Organizational Arrangements; (2) Types of CEE offering; and (3) Accessibility of CEE; this grouping synthesized previous top-level categories and provided a broader mapping of the CEE field. The other research team members evaluated and validated this grouping through a collaborative online review. In particular, the updated taxonomy was shared with co-authors 7 days before the online review. In the online review, the other co-researchers reviewed the overall taxonomy, specifically structure and language, and discussed whether the categories were (a) representative of the case studies and their institutional practices, (b) provided an appropriate clustering of the terms that had been generated from the previous workshop in which they had been involved; and (c) whether the current categorization would be helpful to [linking back to Finelli et al.’s (2015) principle]. This review saw broad consensus through confirmational discussion of each category. However, the review did lead to minor changes, such as the addition of ‘blended’ to ‘Delivery modes, and the change of the fourth category from ‘Accessibility of CEE’ to ‘Accessibility and inclusion of CEE’ that saw an expansion of terms in this category to reflect ‘Assistive technology’ and sub-terms, ‘Economic support’ and sub-terms. And ‘Geographical support’ and sub-terms.

A broad and exploratory mapping was performed to review the literature related to critical topics. This mapping aimed to describe the current state of knowledge in these areas. The search strategy focused on obtaining documents from the Scopus database, focusing on English language publications from 2015 onwards (Lockwood et al., 2019; Mak and Thomas, 2022). Each retrieved document was carefully examined to assess its relevance to the study objectives.

This process of retrieving and assessing these documents was performed by prioritizing documents published in English to ensure consistency across the international research team. In addition, only works published after 2015 were included to maintain relevance and reflect current trends in CEE. Key search terms included “taxonomy,” “lexicon,” “framework,” “labor education,” “continuing engineering education,” “continuing education,” “professional development” and “lifelong learning,” along with their synonyms. Only papers indexed in Scopus were considered, ensuring academic rigor in the selection process. Additionally, documents that significantly deviated from key topics or did not address relevant terms were excluded from consideration. Research published before 2015 was also excluded to focus on contemporary scholarship and those not in English to maintain consistency across the board. These criteria helped streamline the selection process, ensuring that only the most relevant and highest-quality papers were reviewed to inform the development of a comprehensive and up-to-date taxonomy.

Subsequently, a comprehensive base taxonomy of terms was compiled based on the authors’ previous work and studies. This initial taxonomy served as a basis for identifying synonyms and similar terms using Large Language Model LLM-based methods (Thießen et al., 2023). This aims to broaden the range of search terms and ensure the inclusion of the most prominent and widely recognized terms within the defined taxonomy.

After compiling synonyms and analogous terms related to the base taxonomy, a comprehensive review of the collected literature was conducted to identify works containing keywords related to the base taxonomy. The aim was to give priority to terms that were considered popular and current within the field. The objective was to integrate these terms into the taxonomic structure, refining it to reflect the contemporary standardized language of the study area. This iterative process involved modifying the base taxonomy to incorporate terms better aligned with prevailing terminology and thematic relevance, ensuring the resulting taxonomy was accessible and up-to-date. Once the collected works’ content, themes, and subthemes were identified, a detailed analysis was conducted to validate and refine the underlying taxonomic structure. The rigorous validation process involved comparing the identified terms with a complete corpus of related literature, focusing on integrating the most relevant and prevalent terms to enrich the taxonomic framework. The decision-making around this reflected the following decision criteria:

1. An alternative term, highlighted by frequency analysis of literature, would be adopted if it still reflected current and emergent terminology;

2. More general terms were kept, rather than terms or phrasing that was potentially limiting (e.g., workshop as just one method to develop a CEE educator, so while this term is prevalent in literature, then it was not adopted);

3. Terms reflecting current and emergent usage were preferred, such as up- and re-skilling (over professional development);

4. Redundant terms of the hierarchy were removed, such as having ‘Masters award’ in the category of ‘University full-awards’;

5. Consideration was given to terms, based on the range of nationalities of co-researchers, to find terms that would be as international as possible and not tied to one nation or institution;

6. That the most frequent term had not sufficiently captured the original term’s essence.

Finally, the additional components from this literature search were used to refine the taxonomy, version 2.1, presented in Section 4.3.

A methodological limitation of this research is that it is mainly European-focused on individuals within academic-only institutions. This emergent taxonomy needs further validation within the co-researchers institutions. Additionally, the intention is to use future conferences to share, discuss, and further refine the taxonomy with a broader range of participants (non-academic institutions, different countries, and continents) (Finelli et al., 2015).



4 Findings and discussion


4.1 Initial taxonomy refinement

An early form of the categorization was presented as part of the 2023 findings of Gomez Puente et al. which focused just on meso-level factors (so a subset of data and smaller in scope than the current RQ) (Gomez Puente et al., 2023). These findings were subsequently presented in a taxonomic format. The analysis of the comparative cases from eight (8) academic institutions with the broader RQ used in this research led to terms and categorization into four: (a) Drivers and opportunities, (b) Organizational arrangements, (c) types of CEE offering, and (d) Accessibility of CEE. Table 1 shows the uppermost three levels for each area for ease of display. The complete taxonomy has a maximum of six (6) levels. This refinement occurred when the researchers compared the CEE units of their respective universities and found many differences, mainly in how CEE is organized. In some countries, a clear separation of free basic education on the one hand and fee-based continuing education on the other hand needs to be observed which entails different organizational and financial settings. In case of such a separation, the university’s teaching staff must not be involved in continuing education as part of their teaching obligation but has to do it as a paid side job. Consequently, it may be appropriate to outsource the CEE activities to a private but associated company, which again leads to further differentiations. This and other aspects finally led to a deeper taxonomy tree with six levels that apply to universities as CEE providers.



TABLE 1 Emergent taxonomy from a broader analysis (version 2.0).
[image: Table1]



4.2 Findings in the clustering process for the mapping review

This subsection presents the findings derived from the clustering process undertaken during the mapping review. This clustering process was integral to the research as it aimed to group related documents based on thematic similarities. It offered a structured way to analyze patterns in the literature on Continuing Engineering Education (CEE) and lifelong learning. By clustering documents around the key terms: “taxonomy,” “lexicon,” “framework,” “workforce education,” “continuing engineering education,” “continuing education,” “professional development,” and “lifelong learning” the researchers could discern relationships between different studies and identify recurring themes. The analysis encompassed a total of 83 documents distributed across various thematic categories: taxonomy (8), lexicon (2), framework (7), workforce education (13), continuing engineering education (24), continuing education (14), professional development (7), and lifelong learning (8). These documents formed the basis for identifying patterns, trends, and insights pertinent to the overarching objectives of the research endeavor, and the clustering process helped validate and refine the taxonomy by aligning the most relevant concepts from the literature with the research objectives. The clusters provided a clearer understanding of how CEE is approached across various institutions and frameworks, contributing to developing a more standardized language within the field. Ultimately, the clustering analysis allowed for a more focused exploration of the literature, ensuring that the taxonomy was both comprehensive and reflective of current trends.

To find a correlation between the themes and subthemes of the works found in the mapping, all this data was grouped based on the work of Azofeifa et al., which seeks to glimpse in a defined space how related or similar these works are from a general point of view of the whole (Azofeifa et al., 2022).

Using the themes of taxonomy (T), lexicon (L), framework (F), workforce education (WE), Continuing engineering education (CEE), continuing education (CE), professional development (PD), and lifelong learning (LL), in addition to classifying the works by topic, an extra classification was made where the other topics from the list are taken and if they are presented in the works they are taken as subtopics, taking into account that each work can use one or more of the options it has available among the subtopics. To compare these categorizations effectively, we devised a metric that assigns each item a value to each work based on the presence of the main topic (assigned a value of 2), subtopics (assigned a value of 1), or neither (assigned a value of 0). This value system provides a quantitative measure of thematic relevance within the dataset, facilitating subsequent analyses.

The computed distances between documents enable us to perform cluster analysis in a multidimensional space using the L2 Euclidean norm (Rump, 2023). We determined the optimal number of clusters using the elbow method, identifying the optimal cluster number of three (k = 3). Then, we applied the k-means algorithm to group the data effectively. This algorithm partitioned the works into distinct clusters based on their proximity in the multidimensional space, ensuring a balance between cluster compactness and member distribution. Initially represented by a dendrogram, the resulting clusters were further visualized using t-SNE (t-distributed stochastic neighbor embedding) to project the multidimensional data onto a 2D plane (Figure 1). This t-SNE method retains local relationships from higher dimensions in the lower-dimensional space, revealing intricate relationships and groupings among the works based on their thematic affiliations. Supplementary Data Sheet 1 contains the full mapping references represented by the “identification codes” used in Figure 1.

[image: Figure 1]

FIGURE 1
 The t-SNE method, with the three distinct clusters identified by the dendrogram and their correlation distribution.


Identifying three distinct clusters was not merely a technical outcome but a significant insight into the field of CEE and lifelong learning. Each cluster represented cohesive groups of studies that shared common themes, offering a more nuanced understanding of the different approaches to professional development and education. For instance, one cluster might emphasize the role of frameworks in guiding lifelong learning, while another could focus on specific educational models in engineering. These clusters provide valuable new insights by highlighting gaps in the literature or emerging trends that were previously overlooked.

Through this visualization, we observed three distinct clusters, each representing cohesive groups of works sharing common themes and subthemes. For example, the work of lifelong learning LL1 and lexicon L1, or the works of continuing engineering education CEE5, CEE6, and CEE7, among others, reveal close relationships. These connections could potentially unveil areas of opportunity for new research, sparking curiosity and anticipation for future developments. As a result, the clustering process contributes to the refinement of the taxonomy, helping to organize the diverse elements of CEE and fostering more effective communication and collaboration across educational institutions, addressing the broader research questions outlined in Section 4.1.

To validate and refine the foundational taxonomic structure in alignment with terms identified in the literature, we initially sought synonyms or analogous terms to those within the base taxonomy. Employing methods rooted in Large Language Models (LLM), we expanded the scope of search terms, aiming to include the most pertinent and widely recognized terms within the definition of the base taxonomy (Thießen et al., 2023). This process enriched the search terms pool and enhanced subsequent literature searches” comprehensiveness.

Following compiling a list comprising synonyms and akin terms to those present in the base taxonomic structure, we conducted searches within the previously identified corpus of related literature. This involved querying for the identified synonyms, similar terms, and base terms within the list of associated works, subsequently tallying and identifying those works containing these terms. After this step, we meticulously analyzed the outcomes of these searches to refine the foundational taxonomic structure. Emphasis was placed on integrating terms that best aligned with the lexicon of the field, considering factors such as prevalence, relevance, and contemporaneity. This iterative process ensured that the resultant taxonomic framework remained both accessible and current, reflecting the evolving terminology and conceptual landscape of the field.



4.3 Synthesized taxonomy

As outlined in the methodology section above, the frequency analysis of terms in existing literature and findings from the clustering process played a critical role in refining the taxonomy, directly influencing the transition from version 1.0 to version 2.0. By organizing the literature into distinct clusters based on shared themes, the research team could identify patterns that were not apparent through traditional qualitative analysis alone. These clusters revealed recurring concepts and terminologies across studies, highlighting gaps and redundancies in the initial taxonomy. For example, the clustering process identified frequent use of terms related to “upskilling” and “reskilling,” prompting the inclusion of these terms in the updated taxonomy version. Similarly, by recognizing overlaps in the literature on delivery methods, such as “blended learning” and “hybrid learning,” the researchers were able to simplify and clarify the categorization of these concepts within the taxonomy. This iterative process ensured that the taxonomy not only reflected the most current trends in CEE but also provided a more structured and comprehensive framework for categorizing educational practices. Based on these discussions, the following changes were made at the top level (Table 2). Additionally, some terms were adapted based on discussions. Supplementary Data Sheet 2 contains information on the more frequent alternative terms and the corresponding references included in Table 2.



TABLE 2 Summary of changes made to the taxonomy.
[image: Table2]

In the review discussions, some terms were still felt that there was insufficient consensus amongst the research, such as ‘3.a. Naming’, or were terms that would need an accompanying definition to ensure consistency in use and understanding, such as ‘3.a.i. Course’. Moreover, while ‘3.b.ii.1. non-formal’ and ‘3.b.ii.2 informal’ are recognized forms of lifelong learning, so they apply to CEE; there was not sufficient clarity amongst researchers as to how these terms applied within CEE, so definitions are required, along with further engagement with the CEE community to determine how these fit into CEE (Johri, 2022).

There were some terms, such as ‘3.b.1.c. Sub-degree awards’ were included to reflect practices in some countries and may not be universally applicable. For some, CEE is seen as post-Bachelors education, so the use of ‘3.a.v Degree qualification’ indicating Masters would be the main focus. However, in some countries, a student can iteratively progress towards a bachelor’s degree through sequential studies and awards, with potential study breaks in between (Lester, 2015; Bohlinger, 2019):

• VET/Further Education—HNC [Higher National Certificate]—EQF4.

• VET/Further Education—HND [Higher National Diploma]—EQF5.

• University - Bachelors (ordinary).

• University - Bachelors (Honors)—EQF 6.

In this context, further refinement of the taxonomy is required to ensure it can broadly capture practices from different national systems while recognizing that an international taxonomy may not reflect all national and institutional considerations.

Figure 2 reflects a refinement of Table 1, with the updated version 2.1 taxonomy for the uppermost three levels and maintaining the four key categories: Drivers and opportunities, Organizational arrangements, Types of offerings, and Accessibility. The full taxonomic organization (six levels) is in Supplementary Data Sheet 3. However, the additional three levels in this full taxonomy only apply to the university as a provider (2.a.i). At the next level, the first aspect is where CEE is placed in the university organization: It can be a central unit or organized in a distributed way by faculties or departments, or it may be placed in an associated private company. The second aspect addresses the educators of CEE: They may be regular teaching staff who teach in CEE as part of their obligation, or they may teach as a paid side job. If external educators do teaching, it can be organized individually or in partnership with an external institution. Thirdly, teaching seasoned professionals may require additional training for educators, which can be part of regular academic preparation or the use of external experts. Finally, the courses may be aligned to the university calendar or independent.

[image: Figure 2]

FIGURE 2
 Updated taxonomy after literature review, uppermost three levels (version 2.1), and four key categories.





5 Discussion

This study’s output is a taxonomy for discussing and comparing CEE institutional approaches and practices to advance the field and foster a global CEE community committed to excellence in engineering education. This ‘taxonomy enables discussion and comparison of CEE institutional approaches and practices to advance the field and foster a global CEE community committed to excellence in engineering education. The results of this study provide guidelines for both institutions and policymakers to critically analyze CEE practices in their own higher education institutions. Moreover, it provides a taxonomy in levels to facilitate the revision process in more detail and stimulate collaboration and knowledge exchange.

Despite the promising preliminary insights from this research study, there are some limitations to point out. Firstly, the research is framed in earlier work on analyzing CEE practices at the meso-level with a focus on university-wide practices. Furthermore, the analysis of the comparative case studies is based on researchers from eight academic institutions. That may not necessarily represent either the institutions’ views or the developments at the national level. Also, although these cases provide more in-depth observations, they are not broadly validated with similar higher education institutions elsewhere. Therefore, results may be considered limited to the context of this research. In this regard, it is worth noting that the taxonomy collects the practices of these institutions but may not reflect the national or international CEE practices. We suggest that the standardized terms and framework introduced in this study can be gradually integrated into both undergraduate and graduate engineering curricula by embedding them in existing course structures related to professional development, engineering management, and lifelong learning.

Secondly, the proposed taxonomy focuses on categories that serve to develop a structure that may suit the purpose of the institutions participating in this study. However, despite the multidimensional approach to include relevant categories such as business models, resourcing, and development strategies, the taxonomy does not serve all analysis purposes, failing to provide a broader scope to explain consequences for other levels, such as courses. Importantly, as detailed in section 4.3, some terms (e.g., course) carry different meanings in different countries, so definitions for each term will be required to reap the full benefits of this taxonomy.

Also, limitations regarding the methodology applied in this study need to be addressed. In this regard, the methodology chosen has taken both a qualitative and quantitative dimension. Qualitative methods were meant to revise terms and concepts to define elements of CEE programs. Also, well-defined methodologies to develop taxonomies, such as Finelli’s, were used, and a non-systematic literature review was conducted to help re-analyze a previous comparative study to determine a broader range of concepts to define the taxonomy used in this study (Finelli et al., 2015). The quantitative dimension made it possible to fine-tune the framework based on a survey of original CEE terms and synonym frequencies. Despite the thoroughness of the approach, the proposed taxonomy would gain more value when compared with the elements accepted by the international community and the body of knowledge in this field.

Together, the above limitations suggest that further refinement of the taxonomy will require a broader range of international collaboration among CEE stakeholders (industry, professional/accreditation bodies, CEE learners) and accrediting bodies and more representation from formal education (a more comprehensive range of universities and inclusion of VET institutions). Consequently, the subsequent phases of this research will involve a broader, more international engagement to refine the taxonomic framework further. Moreover, it will require the creation of definitions to accompany those terms.



6 Conclusion

The need for a standardized language to allow practical discussions and collective progress in Continuing Engineering Education has created a novel taxonomy with associated definitions. Furthermore, the methodology followed to propose a taxonomy is promising, as combining qualitative and quantitative methods accompanied by analyzing universities’ cases allows for the first verification of findings. To the authors’ knowledge, this is the first systematic organization of terms relevant to CEE, so it represents a significant contribution to the contemporary conceptualization of CEE.

Practically, this taxonomy at a macro- (broader national and international perspectives), meso- (institutional decision-making), and micro-level will support more efficient sharing of practices and meet the demand for engineers to reskill and upskill to meet the current and ongoing learning needs. At the national policy level, the taxonomy will allow for greater ease in consistently mapping practices, where good practices exist, where to target support, and where to invest in addressing barriers. Specifically, this mapping will serve the purpose of benchmarking among international institutions, which also serves quality assurance goals relevant to all universities. Similarly, at the institutional level, the taxonomy will allow individual organizations to assess their CEE policy and strategy, thereby identifying strengths as well as areas for enhancement. At a department or individual level, the taxonomy will allow for greater alignment of planned or emergent activity against drivers and options (lower levels of hierarchy) to influence effective decision-making around CEE offerings.

Importantly, this taxonomy and its standardized terms will allow for consistent modeling of the CEE ecosystems and determine the interplay between these factors and which are the most influential. Future research to map and visualize the CEE systems will be an important step in modeling how changes in taxonomy (factors) influence success and outcomes from different institutional approaches to CEE.

In conclusion, this paper is the first relevant step towards refining terms for shared understanding in categories and classification. The taxonomy can be a helpful tool for more consistently and effectively benchmarking institutions on current CEE practices. Finally, the taxonomy that covers macro-, meso- and micro-factors enables organizations and their partners to construct training and similar re-and upskilling professional development for CEE programs by aligning education levels with the needs of the job profile.
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