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Personalized Learning

This self-contained monograph reports the recent approaches, methods and practices of technology-enabled personalized learning. It serves to provide some useful references for researchers and practitioners in the field in conceptualizing and deploying personalized learning.

Personalized learning emphasizes student-centred learning that addresses individual learning strengths, needs, skills and interests, and allows flexibility in the learning mode, process, time and space, where students can take ownership of their learning. It has been practiced in educational institutions at both K-12 and higher education level and, as evident from several successful cases, is an enabler of personalized learning. Educational technology incorporated with other forms of innovative pedagogical practices, such as blended learning, makes personalized learning a reality to achieve its aims effectively and efficiently. This book begins with a critical review on the features and trends of personalized learning. This is followed by a number of case studies on personalized learning practices with promising results. The latest research findings on the approaches, methods and strategies on design and implementation of personalized learning are then reported. Lastly, the prospects of personalized learning are discussed. All these provide some useful references for researchers and practitioners in the field in conceptualizing and deploying personalized learning.

Personalized Learning will be a key resource for academics, researchers and advanced students of education, instructional design and technology, educational research, educational technology, research methods, STEM Education, information and communications technology, and curriculum and instruction. The chapters included in this book were originally published as a special issue of Interactive Learning Environments.

Simon K.S. Cheung is the Director of IT in Hong Kong Metropolitan University. He is active in research, with over 200 publications in the form of books, book chapters, journal articles and conference papers in two distinct areas, namely, innovation and technology in education, and software and systems engineering.

Fu Lee Wang is Professor and the Dean of Science and Technology in Hong Kong Metropolitan University. He has widely engaged in research in areas pertaining to applied algorithm, educational technology, information retrieval and machine learning, with over 200 articles in refereed journals and conference proceedings.

Lam For Kwok is Governor in HKCT Institute of Higher Education. Prior to this, he was an Associate Professor in the Department of Computer Science in City University of Hong Kong. His research interests include information security and management, computers in education and smart learning environment.

Petra Poulová is the Vice Dean for Development and International Affair of the Faculty of Informatics and Management in University of Hradec Králové. Her research interests include IT in teaching and learning, learning and teaching styles, social networking, and database and information systems.
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Toward Good Practices of Personalized Learning

Simon K.S. Cheung, Fu Lee Wang, Lam For Kwok and Petra Poulová



Introduction

Lexically, personalization is the action or process that aims to design and produce something that meets the individual requirements. When borrowing this idea to the educational context, it refers to how the individual students’ learning needs can be addressed in the teaching and learning process. Not just a concept or a technology, personalized learning has evolved as one among other teaching and learning practices with promising results [1, 2, 3]. Inevitably, personalized learning has been practiced in educational institutions at both K-12 and higher education level. From many successful case studies, it is proven that technology is the enabler of personalized learning. Educational technology incorporated with innovative pedagogies makes personalized learning a reality to achieve its aims effectively and efficiently.

In the literature, there have been sensible attempts to identify and define what personalized learning is [4, 5, 6]. From a number of similar definitions made by well-known organizations such as the Organization for Economic Co-operation and Development [7] and the United States Department of Education [8], personalized learning possesses at least three essential attributes. First, it emphasizes student-centered learning that addresses individual learning strengths, interests and needs, and caters for their learning differences. Second, it allows flexibility in the learning mode, process, time and space. Third, it supports students to take ownership of their learning. Personalized learning and individualized learning are often used interchangeably, when referring to the tailored learning to meet individual needs.

The concepts of personalized learning continued to evolve in the past two decades. Chapter 2 (Features and Trends of Personalised Learning: A Review of Journal Publications from 2001 to 2018) reports the latest development of personalized learning based on a comprehensive review of relevant literature from 2001 to 2018, where the features, aims and the objectives of personalized learning were analyzed. The authors identified a number of success factors pertaining to learners’ characteristics, learning progress and technology for personalized learning. A critical comparison of personalized learning practices between 2001 to 2009, and 2009 to 2018 was conducted to illustrate a clear trend of more diversified practices in terms of educational levels, education modes, means and objectives. The authors also recommended a number of research issues that need further investigation, particularly on the challenges from the adoption of emerging technologies, and the changing teacher roles in moving toward student-centered personalized learning.



Successful Case Studies

Over the years, there have been many attempts to deploy personalized learning practices. Most of them are successful in achieving the primary aims of addressing students’ individual learning needs. We selected four successful case studies on personalized learning practices with promising results and outcomes.

In Chapter 3 (Personalized Learning in Microscopic Method for Identification of Herbal Medicines), the authors shared their successful experience in applying personalized learning assessment to a laboratory study on pharmacognosy of the pharmacy programme in Silpakorn University, Thailand, where students were allowed to do the experiments and select the method of assessment as they preferred. Not only achieving better performance, the students also felt more satisfied with the personalized learning and assessment. Chapter 4 (Use of Fitness Trackers in a Blended Learning Model to Personalize Fitness Running Lessons) presents the use of a blended learning model to implement personalized learning in fitness running lessons. The model was evaluated in a three-year survey, showing significant improvement on students’ performance and engagement which were quantified by increased passing rate and decreased drop-out rate.

The next two chapters report another two successful cases of personalized learning practices with virtual learning environment and e-learnings system. In Chapter 5 (Use of Virtual Medical Cases as a Learning Tool in Medicine), the authors proposed a means of ameliorating problems with diagnostic reasoning under a personalized learning process. By fostering the acquisition of “negative knowledge” about typical cognitive errors in the medical reasoning process, it helped eliminate learners’ errors specific to any type of situation. Virtual medical cases were provided, and the students’ performance could be evaluated. Chapter 6 (Comparing the Effectiveness of Two Remedial Mathematics Courses using Modern Regression Discontinuity Techniques) reports a study carried out at Budapest University of Technology and Economics in using personalized e-learning systems to help improve the effectiveness of remedial mathematics courses.



Approaches, Methods and Strategies

For continuous improvement of personalized learning practices, educational researchers and practitioners have investigated the effective approaches, methods and strategies on design and implementation of personalized learning.

In Chapter 7 (A Comparative Study on Linguistic Theories for Modelling EFL Learners: Facilitating Personalized Vocabulary Learning via Task Recommendation), the authors studied the use of task recommendations in e-learning systems to facilitate personalized vocabulary learning by comparing three linguistic theories, namely, spaced learning, technique feature analysis and involvement load hypothesis. The latter two theories were found to be more suitable for personalized learning. Chapter 8 (Effects of Interactive Whiteboard-Based Classroom Instruction on Students’ Cognitive Learning Outcomes: A Meta-Analysis) presents a study to identify empirical publications that examine students’ cognitive learning outcomes, and apply a meta-analysis to determine the effectiveness of interactive whiteboard-based classroom instruction. This instruction was found most effective when an independent learning approach is applied, and was therefore suggested for personalized learning.

Chapter 9 (Designing Blended Learning Environments with Thinking Tool Strategies: Examining a Chinese Teacher’s Decision-Making and Beliefs) investigates the use of thinking tools strategies in nurturing students’ thinking skills in a blended learning environment. The authors proposed two design principles, which combine belief activities with decision making and paying attending to the interaction of social factors, to improve a personalized learning environment. Chapter 10 (Design and Validation of a Diagnostic MOOC Evaluation Method Combining AHP and Text Mining Algorithms) then focus on the evaluation of massive open online courses. The authors proposed a diagnostic MOOC evaluation method, where the feasibility, accuracy and suitability for low-cost and sophisticated evaluation were investigated.

Changing the context from academic development to personal and professional development, Chapter 11 (CRESDA: Towards a Personalized Student Advisory for Professional Development) investigates two cases of personalized learning on extra-curricular activities – one studying different sets of competencies for students from different disciplines, and the other studying the correlation between the participation and academic performance within a discipline. Based on the findings, the authors proposed an approach to implementing personalized student advisory on professional development.



The Way Forward

This book presents a review of the current status of personalized learning, followed by some successful case studies of personalized learning practices in different subject areas, such as pharmacognosy, fitness running, medical diagnostic reasoning and mathematics. The approaches, methods and strategies on design and implementation of personalized learning are then discussed. These include the use of task recommendation, interactive whiteboard-based classroom instruction and thinking tools. Personalized advisory for students’ personal and professional development is also investigated.

At the time of writing, the COVID-19 pandemic is about over. During the pandemic where social distancing was imposed, educational institutions adopted different measures to sustain teaching and learning, and personalized learning is one among others that were practiced and would likely continue to practice even after the pandemic is over. With new technological advances and pedagogical innovations, personalized learning would surely continue to evolve. The last Chapter 12 (The Prospects of Personalized Learning) discusses the prospects, especially the direction of research and development, of personalized learning.
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Features and Trends of Personalised Learning: A Review of Journal Publications from 2001 to 2018

Kam Cheong Li and Billy Tak-Ming Wong ID



ABSTRACT

This paper provides a comprehensive review of the features and trends of personalised learning. The review covers a total of 203 journal articles collected from Scopus, which were published from 2001 to 2018 and involved personalised learning practices. Comparing the practices between 2001–2009 and 2010–2018, there was a clear trend that they became more diversified in terms of the educational levels and modes of education, as well as the means to achieve personalised learning, their objectives and the devices used. In most practices, the use of technology was clearly emphasised, such as various intelligent learning/tutoring systems, mobile devices, learning analytics, and augmented/virtual reality applications. Learning methods, materials and the time and places for learning were the aspects most frequently addressed. The objectives of the practices focused mainly on increasing learning effectiveness, followed by enhancing learners’ motivation, engagement and satisfaction. The factors leading to successful personalised learning were identified from the articles reviewed, among which most factors were related to learners’ characteristics, learning progress and technology. Research issues which need further investigation are recommended, particularly on the challenges arising from the adoption of emerging technologies, and the changing role of teachers in the trend towards student-centred personalised learning.



Introduction

Personalisation has become a major focus in contemporary education. It is defined by Patrick et al. (2013) as “tailoring learning for each student's strengths, needs and interests – including enabling students’ voices and choices in what, how, when and where they learn – to provide flexibility and supports to ensure mastery of the highest standards possible” (p. 3). Groff (2017) regards personalised learning as an umbrella term overlapping with other education concepts, e.g. learning analytics, differentiated learning, and adaptive learning. These educational concepts commonly include elements such as individualisation, student-centredness, and a flexible learning environment, while a key distinction made in personalised learning is an emphasis on students’ choice and ownership in driving their own learning.

Personalised learning benefits students by taking their personal differences and needs into consideration in terms of instruction, assignments and assessments. This is in contrast to the conventional “one-size-fits-all” approach in the delivery of education, which has been found to obstruct teachers in recognising and addressing students’ individual strengths and demands, and lead to undesirable outcomes such as a higher dropout rate (National Association of State Boards of Education, 2002). Numerous initiatives in personalised learning have been practised through various means such as implementing flipped classroom models in schools and universities, e-learning platforms, massive open online courses (MOOCs), and mobile learning (Groff, 2017). Among these representative examples of personalised learning, positive results have been widely reported. For instance, after receiving personalised learning in schools in the 2016–17 school year, 36,000 K-12 students in the USA showed an average increase of 130% in reading and 122% in mathematics on the Measures of Academic Progress examination (Education Elements, 2017).

The increasing attention being paid to personalised learning is shown by the growing number of relevant studies. In Scopus, the number of journal articles related to personalisation in education has grown from fewer than 10 articles a year in 2001 to 57 articles in 2010 and 110 articles in 20181 – a greater than ten-fold increase in two decades.

Despite the broad range of related work, the literature reviews on personalised learning have focused only on specific areas. For example, Berge (2011) reviewed the provision of personalised learning through mobile means, so as to reveal how learners could have choices in what, how and where to learn. O’Donnell et al. (2014) examined the assessment of students’ prior knowledge and potential problems in tailoring learning contents for them. Scott et al. (2017) reviewed the use of 3D technologies for creating adaptive virtual learning environments, and analysed the factors involved in achieving the benefits of personalised learning. Also, Gabarre et al. (2018) focused on personalised language learning with social networking sites and mobile devices. However, as these reviews addressed only particular aspects of personalised learning, an overall picture has yet to be produced.

This paper aims to provide a comprehensive review of the features and trends of personalised learning. Through reviewing relevant journal articles published from 2001 to 2018 which reported personalised learning practices, this study identifies what aspects of learning have been personalised, how personalised learning has been practised, the factors involved in successful personalised learning, and the research issues covered in the studies. In particular, this paper addresses the following research questions:


	What are the features of personalised learning practices?

	How has personalised learning been practised?

	What are the factors involved in successful personalised learning practices?

	What are the research issues and trends in personalised learning studies?




Related literature

Previous work related to personalised learning has covered a broad range of issues. The need for personalised learning was stressed early by Clarke and Miles (2003) who argued that school systems which provide undifferentiated education would undermine students’ overall performance since they neglected the fact that students learn in different ways and have various interests and demands in learning. Chen and Macredie (2010) summarised students’ individual differences, covering prior knowledge, cognitive styles and gender, for which learning methods should be tailored.

Personalised learning can be practised through various means. In the traditional classroom context, Campbell et al. (2007) gave an illustrative example of personalised learning in Modern History lessons in a secondary school. In this case, the instructors asked students to analyse different concepts at the beginning of each lesson in order to assess their individual understanding, and then discussed the analysis of each student during the lesson, and provided individual writing tasks related to the concepts for discussion in the next lesson. Au et al. (2018) examined the motivation, success factors and challenges in studies on students with high-level, mid-level and low-level performance, and devised strategies catering for each student group for their persistence in studying.

Personalised learning has also been widely implemented through the use of technology. For example, Jewitt et al. (2011) proposed a learning platform for English language learning in primary and secondary schools, and showed that it allowed students to access a broader range of learning resources and enhanced their learning experiences. Corry and Carlson-Bancroft (2014) presented a personalised online learning system which helped students in low-performing schools to achieve better academic results in their studies. Kim et al. (2014) proposed an e-learning system which interacted with learning management systems to collect and deliver video contents personalised for learners, with statistics on learning progress generated simultaneously for learners’ and teachers’ reference. Also, Nedungadi and Raman (2012) presented a cloud-based adaptive learning system that incorporated mobile devices into a classroom setting, where teachers could get real-time feedback about individual and group learners. Finally, Choi et al. (2018) and Li and Wong (2020) introduced the use of student response systems to perform in-class assessment and identify at-risk students for carrying out proactive personalised intervention.

Campbell et al. (2007) and Balakrishnan (2018) summarised the benefits of personalised learning as developing students’ self-motivation and self-regulation by enabling them to have control over their learning in terms of (1) setting their own targets; (2) using preferred learning materials; (3) understanding progress via continuous self-assessment for learning; and (4) developing flexible learning beyond school and outside school hours. For learner groups with special needs, Hopkins et al. (2014) showed that personalised learning could promote inclusion and maintain connectedness to learning for learners with health conditions during their time in hospital. Students with social, emotional and behavioural difficulties, as well as gifted and talented students, also benefit from tailored individual support (Ewen & Topping, 2012; Lamb & Lane, 2013). Besides the benefits, O’Donnell et al. (2013) pointed out the controversies and problems related to designing personalised learning activities, such as the limited technology literacy of learners and teachers, the privacy issues in making use of learners’ data, and the cost for developing various sets of materials for learners’ individual needs.

Despite the literature on personalised learning revealing the diversity of development in this area, there is a lack of a comprehensive review summarising the related work. Most of the existing reviews (e.g. Berge, 2011; Gabarre et al., 2018; O’Donnell et al., 2014; Scott et al., 2017), as illustrated in the introduction section, have only addressed specific areas of personalised learning. Xie et al. (2019) reviewed a number of research issues on adaptive/personalised learning, such as the learning contents, learning supports, and learning outcomes reported in relevant studies. Despite such efforts, there remain many issues in personalised learning which have yet to be comprehensively reviewed – which results in difficulty in presenting an overview of its current development and trends in research and practice.

As regards the methods for analysing the literature, content analysis and bibliometric analysis have been commonly adopted in relevant reviews. The reviews using content analysis, such as those by Scott et al. (2017) and Xie et al. (2019) mentioned above, present overviews of the content of studies through analysing their key information coded and categorised into themes. Literature reviews based on bibliometric analysis depict the bibliographic patterns of the selected publications, such as citations, authors and institutions (Esen et al., 2020). Examples of this type include studies by Chen et al. (2018) and Song et al. (2019). In order to outline the features and trends of personalised learning, the current study adopted content analysis as the literature analysis method.



Research method


Data collection and processing

This study aims to provide a more comprehensive review of personalised learning so as to identify its features and trends in research and practices. Relevant articles were collected from Scopus, which was selected for its broad coverage of scholarly journals (Mongeon & Paul-Hus, 2016). The selection of this data source also served to complement related review studies which adopted the Web of Science database (e.g. Xie et al., 2019). The publication period was set as 2001–2018 to ensure that an adequate number of relevant articles could be included to discover the trends. The type of publication was limited to journal articles in English. The query (“personalised learning” OR “personalized learning”) was used for searching the titles, keywords and abstracts of the articles. There were 406 results with the full papers accessible.

The collected articles were checked and excluded if they did not involve personalised learning practices. For example, articles which provided only conceptual discussion without empirical practices of personalised learning were excluded. The definition of Patrick et al. (2013) (as provided in the introduction section above) was adopted for determining whether the articles involved personalised learning practices. Finally, a total of 203 articles were identified as relevant and selected for this study.

The features of personalised learning in the articles selected were coded and categorised. Two experienced researchers were involved in the coding process, during which inconsistent cases were discussed until a consensus was reached. The coded features of the articles were also categorised according to their year of publication – 2001–2009 for the first half and 2010–2018 for the second half – in order to identify the trends.



Coding scheme

The categories of coding were adopted and adapted from Li and Wong (2020) and Lin and Hwang (2019). Besides basic information on the articles and the personalised learning practices, including year of publication and levels of education, six categories of codes were developed for this study.


Research issues 

In this study, the research issues were categorised into the following types: effectiveness, satisfaction, acceptance, feasibility, engagement, challenge, motivation, and adaptability.



Means to achieve personalised learning 

The categories for means to achieve personalised learning included intelligent learning system; intelligent tutoring system; flexible curriculum; learning management system; mobile learning; massive open online courses; game-based learning; learning materials; learning analytics; learner portfolio; learning support; artificial intelligence; and augmented/virtual reality. The methods which did not belong to the above categories, and were low in frequency, were categorised as “others”.



Devices used in personalised learning 

The devices used in personalised learning were categorised as computer (including both desktops and laptops), mobile phone, tablet, personal digital assistant, and head-mounted display. The other types of devices were coded as “others”.



Aspects of learning being personalised 

The aspects of learning being personalised included the categories of learning method, material, time, place, teaching method, assessment, and learning support.



Objectives of personalised learning 

The objectives of personalised learning were categorised as follows: increasing learning effectiveness; providing a personalised learning path; increasing learning satisfaction; enhancing learning motivation; enhancing learners’ engagement; enriching learning experience; catering for learners’ interests; increasing teaching effectiveness; promoting lifelong learning; achieving learning objective; enhancing collaborative learning; addressing individual learning styles; predicting learners’ performance; providing personalised learning support; promoting learners’ self-regulation; and identifying learners at-risk. Other objectives were categorised as “others”.



Success factors for personalised learning 

The factors for successful personalised learning were identified from the practices if they were mentioned in the articles and included relevant findings. The factors were categorised into seven types – learners’ characteristics, learning process, technology, social interaction, guidance and feedback, learning profile, and institutional support.





Results


Year of publication

Figure 1 shows the number of publications related to personalised learning throughout the years covered. There has been a general upward trend since the end of the 2000s, with more than a fourfold increase in the number of publications between the first period (2001–09) and the second (2010–18). This result indicates that personalised learning has become an increasingly prevalent area in research and practice.


[image: ]
Figure 1. Year of publication of the personalised learning articles.




Levels of education

Figure 2 shows the proportion of educational levels covered in the personalised learning practices. In the first period, 60% of the practices were implemented in higher education, followed by 24% in primary education. Although higher education remained the largest group in the second period, its proportion dropped to 48%. In this period, there was a more balanced proportion of practices at the primary and secondary school levels (both 18%). Recent years have also witnessed personalised learning initiatives at the preschool level and for vocational training such as teachers’ professional development. Besides, some of the practices have addressed special learning contexts such as military training and driving training, as well as attempting to serve learners with special needs such as dyslexic students. Overall, the results indicate that the practices of personalised learning have become more widespread in diverse educational contexts.
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Figure 2. Levels of education for the personalised learning practices.




Research issues

Figure 3 presents the research issues related to personalised learning addressed in the publications for the two periods. In the first period, nearly half of the studies focused on issues of learning effectiveness (47%), followed by learners’ satisfaction (24%) and feasibility (16%) (i.e. whether personalised learning was compatible with conventional learning approaches). In the second period, the percentages for the above three categories of research issues all decreased. Instead, there was a higher proportion of studies on the acceptance of personalised learning approaches by learners and instructors (18%). Relevant studies also started to examine issues related to learners’ engagement (7%) and adaptability (2%).


[image: ]
Figure 3. Research issues of the personalised learning practices.




Means to achieve personalised learning

Figure 4 shows an overview of the means used for achieving personalised learning. In both periods, the most common means were intelligent learning systems (about one-third of the practices), in which experiments were carried out on various new technologies (e.g. speech recognition and the semantic web) or ideas (e.g. tailoring learning for learners’ cognitive abilities). The first period also featured a relatively high proportion of flexible curricula (19%) where course content and delivery were flexibly customised to cope with learners’ individual needs and progress; and there were learner portfolios (12%) to maintain, for example, individual learners’ profiles of their characteristics, learning styles, and experiences, so that learning materials and assessments could be personalised and recommended for them.
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Figure 4. Means for achieving personalised learning.


In the second period, there was an increased proportion of intelligent tutoring systems (19%) where recommendations on learning materials and feedback were offered by, for instance, checking learners’ knowledge level and previous access to materials. The development of learning management systems and mobile learning in this period also revealed more adaptive features in the practices. The use of emerging technologies, such as massive open online courses, learning analytics and augmented reality (AR) / virtual reality (VR), has become a new trend. In general, there has been a broader range of means for practising personalised learning.



Devices used

Figure 5 shows the types of devices used in the practices for the two periods. In the first period, computers (i.e. desktops and laptops) and personal digital assistants (PDAs) were the only types of devices employed. In the second period, the use of computers remained dominant but their proportion of practices decreased to 56%, and PDAs were no longer popular. Instead, mobile phones and tablets had become increasingly prevalent, accounting for 39% of the practices. Other devices, such as head-mounted displays for AR/VR applications and wearable devices were also found. The results indicated that personalised learning had become more ubiquitous as it was supported by the features of mobile devices.
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Figure 5. Devices used in personalised learning practices.




Aspects of learning personalised

Figure 6 illustrates the aspects of learning that were personalised in the practices. The patterns between the two periods were similar. Learning methods were most frequently addressed in the practices, followed by learning materials which fitted learners’ needs or preferences. The time and places for learning activities, as well as teaching methods, were also widely addressed in both periods. In addition, there were a few practices which focused on assessment methods and learning support.


[image: ]
Figure 6. Aspects of learning personalised.




Objectives of personalised learning

Figure 7 shows the types of objectives for the personalised learning practices. In both periods, increasing learning effectiveness was the most common objective which was usually indicated by the improvement in learners’ academic performance after the practices. A relatively large proportion of practices also aimed to provide learners with personalised learning paths, enhance their satisfaction, motivation, and engagement in learning, and enrich their learning experience. There were also practices which focused on teachers’ perspectives, such as increasing their teaching effectiveness, predicting learners’ performance, and identifying learners at risk.


[image: ]
Figure 7. Objectives of personalised learning.




Success factors for personalised learning

Figure 8 shows the types of factors indicated in the practices for successful personalised learning.
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