
 

ISSN 2382-5855 

Advances in the Scholarship of Teaching and Learning, Vol.2, No.1, 2015 

 

1 

 

TEACHING AND LEARNING IN AN ICT-ENHANCED ENVIRONMENT: 

AUTOMATING THE ASSESSMENT OF 21ST CENTURY SKILLS 

CHEAH Horn Mun 
   SIM University 

Laura Lynn LEE 
University of BATH 

Advances in information and communication technologies (ICT) have changed 

teaching and learning (T&L) experiences and opportunities in considerable ways, 

yet T&L interactions in the ICT-enabled 21st century environment have not been 

ideal. In an era where there is increasing emphasis on contemporary 

competencies, there is an urgent need for relevant modes of measurements that can 

evaluate and advance the outcomes of T&L appropriately. This paper discusses the 

automation of assessments for 21st century skills, where technology is deployed to 

help deliver assessments in a more effective and efficient way. The difficulty lies in 

digitizing and interpreting what are essentially non-linear tasks not typically 

amenable to discrete analysis; and as technology is unlikely to develop to a point 

where complex non-verbal interactions can be reliably assessed in the near future, 

educators must play a more prominent role in enhancing T&L processes. This will 

be dependent on how well automated response analyses can be blended with 

human judgement in the assessment process against a backdrop of pedagogical 

changes in the curriculum to incorporate ICT in measurements of 21st century 

skills. 

Keywords: 21st Century skills assessment, automated assessment, assessment tasks design, ICT, 

transfer processes, deepening processes. 

 

INTRODUCTION 

Advances in technologies, particularly Information and Communication Technologies (ICT), 

have led to changes in teaching and learning (T&L) interactions in fundamental ways. The 

internet has allowed for the expansion of sources of information for learners beyond that 

provided in formal classroom settings (Harasim, 1995; Wheeler, 2001; Leu, Kinzer, Coiro & 

Cammack, 2004; Richards, 2005). Websites devoted to collation of resources that are 

multidisciplinary (e.g., EBSCO, Libris, Questia, Elsevier, Web of Knowledge, ScienceDirect, 

Scopus, Google Scholar) and discipline-specific (e.g., Web of Science, Medline, PsycINFO, 

PubMed, Merck Index, Lexis Nexis, BioOne, arXiv), have also placed resources within easy 

reach of learners (Cheah, 1997). Teachers, learners and the general public can access and use 

these resources anytime and anywhere via shared platforms such as iTunes U, Slideshare, 

YouTube and Jorum (Groom, 2013). While this has expanded the access to knowledge 

considerably, T&L opportunities or interactions may not have been maximised; overall, there 

seem to be few system-wide transformational changes (OECD, 2001; Watson, 2006; Kirkup & 

Kirkwood, 2005).  

T&L interactions began to transform with the emergence of Web 2.0 and new media tools, e.g., 

Interactive Whiteboards (IWB) (Glover, Miller, Averis & Door, 2005), digital storytelling 

(Robin, 2008), wearable technologies, instant messaging, social networks and other web 

environments (in Greenhow, Robelia & Hughes, 2009). One example, Group Scribbles (GS), 

co-developed by SRI International and the National Institute of Education, Singapore, has 
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enabled collaborative generation, collection, and aggregation of ideas through a shared space 

based upon individual effort and social sharing of notes in graphical and textual form (Chen & 

Looi, 2011). Such T&L interactions have brought about collaboration possibilities and 

introduced diversity into learning spaces which can potentially cultivate a greater range of 

cultural perspectives and understanding. 

As we witness how technologies alter T&L interaction and learning spaces, we also begin to 

see how technologies impact the way we assess modern-day competencies. Given the current 

emphasis on measuring 21st century knowledge and skills, this paper aims to examine the more 

recent developments in assessment approaches within the ICT environment, the design 

characteristics of such approaches, as well as challenges faced in the use of ICT tools in 21st 

century assessment. The paper will conclude with a discussion of the implications of such 

developments for educators. 

21ST CENTURY SKILLS FRAMEWORKS 

A critical discussion on the assessment of 21st century skills cannot be achieved without a prior 

understanding of the development of related competency frameworks. The systematic 

development of 21st century knowledge and skills has long been an aspirational goal of formal 

education. Given the widespread agreement on the importance of these skills internationally, 

numerous frameworks have been proposed, such as the National Education Technology 

Standards for Students, EnGauge 21st century Skills, Partnership for 21st century skills, 21st 

century skills and competencies for new millennium learners in OECD countries, to name a 

few (Salas-Pilco, 2013; Lai & Viering, 2012). The Appendix provides a brief overview of 

several more commonly referenced frameworks developed around 21st century skills, and how 

researchers have chosen to measure these skills. 

While the frameworks generally place emphasis on different skills, and categorize them 

differently, there appears to be convergence of certain groups of competencies (e.g., those 

surrounding digital/ICT literacy and communication), as well as overlapping individual sub-

skills (e.g., critical thinking, collaboration, creativity, motivation, metacognition) (Lai & 

Viering, 2012). Authors such as Voogt and Roblin (2010), Salas-Pilco (2013) and Mishra and 

Kereluik (2011) compared 21st century skills frameworks to identify similarities and 

differences. For example, Mishra and Kereluik (2011) in comparing 11 frameworks, found 

overlaps in overarching themes: (1) Foundational knowledge (core content knowledge, 

information literacy, and cross-disciplinary knowledge/synthetic knowledge), (2) Meta-

knowledge (problem-solving/critical thinking, communication/collaboration, 

creativity/innovation), (3) Humanistic knowledge (life/job skills, cultural competence, 

ethical/emotional awareness). In particular, skills related to information literacy and cultural 

competence and awareness are suggested to be uniquely pressing in the 21st century (Mishra & 

Kereluik, 2011). Salas-Pilco (2013), on the other hand, compared 10 different approaches in 

relation to general categories of skills: communication and collaboration; citizenship and social 

skills; information skills; digital literacies; creativity and innovation; critical thinking; 

sociocultural sensitivity; autonomy and leadership; learning to learn; productivity; 

entrepreneurship; life and career; and maths and science. These were chosen considering the 

most common and important competencies. The most frequently mentioned competency was 

communication and collaboration, followed by citizenship and social responsibility, as well as 

information and research skills. Digital literacies appeared as the group of competencies that 

are almost always considered in all the frameworks. 
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The wide array of approaches, definitions, (sub-)categorisations, and constructs adopted by 

different individuals and groups provides extensive options on how educators and researchers 

can understand 21st century competencies. On the other hand, it also adds challenges to the 

measurement and assessment of these skills. The following sections will examine some of these 

challenges, and will consider recent developments in assessment approaches.  

RECENT DEVELOPMENTS IN THE ASSESSMENT OF 21ST CENTURY SKILLS 

One of the greatest challenges in managing progressive developments in T&L within an ICT-

enabled environment is being able to consistently and accurately measure 21st century skills 

attainment (Chamorro-Premuzic, Arteche, Bremner, Greven & Furnham, 2010; Lotkowski, 

Robbins & Noeth, 2004; Stasz, 2001; Gresham & Reschly, 1988; Wallach, 1976). According to 

Lai and Viering (2012), assessment of skills has been done in several ways, including self-

reports, global rating scales, standardised assessments, and observational measures. Similar 

observations were made by Soland, Hamilton & Strecher (2013). However, many of the 

existing models of assessment are unable to tap into complex competences as the ones required 

in the 21st century (Voogt & Roblin, 2010).  

According to P21 and ATCS frameworks, the assessment of 21st century skills requires a shift 

in the assessment models being used (Voogt & Roblin, 2010). The measures that result from 

standardised tests should be complemented with other forms of assessment that are aligned 

with the complex and cross-curricular nature of 21st century skills. This can be achieved 

through the use of summative and formative assessments. Furthermore, there is a fundamental 

need to delineate the desired skill into attributes that collectively describe the skill involved; 

and for each attribute to further breakdown into behavioural indicators that illustrate if the 

attribute is achieved. By aggregating these indicators or attributes, it is possible to ascribe a 

‘level’ of attainment of the skill (Dede, 2010). This is illustrated in Table 1 for self-directed 

learning skills.  

Table 1 

Measuring Self-Directed Learning Skill using Behavioural Indicators 

 

Self-Directed Learning Attributes Behavioural Indicators 

Ownership of learning  Identify, determine & articulate learning goals 

 Identify learning tasks to achieve goals 

 Chart learning processes 

 Set achievement standards of declared learning goals 

Management/Monitoring of own 

learning 
 Self-plan and manage time 

 Gather feedback on learning 

 Formulate questions to examine learning progress 

Extension of own learning  Apply learning to new context 

 Use learning to support future areas of learning 

                                                                                                                                   Source: Tan et al., 2011 



 

ISSN 2382-5855 

Advances in the Scholarship of Teaching and Learning, Vol.2, No.1, 2015 

 

4 

 

Without the use of technologies, such an approach can quickly become overly labour-intensive 

(Lai & Viering, 2012). For instance, there will likely need to be more than one independent 

assessor for each student to have some degree of assessment accuracy, and the assessment 

needs to take place over a prolonged and sustained period. Given that such assessments 

generally require extensive observations and judgement, the use of technologies to automate 

these assessment practices represents a multi-faceted challenge for education systems which 

have serious intentions to expand the basket of assessment parameters beyond those for 

academic development. Technology-enhanced items (TEIs) allow assessment developers to 

take advantage of new technologies that can supplement human observation (Lai & Viering, 

2010; Voogt & Roblin, 2010). According to Voogt and Roblin (2010, p.44), “P21, ATC21S… 

suggest that technology can make the delivery of assessment more effective and efficient, by 

increasing the speed with which results become available, and reducing costs and time required 

to score and to provide feedback.” Such use of technologies may be broadly grouped into two 

categories. The first refers to technologies that capture and analyse the actions of students 

attempting tasks, which the current technologies can easily manage assuming that the coding of 

the interpretation rules are accurate. The second category of technologies involves creating the 

technology-rich environment through which the students interact. These include productivity 

and web 2.0 tools such as the ones used for ATC21S’s ICT literacy tasks (Table 2) (Griffin & 

Care, 2015). 

Table 2 

Tools used for a range of scenarios in ATC21S’s digital literacy tasks 

 

 Webspiration1 Arctic Trek2 Language Chat3 

Tools Concept Mapping, Graphic 

Organiser, Audio/Video, 

Movie creation, Resource Sites, 

Screen Recorder 

Teaming collaborative suite, 

spreadsheets, Tagging 

Software, Resource Sites, 

Screen Recorder 

Chat Tool, Rating 

Guides, Resource Sites, 

Screen Recorder 

 

ATC21S (http://atc21s.org) highlighted (in Voogt & Roblin, 2010) that 21st century skills 

assessments will not only use technology to support assessment functions, but will focus on 

measuring the application of 21st century skills while using technology, making it an 

interesting choice of framework to discuss in this paper in relation to automating 21st century 

skills assessments, which shall be discussed next. 

Automating assessments of 21st century skills: ATC21S initiatives 

ATC21S is an international project aiming to explore the extent to which automated scoring of 

21st century skills is possible. The project group focuses primarily on digital literacies and 

collaborative problem-solving skills. The basic approach to automation is relatively simple.  

Students attempt a series of designed tasks and interact online so that their interactions are 

comprehensively captured. The tracked ‘actions’, i.e., what the student did while attempting to 

complete the task, such as initiating an online conversation with another student at a different 

access point, can then be interpreted and ‘scored’ by the computer system. These scores are 
                                                      
1 An environment to support collaborative concept-mapping of ideas for poetry. 
2 Collection of tools, resources and resource person to help build community in area of interest, which in this case relates to 

Arctic exploration. 
3 Peer-based 2nd language learning environment. 
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then triangulated with similar elements in other tasks and aggregated to arrive at the level of 

attainment, or otherwise, of particular attributes. By looking across the range of attributes 

achieved, an overall level of the targeted 21st century skills can be estimated (Griffin, McGaw 

& Care 2012). 

To enhance the interpretation of the scoring, a think-aloud protocol (see Smith, 2014) was used 

in early trials of the tasks so that a deeper understanding of the actions taken by students could 

be obtained. These interpretations were then translated into programming codes for the 

computer system to automate the assessment process. Essentially, the computer system 

determined if a particular behavioural indicator has been demonstrated. The scoring of actions 

by the computer system was further validated through comparison with human scoring, with 

the analysis of the two scoring processes showing a high degree of correlation (Griffin, 2012, 

2015). By completing a series of tasks that have sufficient overlaps in assessing the various 

behavioural indicators, it is possible to achieve a reasonable level of confidence in the results 

reported by the computer system for interpreting the actions of the students on the tasks. 

Elsewhere, advancements in assessment technology are also being adopted to address the 

burdens of time and cost. For instance, simulation-based assessments (e.g., River City) and 

computer adaptive tests are able to automate the assessment of students’ understanding of 

complex problems while keeping the process more reliable (Silva, 2009). Besides automation, 

another recent development is the focus on design characteristics of tasks which educators need 

to be aware of. This will be examined next. 

Design characteristics of tasks: A key consideration in 21st century skills assessment 

Rupp, Gushta, Mislevy & Shaffer. (2010) suggest that “assessing 21st century skills frequently 

requires exposing learners to well-designed complex tasks, affording them the ability to interact 

with other learners and trained professionals, and providing them with appropriate diagnostic 

feedback that is seamlessly integrated into the learning experience. This can be accomplished 

within well-designed immersive virtual environments and related simulation-based learning 

environments” (p. 4). Indeed, the design of the tasks is a key aspect of successful 21st century 

skills assessment. Not only do these tasks need to cover all the relevant behavioural indicators, 

they also need to take into account the extent to which each design dimension is featured. To 

illustrate the complexities involved, Table 3 highlights some of the main considerations in 

designing tasks for collaborative problem-solving. 

Table 3   
Some design considerations for collaborative problem-solving tasks 

 

Dimensions Considerations 

Symmetrical or 

Asymmetrical information 

 Students given same information to assess ability to solve problems 

more effectively through collaboration. 

 Students have different information to assess ability to bring different 

knowledge to bear on the problem. 

Ambiguity 
 Introduce to create space for thinking, inquiry and collaboration. 

 Scaffolded ambiguity to ensure balance between confusion and overly-

guided tasks. 

Content-dependence 
 Content-dependent task assess not just ability to collaborate to solve 

problems but also assess prior knowledge. 

Processes involved 
 Social skills: participation, perspective-taking, social regulation. 

 Cognitive skills: task regulation, knowledge building 
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Two main areas for collaborative problem-solving tasks include the social skills of 

participation, perspective-taking and social regulation, as well as the cognitive skills of task 

regulation and iterative knowledge-building. These will naturally link to the desired attributes 

of the skill involved, and from which behavioural indicators can be constructed.  

 

Note that the context within which the task is designed will likely need to be diverse as the 

degree of demonstration of behavioural indicators can vary across contexts for each student. As 

such, design dimensions do not have to be incorporated into every task, but spread throughout 

the collection of tasks. For instance, a task could provide symmetrical information to focus on 

assessing effective collaboration. The same students could also have different information 

(asymmetrical) in a separate task so that their ability to appropriately bring their knowledge 

into the group can be assessed. Figure 1 provides an example of a task from ATC21S that 

illustrates this dimension. 

 

 

 
 

Figure 1.  ATC21S task where students see different information 

 

 

This ATC21S task requires two students to collaborate to find the lowest number of security 

cameras that can monitor the entire warehouse. The two students, each operating from a 

different terminal, see different views, with one being only able to position the camera while 

the other only sees the camera coverage but not the cameras. This arrangement of information 

requires the two students to communicate and share effectively in order to successfully 

complete the task. 

The dimension of ‘ambiguity’ in task design deserves careful consideration. In general, it is 

useful to avoid the extremes of the ambiguity spectrum by designing sufficient scaffolding to 

guide students without overly constraining space for inquiry and critical thinking. Some basic 

parameters, such as clear goals and boundaries for information searches, would be helpful, but 

these depend on the profile of the students. The purpose is for the task to be sufficiently 

challenging for most students. 
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Tasks that do not require prior knowledge are generally designed to focus on the ability of 

students to collaborate.While this is desirable, the depth and complexity of the problem 

presented to students may be limited in scope. Content-dependent tasks may thus be necessary 

depending on the students’ profile. Note that content-dependent tasks assess not only the ability 

of the students to collaborate but also to apply previously acquired knowledge. The 

consideration here is to achieve an appropriate balance within the set of tasks. 

Apart from the dimensions highlighted, it is important to take cultural differences into account 

in interpreting the actions of students who are attempting tasks. These actions can be 

significantly influenced by the experiences of their respective cultural norms (Hofstede, 1986). 

As an example, for students in cultures that tend to be more reticent, a lower rate of responses 

in group discussion can be expected in comparison with students from cultures that are more 

used to articulating opinions. This broadly requires the calibration of the set of tasks to each 

cultural setting, although the same design concepts for the task can remain largely intact. 

CHALLENGES TO 21ST CENTURY ASSESSMENT 

Despite the significant resources and progress involved in the attempt to automate the 

assessment of 21st century skills to date, this area of work is still very much in the nascent 

stage. However, in recognition of the importance of collaboration skills in today’s knowledge-

based environment, the Programme for International Assessment of Students (PISA) has started 

work to develop assessment items that specifically measure collaboration attributes (PISA, 

2013). This represents a significant milestone in education, since this effort will likely drive 

world-wide changes in teaching and learning interactions as education jurisdictions begin to 

prepare students for such assessments. While current efforts focus mainly on K-12 education, 

the preparation and testing of these students will result in expectations of similar practices in 

higher education institutions, particularly when such students begin to progress into these 

institutions. It is, therefore, timely and important for institutes of higher learning (IHLs) to 

begin to transform the educational experiences they provide to incorporate 21st century skills 

development and assessment. The automated system described in the ATC21S project has 

shown that capturing and analysing ‘actions’ is possible, albeit not easy as the design and 

interpretation of the actions need further refinements.  However, this is only one of many 

aspects of assessing 21st century skills. Other issues such as problems with definitional 

ambiguity, complexity of skills (which could entail multiple sub-components), the 

characteristics of the assessment tasks (e.g., difficulty level, meaningfulness/authenticity of the 

tasks), scalability and costs, also require due consideration (Lai & Viering, 2012). 

The key challenge to developing a fully automated system for assessing 21st century skills is 

that the current level of technologies is still not able to accurately analyse the captured 

discourse among collaborating students. This is a major handicap, for discourse represents a 

very rich source of data for assessing 21st century skills. Without this component, the ability to 

assess the iterative building of knowledge and understanding as the collaboration takes shape 

and deepen will be lost. A further challenge is that the current technologies are still not able to 

effectively capture, let alone analyse, non-verbal interactions. This valuable source of data can 

add texture and flavour to understanding complex human interactions, which a skilful educator 

can exploit to help students cultivate 21st century skills. 
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IMPLICATIONS FOR EDUCATORS 

Although technologies have not evolved to the stage where they could effectively measure 

complex human interactions, they have, nevertheless, become quite proficient in handling the 

‘transfer’ processes.  In particular, automated assessments for ‘transfer’ processes have made 

adaptive testing with immediate feedback possible. This, in turn, broadens pedagogical 

possibilities for using assessment for and as learning, with technologies playing strong 

supportive and facilitating roles (Redecker & Johannessen, 2013; Hepplestone, Holden, Irwin, 

Parkin & Thorpe, 2011; Marinagi, 2011). To access the possibilities afforded by technology-

supported assessments, educators not only need to build capacity in effectively embracing 

assessment approaches within T&L interactions, but also the ability to appropriately balance 

the focus of T&L. For instance, automated adaptive assessment allows the educator to 

‘delegate’ the acquisition of basic facts to the assessment system, leaving more time to focus on 

helping the learners to make connections amongst the learnt facts. This broadly signifies a need 

to shift the balance of attention towards ‘deepening’ processes (VanderArk & Schneider, 2012). 

A further implication for educators is to understand how automated assessments are being 

conducted. This is in line with the basis of ICT-integrated teaching which suggests that a 

comprehensive understanding of the mutually reinforcing relationships between technological 

knowledge, pedagogical knowledge, and content knowledge is required (Chang, Chien, Chang 

& Lin, 2012). Without such understanding, there is the danger of not interpreting the results of 

automated assessment accurately, leading to inappropriate diagnoses of students’ achievements 

or learning outcomes. This does not mean that the educator needs to be technically proficient, 

although that would help. It does, however, mean that the educator will need to know what is 

being tested for each item, and how to interpret the outcomes of the test items individually and 

collectively. This guards against any disconnect that may arise if the results of automated 

systems are taken for granted. More importantly, it can help to develop the assessment 

literacies of the educator, which will be beneficial to the students’ learning. 

While automated assessment of 21st century skills is far from ideal, the efforts thus far provide 

the possibilities of using such systems to make non-academic skills assessments more efficient. 

It can do this by providing a basic layer of information for the educator, which can save 

considerable time and effort. However, it is important that the educator is able to triangulate the 

results of such automated systems with, say, direct and/or indirect observations, to arrive at a 

considered conclusion of the learner’s abilities. An over-reliance on automated systems, 

particularly if the understanding of its functions is shallow at best, can be detrimental to 

learners. Overall, there should be a balanced and holistic assessment strategy in measuring 21st 

century competencies, where automated assessments are used to complement and supplement 

existing modes of assessment (Soland et al., 2013). 

In summary, the key implications for educators are the need to (a) strengthen assessment 

literacies, (b) incorporate automated assessments into T&L interactions, (c) learn to work with 

imperfect automated systems, and (d) shift the balance of focus towards ‘deepening’ processes. 

CONCLUSION 
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The assessment of 21st century skills is a natural progression in the holistic development of 

learners as education systems mature and respond to the demands of a knowledge-based 

environment. On the whole, the injection of technologies into the T&L environment has 

fundamentally shifted the balance of the educator’s role toward T&L processes for deepening.  

But while technologies have made significant inroads into replicating T&L interactions for the 

transfer processes, they are still far from being effective in the deepening processes on their 

own. Unless technologies develop the ability to handle complex human interactions, which 

seems unlikely in the short- to middle-term future, the systemic strengthening of educators' role 

in the deepening processes will continue to be the key factor in the development of learners. To 

this end, a strong focus on T&L interactions and the integration of relevant pedagogies into the 

curriculum are necessary. However, without a change in assessment practices to incorporate 

measurement of 21st century skills, which generally drive learning behaviours, such efforts will 

be severely hampered. 

Although the current state of technologies does not allow for full automation of 21st century 

assessment, there is reason to believe that a blended assessment approach can work. This 

broadly translates into using technologies to provide a good layer of assessment data through 

their ability to capture and analyse ‘actions’, while relying on human judgement to deepen the 

assessment through judicious analysis of discourse, including non-verbal interactions. To 

further involve students in the assessment process, as well as to allow the educator to focus on 

depth and complexity of assessments, various forms of peer-assessment can be introduced to 

contribute to overall assessment. Such an assessment framework will necessarily need to be 

aligned to curriculum changes and T&L interactions. 
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Appendix 

An Overview of 21st Century Skills Frameworks 

Assessment and 

Teaching for 21st 

Century Skills 

(ATC21S) 

Partnership for 21st Century 

Skills (P21) 

 

 

North Central Regional 

Educational Laboratory 

(NCREL) & Metri 

Group – EnGauge 21st 

Century Skills: Literacy 

in the Digital Age 

21st Century skills and 

competencies for new 

millennium learners in 

OECD countries 

 

National educational 

technology standards for 

students (NETS.S/ISTE) 

UNESCO 

4 classes of skills 

 Ways of thinking 

o Creativity & 

innovation 

o Critical thinking, 

problem solving, & 

decision making 

o Metacognition or 

learning to learn 

 Ways of working 

o Communication 

and collaboration or 

teamwork 

 Tools  for working 

o Information literacy 

and ICT literacy 

 Living in the world 

o Citizenship, life 

and career skills, 

and personal and 

social responsibility 

3 key elements & related 

competencies 

 Learning and innovation 

skills 

o Creativity and 

innovation 

o Critical thinking and 

problem solving 

o Communication and 

collaboration 

 Information media and 

technology skills 

o Information literacy 

o Media literacy 

o ICT literacy 

 Life and career skills 

o Flexibility and 

adaptability 

o Initiative and self-

direction 

o Social and cross-cultural 

skills 

o Productivity and 

accountability 

o Leadership and 

responsibility 

 

4 core clusters identified 

 Digital literacy 

o Technical literacy 

o Multicultural 

literacy 

o Global awareness 

 Inventive thinking 

o Adaptability, 

managing 

complexity and 

self-direction 

o Creativity, 

curiosity and risk-

taking 

o Higher-order 

thinking and sound 

reasoning 

 Effective 

communication 

o Collaboration, 

teaming, and 

interpersonal skills 

o Personal, social 

and civic 

responsibility 

o Interactive 

communication 

 

 

 

3 dimensions 

 Information dimension 

o Information as 

source: searching, 

selecting, evaluating 

and organizing 

information 

o Information as 

product: the 

restructuring and 

modelling of 

information and the 

development of own 

ideas (knowledge) 

 Communication 

dimension 

o Effective 

communication 

o Collaboration and 

virtual interaction 

 Ethics and social impact 

dimension 

o Social responsibility 

o Social impact 

6 performance indicators  

 Creativity & innovation 

o Demonstrates creative 

thinking, construct 

knowledge, and develop 

innovative products and 

processes using 

technology 

 Communication & 

collaboration 

o Use digital media and 

environments to 

communicate and work 

collaboratively, including 

at a distance, to support 

individual learning and 

contribute to the learning 

of others 

 Research & information 

fluency 

o Apply digital tools to 

gather, evaluate, and use 

information 

 Critical thinking, problem-

solving, & decision-making 

o Use critical thinking 

skills to plan and conduct 

research, manage 

projects, solve problems, 

and to make informed 

Competencies 

 Using tools interactively 

o Use language, symbols, 

and text interactively 

o Use knowledge and 

information 

interactively 

o Use technology 

interactively 

 Interacting in 

heterogeneous groups 

o Relate well to others 

o Cooperate 

o Manage and resolve 

conflicts 

 Acting autonomously 

o Act within the big 

picture, which means to 

understand and 

consider the wider 

context of their 

decisions and actions 

o Form and conduct life 

plans and personal 

projects 

o Assert rights, interests, 

limits and needs 
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Assessment and 

Teaching for 21st 

Century Skills 

(ATC21S) 

Partnership for 21st Century 

Skills (P21) 

 

 

North Central Regional 

Educational Laboratory 

(NCREL) & Metri 

Group – EnGauge 21st 

Century Skills: Literacy 

in the Digital Age 

21st Century skills and 

competencies for new 

millennium learners in 

OECD countries 

 

National educational 

technology standards for 

students (NETS.S/ISTE) 

UNESCO 

2 general themes 

 Core subjects 

o English, reading or 

language arts, world 

languages, arts, 

mathematics, 

economics, science, 

geography, history, 

government, civics 

 21st century 

interdisciplinary themes 

o Global awareness, civic 

literacy, health literacy, 

environmental literacy, 

financial, economic, 

business and 

entrepreneurial literacy 

 High productivity 

o Prioritizing, 

planning, and 

managing for 

results 

o Effective use of 

real-world tools 

o Ability to produce 

relevant, high-

quality products 

decisions using 

appropriate digital tools 

and resources 

 Digital citizenship 

o Understand human, 

cultural, and societal 

issues related to 

technology and practice 

legal and ethical 

behaviour 

 Technology operations and 

concepts 

 Demonstrate a sound 

understanding of technology 

concepts, systems, and 

operations 

 

Assessment 

 Places assessment as its 

foundation i.e. to make 

changes, accurate 

information about skills 

of students is needed. 

Thus, gathering data 

through assessment is a 

critical component of 

the framework. In 

particular, methods are 

developed to assess 

skills that form the 

basis for 21st century 

curricula, with 

emphasis on 

Assessment 

 Balance of assessments, 

including standardised 

testing along with 

formative and summative 

classroom assessments. 

 Emphasises feedback on 

student performance 

embedded into everyday 

learning. 

 Requires a balance of 

technology-enhanced, 

formative and summative 

assessments as a mastery 

of skills. 

 

Assessment  

 Uses a range of tools in 

AP21 (Assessment 

Portal for 21st century 

Learning), to engage 

teachers in articulation 

of assessment of skills 

as part of overall 

evaluation of student 

progress with common 

core standards. 

 AP21 leverages the 

project group’s rubrics 

for 21st century skills 

combined with those  

 

Assessment  

 Suggested that clear 

guidelines and 

regulations are difficult 

to put in place. Instead, 

outcomes initiatives 

such as ATC21S project 

on assessment and 

teaching of 21st century 

skills may be beneficial. 

Assessment  

 Uses sets of ‘standards’ for 

various groups to 

assess/evaluate skills and 

knowledge.  

 For example, educational 

leaders are encouraged to: 

use multiple methods to 

assess and evaluate 

appropriate uses of 

technology resources for 

learning, communication and 

productivity.  

Assessment  

 Does not actually provide a 

definition of 21st century 

skills, and is built from 

those defined by P21.  

 No specific assessment 

approach mentioned.  

 No clear assessment 

policies. 

 Started the DeSeCo 

(Definition and Selection of 

Competencies) project to 

guide the development of a 

long-term strategy for 

internationally comparative 

assessments of key 
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Assessment and 

Teaching for 21st 

Century Skills 

(ATC21S) 

Partnership for 21st Century 

Skills (P21) 

 

 

North Central Regional 

Educational Laboratory 

(NCREL) & Metri 

Group – EnGauge 21st 

Century Skills: Literacy 

in the Digital Age 

21st Century skills and 

competencies for new 

millennium learners in 

OECD countries 

 

National educational 

technology standards for 

students (NETS.S/ISTE) 

UNESCO 

communication & 

collaboration, problem-

solving, citizenship, 

and digital fluency. 

 Development of portfolios 

of students’ work that 

demonstrate mastery of 

21st century skills to 

educators and prospective 

employers. 

 Balanced portfolio of 

measures to assess 

education system’s 

effectiveness in reaching 

high levels of student 

competency in skills. 

built for common core. 

 Includes tools to help 

users achieve and 

document inter-rater 

reliability within 

scoring team.  

 Provides sample 

student work and 

rubrics for scoring 

teams to use when 

evaluating formative 

assessments. 

 

competences. 
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U-MAP: BEYOND CURRICULUM MAPPING 

John KERTESZ 
University of Tasmania 

This paper reports on the development of U-Map, an innovative design-focused, 

forward looking, and user-friendly tool for higher education teachers that promotes 

the constructive alignment of units, systematically and progressively accumulates 

data for course accreditation, and facilitates ongoing critical review of teaching. U-

Map scaffolds the design of units, supports discrimination between quality of unit 

composition and teacher delivery, and acts as a diagnostic tool for comprehensive 

remediation.  U-Map places teachers at the front end of quality enhancement by 

helping them unite the elements that we know contribute to high impact learning 

experiences and support student engagement. 

Keywords: Curriculum mapping, unit design, constructive alignment. 

INTRODUCTION 

This paper reports on the initial development of U-Map, a curriculum mapping exercise in the 

Faculty of Education at the University of Tasmania that has progressed into a user-friendly 

innovative tool that supports unit1 design, evaluation and curriculum renewal, and automatically 

and progressively charts accreditation requirements.  U-Map facilitates constructive alignment 

(Biggs & Tang, 2011) and reveals lecturer thinking behind the design of units. In an increasingly 

regulated and competitive educational environment, U-Map maintains the focus on learning 

outcomes rather than compliance. The journey related in this article reveals how a focus on the 

enhancement of teaching and learning can help teachers seize unexpected opportunities to 

respond positively to accreditation challenges and teaching performance expectations. 

THE BIRTH OF AN IDEA 

The Bachelor of Education (Applied Learning) (BEdAL) was approved for delivery and 

commenced in the second semester of 2011.  This undergraduate course aimed at teachers in the 

vocational education sector may well have been the first to be designed completely using the 

National (now the Australian) Professional Standards for Teachers which were issued in 

February 2011 by the Australian Institute of Teaching and School Leadership (AITSL).  

Although the actual course approval was through the Teachers Registration Board of Tasmania, 

all education courses are being progressively accredited in detail by AITSL, the national 

professional teaching standards authority. 

From the perspective of one who had just participated in the administrative challenges of getting 

approval for and launching a new course, two major developments in October 2011 signalled 

another massive challenge for national AITSL accreditation expected within five years: 

                                                           
1 Within this paper, ‘’unit” refers to a semester teaching package, and “course” the full degree schedule.  
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 The Australian Council of Deans of Education defined the Level 7 Australian 

Qualifications Framework threshold learning outcomes (TLO) for bachelor degrees in 

education, providing another course standard for accreditation (Heath, 2011). 

 The Australian Government established the Tertiary Education Quality and Standards 

Authority to “regulate higher education using…a standards-based quality framework” 

(http://www.teqsa.gov.au/about/legislation).  Teaching quality would most likely have 

implications on institutional compliance, and thus generate additional requirements at 

the course and unit level.   

Awareness of these factors prompted a simple question:  If accreditation requires the time-

consuming mapping of curriculum against certification requirements, then why can’t we 

progressively and consistently map and evidence standards as our new units are developed?   

Observation of colleagues already experiencing the accreditation cycle proved to be a powerful 

motivator.  

CURRICULUM MAPPING 

Curriculum mapping is a common response to the expansion of professional standards and 

increasing pressures for both course and institutional accreditation. Industry demands for “work 

ready” responsive programs coalesce with greater competition in the higher education sector so 

that institutions are spurred to ensure not just that they cover the curriculum efficiently, but also 

that there are procedures to identify and remedy gaps and overlaps (Perlin, 2011).   The 

definitions of a curriculum map vary: 

 “a roadmap of a curriculum, guiding students, faculty members, teachers, curriculum 

planners, evaluators, and coordinators through the various elements of the curriculum 

and their interconnections” (Perlin, 2011, p.28). 

 “a consideration of when, how, and what is taught, as well as the assessment measures 

utilized to explain achievement of expected student learning outcomes” (Plaza, 

Reierson Draugalis, Slack, Skrepnek, & Sauer,  2007, p.1). 

 “to evaluate the links between curriculum content and its target learning outcomes” 

(Lam & Tsui, 2013). 

Both  Perlin (2011) and Plaza, Reierson Draugalis, Slack, Skrepnek, and Sauer (2007) expand 

these definitions by citing Harden’s (2001) view that curriculum mapping identifies whether the 

intended material is being taught, demonstrates links between key components, and examines 

specific aspects of the curriculum. The mapping referred to in this article contains the first two 

of Harden’s (2001) purposes, overlaid with the primary motivation of verifying the linkages 

between academic outcomes and professional standards for course accreditation. Curriculum 

mapping is thus viewed as a process with particular tools devised and constructed to meet the 

aim, scope, and context of the mapping exercise. 

In general, curriculum maps generate tables (Lam & Tsui, 2013; Perlin, 2011), graphical maps 

(Lam & Tsui, 2013; Plaza, Reierson Draugalis, Slack, Skrepnek, & Sauer, 2007; Spencer, Riddle, 

& Knewstubb, 2012), “tick-box” grids (Landry, et al., 2011; Tariq, Scott, Cochrane, Lee, & 

Ryles, 2004), or spreadsheets (Fraser, Crook, & Park, 2007) wherein teaching practices are 

aligned to learning outcomes, skill domains or teaching standards. Depending on the project 

objective, these outputs are then used to identify areas for strategic improvement, curriculum 

http://www.teqsa.gov.au/about/legislation
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renewal (Britton, Letassy, Medina, & Er, 2008; Landry, et al., 2011; Spencer, Riddle, & 

Knewstubb, 2012), or become evidence for accreditation.  The strength of curriculum mapping 

is that it can yield both horizontal and vertical perspectives of learning programs. Lam and Tsui 

(2013) also see curriculum mapping as a means of resolving wider issues of inconsistency and 

lack of coherence in teacher education curriculum. 

A key issue for curriculum mapping is the transition from an attribution process into 

conversations about change and renewal of teaching and learning (Spencer, Riddle, & 

Knewstubb, 2012). Plaza, Reierson Draugalis, Slack, Skrepnek, and Sauer (2007) report using a 

triangulation method to examine the intended curriculum (faculty handbook), taught curriculum 

(interviews with instructors), and received curriculum (student group interviews), as a means of 

identifying issues in learning and teaching.  They also make the point that mapping “can be used 

to make the curriculum more transparent and to demonstrate the links between various 

components of the curriculum” (p.5).   Although utilizing this transparency to allow students 

map their own skills could be inclusive and engage students to reflect on their own learning 

(Tariq, Scott, Cochrane, Lee, & Ryles, 2004), the potential for individual bias would need to be 

considered.  Nonetheless, it could shift the locus of student feedback from satisfaction to 

perceived learning outcomes, and contribute an essential additional lens on the curriculum map 

(Spencer, Riddle, & Knewstubb, 2012). 

The literature suggests an ongoing tension between the intentions of accreditation/compliance 

and course planning/improvement. Tariq, Scott, Cochrane, Lee, and Ryles (2004), go so far as 

to mention that curriculum mapping outcomes become “distorted as they [are] misappropriated 

by the quality assurance agenda to facilitate managerial processes” (p. 79).  There is, however, 

little examination of the intersection of these two purposes and the transitions between them.  

Course renewal curriculum mapping might lend itself easily to accreditation, whether intended 

or not.  The key question in an increasingly regulated education environment is whether the 

process works in the other direction; accreditation mapping generating ongoing improvement.  

A major benefit of the curriculum mapping effort can be overlooked unless those undertaking it 

are able to reorient the certification and compliance agenda at an early stage (Britton, Letassy, 

Medina, & Er, 2008).    

Even when the objective is well-defined, curriculum mapping comes with limitations and 

challenges that should be recognised and acknowledged during the process and when drawing 

conclusions from the data. Plaza, Reierson Draugalis, Slack, Skrepnek, and Sauer (2007) note 

the retrospective nature of curriculum mapping, because the data is derived from formal 

documentation of courses that already have been delivered, such as the unit outline in the author’s 

institution [http://www.teaching-learning.utas.edu.au/planning/unit-outlines].  They also 

mention the inability to capture differences between the intended and delivered curriculum; what 

the documentation says should happen and what actually takes place within the classroom or 

learning management system. For this reason, some mapping exercises intentionally constrain 

themselves to learning outcomes only. Lam and Tsui (2013) explicitly remain in the intended 

learning domain, whilst Harris and Cullen (2009) similar to Blumberg (2009), align curriculum 

level criteria with types of learning and expectations for cognitive engagement. Meanwhile 

Tariq, Scott, Cochrane, Lee, and Ryles (2004), caution against inflated staff perceptions of skills 

claimed by lecturers in the application of their audit tool. They were forced to mandate 

explanations of how the skills were achieved, but the elaborations appear general and there is no 

mention of links to evidence. A less obvious issue, hinted at by Perlin (2011) and discovered by 

Spencer, Riddle, and  Knewstubb (2012), is that the mapping exercise can achieve its 

http://www.teaching-learning.utas.edu.au/planning/unit-outlines


ISSN 2382-5855 

Advances in the Scholarship of Teaching and Learning, Vol.2, No.1, 2015 

   

19 

 

improvement agenda only if the assessment and teaching are considered also, bringing together 

all of the elements of constructive alignment (Biggs & Tang, 2011).   

Spencer, Riddle, and Knewstubb (2012) describe the retrospective nature of curriculum mapping 

as a “static snapshot” (p. 220) of the curriculum, but they do not expand on the analogy to note 

that, like a photograph, such mapping represents a view of the past: what has been delivered at a 

point in time.  Curriculum mapping for renewal thus equates to surveying the past to look to the 

future.  Efforts focused on accreditation alone are less likely to progress beyond meeting the 

licensing requirement, and there appear few examples of mapping processes being concurrent 

with all the living elements of a course; design, delivery and evaluation.  Notably, whilst 

admitting to an accreditation agenda, Uchiyama and Radin (2009) describe a real time course 

mapping exercise occurring during delivery to identify areas of coverage, gaps, and overlaps.  

Their pre-formatted tool is not described, but is likely to have yielded one of the diagrammatic 

outcomes referred to above.   

Within discussion of the characteristics and limitations of curriculum mapping, it is interesting 

how the term mapping is used to describe this retrospective process. Usually, we use maps to 

identify the way to an objective or guide others who intend to travel the same path, and we might 

check our present location to confirm and reinforce the way forward.  However, checking to see 

where we have been tends to occur more often when lost.  If we talk truly about curriculum 

mapping, then the emphasis should be on planning the journey forward, seeking in advance the 

most effective, efficient, and often most pleasant route.  If we know where we are at all times 

and are confident where we have been, then there should be no necessity to consult the map.  

FIRST BEDAL MAPPING 

Our first attempt to respond to the accreditation challenge and answer the question posed at the 

start of this paper, was a simple attribution table that mapped assessment tasks against the AITSL 

Teaching Standards Outcomes and the Australian Qualifications Framework Threshold Learning 

Outcomes (TLO) and listed the forms of evidence (see Appendix A).  This seemed a reasonable 

idea at the time. We even experimented with setting up a wider curriculum map spreadsheet to 

track the teaching standards and TLO against units, although this quickly revealed itself to be a 

mammoth undertaking for a staff of two, one tenured and one sessional. Meanwhile, concurrent 

with this initial mapping documentation, the University of Tasmania initiated trials of unit review 

procedures in response to the same national education compliance pressures mentioned earlier. 

Voluntary participation in the trial review process prompted a comprehensive reflection on all 

aspects of the first mapped units additional to those prompted by student survey feedback. The 

table proved to be a highly beneficial scaffold for reflection by bringing together key unit 

elements in one place. Although not fully appreciated at the time, this use of the initial BEdAL 

mapping table marked the start of a gradual transition in the application of our efforts to improve 

practice.  While we had started off mapping for accreditation only, we soon began to reflect for 

improvement. Accreditation remained the primary motivation nonetheless.  
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U-MAP LOOKING BACK 

Our second attempt into curriculum mapping took the form of a tabular map format called U-

Map which had been largely the province of one person – the university unit co-ordinator. 

Discussions with Faculty leadership identified potential mapping benefits of curriculum mapping 

for all undergraduate courses. The subsequent success of an internal university teaching 

development grant application exposed wider institutional implications, although these were 

anticipated rather than identified. Despite the leadership interest, we agreed that unit coordinators 

had to feel ownership if tokenism was to be avoided and the mapping tool was to contribute to 

curriculum review and improvement as well as support accreditation. The name U-Map emerged 

to reflect that it was unit mapping done by you, the university unit coordinator.  The justification 

within the development grant application is worth considering as an indication of both the 

objectives of the U-Map project and the perceived benefits at that time. 

This project aims to enhance teaching and learning in the School of Education by 

developing and implementing a user-friendly system (referred to as U-Map) that 

will bring together unit learning outcomes, national teaching standards, 

University of Tasmania graduate attributes, assessment tasks and student 

evaluations, in order to provide a clear picture of the effectiveness of a particular 

unit of study.  U-Map will serve several purposes: it will ensure improvement to 

unit design, learning and teaching approaches and assessment strategies; it will 

offer professional development opportunities for academic staff; and it will 

ensure that appropriate evidence is collected and stored in a timely manner for the 

purposes of re-accreditation or quality assurance processes.  This project will 

provide the Faculty of Education (and potentially the University more broadly) 

with a tool that becomes part of the normal cycle of design, delivery and 

evaluation of units, and particularly useful when students indicate through the 

eVALUate [student feedback survey] process that there is room for improvement 

in the units they have completed.  

Despite the ambitious wide ranging objectives and mention of unit design, it was expected that 

the U-Map tool would be applied initially to existing units, maintaining the retrospective 

characteristic of curriculum mapping.  In considering the wider application of the tool, and in 

response to the impetus of the teaching development grant requirement, the first U-Map version 

included unit learning outcomes, AITSL teaching standard outcomes, assessment tasks and 

university graduate attributes (see Appendix B1 and B2). Pull-down lists were added to the 

professional teaching standards and standards focus columns to ease construction and 

amendment. Furthermore, task criteria originally found in the initial BEdAL curricular mapping 

were moved from a subordinate position in the tabular form to alongside the standards that they 

must evidence in the new U-Map.2  

In reviewing this first version of U-Map, it is important to not just examine the content of the 

tool, but also appreciate the procedural perspective of the builder/user and the process flow in its 

construction. Figure 1 reveals that the driving objective remained generation of standards, 

outcomes, and evidence summaries for accreditation. Reflection of teaching practice and unit 

review were consequent benefits rather than factors in design of the tool. The first version of the 

U-Map thus looked backwards, like most curriculum maps.  

                                                           
2 Full document available at 

https://cloudstor.aarnet.edu.au/plus/public.php?service=files&t=e592b40c984f32eb5a0e240779880bb9. 

http://www.utas.edu.au/student-evaluation-review-and-reporting-unit/evaluate
https://cloudstor.aarnet.edu.au/plus/public.php?service=files&t=e592b40c984f32eb5a0e240779880bb9
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It was at this point that the author undertook ELT 501- Foundations of University Learning and 

Teaching as a probationary requirement for new academic staff at the University of Tasmania.  

ELT501 emphasized the application of the revised Bloom’s (Krathwohl, 2002) and SOLO (Biggs 

& Tang, 2011) taxonomies to define levels of cognitive engagement, and promote clarity and 

simplicity in unit and task learning objectives. In addition, assignments in this probation unit 

emphasized the application of constructive alignment (Biggs & Tang, 2011) to establish 

coherence between teaching activities, assessment tasks, and objectives that were clear and 

intelligible to students. Rather than create extra work, the assessment tasks in ELT501 were used 

to review and revise the objectives, assessment, and teaching activities within a unit that was 

“live” and being taught concurrently. U-Map was utilized as the planning vehicle for the tasks 

in this unit. Along the way, U-Map changed and revealed its potential to be more than the servant 

of accreditation, but rather a vehicle for the evaluation and review of living elements of a unit. 

The tool was starting to overtake the process and resolve the retrospective limitation of normal 

curriculum mapping. Course learning outcomes, Blooms and SOLO taxonomies, and teaching 

and learning activities were included into a revised U-Map in response to this new perspective 

and demand (Appendix C1 and C2)3. Also, the longer TLO statements were broken down, coded, 

and formed into pull downs lists to encourage detailed examination and alignment. When 

complete, the revised and expanded spreadsheet format of U-Map allowed calibration of 

constructive alignment and improvements from unit reviews in both directions; learning 

outcomes down, and evidence of student attainment upwards. Furthermore, retention of the 

previous U-Map iterations could verify changes and establish a unit history that would be 

available to inheritors of a unit, peer reviewers, and faculty leadership.  

 

 

Figure 1. U-Map Version 1 process flow 

Whilst standards focus areas and TLO were still listed at the bottom of this revised U-Map, 

accreditation was relegated to a consequence rather than the primary objective.  From a flat 

accreditation and evidence-focused tool (Figure 1), U-Map emerged as a comprehensive 

framework to support improvement of teaching and learning from the ground up (Figure 2). At 

a time when tertiary regulatory authorities and university administrations have been focusing 

increasingly on student satisfaction surveys and review processes alone for quality assurance, U-

                                                           
3  Full document available at 

https://cloudstor.aarnet.edu.au/plus/public.php?service=files&t=d3deea8abf2c449bbda676154780993f. 

https://cloudstor.aarnet.edu.au/plus/public.php?service=files&t=d3deea8abf2c449bbda676154780993f
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Map was revealing its potential to actively insert unit design into the quality loop, thus achieving 

the “part of the normal cycle of design” objective foreshadowed in the teaching and development 

grant application. More significantly, U-Map was orienting towards the proactive quality 

enhancement principle advocated by Biggs and Tang (2011). The only remaining limitation was 

that up to this point U-Map had been applied only to existing units. However, with the 

potentialities of the tool overtaking the limitation of process, the way was open to test U-Map in 

building a brand new unit where alignment would be demonstrable and verifiable throughout the 

design phase. 

 

 

 

Figure 2. Revised U-Map Concept Flowchart 
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U-MAP LOOKING FORWARD 

The progression to designing units using U-Map is not surprising in retrospect, since the structure 

of the tool, whether in the horizontal spreadsheet form of table found in Appendix C1 and C2 , 

or vertical flowchart of Figure 2, conforms to the Identify desired results – Determine acceptable 

evidence – Plan learning experiences and instruction stages of the backwards design approach 

to planning promoted by Wiggins and McTighe (2001): 

Backwards design calls for us to operationalize our goals or standards in terms of 

assessment evidence as we begin to plan a unit or course. It reminds us to begin 

with the question, What would we accept as evidence that students have attained 

the desired understandings and proficiencies – before proceeding to plan teaching 

and learning experiences (p. 8). 

Backwards design, like U-Map, seeks greater coherence between objectives, assessment, and 

teaching activities as the unit is being built.  U-Map provides a convenient scaffold for this 

process reinforced by the capacity to measure constructive alignment in one glance.  

EAL302- Literacy strategies within discipline (Appendix C1 and C2) was the first of a number 

of units successfully constructed using U-Map as the focus for backwards design.  Planning 

started at the unit learning outcomes on the left and worked to the right and down for each 

assessment task and learning module (Blumberg, 2009).  By this stage, U-Map had diverged 

from traditional curriculum mapping to become a forward looking and design orientated 

innovation that does far more than map and collate data for accreditation objectives. 

Furthermore, U-Map extends beyond the initial design phase to promote consistent curriculum 

renewal by taking the reviewer back to the learning outcomes in the first instance, and then 

forcing consideration of the consequences of change on other parts of the unit.   

Although still in development and limited in its use within the Faculty of Education, initial 

experience with U-Map suggests it has considerable potential to verify unit coherence and the 

quality of teaching by: 

 revealing and sharing unit designer thoughts on the relationship between course and 

unit objectives, assessment, and learning activities, which could be of particular 

significance in transferring the intent of a unit and not just teaching responsibility 

between lecturers (Hardré, 2005);  

 providing ongoing vertical and horizontal “live” mapping of the curriculum (Hughes, 

2013);  

 correlating assessment to ensure coherent and mutually supporting formative feedback 

that informs deep transformative learning that helps “students see themselves as agents 

of their own change, and develop an identity as a productive learner who can drive their 

own learning” (Boud & Molloy, 2013, p. 705; Linder, Cooper, McKenzie, Raesch, & 

Reeve, 2014; Rexwinkel, Haenen, & Pilot, 2013; Wang, Su, Cheung, Wong, & Kwong, 

2013);   

 establishing at the point of unit design objective systematic moderation practices that 

focus a forward-looking scholarship of teaching and learning for quality student 

outcomes  (Adie, Lloyd, & Beutel, 2013; Lodge & Bosanquet, 2014; Schuck, Gordon, 

& Buchanan, 2008); and  

 supporting discrimination between unit design and teaching practices in evaluations, 

and evidencing structural improvement to students in response to evaluative feedback 

(Freeman & Dobbins, 2013; Palermo, 2004). 
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The only currently mandated planning document for approved units within the University of 

Tasmania is the unit outline which “provides students with core information about their units of 

study” [http://www.teaching-learning.utas.edu.au/planning/unit-outlines].  The level of detail 

and relationships between teaching and learning elements is substantially clearer in U-Map 

which remains at present a lecturer planning and evaluation document.  However, this distinction 

does not have to remain.  Early in the journey a colleague suggested that the relevant U-Map 

could be shared eventually with students alongside the course outline, and assessment rubrics.  

In recent years the mystery behind assignment marks has been dispelled through criterion 

referenced assessment.  There is no reason why the mystery behind unit planning cannot go the 

same way (Linder, Cooper, McKenzie, Raesch, & Reeve, 2014).  Shared explicit constructive 

alignment could help initial teacher education students in particular to:  

recognise the expectations of the instructor and the learning priorities and build 

up the links among CILO [course intended learning outcomes, TLAs [teaching 

and learning activities] and ATs [assessment tasks] so that they understand why 

they needed to take the course and how the course was related to other courses 

and even the programme goals.  In other words, the alignment could help promote 

student perception of the learning environment (Wang, Su, Cheung, Wong, & 

Kwong, 2013, p.487; Hardré, 2005).   

Furthermore, informing students more explicitly of the intended and taught curriculum should 

generate a more informed perspective of the experienced curriculum than is available through 

student surveys alone. 

U-MAP NEXT STEPS 

A group of seasoned senior and new academics from the Faculty of Education has been recruited 

to trial U-Map, and a research project has been established to capture feedback on the scope and 

functionality of the tool, and to help identify the point of balance between the needs of both unit 

coordinators and management.  It is hoped that this research will generate a U-Map that can serve 

the teaching and certification needs of other disciplines, and support wider University of 

Tasmania accreditation requirements.  Although somewhat in the distance, U-Map also may be 

transferable to other higher education institutions seeking positive solutions within an 

increasingly regulated and competitive Australian educational environment.     

In their initial responses to U-Map, members of the trial group saw the benefits of U-Map as 

making planning explicit, scaffolding unit design for new teachers, and focusing reflection on 

teaching quality: 

Well, I think the main thing it has done is to help me and perhaps others to be 

more conscious of their planning, to be more conscious of alignment, and to be 

more conscious of some of the things they can build into their design and the need 

for some of these things to be made more explicit. 

I think the biggest advantage for me would be... processes; the fact that I am a 

relatively new academic, so designing units and unit outlines is something that I 

finally just started having to do. But what it has enabled me to do is to understand 

the different components of the unit outline in more detail and how they link with 

each other and how they inform each other. 

http://www.teaching-learning.utas.edu.au/planning/unit-outlines
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It does make you sit down and think through... Well, it has made me 

rethink…well, I didn't know my learning outcomes weren't written very well. So 

I didn't know I needed to do that. But having this process here today has really 

given me a tangible way of attacking what I needed to do and forcibly thinking 

through, "What are my learning outcomes? How do they connect to the tasks and 

what tasks do I do in the classroom?" I don't think that process has changed for 

me at all because I think they are things that I did before, but not necessarily as 

well as what I've done at this time. 

Whilst acknowledging the positives, one colleague, who had recently emerged from a demanding 

experience of curriculum mapping for accreditation, raised concerns that implementing U-Map 

across the Faculty could generate additional workload demands.  

I suppose with a number of the processes that we're going through in the Faculty, 

one of the things that I seem to be hitting is repetition and overlap in the 

documents. That's across teaching and learning and performance. It's a number of 

things. It's just knowing how these relate to what. So that's probably the nature of 

the timing of the U-Map in relation to some other things…. I suppose what I'm 

saying is, I don't want to do this and that. I want to just do this….So if one of them 

can be the thing that we do, that would make my life better. 

This is a valid concern, particularly when the anticipated benefits for accreditation may well be 

years away. Conscientious and successful teachers could question the need for an additional step 

in their planning (Uchiyama & Radin, 2009). Meanwhile, less confident teachers or those with 

weaker planning skills might feel threatened as U-Map appears concurrent with institutionally 

mandated unit review procedures and the inclusion of formalized teaching performance 

expectations into career management. For these reasons, U-Map is being introduced gradually, 

incrementally, and collegially into the trial group initially, and their feedback is facilitating 

consideration of alternative forms of the tool so as to avoid the feared duplication mentioned 

above. Meanwhile, leadership is considering introducing U-Map to the Faculty through 

professional learning sessions.  Surprisingly, the increased scrutiny of higher education in 

Australia might prove to be beneficial for U-Map. Teachers using it to improve their teaching 

can establish positive evidence for assessment of their teaching performance, and the Faculty 

can verify its measures to improve performance.  

 

CONCLUSION 

By providing an explicit and holistic overview of unit constructive alignment at the design end 

of units, U-Map has the potential to enhance the consistency and coherence of courses, increase 

student engagement and satisfaction, and contribute to the teaching reputation of our institution.  

However, it significantly also has the potential to focus on the wider discussion of quality 

enhancement and assurance in higher education back to the point of design where it belongs, and 

away from student satisfaction at the tail end of units. New academic staff can benefit from 

having a tool that displays the rationale behind inherited units and scaffolds their design of new 

units.  However, ongoing collegial input into the further development of U-Map remains 

essential to ensure that it remains a teacher-owned manageable tool for educational improvement 

that concurrently and in an unthreatening manner satisfies organizational compliance and wider 

accreditation requirements.  
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Appendix A 

The first BEdAL curricular mapping – Extract from the EAL102 Course  Appendix B1 

 

Assessment Task 1: Exploring the Vocational 

Education and Training (VET) context in Australia 

 AITSL Teaching Standard 

Outcome 

Australian Qualifications Framework 

Threshold Learning Outcomes (TLO)  

Level 7  

Evidence 

Task description: Throughout the first five weeks of the 

unit, you will be introduced to the graduate standards of 

professional teaching practice and develop increasingly 

richer and more complex reflections. The alignment with 

a needs analysis methodology should facilitate the 

identification of immediate professional learning needs 

that will form the basis of further discussions with your 

mentor, as well as becoming objectives for your Entry 

Level Professional Experience stage. 

For your assignment submission, you should: 

 Utilize at least two reflective perspectives to identify 

a key area for professional improvement and align 

this learning need with the professional standards 

 Conduct a needs analysis for self-directed change 

based on the chart adapted from Collins (1998) and 

establish a learning goal 

 Identify options to address the learning goal and 

develop an outline professional learning plan for 

your Entry Level Professional Experience module 

 Examine both feedback procedures and the options 

for validation to determine goal achievement 

 Justify your needs analysis and professional learning 

plan. 

6. Engage in Professional 

Learning 

6.1 – Demonstrate an understanding 

of the role of the National 

Professional Standards for Teachers 

in identifying professional learning 

needs. 

6.2 - Understand the relevant and 

appropriate sources of professional 

learning for teachers. 

6.4 - Demonstrate an understanding 

of the rationale for continued 

professional learning and the 

implications for improved student 

learning. 

 

 

 

 

1. Graduates: 

 Have particular knowledge of their field of 

education and/or teaching discipline(s) and 

the learning theory and practice relevant in 

that field or discipline. 

5. Graduates:  

 have the capacity for independent, 

autonomous, self-directed learning  

 understand the importance of self 

motivation, and critically‐reflective 

practice 

 engage collaboratively to enhance self-

knowledge and personal resilience 

 seek and learn from constructive feedback 

and professional evaluation for further 

learning and professional advancement. 

6. Graduates:  

 adopt reflective practice, show respect for 

colleagues and community members 

 understand the importance of good 

judgement and sound decision-making 

 conduct their practice in education settings 

in an ethical, collaborative, professional 

and accountable manner 

A written submission in the form 

of a: 

 Explanation of reflective 

practice to derive specific 

learning need. 

 Table illustrating self directed 

change learning plan. 

 Reflection on implications for 

future practice. 

Task 

length 

1000 words: Process description - 300 words, Tables – 300 words, Critical reflective 

justification – 400 words 

  

Assessment 

Criteria 

1. Identification of learning needs based on reflection and their alignment to professional standards 

2. Establishment of appropriate learning goals and the development of realistic solutions in a professional learning plan 

3. Critical examination and justification of personal professional learning solutions 

 

Task 1 Standards Summary: 6.1, 6.2, 6.4 

 

Task 1 TLO Summary: 1, 5, 6 Task 1 Forms of Evidence: 

Written submission identifying development of an area for professional learning. 
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Appendix B1 

U-Map Version 1-  Extract from the EAL102 Course (Left)  

 

COURSE: BEd(AL) UNIT CODE: EAL102 UNIT TITLE: Foundations of Professional Learning 

Unit Learning 

Outcomes 

Assessment Task Outline Assessment Task Criteria AITSL National 

Teaching Standard 

Outcome 

AITSL Standards Focus Area 

 

 

1. Understand the 

theory of reflective 

practice and apply 

it to your teaching. 

 

2. Demonstrate 

knowledge of the 

role and application 

of teacher 

professional 

standards 

 

3. Critically reflect 

on, identify, and 

take responsibility 

for, professional 

learning needs                                                       

 

4. Understand the 

application of 

ePortfolio and other 

digital tools to 

portray rich 

evidence of 

teaching practice 

aligned with 

professional 

standards 

 

Task 1 description:  
 

Throughout the first five weeks of the unit, you will be 

introduced to the graduate standards of professional teaching 

practice and develop increasingly richer and more complex 

reflections. The alignment with a needs analysis methodology 

should facilitate the identification of immediate professional 

learning needs that will form the basis of further learning and 

objectives for your Entry Level Professional Experience 

stage. For your assignment submission, you should: 

 

1. Utilize at least two reflective perspectives to identify 

one key area for professional improvement and align 

this learning need with the professional standards. For 

in-service teachers this should be based on your current 

practice. Pre-service teachers should select from a 

foundation skills area, such as knowledge of how 

students learn, behaviour management, and lesson 

planning and sequencing; these all form professional 

teacher standards elements. 

2. Based on the chart adapted from Collins (1998), 

conduct a needs analysis for self-directed change and 

establish a learning goal. 

3. Identify options to address the learning goal and 

develop an outline professional learning plan for your 

Entry Level Professional Experience module. 

4. Examine both feedback procedures and the options for 

validation to determine goal achievement. 

5. Justify your needs analysis and professional learning 

plan. 

 

 

 

1. Identify learning needs 

based on reflection and 

consideration of 

professional standards.   

 

2. Establish learning goals 

and develop solutions 

in a professional 

learning plan. 

 

3. Justify the plan and 

consider implications 

for future practice. 

 

 

 

 

6. Engage in 

professional 

learning 

 

 

 

 

6.1    Identify and plan professional 

learning needs: Demonstrate an 

understanding of the role of the 

Australian Professional Standards for 

Teachers in identifying professional 

 

 

 

6.2     Engage in professional learning and 

improve practice: Understand the 

relevant and appropriate sources of 

professional learning for teachers. 

 

 

 

6.4     Apply professional learning and 

improve student learning: 

Demonstrate an understanding of the 

rationale for continued professional 

learning and the implications for 

improved student learning. 
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Appendix B2 

U-Map Version 1-  Extract from the EAL102 Course (Right) 

UNIT COORDINATOR: John Kertesz U-Map Version 1 (Jan14) 

Graduate Attribute Australian Qualifications Framework Threshold Learning Outcomes (TLO)  

Level 7 

Assessment Task Outcome 

Evidence 

KNOWLEDGE  

Graduates will have an in-depth 

knowledge in their chosen field 

of study and the ability to apply 

that knowledge in practice. They 

will be prepared for life-long 

learning in pursuit of personal 

and professional development 

1. KNOWLEDGE – Graduates: 

 know and understand learning and learners through the history, philosophies, sociology and current issues 

and practices of education;  

 know and understand the physical, social and emotional dimensions of learners & learning; 

 know and appreciate the importance of developmental learning contexts; 

 have knowledge and understanding of education policies, appropriate curricula, learning theory and practice, 

Indigenous Australian and other cultures; 

 know education theory and practice from a global perspective; 

 know and understand of the discipline and the profession of education;  

 have particular knowledge of their field of education and/or teaching discipline(s) and the learning theory 

and practice relevant in that field or discipline. 

A written submission in 

the form of: (a) an 

explanation of reflective 

practice to derive a specific 

learning need; (b) a table 

illustrating a self-directed 

change learning plan; and 

(c) a reflection on the 

implications for future 

practice. 

COMMUNICATION SKILLS  

Graduates will be able to 

communicate effectively across a 

range of contexts 

5. PROFESSIONAL LEARNING - Graduates: 

 have the capacity for independent, autonomous, self-directed learning ;  

 understand the importance of self motivation, and critically reflective practice;  

 engage collaboratively to enhance self-knowledge and personal resilience;  

 seek and learn from constructive feedback and professional evaluation for further learning and professional 

advancement. 

PROBLEM-SOLVING SKILLS  

Graduates will be effective 

problem-solvers, capable of 

applying logical, critical and 

creative thinking to a range of 

problems. They will have 

developed competencies in 

information literacy 

6. ETHICAL & RESPONSIBLE PROFESSIONAL PRACTICE – Graduates 

 adopt reflective practice, show respect for colleagues and community members; 

 understand the importance of good  judgement and sound decision-making; 

 display fair and equitable treatment of students or clients; 

 apply relevant professional code of ethics; 

 conduct their practice in education settings in an ethical, collaborative professional and accountable manner; 

 value social and environmental sustainability, understand environmental issues and will be able to contribute 

to education for sustainable development; 

 engage sensitively and ethically with all stakeholders across the field of education. 
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Appendix C1 

U-Map Version 2 -  Extract from the EA302 Course (Left) 

Yr 2014    Sem 2                     Course BEdAL      Unit Code: EAL102 UNIT TITLE: Literacy Strategies within Discipline  
Course Learning 

Outcomes 
Unit Learning 

Outcomes 
Bloom/SOLO Assessment Task Outline Assessment Task 

Criteria 
Bloom/SOLO 

1. Design, develop, 

deliver and evaluate 
applied learning 

programs in different 

learning and teaching 
contexts 

1. Examine 

current literacy 
issues in a range 

of educational 

contexts. 

Applying: Use a concept in 

a new situation or 
unprompted use of an 

abstraction. Apply what is 

learned in the classroom 
into novel situations in the 

work place - demonstrate, 

illustrate, interpret, solve 

 

Task 1: Developing Literacy Philosophy - Task description:  

 

Over the first seven weeks of this unit, you will examine two 

distinctly different perspectives within educational and 

workplace literacy, as well as the wider Australian perspective of 
literacy support in vocational education and training. Active 

participation and contribution to the associated discussion boards 

will encourage you to connect these perspectives and issues with 
your current or intended teaching setting, and to develop 

progressively a literacy teaching philosophy that can be further 

refined during your professional experience placement. 
Experienced teacher practitioners should constructively 

contribute to contextualising literacy for pre-service colleagues 

in the unit, and to support grounding their intentions into 
teaching realities.  

 

At the conclusion of the module, you will submit an ePortfolio 

Presentation webfolio that contains: 

 

 a 500 word literacy philosophy teaching statement 
aligned to your professional situation and career stage. 

 all of your contributions to the discussion boards, 
extracted and embedded in a Word document uploaded as 

an artefact, and  

 a 500 word reflection that critically examines your key 
learnings from the readings and discussions, and how 

these relate to the philosophy statement 

 to how your contribution to the discussions improved 
both your and your colleagues’ understanding of this very 

important educational issue. 

1.  Construction of 

literacy teaching 
philosophy 

Creating: Build a structure or pattern from 

diverse elements. Put parts together to 
form a whole, with emphasis on creating a 

new meaning or structure - construct, 

design, formulate, propose 

Extended abstract: Theorize, hypothesize, 

generalize, evaluate, justify, reflect, 

predict, design 

2. Research own 
teaching practice 

using educational 

theory and research 
literature 

Relational: Compare & 
contrast, analyse, apply, 

explain, argue, analyse, 

distinguish, 

2.  Evaluation of 
educational perspectives 

Evaluating: Make judgments about the 
value of ideas or materials - argue, 

evaluate, assess, predict 

 

3.  Reflect on teaching 

practice for continual 

improvement using 

the Australian 

Professional Teaching 
Standards 

2. Evaluate 

student literacy 

needs within 

school and 

vocational 
education 

context 

Evaluating: Make 

judgments about the value 

of ideas or materials - 

argue, evaluate, assess, 

predict 

Extended abstract: Theorize, hypothesize, 

generalize, evaluate, justify, reflect, 

predict, design 

 

4. Apply pedagogical 

content knowledge at 

the graduate level of 
the Australian 

Professional Teaching 

Standards in school 
and vocational 

education settings 

Extended abstract: 

Theorize, hypothesize, 

generalize, evaluate, 
justify, reflect, predict, 

design 
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Appendix C2 

U-Map Version 2 -  Extract from the EA302 Course (Right) 

Face-to-Face/Online/Mixed: Fully online UNIT COORDINATOR:  Dr John Kertesz U-Map Version 4  (May 2014)  

Teaching & Learning 

Activity 

AITSL Teaching 

Standard Outcome 

AITSL Standard Focus Area Graduate Attribute Australian Qualifications 
Framework Threshold 
Learning Outcome (TLO) L7 

Learning 
Outcome L7 
Elements 

Assessment Task 
Outcome 
Evidence 

 

Module 1: The Literacy 

Context  

 

Topic 1: Adult literacy 

approaches in different 

educational settings 

 

Readings:   
McKenna & Fitzpatrick (2004) 

 

Discussion board activity: 

 What are the common 
issues between 

countries? 

 When you examine the 

various responses, what 
do you see? 

 

Topic 2: A tale of perspectives 

 

Readings: 

AIG (2010)  

 

Discussion board activity: 

• Do you agree that there is an 

adult literacy crisis as 

depicted? 

• Whose perspective does this 

represent? 

 

 

 

1. Know students & 

how they learn 

1.3 Students with diverse 

linguistic, cultural, religious 

and socioeconomic 
backgrounds: Demonstrate 

knowledge of teaching 

strategies that are responsive to 

the learning strengths and 

needs of students from diverse 

linguistic, cultural, religious 
and socioeconomic 

backgrounds. 

 

KNOWLEDGE  

 
Graduates will have an in-depth 

knowledge in their chosen field of study 

and the ability to apply that knowledge in 

practice. They will be prepared for life-

long learning in pursuit of personal and 

professional development 
 

In this unit, students will develop an 

understanding of the challenges facing the 
implementation of effective literacy 

support in different context and be able to 

distinguish between deficit and socially 
contextualized approaches to workplace 

literacy. Students will also develop 

knowledge of explanation and procedural 
text types and strategies that can support 

student engagement with both in the 

school and vocational education settings. 

 

1. KNOWLEDGE 

 

1.1 Graduates 

know and 
understand 

learning and 

learners through 

the history, 

philosophies, 

sociology and 
current issues and 

practices of 

education 

 

An ePortfolio 
webfolio 

containing: 

 

 Educational 

philosophy 

statement, 

 embedded 
discussion 

participation 

artifacts, and  

 structured 

reflection. 

 

2. Know the content & 

how to teach it 

 

2.1 Content and teaching 

strategies of the teaching area: 
Demonstrate knowledge and 

understanding of the concepts, 

substance and structure of the 
content and teaching strategies 

of the teaching area. 

1.5 Graduates 

know education 

theory and 
practice from a 

global perspective 

1.6 Graduates 
know and 

understand of the 

discipline and the 

profession of 

education 

 
2.3 Curriculum, assessment and 

reporting: Use curriculum, 

assessment and reporting 
knowledge to design learning 

sequences and lesson plans. 

 
COMMUNICATION SKILLS  

 

Graduates will be able to communicate 
effectively across a range of contexts 

 

In this unit, students will develop the skills 
to effectively communicate orally with a 

diverse range of learners in both the school 

and vocational education settings. Written 
skills will be enhanced through the 

development and sharing of lesson 

planning documentation and reflective 
evidence-based tools, including 

ePortfolios and blogs. 

1.7 Graduates 
have particular 

knowledge of 

their field of 
education and/or 

teaching 

discipline(s)  
2.5 Literacy and numeracy 

strategies: Know and 

understand literacy and 
numeracy teaching strategies 

and their application in 

teaching areas. 
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INSTRUCTIONAL STRATEGIES AND CHALLENGES IN MOOCS 

LIM Kin Chew 

SIM University 

In 2011, Stanford University launched the online course entitled “Introduction to 

Artificial Intelligence”. It was facilitated by Sebastian Thrun and Peter Norvig.  

Enrollment quickly reached 160,000 students. Since then the term, MOOC, 

Massive Open Online Course, has become widely known internationally. Together 

with these online courses, we also see the establishment of various MOOC 

platforms such as Coursera, edX, Udacity and Udemy. Because of the massive 

student enrolment, course providers have devised teaching approaches and 

strategies for MOOCs to engage students in learning. The purpose of this paper is 

to examine some MOOC teaching approaches or strategies which can be adopted 

in e-learning implementation. In addition, the author examines some challenging 

issues facing MOOCs.    

Keywords: Technology integration, electronic study guides, higher education. 

INTRODUCTION 

The discussion in this paper on the instructional strategies and challenges in MOOCs is timely 

as the author believes that student centric instructional strategies in MOOCs can help to 

increase both student motivation and engagement. Over the past three years, massive open 

online courses, (MOOCs), have emerged rapidly on the higher education landscape with 

hundreds of thousands of online students enrolled in MOOCs. Today, there is a wide variety 

of courses offered by universities in many countries including those from US, UK, China, 

Japan, Australia, Malaysia and Singapore. Many of these courses do not require registration or 

course fees.  So, what are MOOCs and how are they able to reach out to appeal to so many 

students? 

WHAT IS A MOOC? 

A MOOC is an online course that is open, distributed and supports life-long learning 

(McAuley et al., 2013; Siemens, 2013; Grainger 2013; Cormier, 2010). According to Siemens 

(2013), MOOCs “offer a middle ground for teaching and learning between the highly 

organized and structured classroom environment and the chaotic open web of fragmented 

information” (p.6). MOOCs play a significant role by bringing high quality and interactive 

learning content accessible to anyone at anytime. Using web-based tools, MOOCs are able to 

deliver classes without regard for geographical boundaries, time zones, and the number of 

participants. Thus, students in disparate locations can take particular lectures in their own time 

zone or students may make up for missed lectures at their own convenience.  
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The term 'MOOC' was coined in 2008 by Dave Cormier and Bryan Alexander. They were 

responding to an online course called Connectivism and Connective Knowledge which was 

led by George Siemens and Stephen Downes, well-known educational researchers in the field 

of online learning (de Frietas, 2013; McAuley et al., 2010; Siemens, 2013). In addition to 

providing traditional course materials such as videos, readings, and assignments, MOOCs 

provide interactive user forums that help build learning communities for students, instructors 

and teaching assistants. MOOCs are popular amongst students as they offer a freer and less 

restricted way of learning when compared to traditional face-to-face courses. Learning in 

MOOCs is flexible and self-paced, so students can revisit the learning materials as necessary 

for them to understand the concepts. Almost all current MOOCs generally have the following 

features (Lukeš, 2012): 

 Massive – i.e., access to a large group of students, e.g., from 5,000 – 100,000. 

 Open access – i.e., not requiring a test of prior knowledge before starting the course.  

 Open – i.e., do not require payment just for access to content and peers. However, 

there may be payments for other things (like tutor support, assessment, participation in 

ancillary events).  

 Online – i.e., online web delivery.  Contents may be in multiple modes - video, audio, 

text and animation.  

 Course – i.e., having a course of study with a set of learning outcomes. 

 Online course – i.e., incorporating interactions with students and course facilitators. 

To bolster instructional content, many lecturers are experimenting with how to integrate third-

party content into their classes or online courses. Whole disciplines (e.g., computing) have 

transitioned to a point where learning at home, coupled with hands-on work in class, is the 

norm (Degree of Freedom, 2013). For instructors searching for a range of content, 

instructional strategies and modes of delivery to enhance their courses, MOOCs could serve 

as a valuable resource as increasing numbers of courses are re-engineered towards self-

directed learning, which is a key component of transformative education in the 21st century.  

MOOC PLATFORMS 

In order to launch a MOOC, a university needs the necessary infrastructure to support the 

potentially large number of students accessing, using and interacting with other users via the 

computer system (Yuan, Powell & Oliver, 2014). Essentially, a MOOC platform refers to the 

underlying computer system on which application programs can run (Rouse, 2006). These 

application programs help to deliver the online courses. Currently, there are a quite few 

MOOC platforms that are widely used to deliver MOOCs.1 These include Coursera, edX, 

Udacity, Udemy, Moodle, and even Google Course Builder (Ferenstein, 2012). To illustrate 

the differences, a comparison of three common platforms (in terms of the range of courses 

offered, accreditation and the technology used) is shown in Table 1. 

 

 

 

 

                                                      

1 These platforms might be classified according to whether they are commercial (for-profit) or non-profit.  Both Coursera and 

Udacity are commercial platforms whilst edX and FutureLearn (from the UK) are non-profit platforms. 
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Table 1 

A Comparison of MOOC Platforms 

Provider Available Languages Accreditation   Courses Offered Technology 

Coursera2 English, Spanish, 

French, Chinese, 

Arabic, Russian, 

Portuguese, Turkish, 

Ukrainian, Hebrew, 

German, Italian, 

Arabic, Greek, 

Japanese 

American Council on 

Education  

College Credit 

Recommendation 

(for five courses) 

Broad range of courses e.g. 

physics, engineering, 

humanities, medicine, 

biology, social sciences, 

mathematics, business, 

computer science, and many 

more 

Closed 

platform 

edX3 English, Mandarin, 

French, Hindi, Spanish 

Universities do not 

offer formal 

academic credit for 

edX coursework 

Courses from top universities 

for post college / lifelong 

learner 

Open 

platform 

Udacity4 English Tie up with Georgia 

Tech university to 

offer MS in 

Technology 

Focus on Vocational courses/ 

courses in STEM fields 

Closed 

platform 

Source: Taneja & Goel, 2014 

Programs in platforms such as edX (shown above) use open source software which allows the 

source code to be made available to others for modification and enhancement.5 Open source 

software or open platform refers to the operating system used in the computer system. It is 

usually free of charge and has unlimited licensing under different usage licensing (Open 

Source Initiative, 2014). The source code is freely available to the public and users can 

modify the codes depending on certain conditions. This gives software developers the option 

to look deeper into the code and alter things as they wish. By having an open source software 

program, developers can alter large amounts of the code to their own preference.   

On the other hand, closed source software or closed platform is proprietary, e.g., owned by 

entities like Microsoft or Apple. The software is not available for free and the source codes 

are not alterable but need to be licensed. This means legitimate users need to register the 

software with the original developing company. A closed system or platform does not allow 

developers to change anything that deals with the operating system software. However, 

application developers are given some privileges with a set of tools that let them develop the 

software to support the delivery of the online courses. There are advantages and disadvantages 

to both platforms. 

 

 

                                                      
2 Coursera is an open-source educational learning platform started by two Stanford professors. It partners with top 

universities to offer courses online for free. It has a proprietary platform on which content provided by participating 

universities is hosted. 
3 edX is an open-source platform that was founded in partnership between MIT and Harvard. It is non-profit driven and aims 

to enable open access to quality online delivery. 
4 Udacity started out as a Stanford University experiment which offered a free online Artificial Intelligence course to anyone. 

Its aim is to bridge the gap between education, employment and skills. 
5 Other platforms also using open source software include Google Course Builder and Moodle (Swope, 2014). 
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There are three main kinds of MOOC each of which is predisposed towards a specific kind of 

pedagogical approach: cMOOC, xMOOCs (Downes, 2013) and quasi-MOOCs (Siemens, 

2013). The connectivist cMOOC is driven by social constructivist approach to learning. It 

harnesses the power of social media and interaction with peers for social learning. It focuses 

on knowledge generation and creation. In contrast, xMOOCs are primarily driven by a 

behaviourist principle of acquiring knowledge through repetition and testing (Roderick, 

2008). They are content focused, and are geared towards duplication of knowledge. Quasi-

MOOCs offer web-based tutorials such as those by Khan Academy and MIT’s 

OpenCourseware (OCW). They consist of “open education resources supporting learning 

specific tasks that do not offer the social interaction of cMOOCs or the automated grading and 

tutorial-driven format of xMOOCs” (Siemens, 2013, p.8).  

TEACHING APPROACHES AND STRATEGIES IN MOOCS 

Undoubtedly, the success of any MOOC depends very much on the teaching approaches 

adopted. MOOCs’ course design, in general, should be guided by sound pedagogical 

approaches such as interactive learning, self-directed learning, peer assessment and 

constructive feedback. Only then can there be improved student learning outcomes (Buck, 

2014; Agarwal, 2014).  

 

In her blog post entitled “A Tale of Two MOOCs @ Coursera:  Divided by Pedagogy”, 

Morrison (2013) analysed and shared thoughts on the success and failure of the two online 

courses she attended: "Fundamentals of Online Education (FOE)" course and the "e-Learning 

and Digital Cultures" course. She pointed out learning was disadvantaged in the FOE course 

as it adopted the instructor-led model with the instructor directing student learning with little 

interactive learning. In contrast, the other more successful "e-Learning and Digital Cultures" 

course Morrison observed adopted the learner-centric and self-directed learning approach. 

Students were more engaged as they were given choices on participation using social media 

and access to open resources on the Web for content (Morrison, 2013).  

 

Morrison is not alone in her observations. Several professors from various universities such as 

MIT and the Australian Catholic University (Agarwal, 2014; McLoughlin, 2013) have also 

pointed out that MOOCs should not be conducted in the traditional didactic manner with the 

instructor moving everyone at the same pace regardless of their understanding. The online 

environment requires more active engagement of learners’ minds rather than passive 

absorption of knowledge. One should not underestimate the power of learner engagement and 

peer learning in MOOCs. In reflecting on his delivery of his MIT MOOC course on circuits 

and electronics, Agarwal (2014) shared that he was concerned about his inability to monitor 

the forum discussions and answer the questions from the 150,000 students with the help of 

only one technical assistant. Fortunately, he found that whenever questions were raised by 

some students, other students started to provide answers. This was despite the fact that his 

students came from different countries. This phenomenon illustrates the power of peer 

learning in MOOCs. 

 

Online instructors can utilize automatically graded assessments in MOOCs that offer the 

opportunity for students to receive instant feedback in real time, which allows them to stay 

engaged in their tasks. Students need to receive clear goals, immediate feedback about their 

progress, and affirmation (in the form of rewards) for mastery of appropriate skills. With 

thousands of students enrolled in some MOOCs, it becomes impossible for the instructors to 

review the answers, essays or other open-ended work as they do in smaller face-to-face 
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classrooms. Relying on quizzes and other single "right answer" type assessments can also 

inhibit the potential for MOOC providers if they want to offer a wider range of courses. In 

order to remove this limitation, MOOC providers are now looking to peer-based assessments, 

in which students learn to review the work of other in their cohort (Duhring, 2013). This is an 

approach which educators can also consider.  

Finally, learning through MOOCs can become even more effective if there is an authentic 

face-to-face interaction between students and instructors; this is possible with a Flipped 

Classroom model, in which students go through MOOCs online and instructors clear their 

doubts during class hours (Davie, 2014; Degree of Freedom, 2013). In delivering MOOCs, 

instructors are to take great care in managing the online learning platform tools and learners. 

Concluding his study on MOOCs, Grainger (2013, p.5 and p. 35) suggested some practical 

pointers on MOOC delivery educators might need to take note of. They include: 

 well-designed announcements (beginning and end of each week) articulating the topic 

coverage, learning activities and assessment methods to maintain student interest and 

motivation; 

 effective strategy for managing forums to control negative behaviour of a minority 

while maintaining the openness of discussion areas, which is done so as not to let the 

majority of students get affected by negative online behaviour of the minority;   

 regular communication, but not too regularly such as once or twice a week as students 

appear to respond readily to emails when compared to static announcements on the 

MOOC session site; and 

 responsiveness to student feedback. If a single learner raises an issue in forums, it is 

worth noting. If 20 or 30 students raise the same issue in forums, it is wise to act 

quickly by confirming that the issue has been noted and action taken where possible.  

As discussed, there is indeed a variety of different approaches and ways in which we can 

enhance the effectiveness of MOOCs. We will now examine a couple of teaching innovations 

in MOOCs, specifically for Science and Engineering courses.   

VIRTUAL “ILABS” IN MOOCS 

The challenge in MOOCs for science courses includes the difficulties of replicating science 

experiments online, and the costs of doing so. However, some universities have sought to 

overcome this hurdle through different means. For example, with the aid of his graduate 

students at Stanford University, Professor Lambertus Hesselink was able to set up a virtual lab 

which allowed MOOC students to carry out a Physics diffraction experiment. This was done 

by squeezing two lasers, a diffraction grating, multiple lenses and other equipment into a 

picnic basket sized box. Snapshots of every possible experimental setup were taken and stored 

in a database. Students can log onto the database and interact with the same controls and video 

view as would be used during a real experiment. When students change the laser colour from 

blue to red, they observe the pre-recorded state within this virtual lab (Hesselink, Rizal, 

Bjornson, Paik, Batra & Catrysse 2003). Not only has Professor Hesselink succeeded in 

creating a virtual lab online, he has also made the virtual lab affordable and accessible. These 

experiments can also be accessed by hundreds of students. An added advantage is that the 

virtual lab also requires significantly less maintenance when compared to a real lab (Carey, 

2013).  
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Some MOOCs allow students to access expensive resources such as a telescope. For example, 

Skynet University offers online courses that allow students access its global university 

network of fully automated, or robotic, telescopes. Its students are also able to access the 7 

million images that were taken with these telescopes, which span four continents (Skynet 

University, 2011). Another example is the Faulkes Telescope Project which provides students 

in the UK free access to two high-powered robotic telescopes, one in Hawaii and the other in 

Australia. Students are able to use these telescopes remotely to carry out their own scientific 

investigations (Brown & Adler, 2008). These are some examples of MOOCs providing access 

to equipment which otherwise could not be made available to students due to prohibitive 

costs. 

CHALLENGES IN MOOCS 

MOOCs have now become so widespread that many universities are even giving credits to 

their applicants who have successively completed their MOOCs. One example in Singapore is 

Nanyang Technological University’s initiative to allow its existing students to transfer credits 

they have earned to the courses they are studying (NTU Academic Services, 2014). Such a 

trend bodes well for the future of MOOCs. However, there are still challenges confronting the 

widespread use and adoption of MOOCs. 

 

One major challenge is accreditation and certification for MOOCs. Currently, there is no 

central body or set of standards against which accreditation and certification can be 

benchmarked. It is interesting to note that some universities have started accrediting courses. 

One of the accrediting bodies is the American Council of Education, a non-profit association 

representing the leaders of US accredited degree-granting two- and four-year colleges and 

universities (Voss, 2013). Another example is the USA’s Distance Education and Training 

Council (DETC, http://www.detc.org/), which has accredited courses by the University of the 

People (http://uopeople.edu) since February 2014. However, such examples of accrediting 

bodies are small in number. 

 

The next challenge for MOOCs is to expand access to more people in more countries. 

Currently, people in many countries do not have the technology and the tools to access 

MOOCs. Also, the Internet infrastructure in some countries is poor. Moreover, some MOOCs 

are also blocked in certain countries for political reasons. Yet, another challenge is to have 

MOOCs made mobile friendly. At a time when many people in the world are increasingly 

accessing mobile content, only some MOOCs (e.g., MobiMOOC and UnX) have learning 

materials in mobile accessible formats (de Freitas, 2013). Another challenge is to raise student 

motivation. Currently, most MOOCs suffer from low student completion rates. This can be 

attributed to low student motivation and engagement. This low learner motivation needs to be 

addressed if schools, companies, or other organizations intend to use MOOCs as part of a full 

curriculum. The final challenge faced by MOOCs will be their integration with classroom 

lessons as part of blended learning and as supplements to, rather than replacements for, 

traditional courses (Blake, 2014). Notwithstanding these challenges, MOOCs face unlimited 

prospects for promoting learning and uplifting standards of competencies and knowledge 

amongst wide numbers of learners.  

 

http://www.detc.org/
http://uopeople.edu/
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CONCLUSION 

After the Coursera education platform was established, about 55,000 students from Singapore 

had signed up for courses on the Coursera platform (Davie, 2014). This shows that people in 

Singapore are very enthusiastic about lifelong learning via MOOCs. There are many good 

teaching and learning practices in MOOCs that universities and training providers can adopt. 

It is also possible that more people will be able to access sophisticated lab equipment and 

conduct experiments when they are learning science and technology courses through MOOCs. 

However, not everything can be accomplished using MOOCs. Students taking MOOCs will 

need to be self-determined learners with high motivation. Together with relevant strategies, 

the author believes that MOOCs can help supplement the usual online and face-to-face 

classroom sessions.  Ultimately, as pointed out by Morrison (2013), courses that do not 

engage students well enough will simply disappear. Those MOOCs that engage their students 

using the appropriate strategies or approaches and rise to the challenges outlined above will 

become sustainable.   
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THE EFFICACY OF NONAKA’S KNOWLEDGE CREATION SPIRAL IN 

ADVANCING TEACHERS’ TPACK 

LIM Wei Ying  

SIM University 

 Cynthia SETO   

Academy of Singapore Teachers 

This paper reports the use of Nonaka’s knowledge creation spiral as a design 

strategy for developing teacher TPACK. While it is evident in the literature the 

importance of TPACK for technology integration, it is less obvious how to develop 

TPACK in teachers. Designed using the case study approach, a total of 28 

teachers participated in our professional development programme that required 

them develop shared knowledgeable objects as a knowledge creating community. 

Preliminary findings indicated a growth of TPACK evidenced by (1) a deep 

understanding of student learning difficulty, (2) a tight technology and pedagogy 

coupling in the lesson design, and (3) appropriate design of TPACK scaffolds. We 

discuss our early assertions of Nonaka’s knowledge creation spiral as conclusion 

of this paper.  

 

Keywords: Knowledge creation, TPACK, learning design, teacher professional development.  

INTRODUCTION 

The view of knowledge creation as a metaphor of learning (Paavola, Lipponen & 

Hakkarainen, 2004) has gained prominence in the teaching and learning community in recent 

years. Recent studies have contributed to the theory of knowledge creation (e.g. Tee & Lee, 

2013) or, produced empirical results that supported learning as knowledge creation (e.g. Hong 

& Sullivan, 2009).  

This paper aims to report on the efficacy of the use of Nonaka’s knowlede creation spiral 

(Nonaka & Takeuchi, 1995), namely socialization, externalization, combination and 

internalization (SECI), as the basis of ba (a Japaneese word that means a dynamic shared 

context) in developing teachers’ TPACK (technological, pedagogical, content knowledge). 

Many empirical studies have found that teachers’ use of technology in teaching and learning 

largely premised on information transmision and regurgitation (Lim & Chai, 2008; Ward & 

Parr, 2010). Findings indicated that the lack of meaningful learning experiences with 

technology is in part due to teachers having limited TPACK (Mishra & Koehler, 2006; 

Koehler, Mishra & Yahya, 2007). According to Nonaka, Toyama and Byosiere (2001), the 

SECI spiral is an enabling and dynamic process that facilitates rich and constructive 

conversations around a shared object. Hence, it is envisaged that the SECI spiral, when 

applied in the context of developing teachers’ TPACK, enhances teachers’ capacity to design 

meaningful technology-enabled learning experiences.  

In this paper, we first examine some conceptual issues surrounding knowledge creation, and 

how it is a useful design strategy for developing teachers’ TPACK. Then we explain the 
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research design of this project in which we present an outline of how the SECI spiral is 

applied in our professional development programme. Thereafter, we present our preliminary 

findings of (1) a deep understanding of difficulties students face, (2) a tight technology and 

pedagogy coupling, and (3) appropriate TPACK scaffolds. These themes suggest that there is 

a deepening of teachers’ TPACK. As a result of this promising findings, we discuss our early 

assertions of the efficacy of Nonaka’s SECI spiral for development of teacher TPACK as 

conclusion of this paper.  

KNOWLEDGE CREATION AS A DESIGN STRATEGY TO DEVELOP TPACK  

The knowlede creation metaphor of learning is an epistemological lens positioned for an 

innovation-driven knowledge-based society. Learning in this perspective is driven by inquiry 

where knowledge is iteratively developed and enhanced. More importantly, the knowledge-

creation approach emphasizes in the making of “shared knowledgeable objects” 

(Hakkarainen, 2008). These shared objects mediate the exchange between the individual and 

the social in which they provide the impetus for collective actions, and concomitantly give 

meaning to the participation of the individuals. Moreover, these shared objects do not remain 

static but they evolve over time. Hence, the boundaries of process and product are blurred as 

the shared objects which embody innovation transform over time. 

The value of the knowledge creation metaphor for learning is appreciated when it is regarded 

in tandem with the acquisition and the participation metaphors. In a well-cited paper, Sfard 

(1998) described the acquisition metaphor to that of information transmission to fill a human 

mind. Learning in this perspective entails individual information processing in order to 

decipher the knowledge structures, mostly in the form of schematas. On the other hand, the 

participation metaphor is about growing in the likeness of a community. Learning in this 

perspective is about appropriation of the norms, discourse and practices of the community. 

According to Paavola, Lipponen & Hakkarainen (2004), the knowledge creation metaphor 

bridges the dichotomy of the acquisition and the participation metaphor. It does so by having 

knowledge at the forefront of the learning process, while recognizing the importance of the 

situated nature of social interactions.  

This knowledge creation view of learning seems appropriate for the development of teachers’ 

TPACK. TPACK is a type of knowledge that enables the use of technology to support 

learning effectively (Mishra & Koehler, 2006). Effective learning in this case is not merely 

about regurgitating information, but that the outcomes of Meaningful Learning is achieved 

(Jonassen, Howland, Marra & Crismond, 2008). Meaningful Learning, according to Jonassen, 

Howland, Marra & Crismond (2008), is about learning with technology where learners 

construct knowledge that made sense to them. A recent study has found that the lesson plans 

teachers developed after a 12-week ICT course failed to engage students in divergent thinking 

and knowledge building (Koh, 2013). Findings revealed that student learning needs is ill-

structured in nature. Without careful planning and analysis, the use of technological tools 

coupled with pedagogy may not adequately or effectively address the problems students face. 

Thus, technology integration is not a standardized prescription that can be applied 

unproblematically all the time. To be effective, teachers require sophisicated TPACK to 

develop an appropriate technology-enabled solution to address student learning needs.  

While it is apparent that teachers need TPACK, it is less clear how to develop TPACK in 

them. To develop good teaching (which includes TPACK), it has been postulated that 

teachers need to participate in iterative design cycles (Laurillard, 2012). Specifically, they 
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need to iteratively make sense of their prior experiences of what had worked or failed, what 

technological tools are available and how they might be used, what diverse characteristics 

learners have, and so on. Because of these diverse knowledge bases, it is therefore not 

surprising for such a process of learning to involve different entities across different levels 

and organizations. In short, given the landscape of technology integration and the attributes of 

the knowledge creation view of learning, the latter lends itself a useful design strategy to 

develop teachers’ TPACK.  

At this point, it is appropriate to note that there are several models of innovative knowledge 

communities in the literature (see Paavola, Lipponen & Hakkarainen, 2004 for a comparative 

analysis of three models). While we do not intend to present another comparative analysis 

here, we state the advantage Nonaka’s SECI spiral bears on our professional development 

programme (a detailed outline of the professional development programme is presented in the 

methodology section). The SECI spiral comprizes four stages, namely socialization, 

externalization, combination and internalization. Socialization is a process of sharing context-

specific experiences. This is the stage where common ground among members is established 

and members are motivated in creating the shared knowledgable objects. Externalization is 

the phase where tacit knowledge is deliberately overtly represented to other members for 

meaning making. Combination builds on the externalization phase where new ideas are 

formed and tested. Internalization is the process of embodying new knowledge and practice 

through action and reflection.  

With respect to our professional development programme, Nonaka’s SECI spiral is preferred 

for several reasons. First, the SECI spiral does not only outline the process of creating 

innovations, it makes overt how knowledge is converted from stage to stage. Such an 

emphasis on knowledge conversion helps teachers to visualize in concrete ways how their 

ideas are transformed from stage to stage. Next, the SECI spiral, being a four-stage model, 

renders it flexible to be practiced in iterations. Teachers worry less about where they are in the 

knowledge creation process, and the tendency for them to be lost in the interactions is 

reduced. 

In summary, in this section, we examined key conceptual issues surrounding the knowledge 

creation metaphor and how the construct enables the development of teachers’ TPACK. We 

further explained why Nonaka’s knowledge creation spiral is preferred in our teacher 

professional development programme.  

RESEARCH DESIGN 

Case Study Design 

The first step we took in this study was to draft a research design. We limited our study to 

understand the efficacy of the knowledge creation approach in our teacher professional 

development programme. In this light, we did not conduct ethnographic observations of 

teachers’ day-to-day activities which may include other learning activities. Instead, we 

focused on the interactions that occurred during the professional development programme, the 

shared knowledgable objects in the form of the lesson plans produced, and observations of the 

lesson(s) that was implemented (where possible). This bounding of the study was consistent 

with the exploratory qualitative case study design where causes and models of conditions 

were not readily available (Yin, 2011). We also bounded this study by time (two years) and 

by a single case (the community of teachers selected from six participating schools).  
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Participants 

The professional development programme is a zonal training planned for about 30 teachers 

from six schools. As the programme focuses on Math learning with technology in elementary 

schools, the selection criteria  for the schools are: (1) schools have been using technology in 

their teaching and learning, (2) teachers are comfortable with engaging in inquiry with 

teachers from other schools, and (3) teachers are currently teaching Math or are involved in 

the elementary Math curriculum. Through the zonal ICT committee, the six schools were 

identified through which the leaders of the respective schools further selected four to five 

teachers to participate in the programme. A total of 28 teacher participants were selected at 

the end of the selection process.  

Intervention 

The goals the professional development programme sets out to achieve are:  

1. Deepen digital learning through a knowledge-creating community  

2. Increase teacher capacity for designing digital learning 

Each school was free to decide on a technology-enabled lesson of their choice. The guiding 

principles given to them were to identify a learning problem that is prevalent in many 

students, or to select a conceptually difficulty Math topic that students struggle with. Once the 

topic of inquiry was decided, teachers were tasked to design a technology-enabled lesson, 

implement it, and briefly evaluate its effectiveness for student learning. This process was to 

be done in tandem with the contributions from the six-school collectively. Hence, the lesson 

developed by each school is a shared knowledgeable object owned by everyone in the 

community.  

The programme (see Table 1) comprised five meetings conducted over nine months. In each 

meeting, the round robin approach was taken for teachers of each school to share on their 

topic of inquiry. During this time, they explained their contextual-bound conditions, 

constrains, dilemmas, and opportunities. In return, the teachers from other schools 

participated by sharing their relevant experience and reflections. Throughout this period, 

teachers encouraged to question one another in order to understand each other’s point-of-

view. They were also encouraged to probe and make overt the concepts or knowledge that 

were being discussed. The researchers facilitated all five sessions.  
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Table 1 

Professional Development Programme for Knowledge-Creating Community in Elementary Math 

Session Process       Actions 

1 Socialization  Understand digital learning. 

 Question and analyze student learning issues in Math. 

 OUTCOME: Tease out/pin point the critical factor that will address 

learning issue e.g. visualization for understanding cuboid  

2 - 4 

 

Externalization  

and 

 Share and model a new pedagogical-backed solution with ICT 

 OUTCOME: Identify possible ICT solutions that are grounded on 

pedagogical principles 

 Combination  Examine new model by experimentation  

 OUTCOME: Use rapid prototype approach to implement, analyze 

and fine-tune ICT-based solution 

5 Internalization  Reflect and distill key pedagogical principles of the innovative 

ICT-based pedagogical practice.   

 

Data Collection and Analysis 

The data that we collected included the shared knowledgable objects in the form of lesson 

plans and resources, the meeting talk, and lesson observations (if any). This study employed 

the assumptions of a context-dependent inquiry, and an inductive data analysis design. We 

planned to perform content analysis for all the shared knowledgeable objects coded according 

to the rubrics of TPACK (Koh, 2013). This will be done on a individual school basis, and 

thereafter the codes will be combined across all schools for emerging themes. As for the 

meeting talk, all of them will be transcribed and the transcripts will be analyzed and coded 

according to how teachers’ TPACK evolved over time. As the project has just ended, in the 

section below, we present our preliminary findings of one of the schools, Cornerstone School 

(a pseudo name). The content analysis of the shared objects (lesson plans, lesson resources & 

teacher reflections) suggests that SECI spiral design approach faciliated the deepening of 

TPACK in teachers.  

FINDINGS 

In this section, we describe the common themes we observed in the content analysis of the 

various data, namely the lesson plans, observation of the lesson implementation, and the 

teachers’ reflections. Our observations were derived by constantly comparing (Glaser, 1965) 

the codes across the different shared objects. For the purposes of this paper, we used the 

shared knowledable objects of Cornerstone School as examples to illustrate the themes we 

found.  
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Deep Understanding of Difficulties Students Face 

The topic of inquiry the teachers of Cornerstone School have chosen is area of composite 

figure. This is a topic that requires students to first decipher the basic shapes that a composite 

figure is made up. Then students proceed to apply mathematical formulas for problem 

solving. When the teachers first discussed about this topic in the socialization phase, their 

discourse were confined to “students cannot see
1
” the basic shapes that makes up a composite 

figure. However, when probed by the community to unpack “cannot see,” their discourse and 

therein their thinking began to shift. Their reflections indicated the shift to a more robust 

rationalization grounded in cognitive science in the form of spatial visualization and the use 

of mathematical heuristics for problem solving.  

Our team has chosen using spatial visualization skills to solve problems on 

area and perimeter… Generally, pupils are weak in non-routine questions, 

especially those that require visualization or how shapes interact with one 

another in terms of rotating the shapes. They have a fixed set of thinking 

when solving problems and lack the ability to think out of the box or have 

other alternative solutions.  

Building on this understanding, they have designed a lesson that draws on the 

pedagogy of productive failure (Kapur 2008, 2010). To do that, they have chosen a 

question (see Figure 1) that calls for a high level of spatial visualization for students 

to work through the ‘failing experience’ so as to promote thinking out of the box. 

Moreover, the pedagogy chosen to carry out this lesson is student-centric in nature 

where students were to discuss their hypothesis and assumptions as part of their 

problem solving process. 

We decided to incorporate Productive Case Failure in our redesign of our 

lesson. Presenting the students with a scenario in which they are likely to 

fail was part of our redesign. The new lesson also shifted the focus from 

Direct Instruction (from the teacher) to a more student centric approach, 

involving more discovery and inquiry based learning. 

 

Figure 1. Question on area of composite figure 

Source: A-Star Maths Problem - Mensuration (Second Edition) 

                                                      
1
 In the case of Figure 1, through visualization, students are to decipher that 2 lengths is equal to 3 breadths.  
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Good Technology and Pedagogy Coupling 

The technology that the teachers have used is an iPad app Explain Everything™ (see Figure 

2). It is an app that records on-screen inscriptions as well as audio. The affordance of the app 

facilitated the representation of cognition where student’s mathematical thinking was clearly 

shown in both visual and audio means. When used in tandem with student discussion, the 

videos facilitated student exchange by showing the mathematical conception clearly.  

The choice of the app revealed the teachers’ conception of TPK (technological pedagogical 

knowledge). They were not only able to relate the affordance of the app (recording of audio 

and on-screen inscription) as a means of representing cognition, they were able to associate 

the affordance with pedagogy, that is collaborative learning.  

The main other change in the lesson was also the shift from PCK to 

TPACK. The use of technology allows capturing of the mathematical 

discourse, using multiple representations and seeing how the shapes interact. 

In our lesson, we wanted to make use of ICT to help us capture the 

mathematical discourse of the students and encourage visible thinking in the 

students, as well as surface misconceptions of the students… 

 

Figure 2. Student problem solving on iPad app Explain Everything 
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Appropriate Design of TPACK Scaffolds 

Another evidence of teacher TPACK is in the design of scaffolding. The enactment of TPK 

was not done in a random manner, depending on students’ ability. Scaffolding structure in the 

form of mathematical discourse (see Figure 3) was set in place to help faciliate student 

exchange. Specifically, the discourse was designed to elicit student mathematical thinking.  

…in using the Explain Everything App, pupils are encouraged to justify 

their reasons when coming out with the solutions. They have to give reasons 

why they think that the length or breadth of a rectangle is of a certain 

measurement. Steps on how to solve the problem were also recorded by the 

pupils. Furthermore, pupils also used certain specified structures to justify 

their reasoning, show disagreement and seeking clarifications… 

 

 

Figure 3. Scaffolds as mathematical discourse designed to promote mathematical thinking. 

DISCUSSION AND CONCLUSION 

In the above illustrative example, we have shown evidences of teachers TPACK in three 

different aspects, namely (1) a deeper understanding of the challenges students face, (2) 

technology and pedagogy coupling, and (3) appropriate TPACK scaffolds. Developing 

teachers’ TPACK takes more than just attending a course. Because of the diverse knowledge 

bases that TPACK draws on, the interaction across different entities across different levels 

facilitated that development of TPACK. In the design of our professional development 

programme, there was diverse insights and perspectives from the teacher participants as well 

as from the researchers. Furthermore, the technological experience different parties brought 

into the discussion enriched the sense making of what technology can do to support teaching 

and learning.  
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The value of Nonaka’s SECI spiral in making knowledge overt has allowed teachers to make 

overt their tacit understanding of how teaching and learning in Math occurs in the classroom. 

The ba context designed through the SECI conditions has helped to manage teachers’ 

expectations during the programme. As opposed to the typical training where teachers 

received from experts, teachers participated with the goal of not only learning from one 

another but also learning with one another. In addition, through the phases of externalization 

and combination, teachers learned to focus on the shared knowledgeable objects where they 

take questions and suggestions professionally. In so doing, teachers considered the various 

perspectives of teachers from the group and the wide range of conditions for learning such as 

scaffolding mathematical discourse which led to a richer and coherent lesson design. 

While the above findings indicated a deepening of teacher TPACK among the teacher 

participants. It is still too early to assert the efficacy of Nonaka’s knowledge creation spiral as 

a design strategy to develop teachers’ TPACK. Arising from this promising initial analysis, 

we will continue to work through the rest of the data through which we hope to pinpoint the 

specifics on how the SECI spiral promoted shifts in discourse and growth in knowledge. We 

hope that further insights into how teacher’s TPACK can be developed can be reported in 

related educational journals.  
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THE PROSPECT OF FUTURE SKILL DEVELOPMENT IN SINGAPORE 

Joyce TAN 

Institute for Adult Learning 

The recent announcements in Singapore on the SkillsFuture agenda, which is an 

amalgamation of both the recommendations of the Continuing Education and 

Training (CET) 2020 Masterplan and Applied Study of Polytechnic and ITE 

Review (ASPIRE) initiative (WDA, 2014), signal a concerted national move 

toward the building of relevant future skills in a rigorous and continuous manner 

for lifelong learning. It also assures that there is an overview of the kinds of skills 

that are more pertinent to the future.  Inadvertently, it leads to a larger question on 

how lifelong learning should be reconsidered from its current atomised provision. 

It further leads to questions surrounding the implications of the SkillsFuture 

agenda on lifelong learning policy development and practice, and what these 

skills, which are presumably relevant for the future, look like. This paper presents 

Singapore’s Continuing Education and Training (CET) Masterplan 2020 

initiatives and explores its implications for the building of future skills.     

Keywords: Lifelong learning, workplace learning, future skills. 

LIFELONG LEARNING: THE INTERNATIONAL DISCOURSE 

Several countries have embarked on life-long learning for its citizens since it results 

specifically in enhanced social inclusion (Edwards, Armstrong & Miller, 2001), active 

citizenship (Jarvis, 2009) and community development (Kilpatrick, Field & Falk, 2003). The 

importance given to lifelong learning was re-emphasized with the revised Strategy Europe 

2020 (Communication from the Commission, 2010). In Europe, policies on adult learning and 

education exist in most places as a result of the Memorandum of Lifelong Learning that was 

drawn up in 2002 (Borg & Mayo, 2005). Lifelong learning is also becoming a reality in 

Denmark, Iceland, Norway, Sweden and the United Kingdom (see Green, 2002; Kupiainen, 

Hautamäki & Karjalainen, 2009; UKCES, 2014). In Asia, several countries are beginning to 

develop systematic approaches to adult learning and education guided by a policy framework 

(Mok, 2006). For example, Philippines’ Alternative Learning System (Di Gropello, Tan & 

Tandon, 2010) and Thailand’s National Education Act (Fry, 2002) strive to make non-formal 

education more inclusive and integrated into lifelong learning.  

The Republic of Korea has implemented a lifelong education strategy to build a learning 

society where citizens may find adequate learning opportunities in any place and at any time 

of their choosing (NILE, 2013). Australia, Japan, the Republic of Korea and New Zealand 

(see De Ferranti, 2003; NILE, 2013; Mclnnis, Peacock, Catherwood & Brown 2006) are 

prioritising efforts to broaden the scope of continuing education at the tertiary level as they 

move into a more concerted and integrated skills development agenda (Hallinger, 1998). 

Likewise, Singapore is also moving in a similar direction. 

This article examines the strategic direction of CET in Singapore, further scanning the 

national skills future discourse from publicly available information, and considers what this 

means for training and development in Singapore. With the focus on CET practices, the paper 
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concludes with what CET professionals can expect and questions what this might entail for 

tertiary education providers.    

CET MASTERPLAN AGENDA 

In Singapore, the lifelong learning policy has evolved even though it has always been shaped 

by the needs of the future economy (Goh, 1998). Singapore’s approach to lifelong learning is 

as Kumar (2004) aptly observes, pragmatic and rational and is often used as one of the 

economic drivers by policy makers to enhance Singapore’s competitiveness. This view was 

also similarly held by Cheong, Wettasinghe and Murphy (2006, p.201) when they observed 

that Singapore’s perspective on the concept of lifelong learning is contingent on the need of 

the workforce to constantly learn new skills and adapt to new work conditions in shorter times 

so that it can keep up with or stay ahead of global trends.  

The national view of lifelong learning remains as an important means in facilitating national 

productivity and employability (Goh, 1998). The current strategy (through its SkillsFuture 

agenda) seeks to build resilience in individuals in order to help them get into the right kinds of 

jobs and to make the right kinds of decisions about their jobs (Shamugaratnam, 2014). It also 

acknowledges that learning may no longer be face-to-face within training rooms as 

workplace-based learning may be more relevant in ensuring that contextualised learning is 

afforded to workers within an authentic workplace environment.   

The emphasis on lifelong learning in Singapore is signalled by the launch of the 2014 

SkillsFuture agenda following the recommendations of the CET 2020 Masterplan (WDA, 

2014). With this broad agenda, the current paradigm of frontloading education in the first 20 

years of a person’s life will see a shift to a lifelong journey of learning for its citizens (Heng, 

2014). Underpinning the 2020 CET Masterplan vision is a drive toward a more holistic and 

integrated strategy to develop a career-resilient and future ready workforce.  This agenda is 

underpinned by an ethos of cherishing the knowledge and passion behind skill mastery, no 

matter what the job is, as it is a critical lever to drive Singapore’s progression 

(Shanmugaratnam, 2014). 

To realise the CET 2020 Masterplan, Singapore’s Workforce Development Agency (WDA) 

plans to strengthen its partnerships with employers, industry associations, unions and training 

organisations and for key initiatives to be rolled out (see Appendix). The initiatives include: 

 Increased involvement by employers in building and valuing skills 

 Improved delivery of education, training and career guidance 

 A wide range of high quality learning opportunities in a vibrant CET Ecosystem 

Increased Involvement by employers in building and valuing skills 

Working closely with key agencies, employers and unions, sector specific manpower and skill 

requirements over a period of five years will be identified. Further to this, a holistic package 

of measures will be outlined. They cover initiatives which allow stakeholders in different 

sectors to attract, develop and retain talents. Sectorial competency frameworks, which are 

built upon the existing Workforce Skills Qualification (WSQ) framework, will be introduced. 

This forms the basis of training programmes from pre-employment to CET programmes 



 

ISSN 2382-5855 

Advances in the Scholarship of Teaching and Learning, Vol.2, No.1, 2015 

58 

 

offered by governmental agencies and higher education institutions. The sectorial competency 

framework serves as a guide to Human Resource professionals for planning career 

progressions while at the same time allowing individuals to deepen their skills in specific 

sectors. As an outreach to Small and Medium Enterprises (SMEs) in Singapore, WDA will 

partner the Standards, Productivity and Innovation Board (SPRING) to offer manpower and 

training advisory support for SMEs to access schemes that address their manpower and skills 

needs: all of which signal a more calibrated effort to ensure that the right support is provided 

to the different stakeholder needs, and a greater alignment of skills development within 

sectors to meet the demands of the contemporary economy.   

Improved Delivery of Education, Training and Career Guidance 

To assist individuals in making informed choices regarding their career progression, an online 

education, training and career guidance portal will be developed for individuals to chart and 

review their education, training and career developments. This system further enables an 

individual to track their own learning trajectories, and provides a holistic overview of the life-

wide training and education choices that are available to them. In addition, a lifelong learning 

exploratory centre has been established at the Lifelong Learning Institute (LLI), one of two 

National CET campuses, for individuals to explore different learning pathways and deepen 

their knowledge of themselves through profiling tests and games. The number of career 

coaches will also be increased to provide support to the different segments of the workforce. 

These coaches’ competencies will be established more deliberately and set against 

international benchmarks so that there is intentional development of qualified career coaches, 

in order to raise the quality of career and education guidance services locally.  

Wide range of high quality learning opportunities in a vibrant CET Ecosystem 

More structured workplace-based learning will be introduced to complement institution-based 

learning. Conducted in authentic learning environments, trainees will be more equipped to 

work in industry. Over and above this initiative, WDA will introduce more blended learning 

courses and e-learning approaches for quality training. This is further complemented by an 

innovation laboratory (iN.LAB) which creates opportunities for collaboration and 

experimentation with innovative pedagogical approaches amongst CET partners and 

practitioners. 

Complementing the CET 2020 is the ASPIRE1 initiative in which polytechnic and Institute for 

Technical Education (ITE) students' strengths and interests are matched to applied education 

pathways so that they can maximise their potential through greater collaborations with 

industry. Given the international emphasis on the synergies between pre-employment and 

continuing education and training, the move is a progressive way forward. Having examined 

the CET 2020 initiatives and current emphasis, we now look at its implications for training 

and development. 

 

                                                      
1The Applied Study of Polytechnic and ITE Review (ASPIRE) Committee was tasked to further strengthen Singapore's 

applied education pathways and provide more opportunities for Singaporeans to realise their full potential and aspirations. 



 

ISSN 2382-5855 

Advances in the Scholarship of Teaching and Learning, Vol.2, No.1, 2015 

59 

 

IMPLICATIONS FOR FUTURE SKILL DEVELOPMENT 

The implications of this latest development are far reaching. We are moving away from a 

period where lifelong learning discourse views skills as atomized and where lifelong learning 

exists in a skills deficit manner, ostensibly to help people move quickly into new jobs or up 

the corporate ladder. The agenda suggests better tuning of national workforce needs and 

alignment to both pre- and continuing education systems. CET becomes more integrated and 

holistic as there will be greater collaborations between the Pre-employment Training (PET) 

and CET systems. This is timely especially when research studies have shown that skill 

formation is a continuous process with skills acquired often in different ways, formally and 

informally and reconstituted through time, through reflexivity and re-positioning (Tan, 2013).  

Skill development will soon be contingent on and strongly aligned to the needs of emerging 

sectors and encompass tighter alignment between industries and employers. The needs of 

industry and the voices of employers will come to the fore. There will be greater consultation 

with industry in order to ensure that the future skills required meet industry demands. Hence, 

education and training will be developed with greater synergies to industry requirements 

where appropriate; and job-ready graduates are produced by the school system so that labour 

deficits are kept to a minimum. A stronger calibration of industry demands to the skill supply 

could be the means to a stronger economy since there will less likely be instances of skill 

mismatch or an oversupply of workers with non-relevant contemporary skillsets. 

Career guidance will become increasingly important and will need to move away from 

delivering advice specific to job opportunities and placement to providing counselling that 

will help identify the individual’s generic skill repertoire and support the process of 

reflexivity and re-contextualisation (Evans, Guile & Harris, 2010) instead.  Inherent in the 

development of a full system of guidance to help individuals make better choices in 

education, training and their careers, and promoting career development based on skills and 

mastery is also the assumption that an individual’s career resilience2will be sharpened. The 

training of individuals may soon take on the building of their personal agility and resilience to 

adapt and cope with changes so that they can continually acquire new skills and competencies 

for the contemporary workplace. As explained, it is likely that contemporary careers will see 

greater opportunities for occupational mobility and career transitions. Individual career 

choices will no longer be random since it is less likely that individuals will be unhappy about 

their career destinations as information on where the jobs and skills requirement presumably 

are will be readily available.   

Individuals will search for better work life balance, and gradually demand more flexibility in 

their careers, thereby challenging the conventional modes of employment. In response to this, 

we might see growth in collaborative business models and increasing project-based 

employment. Thus, fundamental business skills might soon be required. This could include 

organising, marketing, contract negotiation, and project management. For businesses and 

enterprises, there is an increased requirement for the ability to manage across networks and 

manage risk in volatile markets (UKCES, 2014). Therefore there will be an increased need for 

training in different skill sets to cope with demands across different business sectors. Indeed, 

as identified in a future of work report, the UK Commission for Employment and Skills 

(UKCES, 2014) predicts that there will be greater appetite for increasing agility and 

                                                      
2Career resilience is defined locally as the ability to adapt to changing contemporary circumstances; and a personal 

responsibility for own career management and for relying on self [or tapping on networks] to improve circumstances so as to 

build individual employability to manage the changing economy (Tan, 2013). 
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hybridisation of skills since there will be increasing movement between careers and across 

sectors. Correspondingly, there will be consequences for the roles that mentors and coaches 

play within workplaces (Tan, 2013). They will have to deliberately ensure the hybridisation of 

skills so that there is greater workplace productivity and performativity (Ball, 2003).  

Implicitly this may lead to the realisation that generic and essential skills function to guide the 

individual into a range of possible new jobs.  

Finally, the CET 2020 Masterplan signals a national recognition that learning could take on 

just-in-time or on-the-job models, therefore challenging how face-to-face training has 

traditionally been funded. Workplace learning opportunities will take on a new emphasis, 

such that face to face formal learning may not be the only means to information sharing and 

capability development. Instead, skill development may be derived directly from workplaces 

via on-the-job or workplace-based and even electronically-enabled training. Twenty-first 

century technological advancements and a high proliferation of smart mobile devices open up 

a wide array of possibilities for online or e-learning for adult learners. This has implications 

for adult educators in adapting to new pedagogies of learning, and in acquiring digital literacy 

skills required for the teaching of a specific discipline.  

With skills provision and development more greatly aligned to national productivity 

requirements through improved education and career guidance, we may soon move away from 

a situation of skills mismatch or over-education because the skill development of Singaporean 

workers would be better calibrated. Moving ahead, this will have an impact on how learning 

especially in the CET arena is conceived of and developed, and the ways in which learning in 

the workplace is positioned. 

 CONCLUSION 

The CET Masterplan has been positioned as demonstrating that the training of the labour 

force is one of the government’s top priorities to equip Singapore workers for the nation’s 

future. The government’s support for this lifelong learning lever totalled $3 billion in FY2008 

with predictions of a top up to $5 billion. The building of a highly skilled workforce of the 

future where it is envisioned that nearly 60% of the Singaporean workforce will have at least a 

diploma qualification by 2020 (MOM, 2008), and where Singaporeans are equipped with the 

skills for job opportunities in new growth industries, whether they are preparing for new jobs, 

switching careers or acquiring new skills for their jobs, are important priorities of the lifelong 

learning agenda. 

In order to achieve this objective, there are specific plans of the Institute for Adult Learning 

(IAL) a division of WDA, to improve the quality of local adult educators, to enable the 

integration of curriculum and training, and for innovation in learning to be given top 

priorities. Opportunities for CET professionals to be supported in their professional 

development and exposure to technology enabled learning will take centre stage in the next 

wave of CET practice. The incubation and experimentation of technological innovation will 

allow CET professionals to explore this space and embrace the transformation that such 

technologies bring to their own practice.  

Indeed, as highlighted earlier, Singapore’s approach to lifelong learning is pragmatic and 

rational and is certainly used as one of the economic drivers to enhance Singapore’s 

competitiveness and for taking Singapore forward into her next 50 years. A key focus now, 

perhaps, is for the tertiary education sector to make complementary efforts to enhance life-
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long learning and training for the next lap whilst utilising its current infrastructure and taking 

reference from the sectorial competency frameworks to align overall PET and CET efforts. 
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