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Abstract 
Senior Education Leaders in higher education settings face many challenges, not the least of which 
requires managing the provision of increasingly sophisticated digitised learning experiences in a world 
where digital innovation and transformation narratives continue to gain traction.  While Learning 
Management Systems (LMS) and associated content authoring tools have taken root in universities and 
colleges throughout the world, many administrations continue to trust that they have thus met the 
challenge of this 'digital learning meme'.  By providing faculty with an LMS, and creating ongoing training 
and development workshops on the use of this technology, they hope these provisions, in and of 
themselves, will encourage faculty to move of their accord into the digital narrative space. 
Characteristically, faculty movement into these highly promoted digital learning spaces follows a similar 
pattern: First, they are assigned a course site and then nudged or directed to transfer a percentage, 
e.g., 30%, of their content online. Concomitantly, they are also encouraged to adopt what has become 
known as the 'Blended Learning' or 'The Flipped Classroom', pedagogy, i.e., students access their 
learning resources online to properly prepare - before class on their own time and target - for subsequent 
active learning classroom activities. The more adventurous institutions aspire to be on the front line of 
global innovation and anticipate they are meeting the needs of their digitally savvy students by adopting 
MOOCs as alternative programme choices. Within this cornucopia of settings and challenges, the term 
'digital learning' gets tossed around like it is a panacea, while the dream of a fully digitised undergraduate 
programme continues to seem like a very remote possibility. Accordingly, based on a successful 
implementation and using a deductive approach, this paper presents the key aspects necessary for the 
successful design and deployment of a fully digitised learning ecosystem.  Three essential phases have 
been identified, and four key underpinning factors associated with the successful implementation of 
each phase are described, along with specific examples that must be in place in order to create and 
sustain the realization of a fully digitised undergraduate programme. 
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Implementation, Practices, Flipped Classroom, TERASA Framework, E-Learning, Instructivist 
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1 INTRODUCTION 
For today’s tertiary education senior management, the business of providing increasingly sophisticated 
digitalised learning experiences continues to gain traction, building on the many Learning Management 
Systems (LMS) that have taken root in universities and colleges throughout the world over the past two 
decades. Despite the seemingly pervasive growth in such systems, there continues to exist a disconnect 
between the implementation of technology and its alignment with existing curriculum and pedagogy. In 
short, the 'build it and they will come' mindset holds sway. Many administrations seemingly meet the 
challenge of the 'digital learning meme’ by providing faculty and students with the latest and greatest 
(LMS) and then encouraging their faculty to move into this rapidly evolving digital narrative space. It is 
however not a movement that is fully embraced by either faculty or students; with the former often lacking 
the skills and knowledge about how and when to use technology, and the latter seeing this as simply a 
utilitarian approach. Faculty adoption within these digital spaces occurs because they are 'assigned’ a 
course site and 'nudged’ to transfer a percentage of their content online. Initial suggestions can vary 
from 30% to as high as entirely online. Many faculty attempts to satisfy these percentage requests, or 
in some instances fiats, by making use of the announcement, gradebook, content and discussion forum 
features. More adventurous administrations try to become global leaders by actively adapting massive 
open online course (MOOC) platforms as an attractive alternative. 
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In part, this movement to an 'active learning’ pedagogy arises with the arrival of the digitally savvy 
students now present on campuses throughout the globe ([1],[2]). For a significant majority of these 
students, life revolves around anywhere, anytime access on tablets and smartphones via very mature 
broadband services, as well as rapidly developing 3-5G streaming services. Perforce, many 
administrations now grapple with the how best to promote active discourse around new ways to meet 
the challenges inherent in a rapidly evolving, digitally driven, technology-oriented education experience.   

It should be noted that within these diverse settings and challenges the term' digital learning' gets tossed 
around on a vast ocean of conflicting currents; currents that have long characterized educational debate. 
One such conflicting current is the 'Instructivist vs. Constructivist’ ([3],[2] ) narrative where the argument 
centers around whether the learning should be expository or discovery driven. Another is the 'Structured 
vs. Unstructured” nature of curriculum [4] . Here much of the discussion is of a social-political nature as 
it relates fundamentally to what is it that a society wishes its eventual citizenry to know, manifest as 
attitudes and display as skills.  Moreover, the latest and perhaps most interesting: 'Personal vs. 
Personalized’ learning [5] . Here the dialogue is rapidly changing as well. One size fitting all is giving 
way to that which is appropriate to the moment.  

In the interest of context and clarity, we adopt the definition that 'digital learning' is best understood as 
any web or app-enabled Internet or Intranet access - thus the term online - to digitally created learning 
materials designed to support student learning within the 3 significant currents highlighted above [6].  

These learning materials or resources can take many forms. They can be narrated powerpoints, word 
documents, pdf files, and or streamed video lecture recordings.  Generally and characteristically at this 
moment in the technology-enabled learning space, they are developed for, maintained in, and delivered 
via Learning Management Systems (LMS) and/or curriculum management systems. Given the 
continually evolving use of LMS technologies and complementary content authoring tools - which 
increasingly allow for highly engaging and interactive online experiences within tightly crafted and 
sequenced learning trajectories, the digital learning experience known as eLearning has gradually 
begun to be subsumed under the umbrella of 'Blended Learning’ (BL), also now known as the 'Flipped 
Classroom’ [7]. 

However, the term 'Blended Learning’ is not a new concept.  It has been around since the early 1920's 
when it was known as 'supervised correspondence study' [8]. Today, it is best understood, as the 
appropriate mix of eLearning and face to face instructional design principles and processes to create 
the necessary 'conditions of learning’, i.e., '…[whereby] certain observable changes in human behaviour 
take place’ [2]. This key educational principle, i.e., conditions which lead to observable changes in 
behaviour, should be central to the pursuit of any learning pedagogy and the integration of activities, 
resources and support that are consonant with a fully digitalised learning programme.  

Additionally, in any digital blending care and attention should be directed to the 'magic of the mix' [9]   
Accordingly, across all content and curriculum, the Blended Learning model aims to reflect: 

• the 4Cs of learner engagement: Curiosity, Challenge, Context, and Control; 

• facilitate what is known as 'cognitive rehearsal', i.e., I learn when I share what I learn; 
• encourage the idea of value sorting of learning materials into high value, medium value and no-

value categories; 

• validate the value of longitudinal learning which is crucial to the medical profession [9]  
• support the presentation of multiple passes of material to promote deeper understanding; 

• innovate around existing face to face and online pedagogical practices; 

• ensure 24-7 access to learning materials; 
• embed flexibility with respect to curriculum development, delivery and evaluation of content; 

• increase cost effectiveness related to content design, development, delivery and evaluation. 

And finally, perhaps most importantly, in building the fully digitalised curriculum programme the focus 
was on the successful alignment of curriculum and technology via a pedagogy which reflects elements 
congruent with learning that is (i) deep, (ii) active, (iii) discovery-based, (iv) collaborative and (v) problem 
based. 

  

5822



These pioneers of active learning bring something novel to areas largely ignored by the industrial model 
- best summarized as: I instruct, you listen and repeat.  We push our way forward; a way which reflects 
the convergence of the art, the science and the technology of teaching and learning in what is now 
characterized as the digital revolution. To that end, this paper aims to articulate the phases and key 
underpinning factors that are relevant to the successful design, development, deployment and 
evaluation of a fully digitalised undergraduate programme. 

2 METHODOLOGY 
This study presents a historical overview related to the essential processes and procedures that 
governed our thoughts and decisions as we progressed through the various phases associated with 
going fully digital with a medical programme. Three areas formed the focus of the examination: (i) the 
role context plays, (ii) early longitudinal survey results and (iii) the key factors to be addressed.  

2.1 Context of the study  
Early in the development of the school, and apart from the directive to leverage on the existing 
technological capabilities and infrastructure of NTU, the guiding mantra was to find a way to seamlessly 
integrate existing and ad hoc technology in the delivery of the undergraduate medical programme. 
(MUP) Equally important was the presumption that what was developed within the MUP should be 
scalable and broadly extrapolatable to the larger university.  It was this impetus to innovate around the 
use of technology that led to the choice of adopting the equally compelling pedagogy of TBL and the 
creation of a fully digitised MUP. And finally, and as an exemplar of the university's long term pursuit of 
active learning begun back in 2006, it was a fundamental premise that the third medical school in 
Singapore had to be fully student-centric, i.e., support a mobile, paperless, anywhere, anytime learning 
experience.  

To understand how this could be achieved required a 'reverse engineering' of the student learning 
experiences. We began by first addressing these questions: (i) What will the students do? (ii) Where will 
they be when doing these activities? (iii) What will they need in order to achieve the prescribed learning 
outcomes successfully?  Each undergraduate programme likely has different answers to these 
questions.  Concerning what our students would be required to do, our first activity was to map out the 
various scenarios that would characterize their learning experiences. For instance, given the fact that 
they would be following a TBL pedagogy, it was imperative that students had to prepare in advance for 
their classroom activities, in settings on and off campus. In turn, this meant that all learning resources, 
i.e., learning materials, had to be digitized and made available at least two weeks before each teaching 
session [10].  

For these twice weekly in-class TBL sessions, we knew that upon arrival in class, each student would 
be required to answer Individual Readiness Assessments (IRAs) and Team Readiness Assessments 
(TRAs). These are processes that check and record student understanding of the foundational 
knowledge required to successfully manage the Application Exercises (AEs), large and small group 
activities comprised of real cases and problems.  

During clinical placements in our partner polyclinics in Years 1 and 2, and hospital settings for Years 3-
5, the students would also be required to prepare in advance by reviewing assigned learning resources, 
and subsequently ensuring that all Work Place Based assignments and assessments were completed 
and submitted the same day.  This also resulted in the students working in multiple environments, 
including two campus sites. 

To summarise, a fully integrated five pillar learning ecosystem was created to support a fully mobile and 
paperless undergraduate programme for students, who had to travel regularly on average 45 minutes, 
between the NTU main campus building, and the Clinical Science Building, as well as to and from clinics 
throughout the city.  The TERASA Ecosystem features: (i) an extensively customized Curriculum 
Management System which provides targeted access to individual and group calendars, and Learning 
Resources attached to specific Learning Outcomes, (ii) a Learning Sequence Management System to 
manage in class Individual and Team Readiness Assessment results, as well as Application Exercises 
designed to support active inquiry [11], (iii) a Virtual Library app consisting of all Learning Resources 
across the first two years, (iv) an  ePortfolio app for all clinic and ward activity assessments and 
reflections. A complete explanation as to the development and use of the ecosystem can be found in 
this chapter [10] .   
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2.2 Evaluation of the digitalised undergraduate programme 
A longitudinal five year survey study was undertaken with all new cohorts. The survey consists of 40 
questions measuring three areas of interest: (a) Epistemology, (b) Learning Effectiveness, and (c) 
System Effectiveness. The survey reflects two guardrails: (1) It had to be applicable across the five 
years of the undergraduate programme, and (2) it had to ask essentially the same questions across the 
three interest areas of each cohort upon completing their first through to fifth years of study. We were 
interested in seeing whether the results held constant not only within but across each cohort. 

2.3 Elicitation of the key factors 
We began the Delphi initially in an agreement face to face. One of the authors sent a follow-up email 
advising each participant to present 5 top factors that come readily to mind. These were then presented 
on whiteboards and further distilled into the key phases and attendant factors to be addressed. 
Consonance and Dissonance were discussed. The Factor Matrix reflects agreed consensus.  

During our discussion and decisions, we settled on the use of Deductive Heuristics as the best way to 
reflect on the phenomena we have observed to date and bring to the surface those phases and factors 
central to the production of our local point of observation. We believe we have discovered something 
that is akin to a formula, which applies/works wherever and whenever you happen to be engaged in 
teaching and learning.  

Many say if you do this, this will happen, few have the evidence to substantiate. Like those pesky 
photons which, said Einstein, are either analogous to something, or they are a result of a phenomenon 
that allows for examination, we are so inclined in presenting the work as described. 

3 RESULTS 
The longitudinal survey reflects two guardrails: (1) It had to be applicable across the 5 years of the 
undergraduate programme, and (2) it had to ask essentially the same questions across regarding (i) 
their experience of the fully digital curriculum, (ii) their perception as to its effectiveness in supporting 
their learning, and (3) the ability of the digital curriculum to support their achievement of prescribed 
Learning Outcomes. Progress across the fully digital Undergraduate Programme experience. We asked 
the same questions, at the same time of the year, each year for each cohort. The survey was completed 
just as students finished their last week of in-class activities structured curricular activities, and before 
the benchmark hurdle exam which determined their progress to the next year. 

The focus in this part of the paper will be on three key aspects that emerge as central to the successful 
digitalisation of a fully integrated undergraduate programme. 

3.1 Anatomy of the fully digitalised learning ecosystem 
To address the three currents cited earlier in the paper, two approaches provided ongoing reference 
checks as the project progressed, both of which reflect the application of the theoretical concepts works 
and highlighted earlier. The TERASA framework (Fig 1) builds on the alignment and integration of four 
pillars: Resources, Activities, Support and Assessment. It also reflects the application or the synthesis 
of theory, activity and technology. Rather than adopting the mainly lecture or instructivist pedagogy still 
largely extant in medical education today – indeed in most institutes of higher learning,  TERASA 
supported the adoption of a more constructivist, or Team-Based pedagogy. The utility of TERASA is 
that it allows for the blending of the instructivist and constructivist current to the student learning 
experience [2], i.e.,  it reflects and supports the key mandated principles that our students’ learning 
experience be self-directed, active, authentic and collaborative.  
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Figure 1. A macro level overview of the Digital Learning Ecosystem 

Figure 2 unpacks the elements extant within our four pillars, and which subsequently express the 
unique LKCMedicine DNA: the alignment of the strands of curriculum and technology via a Team-
Based Learning pedagogy. 

 
Figure 2. Representation of the intertwined relationship between the curriculum  

and the technology to achieve a successful digitalization 
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3.2 Students’ perception of the digitalised programme  
As can be seen in Fig 3-5, the quantitative results hold consistent across all five years of an annually 
surveyed digital experience. When asked about the Epistemology of the fully digital approach, all cohorts 
remain Very Satisfied overall. 

 
Figure 3. Students perception of the importance of the Digital Ecosystem to their learning experience 

 
Figure 4. Students perception of the role of digitalization in improving their learning experience 

 
Figure 5. Students perception of the effectiveness of the Digital Ecosystem in helping them achieve their 

learning outcomes 

5826



3.3 Digitalisation of an Undergraduate Medical Programme  
The Delphi Study produced three key phases, with four key factors in each phase. They appear to 
provide a roadmap for those who would consider embarking on the implementation of a fully digitalised 
undergraduate programme (Table 1). 

Table 1. Key phases and factors for a successful digitalisation of an undergraduate programme 

Key 
Phases 

Phase I 
Initiation 

Phase II 
Development   

Phase III 
Production 

Key 
Factors 

1. Strategical  Plan 
2. Student-Centric Innovation 
3. Structure of the Medical 

Programme  
4. Identify Resources/ 

Integrated Support 

5. Leverage Existing 
Technical Infrastructure 

6. Content Development 
Paradigm 

7. Delivery Mechanisms 
8. Integrated Formative 

Assessment 

9. Dynamic Process and 
Procedures 

10. Continuous Integrated 
Formative Assessment 

11. Learning Analytics 
12. Sharing Ethos 

3.3.1 Element Check Box 
The Delphi Review, apart from identifying where one phase begins and ends, provides an 'experienced, 
reflective' analysis of the specific elements, endemic to each phase and associated factors. Table 2 
provides a future layering of the considerations associated with the implementation of the digital 
undergrad programme.  Attention to these elements should provide the coherence between and among 
the many factors in play when creating an entirely digitally transformed curriculum for an Undergraduate 
Programme.  

Table 2. Key elements to be addressed 

Phase Factors Element Tick Box 

Initiation 
 

Strategical  Plan • Mission 
• Vision 
• Aim of digitisation— to clearly articulate the value 

 Student-Centric Innovation 
(What are the stories-
cases, i.e., conceptual 
framework ) 

• Understand the context, expectations, pedagogical model,  
• To support mobile, paperless, anywhere anytime learning 

experience  
• Involves building on reverse engineering, i.e., what will the 

students do, where will they be, what will they need to achieve 
their learning outcomes  

 Structure of the Medical 
Programme  

• Know what you are aiming at, i.e., curriculum map  
• Builds on a predefined structure, GMC, SMC ACGME-1 
• Integrates complete curriculum  

 Identify resources • Resources (People, Money, Time)  
• Dynamic and Iterative Curriculum Development  
• Active Components Associated with Iterative CD 
• Long Term Process and Procedures to Sustain the above 

Develop Leverage Existing 
Technical Infrastructure 

• Review existing LMS, CMS, commercial products vs. Inhouse 
• Balancing the current with the ideal  
• What can they provide vs. what is required, curriculum 
• Keep thinking broadly about the system for the long term 
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 Content Development 
Paradigm 

• Pedagogy  
• TERASA (Technology Enabled Resources Activities Support 

and Assessment ) 
• Ensure that the model facilitates infrastructure support and 

easy upload and update   
• Timetabling, i.e., access at appropriate times, targeted to 

specified outcomes and Associated resources 
• Dynamic alignment with the curriculum map to enable content 

search and linkage 

 Delivery Mechanisms • A robust flexible paperless scalable system 
• Platform independent  
• Mobile 
• App-Centric 

 Optimised Individual 
Student Learning 
Resources  

• Reflect an instructional/learning design  model 
• Intro with linkages to previous concepts, rules, procedures 
• Clearly articulated LOs 
• Focussed presentation of content, i.e., no superfluous 

content  
• A predefined max time limit, i.e., 10-15 minutes chunks/slices 

 Identify resources • Resources ( People, Money, Time)  
• Dynamic and Iterative Curriculum Development  
• Active Components Associated with Iterative CD 
• Long Term Process and Procedures to Sustain the above 

Production Dynamic Process and 
Procedures 

• Build on faculty expertise with existing software 
• For content update - narrated ppts  
• Central repository to sustain development and formatting  

 Continuous Integrated  
Formative Assessment 

• Linked to  Overarching Framework 
• A robust and sustainable  Exam Bank  
• With an extensive collection of Formative and Summative 

assessment 
• Readily accessible by both students for self-assessment  
• And faculty for question generation  
• Strength of digitisation enables repetitive formative 

assessment  

 Learning Analytics • To support Quality Assurance 
• Curriculum Development  
• Student Feedback System Modifications 
• Programmatic Assessment      
• Supports next leap, e.g.,  AI 

 Sharing Ethos • Spreads the load 
• Ensures diversity of input: shelter from the Immunity to 

Change cult 
• Faculty Development  
• How to move the benefits to the next level 
• Societal application  open innovation and collaboration  
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4 DISCUSSION  
Aware of the digital orientation of the incoming cohorts, the operational premise was that part of our 
institutional differentiation would be to leverage on advances in the growing mobile learning landscape. 
This mobile landscape is a very dynamic activity space with many demands current, as well as those 
unanticipated. One reason mobile continues to be popular the demand for untethered mobile access to 
highly interactive rich media content. Another is the experience around and improvements to gamified, 
highly targeted, easily customizable, and trackable curriculum products and services that 4G enables. 
Equally compelling to the discussion is the digital user’s expectation of immediate and targeted feedback 
with whatever mobile activity one happens to be engaged in pursuing. 

We also reasoned and believed that if we reflected and applied what we knew about the mobile digital 
space and developed and aligned tools and services somewhat consonant with what existed we should 
be able to succeed in our vision of an aligned curriculum with a functional pedagogy and artfully 
integrated systems and services would result in our ability to meet as many expectations as possible. 
More directly, we believed the TERASA framework could significantly impact the digital innovation 
agenda with respect to the successful implementation of a fully digitalised undergraduate programme.  

With respect to Content Development the following need be addressed in order and concurrently: the 
pedagogical model, the system architecture, curriculum structure and timetable, future development and 
update of the curriculum and a dynamic interactive curriculum map. At the start of the development of a 
new curriculum, a detailed map of the later stages of the curriculum and its contents will probably not 
be available. It is therefore important to create from the beginning a flexible system architecture and 
structure that can enhance and enable development of the content as the curriculum evolves. In our 
original model, we chose Voice Over Powerpoint presentations as the primary format for the uploaded 
material. However, the presentations were converted into MPEG files which resulted in much more 
laborious processes for updating the downloaded material, especially as the final MPEG files were too 
long. Our conclusion from this experience was that the material should have been divided up into shorter 
blocks and that we should have maintained the original format so that individual slides could easily be 
updated or exchanged which would have greatly facilitated the process in the future. 

Even if the curriculum map is not complete from the beginning, there should be a hierarchical structure 
with the higher order stages complete from the beginning. This then enables linkage across the map, 
even to later stages in the curriculum, that can then become more fine-grained as the curriculum is 
populated and developed. 

Delivery Mechanisms must be platform independent and structured for mobile delivery and preferably 
App-centric. Although we created the TERASA system primarily for delivery on iPad, and issued all new 
students with an iPad, we ensured that the various components of the system and the content could be 
delivered through any web-based system. Our experience is that the students access the material in a 
very flexible manner using smartphones and laptops in addition to the iPad they received. 

5 CONCLUSIONS 
Aware of the digital orientation of the incoming cohorts, the operational premise was that part of our 
institutional differentiation would be to leverage on advances in the growing mobile learning landscape. 
This mobile landscape is a very dynamic activity space with many demands current, as well as those 
unanticipated. One reason mobile continues to be popular is the ability to serve the demand for 
untethered mobile access to highly interactive rich media content. Another is the experience around and 
improvements to gamified, highly targeted, easily customizable, and trackable curriculum products and 
services that 4G enables. Equally compelling to the discussion is the digital user's expectation of 
immediate and targeted feedback with whatever mobile activity one happens to be engaged in pursuing. 

We reasoned and believed that if we reflected and applied what we knew about the mobile digital space 
and developed and aligned tools and services somewhat consonant with what existed, that we should 
be able to succeed in our vision of an aligned curriculum, with an active learning pedagogy, and artfully 
integrated systems and services. This enables the successful meeting of many reasonable 
expectations. More directly, we believe the TERASA framework could significantly impact the digital 
innovation agenda with respect to the successful implementation of a fully digitalised undergraduate 
programme.  
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