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Abstract: This paper reviews some of the issues associated with scalability and sustainability of educational 

innovations in schools, and grounds the discussion by basing it on case studies of two innovations, Knowledge 

Forum (KF) and Knowledge Community (KC) which have been implemented in Singapore schools. We 

propose that school-based learning sciences research which plans for sustainable and scalable outcomes, 

needs to consider three key issues: Design, Deploy and Discern. Design of research projects can take an 

expansive approach, considering outcomes from both the learning and the sustainability and scalability 

perspectives. In the deployment of the research projects, an effective professional development model is 

needed so that learning science researchers and practitioners can deepen their understanding of each other’s 

context and perspectives. Discerning adaptability and scalability of innovations requires new methods of 

analysis which is another important research frontier. 

 

1.  Introduction 
Despite being a country with a relatively short history of forty years, the use of information technology 

(IT) in Singapore’s development has been prevalent since the 1970s, where technology plays a pivotal role in her 

modernization and industrialization. In the area of education, the use of IT in teaching and learning has been gaining 

prominence since the early 1990s with many innovations being designed, adopted and implemented in Singapore 

schools. Accordingly, after the first implementation of the IT Masterplan that ended in 2002 

(http://www.moe.gov.sg/edumall/mpite/index.html) researchers, educators and policy-makers have been asking if 

such initiatives had made an impact on learning and what the return of investment might be. A general sense of it 

(through unpublished internal evaluations and our conversations with various stakeholders) is that the take-up of 

technology remains relatively at the basic level, with a small (but increasing) number of schools using IT-enabled  

innovations in a sustained way for engaged learning.  

  

In recent years, we have seen the setup of research centers in the US such as the Life Center 

(http://www.life-slc.org/) which seeks to understand how learning occurs in formal settings, informal settings and 

even at the implicit neurological plane. The background to such efforts is that our counterparts in the US are fueled 

by a similar motivation that the way technology engages learning through innovations has not been widespread. 

Some of the issues faced, besides understanding how people learn, is to probe how we can be more effective in 

seeking transformations in ICT-enabled pedagogy to be more pervasive in our schools, and subsequently how such 

practices can be scaled-up and sustained. With this educational landscape for researchers of the learning sciences, 

we have a great challenge – we are fundamentally concerned not only with the scientific understanding of learning 

but the diffusion of learning innovations, i.e. not only “What works?” but also “What could scale up?” (Roschelle, 

2005).   

   

The purpose of this paper is to discuss some of the issues associated with sustainability and scalability from 

the research literature, explicated using case studies from two innovations, Knowledge Forum (KF) and Knowledge 

Community (KC), which have been implemented in the Singapore schools. We try to draw some implications for 

school-based learning sciences research which can make a difference to making innovations sustain in schools.   

 

 

2. KF and KC Innovations in Singapore Schools   
 Both the Knowledge Forum (KF) and the Knowledge Community (KC) are computer-supported collaborative 

learning (CSCL) environments for users to engage in collaborative work and discussion, providing a record of the 

development of ideas and a way of tracking users’ contribution for assessment purposes 

(http://www.knowledgeforum.com; http://www.globalkc.net).  Both provide computer-mediated communication 
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(CMC) platforms, and are intended to model expert thinking and support the processes of knowledge building 

through the use of scaffolds (Scardamalia, 2004; Scardamalia & Bereiter, 1998; Kwok & Tan 2004). Both 

innovations are designed with social constructivist notions of epistemology for engaging users in deep learning.  

 

In Singapore, researchers have conscientiously been introducing knowledge building pedagogy into 

Singapore schools since 2002.  After three years of effort, KF has reached out to at least 20 schools, including 

schools at elementary, secondary and pre-university level. Typically, the innovation was brought into the one or two 

classes in each school through teachers who were doing their graduate or in-service courses.  We typically see great 

enthusiasm at the onset of the implementation, after which interest waned and eventually the practice stopped. 
  
 KC, on the other hand, has seen over 50 schools using its platform for different subject domains, ranging from 

language learning (Ng, Tan & Kwok 2004) to scientific inquiry and project work (Tan in press; Quek, Tan & Chai 2003). 

Being web-based with a low cost start-up (e.g. there is no need to buy server space), coupled with an intuitive user-

interface, KC has a good track record and enjoyed successful implementations in both elementary and secondary schools. 

At present, it is still unknown if schools using KC for project work, have indicated interest to continue such endeavors for 

more years.   

 

3. Specifications of Innovations 
 For innovations to be sustained, they must be undergirded by design philosophy that promotes deep forms 

of learning. Generally, the design of innovations should support and foster inquiry-based, sense-making and 

problem-solving type of pedagogies such that the role of technology is for learners to experience ‘being’ and doing 

through the understanding of knowledge in context (Brown, Collins & Duguid 1989; Hung, Looi & Koh 2004). It is 

these types of technology-enabled learning and not, for example, worksheet-style or drill-and-practice learning with 

technology that can be sustained. 

 

A typical challenge faced by researchers and practitioners who have successfully implemented innovations 

is whether the successful cases can be replicated to other teachers and schools to achieve scale. One issue faced in 

such situations is the tension between the desire to scale effective practice, on the one hand, and issues of adaptation 

and customization on the other (Honey & McMillan-Culp, 2000). This issue can be analyzed in terms of 

specifications versus development. Specification is the degree of details an innovation is described for school take-

up, while development refers to the provision of resources required to enact innovations (Cohen and Ball, 1999). In 

other words, successful implementations in selected cases may not guarantee similar accomplishments to extended 

teachers and schools.  

 

The warrant for scaling-up effective practices, and correspondingly the degree of specifications involved in 

such large-scale implementations will depend on (1) the experience gained from the replication of design 

experiments in multiple sites with multiple investigators, and (2) the ability of the teacher-practitioners to implement 

innovations in their own school context (Roschelle, 2005). Ultimately, a strong answer to such quests, contributing 

to a higher rate of adoption lies in factors that increases trialability and reduces the complexity factors in Rogers 

(2003) framework.  

 

From the perspective of the designers of innovations, Dede and Wirth (2005) detailed that intervention 

strategies are different for scaling up a single technology (design for attenuation) into a school as opposed to a full-

scale systemic reform (design for attrition) of that educational organization. For the former, designers of innovations 

should design for attenuation as adapters from schools who are not involved in the development of the innovation 

will enact selected conditions favorable only in their context. Designing for attrition requires identifying conditions 

for success likely to be attenuated in many contexts, and then evolving the design to retain substantial effectiveness 

under those circumstances.  

 

 In the case of the KF and KC research projects implemented in Singapore, KF had a fairly well-specified 

direction in terms of its project goals, curriculum materials, teaching and learning philosophy. Teacher-implementers 

needed to be trained and be convinced of the effectiveness of the pedagogy in their classrooms. KC on the other hand had 

no fixed curriculum and as such, teacher-implementers needed to craft the project scope, objectives, technology usage, 

curriculum and others. While this is a good strategy to keep enthusiastic teachers highly involved in the project because 

of the extent of planning and effort required, it is also a deterrent for take-up in some others.  
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4. Usability of Innovations 
According to the Letus community, if an innovation is not usable, adoption is unlikely, not to mention 

sustainability or scaling up. Blumenfeld & team (Blumenfeld et. al. 2000; Fishman 2002; Fishman et al. 2002) put 

forth that the three dimensions within school systems: school culture, capability of practitioners and 

policy/management are the key aspects to look into, thus the conceptualization of the Usability Framework. 

Together, the three dimensions when arranged in the form of three axes originating form a common point, they form 

the three-dimensional space known as the ‘usability cube’.  An innovation can hence be placed within the space for 

gap analysis. Such analysis helps researchers attempting to do such work in understanding the opportunities and 

processes by which one needs to look into for a sustained success in schools.  

  

For example, in one of the secondary schools that implemented KC, it was found that the cognizant leader 

who led by example in her use of technology was pivotal in the adoption of innovation in the school. Teachers were 

not only convinced of the impact of the innovation in their students’ learning but that their implementations were 

supported and facilitated through changes made in the school culture.  

  

Usability can also be viewed from the perspective of the innovation itself. In the case of KF, it was found 

that stability or in this case, the instability of the innovation to be critical for teacher take-up. Many were daunted by 

the constant hiccups in the version of the KF system they were using, and subsequently did not follow through a 

sustained implementation.  

 

5. Receptivity of Key Stakeholders 
 Key stakeholders in schools such as teachers and leaders are important considerations for innovations to be 

adopted and subsequently sustained. In fact, the eventual success hinges so much on them that it warrants a separate 

section here addressing their receptivity to change.  Many factors contribute to sustainability, but ultimately, change 

depends on what teachers do, how they think and the societal vision of professionalism (Desimone, 2002). Changes 

in the classroom practices require school leaders and teachers to be at the heart of the improvement process (Borko, 

2004; Fullan and Hargreaves, 2000). They need to be equipped with the right epistemologies when adopting 

innovations in their practice. Otherwise, they will find themselves in an instructional dilemma when faced with a 

classroom with all its complexities; and the resultant learning process is often unsatisfactory and frustrating (Davis 

& Sumara 2003). Thus, rather than reducing teachers’ roles in schools, the roles that teachers play in change and 

how they perceive, interact and reshape physical, cultural, historically constructed and socially organized forces 

should be highlighted (Giroux, 2004).    

  

 Indeed the receptivity of teachers towards change and innovations was a valuable lesson learned from our 

experience in the use KC. As researchers, we realized that it is key to work with the right partner teachers; teachers 

who were disposed towards a constructivist stance towards technology-enabled learning. It was found that those 

who dispose superficial interests were unable to sustain the long hours and the huge amount of work involved in 

such process-oriented learning, often comparing it to the efficient, didactic mode of learning. Thus, to better 

understand the nature of teacher receptivity to change in Singapore schools, our companion research centre, the 

Centre for Research, Pedagogy and Practice, developed a tool to assess teacher receptivity in potential innovation 

sites (Wolf, 2005).  

 

6. Systemic Considerations for Scaling-Up 
According to Century & Levy (2002), consideration has to be given to the influential factors (see Figure 1) 

at any levels of the school system in the progression of each innovation, from establishment, maturation to 

evolution. At each of these three phases, an innovation has particular goals and particular strategies for achieving 

these goals. To be sustained, goals must be realized at different levels of the school system, which require multiple 

strategies employed simultaneously. Thus at any point in the evolution of an innovation, attention must be given to 

the influential factors at any of the levels in the system such that the stakeholders’ orientation is accurate. 
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Factors that are related to the concrete element of a 

program/innovation 

Factors that relate to influences on a 

program/innovation and outcomes that result from 

the program/innovation 

Accountability Implementation & adaptation 

Instructional materials Philosophy 

Leadership Critical mass 

Money Perception 

Partnerships Quality 

Professional Development History – origins & longevity 

 

Figure1. Factors summarized from Century & Levy (2002). Sustaining change: A study of nine school districts with 

enduring programs 

 

 Additionally, stakeholders must understand that technology bear the catalytic ability to trigger change such 

that “one innovation will reverberate through other aspects of pedagogic practice and will touch upon the wider 

realm of a teacher’s daily work so that it too will be changed” (Breen, 1994 p. 104). Hence, for sustained use of 

innovations, rooted in deep forms of learning, change should occur such that the philosophy of learning and 

implementation practices are aligned.  

  

 The researchers who initiated the KF and KC projects in Singapore were focused more on initiation of the 

pedagogies using these enabling technologies in the schools they worked with, i.e. more on understanding “how 

things work” rather than “how to scale it up?” As systemic issues of planning for sustaining and scaling up were not 

addressed in the planning of these projects, they were not systematically addressed. 

 

7. Re-culture for Long-term Sustainability 
Finally, a strategy proposed by Hargreaves and Fink (2000) to scale and sustain effective practice is to use 

model successes to re-culture as well as to restructure schools – adopt the philosophy and intentions into the 

existing culture of adventurous volunteer schools before enacting the structures for change. For long-term 

sustainability, the goal of systemic innovations must first be established in the larger cultural context such that it 

becomes an “entire continent of change” (Hargreaves, Earl & Ryan 1996). In fact, they argued that educators should 

go beyond the policy makers by making their practice and improvements visible to the public such that a broad 

social movement for large-scale, deep and sustainable transformation can be created (Hargreaves, in press). 

Concomitant to this notion, Cuban, in an interview with John O’Neil (2000), highlights that the innovations that 

have the best chance of sticking are those that have constituencies grow around them. An example he cited is that of 

special education. When reform efforts reflect some deep-rooted social concern such as preparing autistic children 

to lead fulfilling lives, it will be widely accepted over a sustained period of time.   

 

The KF and KC projects in Singapore have small constituencies around them – teachers who attended a 

knowledge building course or talk, and teachers who were involved in the research projects. But the enthusiasm and 

skills of facilitating knowledge building did not diffuse to other teachers who lacked similar deep understandings to 

enact the pedagogy successfully. 

 

8. Implications for School-Based Learning Sciences Research 
Based on our experiences with implementing innovations in Singapore schools and exploring their 

diffusion, and coupled with our literature survey, we propose that one framework for learning sciences research 

which adopts the use-inspired basic research model and results in sustainable and scalable outcomes, is the triple-D 

approach: Design, Deploy and Discern. Design of research projects needs to take on an expansive approach, 

considering outcomes from both the learning and the sustainability perspective. Greater importance should be 

placed on the conditions for success in design experiments for replication to other sites. As the Learning Sciences is 

primarily concerned with learning in complex and messy classroom situations, we need to extend our understanding 

of distilling the design principles behind an innovation despite it being contextually-bound. We have argued that 

much more research and thought is needed to address the situated nature of learning and its implications for research 

(Looi & Hung, 2006). If all work is bound intimately to context and only small generalizations are possible, to what 

extent is research valuable to inform practice, to be modeled after and to scale-up? What is generalizable may be 
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predominantly principles of learning that inform practice. These principles have to be contextualized and re-applied 

to new situations and contexts. In our experience, the teachers and people we worked with or trained are the most 

effective change-agents in schools as they can understand and are able to enact or re-enact “point-at-able” models of 

good practices (Bielacyzc & Collins, 2006). In fact, the effectiveness of such change-agents was highlighted in a 

recent study arising from Singapore’s participation in the OECD/CERI Schooling for Tomorrow ICT and the 

Quality of Learning Programme where it was found that the ssuccessful implementation of ICT depends largely on 

the competence of staff (OECD Research team, ETD IT training branch, 2003).   

  

 For projects to be sustainable in schools, deployment should be viewed holistically in the context of school 

improvement. Innovation should be seen as an enabler in the school processes to achieve results rather than as an 

end in itself. In other words, beyond the innovations, schools need to map out in detail the ways to promote engaged 

learning and improve school processes (OECD Research team, ETD IT training branch, 2003).  

  

 To do so effectively, we suggest that an effective professional development model that tightens the 

connection between the researchers and the practitioners be put in place. Learning scientists on one hand can deepen 

their understanding of the actual classroom conditions and constraints that practitioners face, their epistemic beliefs, 

and pedagogic skills. Practitioners, on the other hand, can be inculcated with the appropriate epistemologies such 

that they not only understand the underlying philosophy of the ICT in use, but know how to attenuate the design to 

abide with their local constraints but without losing the spirit of the innovation. Over time, at least in the Singapore 

context, we hope that this will help move the high proportion (93%) of teachers who are currently using innovations 

as productivity tools for preparing and delivering lessons (mp2 Review Secretariat, 2005) to using innovations for 

engaged forms of learning. Over time, we hope to see a profusion effect, albeit slow in building, that will see a 

significant percentage of practitioners pursuing their ideals and dreams about educational innovation, setting up 

good practices and inspiring others. 

   

 Finally, developing new methods of analysis for discerning adaptability and scalability of innovations 

become an important research frontier (Dede, 2004). The challenge for the Learning Sciences will then be to 

develop a generalizable metric that can measure the degree of robustness of the design of innovations. This index 

can provide prospective adopters/practitioners a better idea of what the likely effectiveness of an innovation would 

be in their own context. Such research project can be arduous, requiring strong statistics number crunching and 

while ensuring that the data analyses are accurate and strongly grounded.  

 

Overall, we hope to see more scalability and sustainability work done in school-based Learning Sciences in 

Singapore using this triple-D approach as the guiding framework. While we seek to seek strengthen this model in an 

empirically grounded case, we hope that this paper will serve as a springboard for further communication among 

researchers, practitioners and policy-makers as they pursue scalability and sustainability endeavors.  

 

9. Conclusion 
 In this paper, we described some of the issues related to sustainability and scalability of innovations from 

literature, grounded in our experience in the implementation of KF and KC in some Singapore schools. We propose 

our learning sciences research work in Singapore schools can adopt the triple-D approach as a guiding model. With 

the diverse expertise brought into the field of the Learning Sciences by specialists from multiple disciplines, 

together with an alignment of efforts with various stakeholders at different levels of educational organization, we 

hope to identify and understand workable processes and technologies supported by research findings that will 

sustain and scale-up, making a difference in improving learning in our schools.  
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