The main paper under discussion is “Robust Designs for Scalability’ (Clarke and Dede, 2006) of Harvard University. The first half of the paper presents a framework for measuring the factors that affect the implementation of innovation in educational settings. The second half unpacks a case study, the use of the “River City” virtual environment for middle school science. The case study in the paper is of personal interest, as I am trialling the virtual environment that the researchers are studying (and designing), so I include some discussion of how reviewing the paper changes my perception of this environment. Reference is also made to Gee (2003), for a contrasting, descriptive view of learning in gamelike environments, and for ideas of how language defines, and proscribes, semiotic domains such as quantitative research in the social sciences, and to a less quantitative discussion (Lewis, Perry & Murata, 2006) of the problems of innovation transfer; the various threads are drawn together to critique the utility of the quantitative model presented in the main paper. 
(As I start to write, a dog is barking in the distance, and a mosquito whines.)  
Clarke and Dede's paper fully problematises the conditions for successful transfer of an educational innovation. The authors realise that transfer to other sites and contexts, as distinct from the original success of an innovation in the original site, may be problematic:  

“it can be difficult to scale up promising innovations from the fertile, greenhouse environments in which they were conceived to the barren contexts that exist in schools with poor facilities, overwhelmed teachers, and struggling students”.  

The authors propose an analysis of the range of relevant variables that affect the spread of technological innovations in education. They start from the premise that variables which affect the attempt to “scale up” an innovation are not well understood, and call for “advances in design for scalability”. Failure to do so will lead to the situation where education will “continue to waste substantial resources implementing interventions that fail despite promise shown elsewhere.” 

So in scaling up innovations, the notion of “scale” is first considered more carefully. It turns out to be a relatively broad term which can be defined more precisely as covering five interrelated dimensions. Taking a lead from another researcher (Coburn, 2003) they define scale as having the dimensions of depth, sustainability, spread, and shift, and add a fifth, evolution. In brief, depth denotes deep change in teacher practice, sustainability is endurance of these changes over time, spread is diffusion from the original site to “large numbers” of classrooms, shift is the extent to which the innovation becomes locally owned (rather than being an outside intervention) and they add their own term, evolution, which is the extent that variations on the innovation feedback via communities of practice. 
So there are potentially five dimensions that are involved in “scaling up” an innovation; the idea is that we can “scale along each dimension”. However, having elicited this handful of scaling dimensions, they focus in on one of them; the sustainability dimension. This goal of scaling this sustainability dimension, is further defined as designing an innovation so that it is capable of “adapting to inhospitable contexts”. An inhospitable context is considered to be one where some of the factors that contributed to the original success may not be present .They suggest that interventions, if not distributed under controlled conditions (in partner schools etc), need to be “ruggedized” so the intervention can be successful under “relatively barren” conditions. 
 A biological parallel emerges, which is used at several points in the paper. We are asked to consider that a drought resistant plant, designed by a “biotechnologist”, would not be expected to outperform all plants in all conditions – just those in barren terrains. They cite the River City Muvee project, which forms the case study in the second half of the paper, as an environment that they are attempting to “ruggeidize” by design, producing the “educational equivalent of plant strains tailored to harsh conditions that are productive where the usual version of that plant would wither and die”. At several places in the paper they also suggest that an instructional designer could also use their model to create “hybrid versions” of an innovation, that may be “optimized for success in particular types of settings”. Thus, to ensure a scalable innovation, “designers should develop flexible models with variants adapted to a spectrum of implementation conditions.” 

At this point, I need to attend to the barking dog, which has still been quietly yapping in the background. The dog is virtual, and inhabits the River City Muvee world, which has been running in the background as I type. I turn him off, and his world ends with him– or at least the instance of it which was running on my computer –(although the server records all activity and provides continuity between sessions, so now he is perhaps only napping in hyperspace, and will be there in the simulated world of 1879, when I return). I wonder, as he goes silent, if the simulation I am running is a variant that has been developed, by design, for harsh conditions, (low achieving students?, difficult schools?). This is interesting, since I had developed a rather different impression of the project. Since it is developed at Harvard, and I was following a lead from a high achieving colleague, I had wondered if our students might not be in the same league as other students in the project. So the realisation that it might be tailored for low achieving students gives me pause. Our students are certainly not the most advantaged, and contain sub populations of considerable disadvantage - so a ruggedized design will probably be advantageous. It is just interesting that reviewing the paper disturbs a preconception, which had survived reading project notes over the web, and internet phone conversations with one of the researchers. (He had indeed asked for some local description and I described our regional location, including drought, and sent links describing our “barren” water reserves – but had not really entered a discussion of demographics. Maybe he was too polite to ask such questions; though the paper also shows that this a key research interest in the work, and teachers are required to enter some data on student profiles). 

Returning to the model, what would a “barren” or “fertile” environment for innovation transfer look like; beyond the suggestive imagery of drought ridden or lush landscape? That is, what are the variables that might affect success (or more exactly, the capacity to scale up a technological innovation?) The authors propose an inventory, a “taxonomy of critical contextual variables for technology-based educational innovations”. The taxonomy has been derived from examination of “all of the studies of educational interventions published between 2002 and 2004 in three leading educational technology journals (Journal of Learning Sciences, Journal of Educational Computing Research, and the Journal of Science, Education, and Technology),  as well as other prominent work in the field”. 
The taxonomy thus derived (still a “work in progress”) is divided into five sections “Student Level Variables”, “Teacher Level Variables”, “Technology Infrastructure Conditions” “School/Class Variables: and “Administrative/School level Culture Variables”. There are 37 variables distributed under these various headings.  
While the review stage of extracting these factors appears qualitative, the subsequent use of the data is quantitative and formal, and aims to produce a mathematical model, which defines the degree to which a particular innovation is dependent on various factors, and would be weakened or “attenuated” if the value of factor differed in a new site. Although the formal model is still incomplete they do describe the lines on which development is proceeding, and the projected outcomes. 
While the statistical basis is still provisional (“we are currently developing analytic strategies for creating our proposed “scalability index”) they do review the notion of effect size (d), in a manner that seems fairly intuitive:   

d = (M1 - M2 )/ σpooled  
where M1 and M2 are the respective mean of two groups, for some measurable effect, and σpooled is the standard deviation of the whole group. 
Values of d are labelled as “small” (0.2) “medium” (0.5), and “large” (0.8) and the comment is made that in the “social sciences, even the most successful interventions have small effect sizes”. (The broadening of domain from education to social science is discussed below). 

The effect size, thus defined, does not, however, allow one to predict how an innovation may fare when transferred to another site (into different contexts, which may be relatively “barren” or “fertile” in regards to some of the relevant factors.) A regression model is thus proposed ,which deals how sensitive the innovation is to the factors that are enumerated in the taxonomy: 
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where R2 measures “the proportion of the variation in the outcome that is explained by the … predictors in a regression model”  and f 2 is thus “a measure of proportion in variation of the regression model with the contextual variables and their interaction with treatment”. (And f is analogous to d, the effect size). 
So we have a model that provides a “scalability index” (f), by accounting for the sensitivity of an innovation to the values of various contextual factors. In order to produce useful or predictive results, the scalability index needs to be derived for individual factors, and so they “plan to present these scalability index data in tables where the effect size of the interactions between treatment and various conditions are provided”. 
My reaction to this formal approach of measuring the factors that affect the likely sustainability of an innovation is mixed. My current role involves working with “educational innovations”, technological and otherwise, and so there is certainly appeal in the notion that there might be a formal way to examine the likelihood of a particular approach working in a given setting; a way to buttress against the uncertainty of claim and counter claim, to steady the flux of impression and value judgment. And so I respect the effort to analyse and quantify key factors in this manner. 
Yet while it is a suggestive model, I am less sure, on reflection, of its utility, for reasons I will attempt to examine. The model, in itself, could be considered a “promising innovation” and so I will use the terms of the research to frame my questions. That is, outside of the greenhouse environment of the original research environment, will it scale up and result in a usable tool for policy makers and practitioners?  Is it likely to lead to deep change of practice, with a wide spread of application, leading to shift in ownership (from the original River City context), and will it then develop a community of practice that can evolve the model? For all this to occur, what might the critical variables be that affect its sustainability, and what “ruggedization” may be needed? 

Turning the terms of the model upon itself in this manner might not seem quite fair, or might be a logical metacognitive step, or an a early contribution to community of practice, but in any case it does help capture my intuitive feeling that it is not yet adapted for full deployment. My intuitive concern is not the incompleteness of the statistical analysis (since this seems to be a matter of refining the current lines of the model, and one has a reasonable sense of where they intend to take it). But even when the statistical framework is completed, and the tables of scalability indices are completed, something about the whole enterprise still feels somewhat “fragile”. 
We would presumably need another taxonomy of factors to describe the likelihood of successfully transferring the model itself - since student factors would not really be in play, and other institutional or system levels factors may be. While I’m not suggesting the formal development of a such a “meta set” of factors, for the purpose of review I will propose, and briefly discuss, the “system level” variables that my instinct would suggest;  “commitment to research driven policy” and “network externality”. 
Education is an ideologically framed affair, and it is perhaps naïve to attempt to debunk this with an appeal to science and research, since even “evidenced based” approaches will always be contingent, at some level, upon philosophical assumptions and ideologies (such as the decision of what to measure). The attempt to ground practice in the irrefutable and “value neutral” realm of scientific research, certainly does not seem likely to succeed, given the debated paradigms of education and social science, any time soon. However one may still imagine a climate that encouraged evaluation of quantitative data when considering implementation of an innovation (as opposed to say, simple reliance on recommendations from others involved with successful innovation in other contexts). The extent that a commitment to rigorous (if still contestable and ideologically conditioned) analysis is place, may well prove a factor that “attenuates” the success of this formal model. 
Network externality, or degree of institutionalisation, would seem to be another important variable affecting the model’s adoption. While the model is still being developed, one can hardly expect widespread familiarity with the taxonomy of factors, or the scalability index. Of course one needs to start somewhere, and can only admire the attempt to suggest a productive and possibly generalisable model for technological innovation in education. However until (and unless) it becomes more widely distributed, and evolves some supporting frameworks in a community of practice, it may be vulnerable, by seeming too complex and unwieldy; the initial threshold for its use seems high. 
To briefly examine the potential difficulties here, consider a policy maker or educator considering the adoption of a promising innovation. To make use of “scalability indices”, researchers would need to have completed a longitudinal study of the innovation. Then, assuming an effect size that is at least “small”, the demographic data of the control and treatment groups would need to be subjected to statistical analysis, to determine which of the 37 variables in the taxonomy are relatively influential in contributing to the effect size. In addition, a policy maker would also need data for their own values of the key variables; so if a teacher variable of, say, “pedagogical beliefs”, a student  variable of “collaboration skills” and a school variable of “length of unit” were highlighted as the most important factors, values for these variables in prospective sites would be needed. Some of these factors are easy to quantify (“length of unit”), while others (“pedagogical beliefs”) are relatively complex. How could we quantify or subtype the latter; or average them over a school?  
All of these issues are potentially soluble, with standardised frameworks that tease out the complexities. However it would seem that widespread adoption of this methodology, in broad communities of practice, conducting research in the required manner, is needed for the model to really “pay off” in real world transfer of data about scalability of innovations, using the agreed taxonomy of factors. Thus network externality (or perhaps an “institutionalisation” factor) would appear to be a critical variable, in addition to the commitment to data driven research. 
Returning to the biotechnologist analogy, the model is perhaps akin to a complex, somewhat exotic seed, developed in a laboratory; whether it will find receptive soil outside of the lab is not clear. It does seem to need a data driven decision making environment, and, probably more challengingly, the existence of its own genes to be present in the host environment, so that it can functionally exchange data in its own terms. (Scaling up to that level suggests it would need official endorsement at a systemic level – planting the whole field -  and is unlikely to succeed by gradually percolating through research networks). 
 It is interesting to contrast this formal methodology, with Gee’s qualitative insights into learning within “video game” style environments (and the authors do draw some parallels between their River City environment and video games). The literary genre of Gee’s reflections on video games, something of hybrid between the typical dispassionate tone of academic research, and first person narrative, with reflexive observations, are also a useful counterpoint to this type of formal research paper. The role of identity, narrative, metacognition – key elements of learning, in Gee’s account of these environments – are probably better understood via a first person perspective or “inner frame”, rather than being named as constructs in an explanatory discourse which tends to objectify such terms. (The suggestive power of Gee’s work seems to derive from his analysis of the learning involved in game play using a player’s, or introspective, point of view.) The more consistent usage of a formal tone in Clarke and Dede’s paper, is presumably a requirement of the domain of educational research, within the broader domain of social sciences. (For example, members of this semiotic domain would no doubt recognise the usage of the word “treatment”, as having a particular meaning; it is used in place of the original term, “innovation”, during the statistical discussion, and appears to broaden the context from educational technology to the broader realm of quantitative “social sciences” –and thus more easily links with the associated apparatus of statistical analysis.)
However the removal of an “inner voice” in the article (and also in the larger domain of quantitative social science) possibly promotes some distortions; it may be easier to flatten a complex matter like “Teacher’s Pedagogical Beliefs” into a single variable, since we are less likely to echo the clinical question of “what are some possible ‘values’ of this variable ‘pedagogical beliefs’? with a parallel, interior, embodied question – “what do I believe about teaching”. 
(The River City analysis did acknowledge pedagogical variety; and “implemented different treatments of River City based on alternative theories of how people learn”; but it found no statistical significance between these variations. The dismissal of this variable seems, to this reader, given its potential richness, to warrant a little more discussion, as opposed to some of the more scalar variables, such as class-size.  The attempt to conflate variables such as “how many students are in the classroom” with “how are they being taught” seems a little problematic.)
For a comparative study of the problem of innovation transfer, we might consider another article proscribed in the coursework (Lewis et al., 2006). Nominally discussing lesson study, this work also makes significant efforts to consider by what path educational innovations, in general, are transferred (and frustrated): 
“Too often, spread of a “proven” innovation is regarded as a separate research phase and a mere technical chore, despite the overwhelming evidence of the difficulty of the dissemination phase and its intimate relationship to the initial characteristics of the innovation as an externally designed entity”. 
Two routes are suggested; one, a more formal route, General Proof, which attempts to distribute a “proven” innovation across a range of sites, and Local Proof, which allows more “local adaptation, ownership, improvement and spread”. 

The paper suggests that the utility of the General Route is often over emphasised, and its limitations not fully recognised; the spread of a “proven” innovation is often much more problematic than the General Route assumes, partly because researchers tend to focus on “an innovation’s effectiveness under controlled circumstances at initial sites, rather than “legs” and effectiveness at subsequent sites of spread”. 

The tone of the article is still relatively formal, but the quantitative research is absent. So this discussion of innovation transfer (it problematises the issue, and highlights the variation between sites) could possibly make a nice starting point for the quantitative model of Clarke and Dede. Yet I wonder if the qualitative observations (General Proof and Local Proof, and the various caveats around these) are, in their simplicity, relatively more useful than the full quantitative model.  (For example the General and Local approaches are seen in the Victorian Department of Education “rolling out” reform from the “centre”, on one hand, and encouraging self management and local “action research”, on the other). 

So, the formal nature of the first model (Clarke and Dede, 2006) -  the usage of statistical analysis and associated research genre - presents some interesting paradoxes. While it is suggestive of a comprehensive “full scale” approach, and thus promises the utility that we might accord with scientific methodology, the overhead of the research framework may also limit its adoption, and it may also risk significant compression of the complexity of human learning; since formal style and mathematical formulae may make it easier to over simplify or dismiss the rich “inner story” that could be in view here. Perhaps maxims and insights of the type derived by Gee (2003) and Lewis et al. (2006) are the most appropriate ways to proceed. 

However it is probably not helpful to chide quantitative research for suffering the limitations of not being, in fact, qualitative. Perhaps we merely need the various forms, qualitative and quantitative research to inform each other. This might seem a weak truism, but it may limit the totalising and reductionist tendencies of quantitative research on the one hand, and ameliorate the subjective risk of qualitative approaches (Gee does seem to be moving into “introspective phenomenology”)  to formally round out quantitative approach with qualitative story. 
Thus controlled longitudinal studies that look at the effect size of innovative learning environments no doubt have value. Further analysis of demographic and other contextual factors that play a part in the impact of an innovation are useful. Reflecting on whether these factors for success are present in other contexts is also valuable. However developing a whole model of innovation transfer, with statistical apparatus, which may be used as predictors of an innovation’s success, or to customise the design of the innovation, while interesting, may not itself be a scalable endeavour.  It is an open question as to whether education is yet ready, given the broad nature of its goals and the complexities of human learning, for the full scale quantitative models of the sort proposed here. At the very least, we need counterbalancing approaches, maxims and narratives, to reflect and retain the richness of the educative endeavour. 
(Closing Conundrum) 
(I slap the mosquito, buzzing in the non virtual space around my head, into silence. Which presents the question of whether the gnat, like the dog, is contingent on an originating or integrative realm, that may preserve and restore its state, in ways that are not apparent from within its own perspective, but which are fully explicable from the originating realm? How this little thought experiment is resolved may well be an indicator of the vitality, at the local site, of an essentialist (or inner) framework for the human subject, as against primarily external, quantitative or reductionist measures –even used to produce values of an “educative teleology”  variable (.)     
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