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>> JOANN: Good afternoon, everyone. And thank you for joining the webcast today on Three States of Knowledge and Their Implications for Innovation Policies. Our presenter this afternoon is Mr. Joe Lane, MBPA, Director of the Center on Knowledge Translation for Technology Transfer or KT4TT based at the University at Buffalo. He'll share his ideas about issues and innovation policies and the implications of three states of knowledge within this context.

I'm your host, Joann Starks, and I'm with the National Center for the Dissemination of Disability Research or NCDDR based at SEDL in Austin, Texas. I'll be moderating today's webcast. I want to thank our partners at Baylor College of Medicine for providing technical support for the webcast and The Captioning Company for realtime captioning. Both are located in Houston, Texas.

A reminder for all participants, there are some materials accompanying today's webcast that can be found on the NCDDR's website. The PowerPoint file and a text version of these slides are available on the web page for webcast No. 31. The slides on the computer screen are small, so having the actual PowerPoint file or a printout could be helpful. Go to www.ncddr.org/webcasts/ and click on the title of today's webcast. Scroll down that page to “Download Materials.”  And please remember these materials are copyrighted and you must contact Mr. Lane to ask permission to use any of this information. 
You may submit questions during the webcast and we'll do our best to respond to them as time allows. Please send your questions to webcast@ncddr.org. We would appreciate it if you only use this address for questions for our presenter, not for technical support problems. You may also call in your questions or call for technical support toll free to 800-266-1832. This number is both voice and TTY capable. If you are outside the United States -- and we do have quite a few viewers today from Canada -- please call 512-391-6517. You can also find these numbers by clicking the "Additional Information" tab under the presentation slides window to the far right.

Now some important technical notes to keep in mind. The most common technical problem is that the Windows Media Player or RealPlayer window might freeze up or stop advancing the slides. If that should happen, please close the player and just open a new player window. The webcast will start up right at the current spot in the presentation. So just make a quick mental note if the window freezes up, close it and open a new window to pick up right where the webcast is progressing.

We would also appreciate your feedback today by filling out a brief evaluation form at the end of the webcast. If you click the "Downloads" tab at the bottom right-hand side of your Windows Media Player or RealPlayer screen, you will find a direct link to the evaluation form. I'll remind everyone about this again at the end of the session. And one other reminder, there are not any preapproved continuing education units for today's webcast.

Now I would like to introduce our speaker. Joseph P. Lane is the director of the Center for Assistive Technology established at the University at Buffalo in 1988. He is principal investigator of the NIDRR-funded Disability and Rehabilitation Research Project, the Center on Knowledge Translation for Technology Transfer. Mr. Lane directed NIDRR's Rehabilitation Engineering Research Center on Technology Transfer, T2RERC, from 1993 to 2008. One of his recent publications that provides a foundation for today's webcast is Translating Three States of Knowledge:  Discovery, Invention and Innovation, by Lane and Flagg, 2010, published in Implementation Science.

I will now invite Mr. Lane to begin his presentation. Joe...

>> MR. LANE:  Thank you, Joann, and welcome everyone to today's discussion. We will be covering a lot of territory in a short time and so we do have the slides. We have also supplementary material we'll be indicating at the end of this presentation and I certainly invite anyone who is participating now or in the future to contact me directly to establish a dialogue about some of the issues and concepts and terminology that we are working hard to try to construct a framework that makes sense in terms of guiding innovation policy, particularly in the areas of technology-based innovations. We'll move on to the second slide. 
Slide 2. Briefly we'll review the talk. We'll touch on seven key points; we'll start with trends in issues in innovation policy. We'll then articulate three different states of knowledge as we envision them from our own work here in Buffalo. We'll then mention some policy implications of those three knowledge states, and then to consider the relationship of those knowledge states to innovation. We'll review a whole set of milestones within what's typically considered to be the black box of innovation. Hopefully we can move from there to show a clear path from research to innovation, which is really a path from problem to solution within our focus on programs intending to benefit society. We'll summarize these prior points in what we call the Need to Knowledge Model, and then finally, we'll close with a few innovation policy recommendations some of which may be received as controversial, but hopefully needlessly so. Next slide. 
Slide 3. I'd like to begin here with a caveat that this presentation is primarily relevant to federal programs and projects which are specifically established and funded with the intention of generating some form of socioeconomic impacts, primarily through technology-based innovations. And the presentation is not necessarily relevant to federal programs that sponsor basic research, what's called inquiry-driven research or even technology-based R&D projects that have no particular expressed intention to generating beneficial socioeconomic impacts.

I offer this caution because agencies and investigators are getting some mixed messages and being tasked with different missions without adequately receiving guidance regarding implementation. So I want to be clear that what we're presenting here is not directed to basic research programs, but it's certainly is directed to programs in basic research or applied agencies that are intending to benefit society. Next slide, please. 
Slide 4. We'll start by talking about three trends in expectations over time that are helping create some of the issues I think we're still not quite resolving. Before World War II, we had an expectation of a convergence of science and society. Basically the idea was there would be public funding for basic research, which would generate a repository of conceptual knowledge, what some people call science push. Under that next set of expectations, innovations could occur but they would typically result via what we call the diffusion model. But it would be up to nonscientists to sort out how best to apply the science in practice.

The second set of expectations emerged after World War II primarily through the writing of Bush, who promoted a convergence of science, engineering and society. And Dr. Bush was thinking about how the Allied technology innovations helped defeat the Axis powers throughout the war. And his notion, and the notion of federal policy that followed was that public funding for applied research and development would generate a repository of prototype devices and services, sort of a mix of technology push and market pull with the presumption that the dynamics of the free market would create the links that are necessary to link the push forces to the pull forces.
Any innovation that would occur would be expected to happen routinely through what was then considered to be the linear model. So the funding of scientific research would beget the impetus for development activity, which would then be pulled into the marketplace. Much of this thinking was summarized in Dr. Bush's publication, Science–the Endless Frontier. That model has persisted and continues to persist to this day even though intellectually the model has been refuted. I think in practice it does persist in many agencies.

What we're seeing now though is a different set of expectations where government, academia and industry are looking to combine forces and it calls for the open integration of all sectors focused on problem solution, more of an active collaboration approach. In fact, innovation is being viewed as a deliberate and systematic process via the challenge model, much like the Kennedy challenge to put a man on the moon in the 1960's, but now it's focused on more contemporary challenges like orbital delivery systems or fuel efficiency. Next slide, please. 
Slide 5. Now from our perspective I view both the passive diffusion and the linear models as trickle down concepts. Essentially the idea is to give the resources to Group A now, and Group B will benefit later. And it goes without saying that Group A would enthusiastically support that approach, but the question is, is it really valid?  There are a couple of paradoxes that I wanted to mention here. Paradox I of the trickle down model is we know that science relies on healthy skepticism, demonstration and replication. Yet, there isn't a lot of evidence that academia ever challenged the paradigm, this notion of the trickle down. Fund good research and good things will follow. Instead, it largely remains an untested -- public funding combined with peer review. Next slide, please. 
Slide 6. There is a second paradox of this trickle down model, which says if the scientific process had been followed at the time the proposal was put forth, we might already have substantial evidence to support the role of upstream research and development activities in downstream collaborative innovations. But right now we don't. Instead, we find that there is much rhetoric, politics, and even obfuscation substituting for facts when trying to shape public policy regarding programs that intend to result in technology-based innovation. Next slide, please. 
Slide 7. The point of mentioning these paradoxes is this:  We can do better. Essentially we can clarify the antecedent components of innovation, particularly those technology-based innovations with global, socioeconomic value. Further, we can define each component's contributions and describe how they are able to generate synergy across the sectors of government, academia and industry.

We can also identify and resolve issues and confounds using facts rather than attacks. And finally, with that done, we can get on with the effort necessary to connect the methods, the resources and the people involved to accelerate innovation within such a challenge-led process. Next slide. 
Slide 8. I'd also like to mention a process called Knowledge Translation, which we have found to be fairly relevant to the work we're trying to do to link these various activities. Knowledge Translation is a movement out of medical research to extract what works from the research and practice literature and then to effectively communicate that knowledge about what works to various stakeholders who are in a position to put that knowledge into action. This work was initiated by the Canadian Institutes of Health Research and they are active in leading this effort.

Knowledge Translation is valuable to me because it requires a global systems view to consider knowledge value, the interests it might serve, and the paths to applying knowledge in action. And it seems to me that knowledge translation is quite relevant to solving the innovation paradoxes that I mentioned before. Next slide, please.

Slide 9. As we move on to consider the three states of knowledge, I'll point out that an exploratory article was published in 2010--and Joann had already mentioned it--titled Translating Three States of Knowledge:  Discovery, Invention and Innovation. It is an open source article. So the link on the slide will take you straight to the full text version. And as I mentioned earlier, I welcome any thoughts and discussion as we continue to explore links between the processes that we're trying to understand, the processes of Knowledge Translation and Technology Transfer. Next slide.
Slide 10. Just to briefly summarize the key points in that article, we describe a cycle from knowledge creation to knowledge application which is a dynamic exchange embedded in the context of a stimulus which would be a question or problem and a response, which is an answer or a solution.

Specifically for technology-based knowledge, the dynamic exchange requires transitions within and between three related methodologies -- research, development and production. Further, the translation of each method's outputs to various stakeholders is critical to continued progress in the innovation process. And we'll talk about those in a few minutes.

These transitions can be readily depicted in a stage-gate framework, which I'll also share in a few minutes. While the translations themselves can be tailored to the unique states of knowledge outputs resulting from each method, a discovery, invention or finally innovation.

And the last point is that effective transitions and translations optimize opportunities for both passive general diffusion and active specific innovation. This is where we see the direct link to information on innovation policy. Next slide, please.

Slide 11. We identify three different but relatable methods and if each method generates knowledge in a different state, we end up with three knowledge states as shown here. We state that research methods generate knowledge that's likened to the gas state of matter in the form of conceptual discoveries. We liken the three methods to the three traditional states of matter -- gas, liquid and solid -- because we know the different methods of different attributes related to innovation.

Development methods create knowledge in what we consider to be a liquid state of tangible inventions. They are not as free as the gas state of conceptual discoveries. They begin to take a specific form and begin to be linked to a specific context, yet there is still plenty of opportunity to change them.

Once we apply production methods, they are used to formulate knowledge in the solid state of market innovations. Once production methods are applied, it's not really possible to change them further. Hence, traditionally, we had the annual automobile models each year a different model would come out based on the production methods and design that were appropriate for that year, and when we moved into information technologies, we see the rapid development of new versions. So we moved into numbering the versions 1.0, 2.0, 2.1, 2.2, but each of those versions is in itself a solid state. It's a final, fixed form. And that's a result of production and design parameters. Next slide, please.

Slide 12. A little more detail in each of these three states to differentiate them and explain why it's important to consider them. The discovery state of knowledge has certain attributes. Research methods generate new knowledge. The process that's applied, it's empirical analysis that reveals novel insights regarding key variables. The idea is to isolate particular variables from other intervening factors and then demonstrate some relationship between those variables.

The output, the conceptual discovery is expressed in a manuscript form. It's just words in a manuscript which is typically external to any context, which is why we consider it to be more in the most diffuse state of gas.

The value that comes from a conceptual discovery is primarily its novelty. When you think about publication, it's the first articulation of a new concept and it's a contribution to the knowledge base. And future authors would cite that contribution from that particular author because that was the first time it was articulated. Even though it's conceptual and it's diffuse like gas, it does actually have status as intellectual property. Anything that's published receives a copyright. And that copyright protects it against plagiarism that is someone else using that concept or that discovery as their own. Next slide, please.

Slide 13. Now an invention state of knowledge has different attributes. These are development methods, which are different from research methods and development methods actually apply knowledge as opposed to creating knowledge. Now they may also identify new opportunities to apply research methods and create new knowledge and that's just the symbiotic relationship between research and development, but development is supposed to apply knowledge and practice. The process of development is trial and error experimentation and testing to demonstrate a proof of concept. Now, that term ties nicely back into the notion of a conceptual discovery from research. Once you move to development, you're proving that the concept can exist in practice. Therefore, the output is a tangible invention embodied as an operational prototype, which is typically linked to some context or application. That's why we view it as a liquid state.

The value of a tangible invention is additive, it retains the novelty of the original conceptual discovery, but it adds the feasibility of a tangible invention that it can actually exist in function and program. And it has a different intellectual property status, rather than a copyright, an invention can be claimed and the claim is formed in a patent. And that patent protects against infringement. And again this language fits well with established language in law because patent law specifically exists to protect inventions. It's not necessarily -- it doesn't exist to protect conceptual discoveries. One has to submit both the conceptual information as well as the demonstration of its feasibility in practice to qualify for patent. Next slide.
Slide 14. Now, the innovation state of knowledge is yet again different from discovery or invention. The methods of production are used to codify knowledge in some final form. The process applied when one uses production methods is a systematic specification of components and attributes that yield that final form. Whether it's an automobile or a computer or a work of art, it's a final form that doesn't change once it's ready for production.

The output is a market innovation, and that is truly considered in the economic sense something that's available in the marketplace. It's embodied as a viable device or a service that's typically designed to work within a defined con text and that's why we consider it to be a solid state of matter. Once it's designed and put into production it's not easy to change. Again, the value is additive. You retain the novelty of the discovery, the feasibility of the invention, but now you add utility. And utility is not a requirement to obtain a patent. And I think that's someplace where people confuse the difference between an invention and an innovation, that the patent does not require proof of market viability or utility, it just needs to be novel and it needs to be feasible.

For an innovation, novelty plus feasibility plus utility, we define utility in this case of market innovations revenue to the creator, in this case a company, and functional value to the customers, those who would acquire and use it. The intellectual property status extends beyond that of an invention because a market innovation is typically protected through a family of patents or which is -- would make it a global patent protection, or a patent fence which multiple patents are taken to protect against competitors designing something very similar to this market innovation. Because once it's in a final form, it's easy for others to acquire it, to use it, to reverse engineer it and understand how it was made. So the final form makes it vulnerable to copying and so the patent extension protects it against competition because it's often produced in the competitive marketplace. Next slide, please.

Slide 15. Now with all that said, we can link the three states of knowledge to say delivering impact through innovation, that is delivering socioeconomic benefits to society through some form of technology-based innovation, requires progress across all three states. It doesn't have to be done by the same group. It doesn't have to be done at the same time, but when you deconstruct an innovation in the marketplace, it contains all three knowledge states.

For technology-based innovations intending to benefit society, they need to begin with a validated need for the knowledge. And the research activity leads to discovery output. That knowledge and conceptual discovery is translated for utilization by others. Utilization in the form of technology-based innovations leads to development, which results in invention output. That invention output is often technology, but it could be high tech. It could be low tech. It could be no tech. So we try to avoid the term technology because not all intentions involve technology, but the invention is transferred and that transfer allows it to be integrated into the next step, which is production. 
The production methods yield an innovation. The innovation is released to the marketplace, and then it's consumed. That consumption and use should hopefully -- the innovation includes features and function that is beneficial, that's where impact finally occurs. And then there is the life cycle of a product. It's either replaced, made obsolete by a more advanced product, or it runs its course and is substituted by something else and the process begins again. Validated need for new knowledge that might lead to either more research, more development, or further production. Next slide.

Slide 16. The policy implications of these three different states of knowledge are important because of what's happening today with these expectations for challenged-based innovation and the notion of combining multiple sectors to achieve societal benefit.

Some federal agencies already support knowledge generation in all three states and they already operate full systems of innovation. I look at the Department of Defense as an example. They have the resources to fund and acquire any weapon systems they need, and if they determine there is a need to generate a next generation of weapon system that would include new innovations, they know what they already have. And they know what they need. 
They specify requirements for the next generation. They fund the organizations that deliver the conceptual discoveries, the inventions, or the innovations. They package those into a product, and the Department of Defense then buys that product and then places it out into operating theaters. So that's a closed system, but it demonstrates how all three states of knowledge work together. And there have been studies that have traced back through history how weapon systems were developed over time that are very clear examples of how the three states of knowledge contribute to innovations.

But then there are other agencies that traditionally focus on the first state, which is generating conceptual discoveries and they rely on diffusion or linear models for the downstream states, National Institutes of Health and the National Science Foundation are such agencies in the U.S. The CIHR in Canada is experiencing the same kinds of issues, as are agencies in Europe and elsewhere in the world.

For specific programs intending technology-based innovations to benefit society, those in the latter group could establish policies emulating the former group. The difficulty is making both sets of policies in both systems operate within the same organizations at the same time. Next slide, please.

Slide 17. Now these policy implications are fine to state, but there are barriers for the latter factor -- latter sector to emulate the former. This whole notion of the black box of innovation conceals operational details of the methods and metrics involved in each of those various methods. And there is much important going on than is typically described or even the credit is taken for having occurred. And we'll go through these models in a little more detail in a minute.

Another barrier is confounded terms. The phrase “research and development” really collapses these two different methods. And then they are given subjective definitions by the stakeholders. Researchers typically read big R, small d. Engineers read a little bit of R with a lot of emphasis on the development. And government -- it's difficult to know because the R&D acronym is widely used but it's not clearly matched to the stated definitions or the metrics presented. So R&D becomes a catch-all term, but that doesn't help its application in practice or policy.

Next example is the phrase “science and technology.”  That phrase mixes a process with determining fact with a type of output. It's not a useful definition to me in my understanding of this classification. Science and engineering makes more sense as a combination, but science and technology has been embraced as the term used in policy.

Even the term innovation itself is used as a synonym for insights, improvements, discoveries or even inventions and hopefully as we've shown just walking through the prior section, it's important not to confuse those terms if one is looking to establish policies that can be implemented in practice.

And a third barrier is the entrenched culture of research agency staff and the institutionalized incentives for scholars. Based on responses I see to those who suggest the more applied or active and expanded role for research agencies, a lot of people in government or academia take a zero-sum stance towards any notion or suggestion of a parallel track, declaring that any resources applied to innovation would detract from the resources available to conduct basic research. It's clear they are all needed. It's clear they all contribute to innovations. So the idea is to be additive as opposed to being subtracted from the plan in place. Next slide, please.

Slide 18. Further, barriers to innovation, we look at each of these three methods and they have their own rigor and their own jargon. So the rigor is presented in different terms but it serves the same purpose to ensure validity and reliability, whether we're talking about rigor in research, rigor in development, or rigor in production. And the fact that there is jargon in each of these fields makes it difficult to communicate and for people in one group to understand people in another. Another barrier is that actors tend to over value the method in which they are trained and operate, particularly if the requirements seem less demanding intellectually. The idea is to ensure that everybody involved equally values the contributions of those who precede their activity and those who follow their activity. But that's easier said than done.

Third, sort of a myopic focus on this R&D output notion, which are typically framed as publications or patents, tends to miss the need to accommodate the broader range of actors, methods and goals necessary to achieve innovation. So it's important to step back from that focus and consider the broader landscape that requires the research methods separate from the development methods and then the addition of the production methods within the system.

Last barrier is any lack of foresight regarding the activities downstream from research really prevents the proper custodial care of that intellectual property. And that can lead to the inability of anyone downstream to acquire and apply that intellectual property. And it can also prevent the proper knowledge preparation for rapid industry absorption. Those of you working in knowledge translation know the phrase absorptive capacity and that's focused on the receiving organization that has to have the intellectual and technical capability to absorb and apply the knowledge they are being presented. But on the other side, it's equally important to make the knowledge absorbable to prepare that knowledge to make sure it is well matched to the absorption capacity of the receiving organization. That's a two-way street rather than being more of a public model. Next slide, please.

Slide 19. There is a lot on this slide and I'll leave it to you to look at and comment upon later but I do want to point out a couple of things within the time we have. If we open up the black box of innovation, what we've done here is made a column table and the first column on the left simply lists evidence milestones. How do you know when you are accomplishing or you've completed a step in the process?  
And then the following three columns display the research discovery, activity and then the development invention activity and then the production innovation activity. And as you scan down this page, you see that the internal delivery of output is a scholarly manuscript from research, or it's a proof of concept from development. What we know is that often output is considered to be a publication or a patent. But if we break this down into greater detail, we say that technically the result of research is the documentation of a discovery and the internal delivery of the output, which is the final action that's under the control and responsibility of the investigator, is the preparation of a manuscript. They don't publish the manuscript. They don't even approve the manuscript for publication. That's left to people outside of their domain.
The same with development. The concluding result is a claimed invention and the proof of concept prototype itself, but the patent is not under the control of the investigator or the actor. And it's the same for the production activities. There is an innovation that's specified as the result of the prior activity in the set of milestones, but the internal delivery of an output is a market ready device or service. So we have more levels to the process and more milestones to the process than we typically acknowledge in policy and in writing about practice. Next slide, please.

Slide 20. If we extend the model further down, once the output from the project leaves control and responsibility of the investigator or the actor, we have additional milestones. We have the claim or the protection of intellectual property. We have an external examination of the quality of that output. And we have an external verification of the quality of that output. Those all lead to what we would consider to be the final output or the external output which is the disclosure of the discovery in a journal paper, by a publisher or the disclosure in a patent issued by the U.S. government or the innovation disclosed in a press release by the manufacturer. So we're really looking at two levels of output here and it's important to count both because of the time lags involved in moving from the internal generation of the project output to the external examination and validation of quality. There are time lags and others involved. So we can look at these milestones in greater detail. Next slide.

Slide 21. Then as we move further down the process as we move from output to outcome and out to impact, if we follow the logic model we have additional evidence milestones in terms of external surveys in the discovery or the invention or the innovation. Expressions of interest, adoption by external stakeholders, and then intermediate outcomes of the output use and it's the use of output by external stakeholders such as discovery attributions and citations. So now we're talking about citations not as outputs, but as outcomes because they are actually behaviors and actions by people external to those who created the conceptual discovery or the invention.

The same with the invention -- intellectual property is transferred via license or even infringement is evidence of outcome. It just happens to be inappropriate and illegal. For an innovation, the innovation is purchased. It's reviewed and promoted in the marketplace. So we don't -- and then beyond that even once it becomes an outcome, we still have to establish merit and we have to establish worth. Both of those eventually lead to establishing impact. The impact for a research discovery is advancing the state of science for the scientific field. That's perfectly appropriate and certainly fits the mission of basic research organizations. However, for programs or projects tasked with going beyond the research activity, the impact is advancing the state of the art for a field of application, and that occurs when a patent is practiced and purchased and applied.

When we want to get all the way to market impact or socioeconomic impact, we have to have the impact from a product in the market place, which advances a state of industry practice as well as benefiting quality of life. So there is a lot of detail here that one can consider when looking at the relationship of the three states of knowledge to innovation. Next slide, please.

Slide 22. Now the path for research outputs in innovation, it can go in one of two ways. The first path is simply to cease effort at the manuscript which documents the discovery. That's the internal output. And then communicate the findings via publication, which is essentially equivalent to putting a message in a bottle, and that's the trickle down approach. The results may contribute to some future innovation, but even if it occurs, it's likely to happen without any attribution back to the source. So the only potential evidence of use is citation as a metric.

The second path for those projects that are intending to generate innovation is to continue effort either through the primary organization or through another organization into the development methods and then when an invention is achieved, communicate the invention claim via a patent, which demonstrates the proof of concept in practice.

Then anyone who is looking at applying that patent or that knowledge state in the form of an invention will be forced to attribute the information to the source or infringe on that. And then adding -- by doing so you can add patents and licensing metrics to citations in terms of determining level of use. Of course in order to reach impact, path 2 needs a plan for advancing to path 3, which typically requires some commitment and investment by a private company, if not agencies like the Department of Defense.

By definition, those companies may be staking their future survival on this commitment and investment. But that's another story, but it's important for government agencies and academic organizations to remember that it's the private sector that can go out of business. So it's important to consider their needs before expecting them to adopt or apply either discoveries or inventions. Next slide, please. 
Slide 23. This is a quick schematic here to show how research activity does have its own outlet. It can be communicated via publication. An invention can be communicated via a protected and communicated via patent and innovation can be communicated via multimedia. But in order to reach the innovation process, there must be some link either direct or indirect between the discovery, the invention and the innovation. Next slide, please. 
Slide 24. That graphic was shown because it's important to show, for projects intending to generate innovations in technology, the summary table that collapses those three prior pages shows that both the research path and the development path are a long distance from socioeconomic impact. There are many activities that must occur. There are many milestones that can be tracked, but in the end, it must pass through all three levels in order to reach the marketplace. Next slide, please. 
Slide 25. And it's important to recall that evidence of progress along any of those three sets of milestones is not a surrogate for impact. Now, project outputs that are embodied in manuscript submissions or patent applications are not impact. Even the short-term outcomes, which include external quality validation by the publication or patent, those are not impacts. Intermediate outcomes, evidence of application by author citation or patent license also are evidence of progress, but not impact. The key to achieving innovation and impact is generating socioeconomic merit and worth as a solution to a problem. It's the last section of that full model. Next slide.

Slide 26. Here is a schematic showing that if we frame the idea of technology-based innovations to benefit society, and we frame it in the context of a problem and a beneficial impact, we have many choices here. We may be looking at a problem that requires investment and research activity, development activity, and production activity. We may have other problems that (there is) already everything we need to know is known. We do a comprehensive review of the literature and the state of science and we realize we do not need to invest more in generating new research-based conceptual discoveries. We can move directly into development.

In other cases, all of the necessary research activity and development activity may be done, and we have the invention in hand. But if the focus is on benefiting society, then the resources should be allocated and channeled toward the production activity to deliver that to the marketplace. The same with the last two, there may be projects that have conducted development and production activities, yet they still cannot have the impact because there are some basic discovery that's needed to advance it to the point where it will have the intended impact or there may be some ideas for innovations TA need both R&D. Any combination of these are equally valid and equally appropriate so long as they are framed in the problem and solution context, then there is a clear path to how to address those with public policy interventions or government programs. Next slide, please.

Slide 27. We have summarized some of this activity in something we called the Need to Knowledge Model. The Need to Knowledge Model is a play on the notion of need to know, to what extent do we need to know?  Not do we want to know or would like to know, what do we need to know?  So the need leads to knowledge. And in this model, we consider integration, validation and even orientation. Integration we have taken (from) the Product Development Managers Association’s new product development model which represents best practices in industry, and we've integrated that with the CIHR knowledge to action model. So we've integrated what we know to be best practices from industry with our understanding of best practices in communicating knowledge in any of the three states to the appropriate stakeholders.

Then we've conducted some validation. We have the notion that government-funded technology R&D projects intending to result in societal impact need to start with a technology-based problem and potential solutions validated by all relevant stakeholders, including industry. And you'll see in the model what we've done is added front end stages to define the problem and the potential solution and then conduct a scoping exercise to determine the feasibility of achieving the solution.

And the model helps with orientation. Any actors, no matter where they are in the innovation process, can and need to know the problem, the stakeholders who can contribute to the solution, the methods appropriate to apply, and each of their respective roles in advancing towards the goal, which in this case is a solution to the problem. Next slide, please.

Slide 28. This is the knowledge to -- the Need to Knowledge Model in a summary form. You'll see the prior tables that had the discovery invention and innovation activities and columns are now in rows. So we have three phases of activity on the left-hand side versus the discovery phase followed by the invention phase and followed by the innovation phase representing the three types of activities and the three types of output.

Under the discovery phase, we've got stages and we have gates. Each of the stages we believe should be followed by a decision gate to continue or to stop. We know that a lot of projects are initiated and there is not a lot of questioning about whether they should continue until the time runs out or the money is expended. And that's not necessarily an efficient use of resources that are attempting to generate deliberate and systematic innovation. Because the resources that are being applied may be better channeled into another approach or take a different avenue in order to reach the same results but we begin with defining the problem and solution. We scope the problem, and then to the extent it's necessary, research is conducted to generate the missing discoveries.

At that point, those discoveries can be communicated as they traditionally are through publications with the proviso that intellectual property should be protected where appropriate. If the decision is made to continue into development activities, to achieve an invention output, there is a stage to build the business case and plan for development. There is the implementation of the development plan itself. And then there is testing and validation perhaps through multiple iterations to finally yield the proof of concept, the intention output.

Then also within the limits of intellectual property requirements can be communicated as an invention state of knowledge. Then we move to the extent it's appropriate into the production activity to plan and prepare for production. If that goes well, to decide to launch the device or service and at that point we have achieved the innovation output. There is a final stage, which is to review that innovation to determine whether it should be considered, whether it should be terminated, and whether the entire process should begin again to achieve the next level of technology-based innovation. Next slide.
Slide 29. Now all this information I presented is available on the NtK model. We have a prior webcast that goes into greater detail and the link is shown here. We have a technical brief that was published through the NCDDR. It's also linked here. 

And there is a link to the model itself that we have on a website. I'll mention that I know that tables are difficult for people to follow and they are tiring. So we're actually working on a game board version of that model to make it more intuitive to people and give them better sense of how to move around in that innovation process and across the three types of activities. Next slide, please. 
Slide 30. Just a couple of innovation policy recommendations. The first one is to really change government policies for innovation programs that we need to directly link this investment in research and development to industry outcomes. We have, as we know, a lot of resources and a lot of activity going into the pipeline with insufficient results coming out the back end. And the missing link in this case is industry. We need to require technology oriented research projects to address those downstream development and production plans. Again, the caution, this only applies to projects that are intended to result in socioeconomic benefit to society. But for those that do, they need to address those downstream the activities, otherwise, they typically don't occur.

We also need to end a rush to research. The assumption that research has to be done and must always be done before we can proceed. The idea here is to subsume applied research under a broader innovation framework. First we have to verify if the new research will add value, if it's relevant or if it's even necessary. However, if it is, then it certainly fits within the process. The appropriate resources should be allocated and then we have a path to where to channel the discoveries that result from the research because they are missing ingredients to achieve innovation.

And lastly, we need to add the voices of these other stakeholders such as industry and customers to the dialogue that continues between government and academia. We need to add those voices to ensure that public investments generate innovations that benefit society, which is indeed the goal. Next slide.

Slide 31. I'll close here by acknowledging our sponsor the U.S. Department of Education and particularly the National Institute on Disability and Rehabilitation Research as a federally funded agency. They are very interested in increasing the innovation yield from the projects that they fund, that are particularly designed to generate beneficial impacts for society. Next slide, please. 
Slide 32. Thank you for your participation. And I'll turn this back over to Joann for any questions.

>> JOANN: Thank you very much, Joe. We do have a couple of questions that have come in. And we'll see if a few more come in. I'm sure people are digesting that information. You did a great job and you did cover quite a bit in a short time. So one question that we have is, If you want to impact innovation policy, is there a process or steps that you can describe that one can follow for each state of knowledge?  Trying, I guess, to apply what you've been talking about. Is there a process for that?

>> MR. LANE:  The Need to Knowledge framework is our attempt to do that. I did not mention here, but if you go to the Need to Knowledge website, what you'll find is that we have done a literature review from research and practice and we have found about 300 articles and we've excerpted the relevant material from those articles to provide an evidence base supporting this approach as being appropriate for achieving innovation. We're also looking at those prior studies that have traced the sources of innovation. Essentially what we're trying to do is provide evidence that this can work and that it has worked. And the idea is to clarify not only the process, but the terminology underlying it because as long as we confuse the terms or use these acronyms and collapse the process, it's difficult to know where we actually need to add value in order to achieve innovations for society.

So I think we're trying to build the model with examples and practice. We're trying to give agencies what they need to change their processes and in a sense the discussions we're having is saying the process in place to generate conceptual discoveries is fine for conceptual discoveries, but if the intent is to generate innovations, then every aspect of the government program needs to expand. That the request for proposals should consider not just the rigor of the research methodology, the rigor of the development and the downstream production methodology. The criteria by which the projects are scored needs to include all those elements. 
The people selected for reviewing those projects need to include and represent all those forms of expertise and rigor. And there needs to be some active monitoring. If we're truly interested in achieving systematic and deliberate innovations, then we need to make sure we have the resources at the back end to monitor, track and guide the projects as they proceed. I think that's key as well. It's not -- it's probably more like my program works. It's a contractual agreement as opposed to a grant where there is active collaboration between a sponsor and the investigator to achieve the results we're intending to achieve.

>> JOANN: Thank you, Joe. I think our next question actually kind of follows on that same one and I think you probably answered a part of it already. What specific strategies do you suggest change government policies for innovation programs linking R&D to industry outcomes?

>> MR. LANE:  We're looking at some of that, especially at the policy level. We have a paper that's currently been accepted pending some reinvestigations that is looking at the public policies of other nations around the globe. The Asian tigers as they call them, the brick economies, even looking back at what Japan was able to achieve in the '60's, '70's and '80's that we are not achieving because we've created these barriers between the -- between academia and industry. 
We understand why those barriers exist, but if in fact we determine it's in the national interest to generate innovations to impact socioeconomic levels nationally and internationally, then for those specific programs we need to change those policies to allow the type of interaction that will allow those innovations to move forward more aggressively. And the paper points out how some of these policies in other nations, which were in fact borrowed from us 100 years ago, have been sort of turned against us and used to compete with us. So in a sense we're suggesting that we borrow back our own prior policies and that would require closer linkage between academia, industry and government.

>> JOANN: Great. Thank you. We're getting short on time but I think we have time for one more question that just came in. What do you find to be the most challenging aspect of ensuring continuity between knowledge states, for example, breaking down the barriers that exist between knowledge state transitions?

>> MR. LANE:  Oh, that's a great question. And I think the challenge is starting late. We talk about the Need to Knowledge Model as a prior to grant model. That is, before any activity commences, we need to lay out the plan. We need to lay out the expectations and we need to ensure we have a process that will meet those expectations. I'm trying to change horses midstream, trying to take a research project and shift it to development or trying to take R&D and make it applicable to industry is all still in our minds sort of in the push model and it's too late. It doesn't work well. The people you try to engage are trained for those transitions. So again for those specific projects or programs that intend to generate innovations, they need to start at the beginning and they need to start with a different mindset, a different process and people who are appropriately trained across those three different states and activities, but who share an understanding of the other models, the other metrics, and the other methods. So we have some continuity and upstream we're planning for downstream and upstream we're being good stewards of the knowledge so it can be properly applied downstream. And even if we reach the point if we could even get an understanding from the basic research organizations whose goal is to generate new knowledge, why limit that new knowledge to the discovery state. It is possible that those agencies have the capabilities and the skills to generate new knowledge, but it just happens to also be in the more advanced states of prototypes or in the state of preproduction products. So that would be a challenge to communicate those mindsets, but certainly starting at the beginning before work commences is the only way to overcome those interceptor inter method barriers.

>> JOANN: Thanks, Joe. We look like we're about out of time. We don't have time for any more questions but I wanted to ask you if you had any closing words.

>> MR. LANE:  I thank people for participating. This is a real challenge. It's certainly a challenge for us in our lifetime. We know under current economic conditions we don't have resources to waste. And we do need to make advances in green technologies and other technologies so the notion of simply throwing money at the problem is not sufficient. We need to step back and determine how best to solve the problems that we face and from there we can track back through the three states of knowledge to determine who's in the best position, whether it's federal laboratories, private companies, university-based researchers, or even nationally or internationally who can collaborate to best solve the problem.

>> JOANN: Thank you very much. You really did give us a lot of food for thought today. I want to thank you for your time and your presentation. And thank you to everyone for participating this afternoon. I'd also like to remind and encourage everyone to fill out the brief evaluation form. This will be very helpful to us for planning future events.

It just takes a minute and you can do it right now before we sign off. Just click on the "Downloads" tab at the bottom right-hand side of your Windows Media Player or RealPlayer screen and you will find a direct link to the evaluation form. The link to the evaluation is also available on the NCDDR's web page for webcast 31. If you can't access it right now, there may be too many people trying to do it at the same time. So please try again in a few minutes or maybe tomorrow.

In the next few days, the archived audio/video file and a written transcript of the webcast will be available and posted on the same webcast 31 page. We will send e-mail to all who preregistered when these items are ready for view.

Our next webcast is not scheduled until August 24th, when Dr. Vathsala Stone will share information about the Center on KT4TT's research project focusing on the diffusion and utilization of NIDRR grantees’ innovations by different categories of knowledge users. 
Please visit our website at www.ncddr.org for more information and to view additional archived webcasts on topics related to Knowledge Translation and Technology Transfer. Finally, I want to thank the National Institute on Disability and Rehabilitation Research, NIDRR, that provided funding for the webcast. And once again on behalf of our presenter, Joe Lane, and the KT4TT staff, and myself and the rest of the NCDDR staff, thank you and good afternoon.

