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Successful research and development is widely regarded as important because it leads to innovation.   Such innovation is needed to be competitive.   But successful research and development, while a necessary condition, is not a sufficient condition for innovation and competitiveness.   The successful transfer of ideas and knowledge from research to industry is also important.  


The successful transfer of ideas is needed in the contemporary world.  It leads to national strength in such important areas as military, energy, and food security and to economic strength.  Without productive and efficient industry, progress cannot be achieved in today’s globalized world.  Historically, this is necessary for both commercial and political strength.  As Table 1 implies, economic strength has political implications.

	1913
	Germany/Austria-Hungary
	19.2%

	
	France/Russia/Britain
	27.9%

	1938
	Germany/Japan/Italy
	19.9%

	
	USA/UK/USSR
	55.5%


Table 1:  Percentage of World’s Manufacturing Output



(based upon data from Kennedy, 1987)


Nations still need to maintain economic strength to maintain stability and sovereignty.  But they also need to provide their inhabitants with food, water, and energy and to protect the environment.   To do so, new ideas and knowledge are needed.  But the ideas and knowledge must not only be generated, but they must be put into practice.  Otherwise they are just intellectual curiosities.  So they must be transferred to industry and commercialized.


In the United States of America (USA), most research and development (R&D) is performed within industrial companies.  Much of that R&D is applied, but there still is a significant amount of basic research.   Unfortunately, the concentration on short-term performance of companies and their stocks has greatly reduced the amount of basic research conducted by industrial organizations.   Historically, such organizations, such as Bell Labs (which won six Nobel prizes and invented and commercialized such technologies as the transistor and the C programming language), have played a big role in innovation.   Although it varies by organization, the amount of research conducted industrially seems to have decreased.  But there still is some.   For example, in 1993-1994 I did work in R&D at Caterpillar.   As another example, we in the Club of Bologna are familiar with John Reid’s efforts at Deere’s Technical Center.


But much of the USA’s research is not conducted in the private sector.  It is done in the public sector.   The challenge then is to get knowledge from the public sector to the private sector where it can be utilized and commercialized.  Thus the title of “transfer of ideas from research to industry” has been given to this session.   In the USA, this concept of transferring ideas and knowledge is commonly referred to as “technology transfer”.


It is interesting that this topic is covered at a meeting in Russia.   One should be very careful of stereotypes because they are often very wrong.   But Russia is known in the USA for its basic research and its theoreticians.  Russia’s mathematicians and physicists are regarded as being among the world’s best.   But there is a stereotype of that knowledge not being transferred into practical success.   Of course, it can be seen that the stereotype is wrong in such concrete successes as Sputnik and MiG jets.


But to the outsider, there appears to be less success in transferring knowledge in agriculture.   This has resulted in Russia not achieving her potential over the last years.   As Paul Kennedy says in 1987, “The most critical area of weakness in the economy during the entire history of the Soviet Union has been agriculture, which is more amazing when it is recalled that a century ago Russia was one of the two largest grain exporters in the world.”  We have seen much progress in laboratories.  It seems to me, that for Russia, and many other countries, one of the ways to improve agriculture is to have better technology transfer from the laboratories to practice.  Technology transfer has the additional benefit of invariably improving the information flow in the other direction.   The experience of transfer and commercialization always educates the researchers on what the real problems and needs are.   The researchers learn the true realities.


It is therefore imperative that the Club of Bologna facilitate the sharing of experiences to improve technology transfer.   We in the USA are interested in it.   Despite the research and development we have within the various universities and the USDA, the value of the food we now import is more than what we export.   And segments of the agricultural economy are weak.  We need to do a better job of supporting commercial agriculture.   As part of this sharing of ideas to improve technology transfer worldwide, I will discuss the situation in the USA.



TECHNOLOGY TRANSFER FROM UNIVERSITIES


The largest amount of public sector research in the USA is performed by universities and the federal government.   However, some research is also performed by other governmental bodies and nonprofits.


Research at universities engages faculty and staff and also provides a way to train students.   The research tends to be basic and innovative.  But agricultural research, including agricultural engineering research, is often more applied.  


The results of agricultural engineering research are transferred out of the university in many ways.   The most significant and most effective method is through the training of students who then work for industrial and commercial organizations.  Graduate degrees, primarily masters and Ph.D. degrees, are one of the most significant products of USA university research.  The graduates bring research experience and the knowledge gained during the research to their new employers.  A current concern is that over half the doctoral students in engineering in the USA are foreign nationals.   If the students do not stay in the USA, either from a desire to return to their homeland or from restrictions against immigration, they will export their knowledge and talents with them.  Many of the students with graduate degrees want jobs in the private sector.  This predisposition helps technology transfer if there are sufficient private sector jobs available.


The second most important method of technology transfer is through publications and technical presentations.  Historically, faculty members have been evaluated upon their research publications.   So there was a huge incentive to publish, commonly expressed as “publish or perish”.  This is still very important.   However, there is more emphasis now upon the faculty’s generation of financial funds.   So there is more emphasis on getting grants and contracts, and less on publications.  Another concern is the problem of less industry attention to publications and presentations.  Due to shrinkage and consolidation of the agricultural equipment industry, there is less industrial participation in ASABE meetings and other venues.  Part of this decline may also be due to the proliferation in the number of publications as smaller increments (some would say “least-publishable units”) of knowledge generation are covered in individual publications.


Universities in the USA have recently become more insistent on claiming intellectual property rights.   A great emphasis is placed upon the potential revenue which might be gained from patents and copyrights.  Accordingly, much information is not transferred as readily.   Proponents of this increased emphasis say the securing intellectual property improves the chances that the knowledge will be commercially successful.   However, critics and many neutral observers contend that the concentration on maintaining intellectual property restricts the dissemination of knowledge and hence the transfer to commercialization.  For example, a typical warning to faculty is:  “most countries require that applications be applied for before any disclosure or publication occurs. If the results of the invention are disclosed or published, the inventor runs the risk of losing the ability to protect their invention worldwide” (IFAS, 2007).


Universities in the USA are very concerned with the public’s perception of the quality of their research and teaching.   Good perceptions lead to higher rankings, the ability to get better students and faculty, and the ability to get better financial resources through contracts and grants, donations, and governmental funding.   The resulting public relations activities usually describe advances in knowledge and innovations generated at the university.  As a side effect, the details of the knowledge and innovations are spread widely.


Almost all of the agricultural universities in the USA have formal outreach activities of the form that are known as extension activities.  Those with extension duties have a formal duty to educate the public, distinct from the university students.   However, most of their audience is agricultural producers or consumers.   There are comparatively few extension activities to industry.

Much of the research is conducted by universities under contracts and grants.   These contracts and grants invariably have some sort of reporting requirements.  Technology transfer is accomplished through those oral and written reports.  The majority of funding of agricultural equipment research is supplied by governmental agencies.   Accordingly, the reporting often does not go directly to industry.   However, much of it is in the public domain and is widely available.


Even though governmental agencies finance most research, industry still funds significant research.  Since industry is providing financial resources, it generally wants usable results besides just goodwill and good publicity.  Industry expects something it can use and will work to commercialize the technology if possible.   Whether industry is able to do so depends upon the university’s understanding of the situation and the research problem, the university generating practical knowledge, and the synchronization of the often very different time frames of universities and industry.


The improved technology transfer when industry is involved in the research generating the ideas and innovation has led to various mechanisms in the USA where even governmental contracts and grants require industry participation in the research.   Although the government agency still provides the majority of funds, the industry partner also has to make significant financial commitments to the project.   The rationale is that the desire for the industrial concern to get a return on their investment will motivate technology transfer.  This has become so widespread that some critics claim it is hampering innovation and basic research because high-risk or long-term activities may not be able to secure industrial participation and therefore are not pursued.

USA universities seek to aid technology transfer by establishing technology transfer offices.  For example, at the University of Florida (UF) there is the Office of Technology Licensing (OTL) which “was established in 1985 to work with inventors to facilitate the transfer of technologies created at UF to the commercial sector for public benefit” (OTL, 2007).  The OTL tries to get the faculty to submit invention disclosure or copyright work disclosure forms and then evaluates whether the university wants to pursue intellectual property claims and licensing to industry.  Figure 1 is a flowchart which describes the process.
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  Figure 1:  University of Florida Licensing Procedures (UF, 2007).

TECHNOLOGY TRANSFER FROM FEDERAL LABORATORIES


The USA government conducts over $25,000,000,000 of federally-funded R&D at over 700 federal laboratories and centers with over 100,000 scientists and engineers (NAL, 2007).  These facilities, often just called “federal labs”, work on a wide variety of research problems.   Those of most relevance to agriculture are the facilities of the Agricultural Research Service of the United States Department of Agriculture, known as USDA-ARS.    The ARS has over 8000 employees at 100 locations and conducts over a billion dollars of research (ARS, 2007).


The USA government makes an effort to encourage technology transfer from the federal labs.  “These federal laboratories are looking to industry to transfer federal technologies and expertise to commercial applications that will improve the U.S. economy.”  The methods of doing so are said to be:

$ 
sharing information

$ 
exchanging personnel

$ 
using federal laboratories

$ 
licensing patents

$ 
acquiring software

$ 
co-operative R&D

(NAL, 2007).  These methods are similar to those of the universities.


Information can be shared in informal and formal ways.   Industry can attend workshops or briefings or make visits to federal labs.   Federal laboratory personnel also produce many publications and technical presentations.   These methods are good ways for industry to acquire the information developed at the national labs.


Another way to transfer technology is through the exchange of engineers and scientists.  Industry personnel can be placed temporarily in governmental facilities and learn from their work there.   It is much less common, but federal personnel are sometimes posted in industry.



The special facilities in federal laboratories can be used if they do not have commercial competitors.   This is one way technologies and techniques of federal laboratories can be utilized.


Federal patents and software can be licensed and applied to industrial situations.


Federal laboratories can enter into agreements in which they will conduct research in co-operation with industry.   Over 1000 Cooperative Research and Development Agreements (CRADA’s) have been reached between labs and private businesses.


Federal laboratories make concerted efforts to continue to improve their technology transfer.   For example, a recent Department of Energy posting advertises:


“The Department of Energy’s (DOE) 2007 National Laboratory Technology Transfer Workshop will be held on May 30 – June 1, 2007, at the Hyatt Regency Hotel in Crystal City, VA.  The intent of this open “townhall” type workshop is to explore technology transfer at the labs, with a particular focus on opportunities and issues in private sector partnerships, lab transparency, and innovative financial mechanisms that encourage entrepreneurial activity and accelerate commercialization. 


All output from the presentations, Q&As, and open public dialogue on May 30 and the morning of May 31 will be gathered and distributed to DOE Senior Managers, National Lab Tech Transfer Directors and M&O contractor staff for consideration during their closed sessions for the remainder of the workshop, concluding with a set of core recommendations that will help direct detailed development of a technology transfer action plan for the Department.”

TECHNOLOGY TRANSFER FOR EQUIPMENT FOR PLANT PRODUCTION


The Club of Bologna is concerned with improving agriculture production worldwide through better mechanization.  Much research on agricultural mechanization has been conducted around the world in the public sector.   Hopefully, that history of significant generation of ideas and innovation will continue.   But it is equally important that the ideas and innovation be transferred into practice.  So it may be helpful to review some examples of technology transfer in the mechanization area.

MECHANICAL TOMATO HARVESTER


The development of the mechanical tomato harvester, as described in Hartsough (2004) and elsewhere, is an interesting example of technology transfer.  Fragile crops, such as most fruits and vegetables, have been more resistant to mechanization than more robust crops such as grains.  So mechanization is more difficult.   In addition, these crops are not grown on as many farms and therefore represent a smaller potential market for manufacturers.  Therefore, harvesters for fruits and vegetables, including tomatoes, were developed and commercialized later than for agronomic crops.   Practical harvesters still have not been developed for some fruit and vegetable crops.


The major impetus for developing a mechanical tomato harvester was the lack of harvesting labor.   The first mechanization efforts came during World War II when there was a shortage of labor due to military and industrial demands.   The US Congress established the Bracero program to allow Mexican nationals to work in the US and by 1962 almost 80% of the processing tomato harvesting workforce was Mexican nationals.   The Bracero program was ended in 1964 due to charges that the program was adversely affecting domestic agricultural workers.  Growers then had very strong concerns about the availability of workers to harvest the crop and strongly pushed for mechanical harvesting.


The mechanical harvesting of tomatoes was considered impossible because of the wide variation in maturity, the random location of fruit, and the soft and easily broken fruit (Stout and Ries, 1960).  So there had to be changes in the tomato plant to facilitate mechanical harvesting.   There were substantial efforts in this regard, leading to varieties which were better to harvest.   Gordie C. “Jack” Hanna of the Department of Vegetable Crops at the University of California, Davis was a pivotal figure in that development.


As with most inventions, the development of the mechanical tomato harvester had many contributors and many twists and turns in the development process.   Even though it has been widely discussed, it is difficult to exactly determine the history of development.  Hartsough (2004) identifies eight different significant simultaneous designs being developed by 1962:  Button/Johnson, FMC, Gill/Massey-Ferguson, Hume, Peto Ayala, Ries/Stout/Chisholm-Ryder, Rocky Mountain Steel, UC-Blackwelder, and Ziegenmeyer.   These groups represented a mix of public sector and private sector firms.


One leaders of research in this area was the team of engineer Bill Stout and horticulturist Stan Ries at Michigan State University.   They set a very high standard to transferring knowledge.   They showed a film of their work at the University of California Tomato Day in 1959.   They also wrote an article for Agricultural Engineering in 1960 (Stout and Ries, 1960).   These were very influential in transferring their knowledge to others in the public and private sectors.


The UC-Blackwelder group was most successful at going from research to commercialization.   Under the prompting of Roy Bainer, chairman of Agricultural Engineering at the University of California-Davis, Coby Lorenzen, later joined by Steve Sluka, worked on mechanical harvesting of tomatoes.  After ten years of testing various components on a part-time the first prototype was built in 1959.  


A farmer, Lester Heringer, asked to see the prototype demonstrated on his farm.  The machine so impressed the farmer that he approached Ernest Blackwelder of Blackwelder Manufacturing Company (who had not observed the test) and managed to convince Blackwelder to purchase an exclusive license from the University of California to commercialize the design.  Heringer placed an advance order for the first commercial machine.


Blackwelder continued to work on the prototype through 1961 and build twenty-five experimental machines.   All had problems and had to be rebuilt after testing.  Significant engineering improvements had to be made for commercial success.


In addition, Cooperative Extension personnel had to train and educate the farmers.  Besides the equipment, new varieties, higher planting densities, and changes in irrigation and fertilization were necessary to get uniform maturity and good economic results.


The use of mechanical harvesters took over the California processed tomato crop in less than a decade.   Table 2 shows that machine harvesting became dominant in a very short time.
	Year
	Number of Machines
	% Crop Machine Harvested

	1962
	25
	1.0

	1963
	66
	1.5

	1964
	(66)
	3.8

	1965
	224
	24.7

	1966
	736
	65.8

	1967
	1065
	81.8

	1968
	1461
	95.1

	1969
	1510
	99.5

	1970
	1521
	99.9


Table 2:  Number of Tomato Harvesters and Percentage of Crop Harvested in California


(based on Hartsough, 2004, citing Madden, 1985)


Schmitz and Seckler (1970) present a detailed economic analysis of the tomato harvester.  They estimate the research and development costs up to 1967, in 1967 USA dollars as shown in Table 3.  The 1967 $1 is worth about $6.23 today in purchasing power (BLS, 2007).  It can be seen from Table 3 that there was both significant public and private investment in bringing this technology to full commercialization.

	Universities
	
	

	        UC-Davis non-extension
	558,000
	

	        UC-Davis extension
	100,000
	

	        Other universities
	600,000
	

	    Total universities
	
	1,288,000

	Private firms
	
	

	        Blackwelder
	491,000
	

	        Other firms
	1,473,000
	

	    Total private firms
	
	1,964,000

	Total until 1967
	
	3,252,000


Table 3:  Public and Private Investments in Tomato Harvester R&D until 1967


(from Schmitz and Seckler, 1970, in 1967 USA dollars)


Rasmussen (1968) says that:

“Technological advance in agriculture is not, in the United States today, the result of adopting some one tool or technique.  Rather, it is adopting what has been called a ‘package’ of agricultural technology, ...  It is evident that the successful mechanization of tomato picking depends upon a package of technology, which includes effective machines, specially bred tomatoes, careful irrigation and fertilization, and particular planting techniques.  ... This dependence upon a package of technology is true today for virtually every advance in farming.”

His paper reports that the machine saved fifty-two man-hours of labor per acre.  Many observers feel that this mechanization saved the USA’s processing tomatoes industry from outsourcing to other countries.

However, that opinion is not universal.  Cesar Chavez was the leader of the United Farm Workers union and is viewed by some as the most important civil rights leader in USA history after Martin Luther King, Jr.   Writing in The Nation, Chavez (1978) starts with:  “On February 16, the United Farm Workers appeared before a rare public meeting of the University of California Board of Regents to plead the case of thousands of farm workers who had been displaced by machines developed through U.C. research.  ... U.C. agricultural engineers have been able to develop their machines only with the enthusiastic assistance of other U.C. scientists.  ... Mechanization has been a problem for farm workers for many years.  ... By the late 1950s, thousands of families who relied on cotton harvesting for their livelihood were left with jobs or a future.”


The development of the mechanical tomato harvester aroused political debate about the interaction between the public and private sectors.    Some political activists felt that mechanization research, development, and commercialization unfairly aided industry and large farmers to the detriment of farm workers and small farmers.   Their complaints had a chilling effect on mechanization research within universities and the federal government laboratories. 


To this writer, the public investment in mechanization has had a positive outcome in maintaining the competitiveness of USA agriculture.  In commodities where there has been mechanization, there is a general trend for USA agriculture to meet domestic needs and to produce surplus for export.   For commodities where mechanization has been less successful, the USA frequently has to import to meet its needs.   Accordingly, the farm bill currently being proposed in the US Congress will devote more funds towards developing technology for specialty crops, such as fruits and vegetables.   Among the research and development goals will be improving mechanization and automation of fruits and vegetables.


The mechanical tomato harvester has been designated a National Historic Landmark of Agricultural Engineering.  The plaque reads:
In 1942, University of California, Davis (UCD) biologist Jack Hanna recognized the need for breeding tomato varieties that ripen uniformly and withstand the rigors of mechanical harvesting. In 1949, UCD agricultural engineer Coby Lorenzen and Hanna began developing a mechanical tomato harvester. Parallel efforts by others, notably those started in 1957 by agricultural engineer Bill Stout and horticulturist Stan Ries of Michigan State University, eventually resulted in several different harvesting mechanisms.

In the late 1950s, UCD agricultural engineer Steven J. Sluka developed a vine separator for Lorenzen’s machine. The modified harvester was successfully tested on the Lester Heringer farm, and Heringer convinced Blackwelder Manufacturing Co. of Rio Vista, CA to commercialize the UCD design. The resulting machine became the dominant tomato harvester in the world and revolutionized the industry. Methods for harvesting processing tomatoes in the USA changed from essentially all manual in 1963 to primarily mechanical by 1968. 

There were great concerns about the displacement of hand labor by mechanical harvesting. However, the machines cut harvesting costs by half and led to large increases in both tomato acreage and tonnage within and eventually outside the USA.

The development of the tomato harvester is a demonstration of the successful transfer of ideas between the public sector and industry.   

COTTON YIELD MONITOR


Spatially-variable crop production, more commonly known as precision agriculture (PA), has been one of the major changes in contemporary plant agriculture.   Perhaps the most important part of PA is yield mapping.   Yield mapping of crops harvested with grain combines has been around for over twenty years (e.g., Schueller and Bae, 1987).    It soon became apparent that yield mapping should be applied to a wide range of crops (e.g., Schueller, 1992).   Cotton is the most important fiber crop and a big part of plant agriculture.   Accordingly, there have been efforts to develop yield mapping for cotton. 


The key technology needed for yield mapping was an accurate, reliable, and affordable yield monitor which could measure the rate at which the cotton crop was being harvested.   The development of yield monitors for cotton yield mapping is an interesting, more-contemporary, case of transfer of ideas from the public sector to the private sector.


Because university faculty and other cotton researchers were aware and knowledgeable of technologies being developed and applied for other agricultural commodities, they conceived of the benefits and possibilities of yield monitors for cotton.   Their knowledge of cotton production systems allowed them to think of both the universal and the unique characteristics of cotton and its production.   This allowed them to conceive of potential yield monitors.   Three of those situations will be reviewed here.


The University of Tennessee effort started within the Biosystems Engineering department.  The yield monitor concept was taken to John Deere and CaseIH.   CaseIH reacted first and signed a contract.   They provided development funds with a first right of refusal on the developed technology.  The University of Tennessee patented (Wilkerson, et al., 1999) the technology and CaseIH licensed it from the University of Tennessee Research Foundation.  In turn, CaseIH sublicensed it to AgLeader for commercialization.   “The monitor has a unique Controller Area Network (CAN)-based optical sensor that provides precise, real-time cotton flow information while harvesting cotton,” is available on CaseIH cotton harvesters, and has won an AE-50 award from ASABE’s Resource magazine (CaseIH, 2007).


The early involvement of the private CaseIH provided sufficient funds to accelerate progress in the public sector technology development.   CaseIH took a risk in providing seed money, but it paid off in a product.  Their financial investment allowed a full-time person to work on this project.  Similarly they involved AgLeader at an early point.  AgLeader, the sensor manufacturer, hired one of the co-investigators from the University of Tennessee.


The University of Georgia efforts in cotton yield monitoring were concentrated at the Coastal Plains Experiment Station in Tifton.  In the early 1990's there were no cotton yield monitors, but there was felt to be a need.   The University of Georgia team had some success in peanut yield monitoring by instrumenting the harvested crop basket with load cells.  So they attempted to apply the same technology to cotton yield monitoring, with some small support from John Deere.  However, the technique was judged to not be feasible after limited experimentation due to the low mass density of cotton.  


The University of Georgia team also did some preliminary testing of a John Deere-developed sensor based upon microwave principles.  However, the system appears to be primarily developed within John Deere.   It is now available on John Deere 9986 and 9996 cotton pickers (Deere, 2007).


As time passed, the main efforts of the University of Georgia group became to demonstrate and test the different yield monitoring technologies.   They put multiple sensors on cotton harvesters and compared them.  These included the AgLeader, AgriPlan, FarmScan, and Micro-Trak cotton yield monitors (Vellidis, et al., 2003), all of which operate on the principle of light beam interception.  Some of this work was funded by a non-profit industry group to help the potential farmer users have an unbiased evaluation (Vellidis, et al., unknown).  


Starting in 1999, the Mississippi State sensor was developed with university funding, in turn supported by the U.S. Department of Agriculture.  This sensor is reflectance-based and is claimed to avoid alignment and other problems.  The reflected intensity is proportional to the mass flowrate.  A patent (Thomasson and Sui, 2004) was issued to the university covering the technology.  The researchers (who are now both at Texas A&M University) worked with cotton growers and precision agriculture companies.   As a consequence, one of the companies (Agricultural Information Management LLC) licensed the patent and tried to market it.  The monitors were extensively tested in Texas, Georgia, and Mississippi (Sui, et al., 2004) but it was not commercially successful.   AIM (the Lambert, Mississippi licensee) now sells the AgLeader system (AIM, 2007).


In all three cases of cotton yield monitor research and development, there were good relationships between the public sector universities (Tennessee, Georgia, Mississippi State) and the public sector companies (CaseIH/AgLeader, John Deere, Agricultural Information Management).  This enabled the transfer of ideas.

PROMOTION OF TECHNOLOGY TRANSFER


Technology transfer ultimately comes down to the inclinations and hard work of the individual engineers and scientists.   They must want to transfer and knowledge and make the efforts necessary to do so.   However, the success can be facilitated by nature of the environment in which the engineers and scientists work.   Experiences in the USA have shown some characteristics which promote technology transfer.






First of all, there must be investment in the public sector to generate the basic and applied knowledge to be transferred.   Usually these investments are made by national or state/provincial governments.   But another type of investment which tends to focus research on advances which can be transferred is one which involves industry, either directly or through some sort of partnership with the government.   An example in the USA of the latter form is the National Science Foundation’s GOALI program (NSF, 2007).


The researchers developing new technologies must also be broadly aware of advances in technology, both within their own field and throughout science and technology.   This allows them to imagine technologies and their applications.   The importance of breadth is seen in the many advances that are made at the borders of disciplines.


The promotion of technology transfer is facilitated when there is some reward to the public sector and its employees for successful technology transfer.   This can take the form of licensing fees, increased investments, or other financial rewards.   Alternatively, or in addition, the reward structure might award prestige or social recognition and standing to the public sector institutions and personnel for their efforts and successes.


Since it is very difficult to predict what will be commercially successful and what private sector firms will be successful in the commercialization, the society should be structured so that many ideas are brought forward to succeed or fail on their own merits and so that many private sector firms will have an opportunity to succeed.  


One of the most effective ways to transfer technology is to transfer people.  Technology transfer is often best achieved when a person with an integrated knowledge of the technology or the application moves across the boundary.   Personnel transfers should be encouraged.   This is the power of university research in that a student who has worked on the project can become an industrial employee.   But other transfers can be similarly effective.


If transfers cannot be made, there still must be substantial, frequent contact.   This helps both sides in the technology transfer process.   This is well-known for researcher-farmer interactions in agriculture, such as Hoffman, et al. (2007).   It also is needed for researcher-industry interactions.  As Moffat (1996) states: “programs seeking to improve technology transfer should focus on promoting person-to-person contacts.”


Formal technology transfer offices within research organizations can play an important and productive role in transferring technology.   But they must get cooperation from the engineers and scientists or the offices can be counterproductive.   The engineers and scientists must assume responsibility for leading the effort.   But the technology transfer office should make introductions, reduce impediments, and help facilitate the technology transfers.
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