
Reaching for the Cloud: On the Lessons Learned from Grid Computing 
Technology Transfer Process to the Biomedical Community  

Yassene Mohammeda, Frank Dickmannb, Ulrich Saxc,  
Gabriele von Voigta, Matthew Smitha, Otto Rienhoffb 

a Regional Computing Center for Lower Saxony and L3S, University of Hannover 
b Department of Medical Informatics, c Information Technology, University Medical Center Goettingen 

 
 
Abstract 

Natural scientists such as physicists pioneered the sharing of 
computing resources, which led to the creation of the Grid. 
The inter domain transfer process of this technology has hi-
therto been an intuitive process without in depth analysis. 
Some difficulties facing the life science community in this 
transfer can be understood using the Bozeman’s “Effective-
ness Model of Technology Transfer”. Bozeman’s and classical 
technology transfer approaches deal with technologies which 
have achieved certain stability. Grid and Cloud solutions are 
technologies, which are still in flux. We show how Grid com-
puting creates new difficulties in the transfer process that are 
not considered in Bozeman’s model. We show why the success 
of healthgrids should be measured by the qualified scientific 
human capital and the opportunities created, and not primar-
ily by the market impact. We conclude with recommendations 
that can help improve the adoption of Grid and Cloud solu-
tions into the biomedical community. These results give a 
more concise explanation of the difficulties many life science 
IT projects are facing in the late funding periods, and show 
leveraging steps that can help overcoming the “vale of tears”. 
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Introduction 

The Argon National Laboratory and CERN played leading 
roles in the breakthrough of Grid computing. Both institutes 
share a history in performing basic research in IT and provid-
ing IT services for users from the natural and applied sciences 
– mainly physics. In contrast, developing Grid services for life 
scientists has been carried out by numerous healthgrid initia-
tives. We use the term “healthgrid” to refer to the different ini-
tiatives developing Grid e-science services for the biomedical 
community, like caBIG, WISDOM, the French Medigrid and 
the German MediGRID. These initiatives are transferring the 
Grid computing technology into the life sciences [1].  
“Technology transfer” is a concept which first appeared in lit-
erature in 1960s [2]. The term “technology transfer” is widely 
used to refer to transferring the technology developed in uni-
versities and governmental laboratories to the industry. Inter 
domain technology transfer was also addressed in several 

studies. We distinguish between knowledge transfer and tech-
nology transfer. According to Gilbert and Cordeyhayes [3], 
knowledge transfer refers to the ‘‘scientific knowledge used 
by scientists to further science’’.  Technology transfer refers to 
the ‘‘scientific knowledge used by scientists and others in new 
applications’’. Healthgrid initiatives are conducting both.  
The Grid computing technology transfer process is being car-
ried out by academia and facilitated by government funding 
agencies. This has been an intuitive process using an explora-
tory approach. Some difficulties facing the biomedical com-
munity during this transfer can be understood through the 
Bozeman “Effectiveness Model of Technology Transfer” [4], 
which summarizes the research work on technology transfer. 
Grid and the emerging Cloud computing technologies are still 
in flux and thus their inter domain transfer process is subject 
to problems which are not considered in classical technology 
transfer models. Taking these differences into account, we can 
better understand some difficulties facing the transfer of Grid 
and Cloud technologies. In this paper we show to which de-
gree the principles of technology transfer apply to building an 
e-science infrastructure for the biomedical community and 
make recommendations for an improved transfer process.  

Materials and Methods 

Dynamic-technology transfer  

A common view of “technology” is to consider it as a physical 
entity, a “tool”, which is the outcome of a production process 
and which can be transferred easily (for example by moving it 
to the target setting)  [4]. In contrast, Sahal and Bozeman [4, 
5] consider technology as the product as well as the knowl-
edge and methodology to use this product. In our case, the 
Grid knowledge transfer is not separable from the Grid tech-
nology transfer process. Alike Sahal and Bozeman anyhow, 
we do not consider the applications of the (Grid) technology a 
part of the technology transferred. The biomedical use cases 
follow different goals than applications in physics or astron-
omy. The latter are foremost data grids. Biomedical Grid com-
puting applications are combinations of three types of Grid: 
data Grid, knowledge Grid, and compute Grid (see Figure 1). 
Technologies in development are critical for the transfer proc-
ess. This was questioned by Bozeman but not incorporated 
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into his model: “a technology is changed because there is an 
active attempt by its users or creators to change it. In other 
cases, the technology is changed by characteristics of its use 
or by changes in the physical and social setting within which 
the technology exists. When the functions and application en-
vironment changes, does that affect the meaning of the tech-
nology or its transfer?” [4]. We believe this question is crucial 
in our case, as the Grid and Cloud technology is designed to 
be extendable from the beginning. Known technology transfer 
methodologies, including Bozeman’s model consider static 
technologies. Technologies under development are dynamic 
and require different methods. In the discussion, we present 
our experience and lessons learned with such transfer.  

 

Figure 1- The three generic applications of biomedical Grid 
computing. A healthgrid is a combination of compute, data, 
and knowledge grids. MediGRID represents the first phase in 
transferring the Grid technology to the biomedical community 
in Germany. Services@MediGRID (S@M), PneumoGrid and 
MedInfoGrid are successors of MediGRID. WissGrid (Science 
Grid) is a third phase D-Grid project and involves different 
communities including life sciences. 

The effectiveness model of technology transfer 

Bozeman provided a “Contingent Effectiveness Technology 
Transfer Model’’ to summarize the research work on technol-
ogy transfer. “The model focuses on effectiveness, a perspec-
tive well-matched to a literature so often motivated by the 
search for what works” [4]. With the “what works” approach 
it is meant how to measure success in a technology transfer 
process. Five dimensions determine the effectiveness: the 
transfer agent, the transfer media, the transfer object, the de-
mand environment, and the transfer recipient. The interaction 
between these dimensions determines the effectiveness of the 
transfer process. Therefore, the impact of technology transfer 
should be understood in terms of who is doing the transfer, 
how they are doing it, what is being transferred and to whom. 
The novel thing here is that there is no single notion of impact 
of a technology transfer process. We need to understand the 
effectiveness in terms of different dimensions, i.e. the goals of 
one participating party is not necessarily the same (sometimes 
even contra effective) for other parties. The effectiveness of 
the transfer can be classified in six deferent criteria: ‘‘Out-the-
Door’’, Market Impact, Economic Development, Political 
Reward, Opportunity Costs, and Scientific and Technical Hu-
man Capital. Table 1 describes the dimensions of the effec-
tiveness model and Table 2 describes the effectiveness crite-

ria. More details about the model can be found in [4]. We fo-
cus on the special case of having Grid computing as the trans-
fer object with the recipient being the biomedical community. 

Technology transfer research agenda 

Bozeman divided the political agenda to perform technology 
research into three paradigms: 
The market failure technology policy paradigm assumes the 
free market “will lead to optimal rates of science production, 
technical change and economic growth” [4]. The government 
role is to remove barriers to the market, e.g. by providing reg-
ulations for intellectual property. The duty of universities is 
education and providing public domain research.  
The mission technology paradigm premise is that the gov-
ernment supports research and development activities “in ser-
vice of well-specified missions, in which there is a national in-
terest”[4]. Examples are funded R&D from governments for 
national security, energy production and conservation, medi-
cine and public health. This paradigm has expanded the role of 
universities to builders of the national technological interests. 
The cooperative technology policy paradigm presumes that 
government’s and universities’ role is to perform research and 
to supply applied technology to society and industry. The co-
operative technology paradigm emphasizes cooperation 
among industry, government, and university in the develop-
ment of new and infrastructure technologies. 

D-Grid and MediGRID 

The D-Grid Initiative aims to assemble, set-up and operate a 
Grid infrastructure in Germany in three stages.  D-Grid-I, 
2005-08, was launched to design and develop Grid services 
for scientists. D-Grid-II, 2007-10, is designated to design IT 
services for scientists, industry, and business. D-Grid- III, 
2009-11, extends the infrastructure with a knowledge man-
agement layer. The aim of MediGRID is to develop a Grid in-
frastructure for biomedical research. The MediGRID consor-
tium is organized in modules distributed on academic depart-
ments and governmental laboratories. The D-Grid/MediGRID 
funding began following the mission paradigm and looking for 
a “market pull” of the technology. Unfortunately, the dissemi-
nation of the technology was difficult. Especially in life sci-
ences, the requirement for high security and data protection 
standards proved to be a hindrance [6].  This resulted in a de-
lay in creating a critical mass of users for the infrastructure. In 
order to enforce a market oriented infrastructure, the funding 
agency changed the paradigm later to a cooperative technol-
ogy transfer approach. In the discussion, we show why this 
shift was early and not ideally suitable for healthgrids in Ger-
many. 

Results 

The transfer agent – academia and healthgrid initiatives 

The technology paradigm is the leading aspect in choosing the 
right transfer agent, whether it is a university, a governmental 
laboratory, or an industry partner. D-Grid started with a mis-
sion paradigm; it was natural to involve universities as the 
leading transfer entity. After the shift to the cooperative para-
digm, the transfer agent continued to be the universities. Uni-
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versities are basically sittings for research and education. The 
enforced technology policy forced them to take new responsi-
bility in the technology development.  In our case, MediGRID 
started as a research initiative from a department of Medical 
Informatics at the University of Goettingen. Academic medi-
cal informatics departments usually carry out interdisciplinary 
research in the intersection of computer science and life sci-
ences. They are capable of importing new IT technology in an 
inter-domain technology transfer process. But they are not 
necessarily market oriented institutions. Whether academia 
succeeded in developing a market oriented infrastructure is 
still an open question. Nevertheless, MediGRID was able to 
attract some users from industry in its second phase. 

The transfer media of Grid computing 

This includes objects, like software and literature, and human 
activities, like meetings and workshops. Software: Grid mid-
dlewares were primarily developed for physicists, who mainly 
required storage capacity and job farming capabilities. There 
are three common Grid middleware: Globus, gLite, and Uni-
core. All are open source, which makes it easier to deploy, 
modify and adapt them, however this means they are in flux 
and are not stable technologies. An organizational framework, 
e.g. Service Level Agreements, is also still missing. Science 
Park: MediGRID consolidated the Grid computing activities 
in Goettingen campus to establish a Grid computing Science 
Park. Scientists from multiple disciplines formed the GoeGrid, 
in which physics, bioinformatics, humanities, libraries, com-
puter science, and medical informatics are represented. Par-
ticipants established an interdisciplinary academic course, in 
which discussions, demonstrations, and invited talks enriched 
the understanding of the technology. Literature: the available 
literature on Grid computing is vague and complex. The mid-
dleware documentations are not complete and contain mis-
takes. A solid experience with Linux and software develop-
ment is a requisite to be able to work through the documenta-
tions. This has been a major hindrance in the transfer process. 

The transfer object – e-science using Grid computing 

The goal of building a healthgrid is to perform e-science in  
biomedicine. While this is a scientific aim, one enduring focus 
of technology transfer is whether the transferred technology 

has commercial potential [4]. The question in our case is ra-
ther whether Grid computing for medical application is cur-
rently ready to be commercialized (we offer our opinion in the 
Discussion). The second and third phase of Grid computing 
funding in Germany focused on developing business models 
for the use of the Grid. This was meant to enforce economical 
sustainability in a highly dynamic system that is still under 
development. While the fundamental research in Grid comput-
ing is more or less finalized, the methodology of importing 
life sciences IT applications, from the closed local environ-
ments into the open Grid environment, is still under develop-
ment. Organized and focused interaction with industry is a 
prerequisite for technology transfer from basic research [4, 7]. 
Therefore, it is important to cooperate with and engage the life 
sciences industry to gain trust in the transfer object, before 
hard commercial criteria are used to evaluate the end objec-
tive. This is being tackled currently by Services@MediGRID. 

The demand environment 

The critical mass of demand for the technology is a major fac-
tor in determining the success of technology transfer, espe-
cially in life sciences [8]. We faced different difficulties in 
introducing the Grid technology to the life sciences 
community: the technology was new to the market and 
missing ready-to-use applications, the overhead to import 
existing IT-solutions into the Grid was high, and using the 
Grid for low level services (like data storage) demanded new 
skills of the user. This was led to a low acceptance of the 
technology. To overcome this, MediGRID moved to a market 
push policy in its second phase by building contacts to the 
biomedical firms and offering the needed support to import 
the application into the Grid. 

Characteristics of the transfer recipient 

The traditional recipients of healthgrids technology are re-
searchers in academia, i.e. non-profit organizations. They de-
pend mainly on public funding, which makes it challenging to 
develop an economically sustainable infrastructure similar to 
what e.g. engineering grids do - selling services to industries. 
The market push policy should help to reach a wider user 
group in industry and academia. 

Table 1- Dimensions of the Contingent Effectiveness Model with corresponding in healthgrid initiatives. 

Demand 
 environ-
ment 

Factors (market and non-
market) pertaining to the need 
for the transferred object 

Price for technology, substitutabil-
ity, relation to technologies now 
used, market shelters 

New tools for physicians, E-marketplace for 
medical service providers, collaboration con-
cept for researchers, new possibility for 
knowledge management [1]  

Transfer 
 Recipient 

The organization or institution 
receiving the transfer object 

Firm, consumer, group, institution, 
and associated characteristics 

Biomedical/healthcare professionals, re-
searchers, and companies  

Transfer 
 Object 

The content and form of what 
is transferred 

Scientific knowledge, technologi-
cal device, know-how, and specific 
characteristics of each 

The methodology of performing e-science 
using the Grid technology 

Transfer 
 Medium 

“The vehicle”, by which the 
technology is transferred 

License, copyright, person-to-
person, formal literature 

Literature, Grid computing software, work-
shops  

Transfer 
 Agent 

The institutions seeking to 
transfer the technology. 

Government agency, university, 
industry and their characteristics  Mainly academia 

Dimension Focus [4] Examples [4] In Healthgrids 
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Discussion 

We show that the answer to whether the Grid technology 
transfer process was successful or not is multi-layered. Our 
experience shows that the Grid computing is mainly being 
evaluated according to market-oriented criteria. This is not 
suitable for measuring the success of healthgrids. Healthgrids 
should be evaluated according to the produced scientific and 
technical capital as well the new created research opportuni-
ties. Hence, the mission paradigm is more suitable for starting 
healthgrids. Especially for technologies under development 
like Grid or Cloud computing, funding in the mission para-
digm shall last until a clear political reward is reached. This 
will pave the way for a market impact and the move to a co-
operative funding paradigm (see Table 2 and Figure 2). 

‘‘Out-the-door’’ criterion in healthgrids  

The assumption here is that “transfer itself equates with suc-
cess” [4]. As D-Grid-I followed this criterion, the technology 
was not ready to fulfill the needs of life scientists. Security ex-
tensions, information privacy concepts, and workflow exten-
sions were missing. Therefore, MediGRID followed its own 
course, which was different from other D-Grid community 
projects, including physics, engineering, and astronomy. Me-
diGRID put emphasis on analyzing the middleware, providing 
concepts for data protection, and building prototypes applica-
tions. In other communities’ projects, scientists used “out-the-
door” approach and were ready to use of-the-shelf Grid tech-
nology. Thus, “out-the-door” is a success criterion for most 
Grid technology transfer projects, but not for healthgrids. 

Why do life science grids not have a market impact, yet?  

Market Impact measures the effectiveness of the transfer proc-
ess according to the commercial success of the technology in 
the new environment. In our case, the question is not whether 
the success of a healthgrid can be measured in terms of the 
market impact, rather when to do so in general. Whether a 
technology is ready for the market depends largely on the ac-
ceptance by the transfer recipient. In MediGRID one major 
factor influencing the acceptance was simplicity of access, 
thus, in MediGRID a main emphasis was put on having a web 
portal as main gate to the Grid resources. Portals for other D-

Grid community projects were not an issue, since their users 
possessed enough IT skills to operate the resources on the 
command line. That physicists are willing to pay for Grids ac-
cessed via the Linux shell, does not mean life scientists will do 
the same. In technology transfer, it is wrong to put the tech-
nology in the market before it is ready. We believe the en-
forced change from the mission to cooperative paradigm in the 
German D-Grid was early for MediGRID. Not being ready for 
the market means little market results, and thus a false nega-
tive result. “… technology transfer with little market result has 
no place in the [cooperative technology policy] paradigm” [4]. 

Why is the political reward still minimal? 

Receiving further funding is the main result of a political re-
ward. Although healthgrids in Germany received further fund-
ing from the Federal Ministry of Education and Research, the 
funding was strategically dedicated towards commercializing 
the infrastructure. Despite of the involvement of users from 
industry in the second phase of MediGRID, we are still far 
from economical sustainability. The necessary political reward 
would be further funding from the Federal Ministry of Health 
or from partners from the biomedical industry, due to their 
roles in healthcare and life sciences. This is not yet reached. 

Which opportunities do healthgrids establish? 

Each transfer process yields alternative local benefits beside 
the intended goals of the transfer itself. Examples are the re-
searchers who receive PhDs while working for a technology 
transfer project, using the received funds for a better internal 
evaluation of the institute, or changing the profile of the trans-
fer agent. This is common in technology transfer projects. 
This criterion overrides the common concept of success to 
provide the effectiveness from the transfer agent’s point of 
view. The various opportunities offered by D-Grid included 
PhD research, establishing new specialized research groups, 
starting follow-up projects, and offering infrastructure for aca-
demic courses. We believe that more emphasis should be put 
on considering and supporting such opportunities as a strategic 
goal in the future. Because Grid computing in life sciences is a 
young inter-disciplinarily field, the dissemination and estab-
lishing the field is an important part of the transfer process. 

Table 2- technology transfer effectiveness criteria [4] with corresponding in healthgrid initiatives. 

Criterion [4] Focus [4] Relation to practice [4] In healthgrids 
‘‘Out-the-Door’’ One organization receives the technology provided by an-

other, no consideration of its impact 
 Common in practice Uncommon 

Market  
Impact 

Has the transfer resulted in a commercial impact, a product, 
profit or market share change? 

Pervasive in practice Not yet reached 

Economic De-
velopment 

Similar to Market Impact but on a regional or national 
economy rather than a single firm or industry 

Pervasive in practice Not yet reached 

Political Reward Based on the political reward flowing from participation in 
technology transfer (e.g. increased funding) 

Pervasive in practice Minimal 

Opportunity 
Costs 

Examines alternative uses of resources and possible impacts 
on other missions of the transfer agent/recipient 

A concern among practitio-
ners, rarely considered  

Common 

Scientific and 
Technical Hu-
man Capital 

Considers the impacts of transfer on the enhanced scientific 
and technical skills, technically-relevant social capital, and 
infrastructures (e.g. networks, users groups) 

A concern among practitio-
ners, rarely considered  

Common 
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Figure 2- Contingent Effectiveness Model applied on the Grid 

technology transfer to the biomedical domain. 

Scientific and technical human capital in healthgrids  

Building up human scientific and technical capacity is as im-
portant as producing specific impact from a project [9]. Simi-
lar to Bozeman et al., we believe that scientific and technical 
human capital is a neglected criterion for measuring the tech-
nology transfer effectiveness in general [9], and in healthgrids 
in particular. An important mission of the technology transfer 
process is to increase the scientific human capital. Such ca-
pacities could be within a geographic area, a scientific and 
technical field, or an institution [4]. D-Grid/MediGRID was a 
vehicle to reach achievements in these three categories. 
Within Goettingen campus MediGRID initiated a Grid science 
park: the GoeGrid. Healthgrid started in Germany 2005 with 
one project; by 2009 four follow up projects are funded from 
the federal government. The department of Medical 
Informatics at Goettingen increased the number of scientific 
assistances and publications during this period. The “network-
based concept of effectiveness” is another important concept 
[4], which couple the evaluation of technology transfer with 
impacts on interconnected scientific and commercial actors. 
The ongoing relations among networks of technology partners 
are more important to transfer effectiveness than the market 
factors [10]. MediGRID established in 2008 the “Grid Forum” 
to coordinate German Grid computing activities in the fields 
of medicine, medical research and life sciences. These 
achievements are not the defined goals of the intended 
technology transfer, but they are a significant and vital part. 

Conclusion 

Unlike classical Grid users, life scientists are not yet used to 
sharing computing resources. The government funded three 
step cross-pollination achieved interesting results, but fell 
short in some aspects. During the first funding periods it is ac-
cepted that the Grid platforms still suffer from stability and 
sustainability issues. According to the Bozeman-approach it 
was timely to reinforce industry involvement in the follow up 
funding periods in order to foster the market impact. However, 
different organizational and stability issues have hindered a 

broad market penetration. So the vale of tears still has to be 
stridden for life science Grids. This is about how collaborative 
work will be organized in the life sciences in the foreseeable 
future. Technology labels like Grid or Cloud do not make any 
difference in the subjacent problem. The problem lies in trans-
ferring a dynamic technology using the models and experi-
ences of static technology transfer. In absence of well estab-
lished models for dynamic technology transfer, we proposed a 
three steps strategy based on our experience with Medi-
GRID/D-Grid: 1- building a strong scientific and technical 
human capital, 2- reaching a clear political reward while in the 
mission funding phase, 3- reaching out to the market and 
gradually ascent toward a market cooperative paradigm. 
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