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echnology transfer, and thus industry-relevant research, involves

more than merely producing research results and delivering them

in publications and technical reports. It demands close coopera-

tion and collaboration between industry and academia through-

out the entire research process. During research conducted in a partnership be-

tween Blekinge Institute of Technology and two companies, Danaher Motion
Saro AB (DHR) and ABB (see the “Industry Partners” sidebar), we devised a

technology transfer model that embodies this
philosophy. We initiated this partnership to
conduct industry-relevant research in require-
ments engineering and product management.
Technology transfer in this context is a prereq-
uisite: it validates academic research results in
a real setting, and it provides a way to improve
industry development and business processes.
Our model involves seven steps, each build-
ing on the ones before it. Although previous
transfer models, such as the one by Shari Law-
rence Pfleeger,! inspired our model, its complete
development evolved over time. These steps
emerged during a long-term joint commitment,
and we added new steps, as needed, along the
way. This evolution also dictated the activities
we performed in each step. For example, the
best way to validate new technology depends
on the company’s needs and which validation
processes the company trusts, as well as the re-
searchers’ need to validate new technology for
academic purposes. Considering industry pref-
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erences when performing validation is impor-
tant for success.?

In this article, we present our technology
transfer model, and we report our experiences
and lessons learned for each of the seven steps
involved. Figure 1 outlines this model, show-
ing how all seven steps are relevant and inter-
dependent for overall transfer success.

Step 1: Identify potential
improvement areas based
on industry needs

We began by assessing current practices,
observing domain and business settings, and
identifying the demands imposed on industry.3
Observation of the real world before formu-
lating research questions is critical.* Research
must connect to the needs that on-site practi-
tioners perceive, or their commitment could be
difficult to obtain.

During this stage, we identified several po-
tential areas for improvement in product
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management and requirements engineering. We
subsequently analyzed these areas and priori-
tized them according to perceived importance
and dependency.’ Here, dependency means
transferring future improvements in a certain
order—avoiding “hitching the cart in front of the
horse,” you might say.

Lessons learned

m Researchers’ on-site presence helps base the
research agenda on real industry-relevant
issues. It also helps build the technical, or-
ganizational, social, and cultural under-
standing necessary to do a good job.

m Having a friendly, easily recognizable
presence gives researchers extensive access
to all practitioner groups.

m Information gathering should be balanced
to avoid giving more attention to the most
vocal practitioner groups at the expense of
the quieter ones.

m It’s essential to involve all affected parts of
the organization, including upper manage-
ment, middle management, engineers,
support, marketing, and sales.

Step 2: Formulate a
research agenda

According to the prioritized needs identified
in the previous step, we formulated a research
agenda, in close cooperation with our industry
contact persons, who were middle-management
practitioners. At this time, these contact per-
sons increased their commitment and moved
from participants to active champions. They
began contributing substantially with input and
facts, and they made it possible for us to
quickly and easily access the company organi-
zations. The researchers also had a regular on-
site presence—at first learning and observing,
and then gradually more actively exchanging
ideas and concepts with multiple practitioners,
not only the champions. Doing your homework
and learning the domain establishes a common
understanding and vocabulary. Close proximity
between researchers and practitioners is a criti-
cal factor for success.*

In our case, the main needs identified as high
priority revolved around moving from bespoke
customer-centered development to market-
driven, product-centered development. One of
the main challenges in a market-driven envi-
ronment is handling large volumes of require-
ments from multiple sources. These include

Industry Partners

Danaher Motion Séiré AB develops and sells software and hardware
equipment for navigation, control, fleet management, and service of auto-
mated-guided-vehicle systems. More than 50 AGV system suppliers world-
wide use DHR technologies and expertise in their own products. The head-
quarters and R&D center are located in Sérd, Sweden, and there are 85
employees there.

ABB is a leader in power and automation technologies that help utility

and industry customers improve performance while lowering environmen

tal impact. The ABB group of companies operates in about 100 countries

and employs approximately 102,000 people. The transfer of new meth-
ods for requirements engineering involved one of the ABB development
centers in Sweden. The product development part of this organization has
200 employees.

Both companies are participating in a joint six-year research project with
the Blekinge Institute of Technology in the area of process improvement and

requirements engineering. The collaboration in requirements engineering
began in late 2002 with DHR; ABB joined in late 2003.

both internal sources (developers, marketing,
sales, support personnel, and bug reports) and
external sources (users, customers, and com-
petitors—whose information is often gathered
through surveys, interviews, focus groups, and
competitor analysis).® This large volume of re-
quirements makes initial screening important to
decrease the risk of overloading in the evalua-
tion and realization process.” In addition, the
requirements themselves come in all different
shapes and sizes, and at different abstraction
levels. Some are very general and sound more
like goals than requirements; others are detailed
and technical. It’s important to be able to han-
dle all of them, checking them against product
strategies and roadmaps and prioritizing them.
In our case, both companies had similar needs
and thus a vested interest in addressing many of
the same issues.

Lessons learned

m Doing your homework means learning
company and domain-specific vocabulary
and understanding the practitioners’ situ-
ation. This is necessary to build trust.

m Problem formulation is the basis for the re-
search agenda—that is, what is to be done
and improved. As practitioners participate
in this process, they formalize their roles as
industry champions for the research and
make long-term commitments to it.
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Figure 1. Overview of research approach and technology transfer
model. 1. Identify potential improvement areas based on industry
needs, through process assessment and observation activities.

2. Formulate a research agenda using several assessments to find

research topics, and formulate problem statements while studying the
field and the domain. 3. Formulate a candidate solution in cooperation

with industry. 4. Gonduct lab validation (for example, through lab
experiments). 5. Perform static validation (for example, interviews
and seminars). 6. Perform dynamic validation (for example, pilot
projects and controlled small tests). 7. Release the solution step
by step, while remaining open to smaller changes and additions.

Step 3: Formulate
a candidate solution

After establishing a research agenda, the col-
laboration with industry continued with the de-
sign of a candidate solution. We designed a re-
quirements engineering model called the
Requirements Abstraction Model (RAM).8 The
purpose of this model is to incorporate possible
solutions for many of the needs identified during
the assessments at DHR and ABB; it primarily
offers product planning and product manage-
ment support. RAM is a multilevel requirements
abstraction model, with a supporting process
that aids practitioners in handling requirements
in a structured and repeatable way during re-
quirements elicitation, analysis, refinement, and
management. The nature of the model is to use
the fact that requirements come at different ab-
straction levels instead of trying to flatten all or
mix different types in a document. Using RAM
makes requirements abstraction (checking them
against strategies) and breakdown (refinement
to a testable format) part of the analysis and re-
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finement work. Hence, it’s possible to compare
and prioritize requirements, because they are
homogenous at each abstraction level

We created this candidate solution (RAM) in
collaboration with practitioners. The researchers’
main responsibility was to monitor the state of
the art in research and combine this knowledge
with new ideas and angles. Another reason to col-
laborate with practitioners is to keep research fo-
cused on real industry needs. A common problem
is that research solutions don’t fit with present
business and development methods,”!° thus in-
creasing cost and raising the bar for technology
transfer.

Lessons learned

m Besides being a valuable resource, practition-
ers can provide a reality check, making sure
a candidate solution is realistic and fits cur-
rent practices and the company’s situation.

m In formulating a candidate solution in collab-
oration with practitioners, commitment and
trust are key. Moreover, the champions need
to communicate and share ideas and informa-
tion with colleagues, preparing for a change in
the mind-set throughout the organization.

m Creating new solutions to identified issues is
tempting. It’s important that the researchers
act as the link to the state of the art in re-
search, ensuring that techniques, processes,
and tools already developed and validated
aren’t ignored. In our case, this meant build-
ing on and refining some research results
obtained by others, and adding new tech-
nology as necessary.

Evolution and transfer preparation
through validation

As we formulated the candidate solution, we
recognized a need for evaluation. So, we intro-
duced several validation steps to accomplish this
goal. The idea is to refine the candidate solution,
test it for usability and scalability, and determine
whether it addresses the needs satisfactorily. In
addition, the validation steps gradually prepare
for technology transfer. In this case, the solution
itself must evolve on the basis of feedback from
validation, but the validation steps can also pre-
pare the company for change. Preparation
means showing the people in the organization
that using the new solution is more advanta-
geous than doing business as usual. This is crit-
ical for getting commitment to the technology
transfer—something researchers often miss.’
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Step 4: Conduct lab validation

We evaluated RAM in a university lab en-
vironment both before and during static vali-
dation in industry. We conducted the evalua-
tion in an experimental setting using software
engineering graduate students as subjects.
These students used the model and performed
requirements engineering activities as we envi-
sioned industry practitioners performing
them. The results made it possible to catch
some issues without using industry resources.
In addition, we received early input on the
model’s usability and scalability. Early valida-
tion in a lab environment helps ensure that
pressure to transfer all research results indis-
criminately doesn’t gain the upper hand.!!

Lessons learned

®m An initial practical test of the candidate
solution in a lab environment can provide
fast, valuable feedback, identifying obvi-
ous flaws so that you can fix them before
industry piloting.

m The results are useful for presenting the can-
didate solution to practitioners and man-
agement and convincing them of both man-
ageable risks and potential benefits.

m Lab validation isn’t the same as live indus-
try use. Realizing the limitations adds to
the validity of the lab evaluation when
presenting it to industry.

Static validation involved widespread pre-
sentation of the candidate solution in industry
and collecting feedback from practitioners.
The first phase of static validation presented the
model (RAM) to all industry personnel involved
in the initial process assessment in step 1.
Practitioners representing developers, design-
ers, project managers, product managers, and
marketing and sales viewed the candidate solu-
tion through several seminars. This allowed
the practitioners who would use the model to
voice their opinions early. In addition to re-
ceiving feedback from practitioners, which fur-
ther improved the model, the seminars also let
us give practitioners feedback. Involvement
and two-way communication between re-
searchers and practitioners not only can im-
prove results; it can also lay the foundation for
meeting critical technology transfer goals such
as shared commitment between researchers
and practitioners—that is, getting support for

process change at all levels of the organiza-
tion.* In addition to holding seminars, we con-
ducted several follow-up interviews.

The second phase of static validation pre-
sented the research results and model exclu-
sively to upper management in a series of inter-
active seminars. Upper management controlled
the resources needed for taking the next steps;
if they couldn’t see the benefit of the solution,
the quality of the research would be irrelevant
in terms of transferring it to practice. High-
quality research is not sufficient by itself.
Management support is crucial,»'% and this
fact cuts both ways. On the one hand, selling
an idea (in this case, the model) to management
often refines arguments and can be a good con-
trol point in terms of committing resources for
technology transfer. On the other hand, at this
early stage the research is unproven in practice,
so it’s difficult to show objective facts such as
metrics to motivate the transfer. These seminars
also showed that the model had the support of
operative personnel and middle management in
the organization.

The bottom line for static validation wasn’t
merely to sell the model to industry representa-
tives. The seminars and interviews gave invalu-
able feedback regarding the model’s usability
and scalability. For example, we stripped away
about 15 percent of the model’s contents (re-
quirement attributes, validation steps, and so
on) during this stage. What had worked in the-
ory (and gotten past lab evaluations in step 4)
needed to be slimmed down for implementation
in practice. Very early during static validation,
we realized that a smaller model that produced
good-enough requirements and decision-support
materials was preferable to a larger model that
risked not being used at all.

Lessons learned

m  Widespread presentation of candidate solu-
tions in the organization has several pur-
poses: getting feedback and ideas for im-
provements, validating understanding and
coverage, and giving feedback to the prac-
titioners involved in the assessment phase
in step 1.

m  Anchoring future change at all organiza-
tional levels is crucial.

m Upper-management seminars and interac-
tive sessions are critical for assessing the
risks and relative benefit of the changes
proposed in transferring the candidate
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solution. It’s important to show that re-
searchers developed the candidate solution
in cooperation with practitioners in the or-
ganization, and that it has their support.

Researchers must not be afraid of tailoring,
or even downscaling, the candidate solu-
tion at this stage. Change is part of valida-
tion and refinement, and it’s natural as the
ideas presented mature and grow over time.

Step 6: Perform dynamic validation
(piloting)

We performed dynamic validation through
two pilot projects, both performed at DHR.
The first was limited in scope: using the model
to elicit, analyze, refine, and manage about 75
requirements. Researchers and an industry
project manager (champion) conducted this
work. The product specified using the model
was an in-house product configuration tool,
and the customers were also situated in-house.

The success of this first pilot motivated
DHR to continue the dynamic validation with
a larger pilot. The second pilot involved using
the model in a real development project, with-
out the direct involvement of the researchers or
industry champions, although the model used
in the first pilot was reused to some extent.
This project had 18 developers and ran for
about four months (3,500 person-hours). The
project manager was the primary requirements
engineer; the developers used the requirements
produced with the model in their work.

Both pilots gave valuable feedback, although
not many new critical problems or potential
difficulties were reported. The primary feed-
back was that tool support, as well as tool
adaptation, was important for model scalabil-
ity, and that it’s important to incorporate train-
ing efforts in future model implementations.
The main reasons there were no surprises
during piloting included the static validation
and the continual collaboration between re-
searchers and industry champions. The rela-
tive success of dynamic validation increased
the model’s credibility and built trust for us
working with the model in the eyes of practi-
tioners and management.

Lessons learned

m Piloting in industry makes it possible to real-
istically evaluate a candidate solution with-
out giving up control. Piloting minimizes
risk, because the pilot is a limited test.
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m Pilots can provide input for further improve-
ments and indicate what is needed during
the full-scale transfer.

m Because pilots are limited in scope, they
might not catch all potential problems, such
as scalability issues.

m To some extent, pilots precede proper trans-
fer (for example, training isn’t formalized,
and the solution itself isn’t released). There-
fore, the company might use the candidate
solution differently from what researchers
initially intended.

Step 7: Release the solution

After gauging the results from the static and
dynamic validations, the team of researchers
and industry partner representatives decided to
go forward with the actual implementation of
the model: the official release. DHR would
fully implement the model and incorporate it
in the official development and management
process. ABB implemented a trial release of the
model, initially limiting it to one large release
project; full implementation is pending results
from this trial release. Despite this difference,
the technology transfer process and the tech-
niques used to accomplish it were largely the
same for both companies. We had refined
RAM through the validations and pilots, but it
was rather general in nature, a least common
denominator suiting both companies. A central
part of the rationale behind the model was that
one size does not fit all—an important research
lesson from working with two companies. For
this reason, we designed RAM so that it can fit
different organizations, depending on that or-
ganization’s needs—taking into account, for
example, differences in types of requirements,
specific domains, and so on.

Model tailoring

Tailoring to fit each company was neces-
sary for several reasons. For example, the two
companies had different definitions and vo-
cabulary pertaining to products and develop-
ment, and we had to consider specific prac-
tices and processes already in place to align
RAM for transfer.

One-day workshop: Tailoring and consensus. The
first stage in model tailoring involved a full-day
workshop at each company. Participants included
managers, developers, and especially product
and project managers (the future main users of

Authorized licensed use limited to: BLEKINGE TEKNISKA HOGSKOLA. Downloaded on November 27, 2009 at 09:00 from IEEE Xplore. Restrictions apply.



the model). Process owners were also present.
The focus was on adapting the model to suit
current practices and, when possible, mapping
the roles and responsibilities established by the
model to existing ones. We also explored con-
cepts such as “good enough,” establishing some
examples of requirements through actual speci-
fication during the workshop.

We used the model to jointly specify, refine,
and analyze requirements, taken from within
the company to keep the process as real as pos-
sible. As we worked with the example require-
ments, the researchers and industry champions
took turns leading the workshop and docu-
menting the results. This requirements specifi-
cation segment of the workshop proved to
have a grounding effect, keeping discussions
from becoming too abstract or theoretical.

Obtaining consensus among all groups rep-
resented and ensuring that compromises made
didn’t impede usability were the main objec-
tives of the workshop—thus, also promoting
future commitment.

One-week alignment: Formalization and planning.
The information gathered during the workshop
was critical for formalizing and planning the
model’s implementation into the official devel-
opment and business process. In short, we had
to convert workshop results into practice, start-
ing with the development of needed doc-
umentation, user guides, example requirements
databases (reusing requirements from the work-
shop and creating additional ones), and tool
support. Early in the process of developing and
validating the model, we realized that a large,
complex, document-heavy model demanding
too much from practitioners might have been
transferred to the official development and busi-
ness process, but it would probably have re-
mained on the shelf collecting dust, next to
other heavy frameworks and certifications.

The formalization and planning consisted
of addressing several items:

Documentation concerned two main items,
which we separated to the largest possible ex-
tent. Formal documentation addressed all
mandatory official process descriptions: role
descriptions; process maps; detailed state dia-
grams of requirements, all mapped to existing
processes; glossaries; and so on. These official
documents were necessary primarily as refer-
ence material, publicly accessible on a need-to-
use basis. The user documentation was most

important. It consisted of a thin, five-page
quick-reference guide.

Training received a high priority, as it does in
most process improvement efforts,”10 and it
benefited from the collaborative research pro-
cess in general. Practitioners in the two compa-
nies had already assimilated many aspects of the
model, as a result of their part in creating or val-
idating it. This made training easier, especially in
terms of commitment. We used a learning-by-
doing strategy for the main parts of the training.
The champion led training sessions, and one or
two practitioners used the model to engineer
new real requirements. We nicknamed this ap-
proach pair requirements engineering (as in pair
programming). This approach had two benefits:
First, it provided a good way to learn and gain
experience. Second, performing actual work
during training sessions decreased overall costs.

Example-driven work practices was one of
the main points when RAM was constructed
and thus also dominated the training. The com-
pany-specific requirements developed during
the workshop and the alignment week served as
good-practice examples (notice that we don’t
say “best practice”). The examples themselves
constituted an important part of the documen-
tation, in that practitioners could use them dur-
ing training and later as an information source
in their day-to-day work. For this reason, we
tried to categorize some of the most common
types of requirements and create a database of
examples of each category.

Tool support was also important. During the
week, we adapted the tool chosen by the respec-
tive company. Because the model provides a way
to work with requirements, it’s largely tool inde-
pendent. This was evident from the companies’
choosing different tools to support the model.

Technical support can greatly influence the
success of a technology transfer effort.!! Practi-
tioners must have continuous access to support
from an expert, or at least an expert user. Prac-
titioners who are frustrated or stuck need help
fast, or there’s a risk that they’ll go back to per-
forming requirements engineering as they did
previously. Both DHR and ABB have champi-
ons who fill the role of expert.

Owner-champion is a role that researchers
and practitioner champions to some extent
share during research and validation of the so-
lution candidate. However, as the candidate
evolves and is released, ownership must trans-
fer to the company and, more specifically, to
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the relevant on-site champions. This is neces-
sary because researchers can’t be present and
active in supporting practitioners to the extent
necessary. Optimally, with time and use, all
the practitioners using the model will collec-
tively own and champion it. This, however,
doesn’t mean the researchers’ presence or par-
ticipation is at an end. Quite the contrary, re-
searchers must conduct follow-up studies.
Metriecs—the collection of data regarding
the model’s use—are critical for enabling
measurement and follow-up studies. During
the alignment week, we formulated a plan for
which metrics to collect. It was important to
enable measurement of the model use. Metrics
can indicate benefits or hint at potential prob-
lems. In addition to conducting quantitative
measurements, we also planned qualitative
follow-ups such as interviews and group dis-
cussions. This combination of quantitative
and qualitative feedback can provide valuable
input for future changes and modifications.

Lessons learned

m  One size doesn’t fit all. A general candi-
date solution devised through research re-
sults won’t fit every situation; adaptation
and tailoring are often prerequisites to
successful transfer.

m Tailoring as a way to get consensus en-
sures further commitment.

m It’s not possible to satisfy every need or
solve every problem.

m Supporting a candidate solution involves
several tasks: developing lightweight, ex-
ample-driven, domain-specific documen-
tation and reference guides; incorporating
an efficient training strategy, perhaps us-
ing pair requirements engineering to
streamline costs; choosing, acquiring, and
testing tools tailored to specific needs, and
offering training on how to use them; and
providing technical support to practition-
ers (champions can fill this role).

® Measurement programs are necessary and
need to be planned to gather relevant in-
formation regarding the candidate solu-
tion’s operation.

ooking back, several issues come to
mind as critical success factors. Secur-
ing commitment, using champions,
fostering collective ownership, building trust,
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and providing the right kind of training are all
examples. We will not try to cover all of them
here, but rather we mention a few things in
addition to the experiences shared thus far—
all in perfect hindsight, of course.

First, it’s critical to secure long-term com-
mitment from both researchers and practition-
ers. Neither research nor technology transfer
is a one-shot deal. Technology transfer hap-
pens over time—with small, incremental, and
sometimes unplanned improvements to the
overall research effort—and is adopted by
practitioners continually. This can be frustrat-
ing from a research perspective because it’s
hard to measure the impact of such “improve-
ments.” The collaborative research process it-
self can be seen as implicit technology transfer,
under favorable conditions. “Long-term” in
this case applies to the lead time required for
new technology to be invented and transferred
to practice. This is partially because practi-
tioners perform their daily work in addition to
working with the researchers. This is not the
same thing as a lack of commitment. Rather,
practitioners are pressed for time because they
operate in a competitive environment.!" Per-
forming lab validation before industry trials is
a good idea because it can help catch issues
without consuming resources.

Second, it’s important to consider risk min-
imization. The ability to maximize potential
benefit and minimize the potential risk is of
paramount importance to companies. The val-
idation in iterations improved the model and
helped us convince management and practi-
tioners (as well as ourselves) that the risks
were acceptable compared to the potential
benefit. The researchers’ job isn’t just re-
search; it’s making technology transfer hap-
pen. Active participation in some activities
that by themselves don’t produce research re-
sults (papers) can be considered as overhead
from a research perspective but as a necessity
from an industry perspective. We were fortu-
nate in our endeavors, because both the re-
searchers and practitioners had a pragmatic
take on things. Research results were consid-
ered important, but from our point of view,
the value of these results were directly linked
to usability and usefulness in industry.

Finally, in terms of technology transfer, we’d
like to point out that our technology transfer
model was not prepackaged. We added the steps
and their contents on demand, as appropriate.
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In some cases, this meant additional work—for
example, to provide sufficient evidence to man-
agement of a particular approach’s relative
value. Thus, flexibility is an important ingredi-
ent of successful technology transfer. Openness
to modifying and adding steps and iterations is
necessary to satisfy industry demands of risk
minimization and relative value evidence as well
as researcher needs. Our technology transfer
model should be seen as an instantiation of a
technology transfer process—more for inspira-
tion than prescription. &
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