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Technology acquisition is the process of taking ownership of technology. Once a company has ownership of a
technology, it must implement it, or insert it into an application within the company in order for the company to benefit
from the technology. Module 4 discusses technology implementation. lt explores

. the design of technology implementation projects

. implementation problems

. designing and using project teams

. parallel implementation

. change management

. project launch

This module prepares the readerfor moving from the more cerebral activities of planning and negotiating to the more
active process of launching the newly-acquired technology into the company. Up to this point, the UNIDO tecfrnology
management program has repeatedly made the point that without proper planning and analysis of the information
available to the company, the technology acquisition and implementation process is likely doomed to failure. From
this point fonrard, the emphasis will shift from planning to action. Just as projects without planning are likely to fail,
technology that is not successfully implemented is guaranteed to fail.

Module 4 will provide information on project design for both technology development and technology implementation
projects, The absolute importance of effective teams, project communication, and effective decision making will be
stressed.

ln addition, the module will elaborate on some tools and techniques that willfacilitate the tecfrnology implementation
process.This discussion would be enhanced if the trainer can provide examples of technology strategy su@esses
and failures from his/her experience, especially if the examples are from companies in the participant's region.
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lmplementing technology is fundamentally a technology transfer process. lt starts with the transfer of technology
ftom external and intemal sources to those responsible for the research and development p@ect. This is true even
if the technology is developed entirely outside the company. Next there should be interaction between the R&D
people and those that will ultimately use the technology once it is ready. This technology transfer is two-way. The
researchers communicate what they are leaming as they proceed with the development activities to the users and
the users inform the developers about the application and how the development will or won't be useful to the users.
The better this two-way communication is the more likely the resulting technology will meet the needs of the
application. Finally, the completed technology is transfened in a physical sense to the application. lt is implemented
or installed into the application. However, technology transfer at this stage is more than physical. The installers and
the users must be taught about the technology, how to use and maintain it properly. Technology implementation is
about technology transfer.
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lmplementing technology in developed and developing technology projects have some things in common, in spite of
their fundamental differences. lmplementing technology involves financial commitment. The amount invested
usually increases as time goes by. lmplementation activities need to be structured in a way that, as the amount at
stake increases, the uncertainty involved in the technology decreases. Reductions in uncertainty reduce the risk of
failure. Structuring implementation activities according to the following concepts will help reduce risk.
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Methods of technology acquisition, as pointed out in Module 3, fall into three categories: intemal, extemal
and some combination of internal and external. Even a cursory look at these will reveal that internal
acquisition methods and those with a significant component of internal acquisition were generally
technology development projects. At the same time it will be seen that external acquisition methods and
those combinations that were primarily external acquisition tend to be dealing with already-existing
technology or developed technology. Technology implementation projects, therefore tend to fall into two
categories: implementing technology development projects and implementing developed technology.
These categories have some fundamental differences. Sections 4.2 and 4.3 of Module 4 will address how
to conducl projects resulting in these two types of technology implementation.

The fundamental difierence between developing and developed technology projects is that they are two
different steps on the road to the use of technology. Both are necessary, but in the case of developed
technology implementation, someone else has completed the creation process. lt needs only to undergo an
implementation process to make it useful to the company. Developing technology projects must complete
both the technology creation process and the step of being inserted into the company in a fashion which
makes the technology useful. This fundamental difference results in other characteristic differences.
Developing technology projects are done by research and development people, while developed technology
projects are implemented by operational people. These people tend to be difierent in nature, education,
and priorities suggesting a need for some difierences in approach. Finally, developing technology projects,
regardless of how well they are planned, have a degree of uncertainty about them, while developed
technology projects are more straightforward. This difierence must also be addressed.
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Technology development projects are characterized by uncertainty. The developers begin with a collection
of known information and a goal or conceptual description of the final output. The gap between what is
known and the final output is unknown. Although the primary purpose of a technology development project
is to create the output, the project itself consists of a set of activities that are designed to convert the
unknowns into knowns. The project must be structured in a way that uncertainty is driven out and those
responsiHe for the project can make informed decisions. An effective structure is the Stag+Gate Process.
The project is divided into the follorring seven stages with GO/NO-GO decision gates between each stage:

. idea

. preliminary assessment

. COOC€pt

. developrnent

. testing

. trial

. launch

Each stage is designed to reduce uncertainty to a new level and to provide the company's decision makers
with the information they need to decide if the project should continue to the next stage or be scrapped.
Robert Cooper of Canada's McMaster University, developed a process that is now used by many
companies all over the world.
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Dr. Coope/s stage'gate process forces the company to continually consider and evaluate the technology
being developed from technical and market perspectives. The flow chart on this and the next page
illustrates this. The center column of boxes contain the project's stages. To the right of the column of
stages are the technical activities that need to be done. To the left of the column of stages are the market-
related activities that need to be completed. The project cannot proceed to the next stage unless the
technical and market actiWies have been done and the results are en@uraging enough that the company
management can justify the further investment that the next stage will require. lf proceeding to the next
step is not justifiable, then the project is killed and sent to the graveyard. This forces the company's limited
resources to be spent on projects in which the unknowns are converted into knowns, and the neul-found
knowns provide evidence that the project will be successful.

The first stage consists of idea generation. The idea can come from an identified market need that requires
a technological solution or from a technological breakthrough that needs development to result in a product
or process that will benefit the company. An initial screening of the idea by company management, against
company goals, will lead to discarding of ideas that do not fit the company's plans. Those that appear to
have a fit are permitted to proceed to the next stage. The preliminary assessment is done from both
technical and market perspectives. The preliminary assessments, which are "quick and dirty", look at the
market and the technical hurdles to be encountered in the technology being considered. A description of the
products and rough estimate of the sales that could result from the technology to be developed is made. In
addition, a description of the technical unknowns that stand between the present state of the technology
and the conceived products, a rough estimate of the money and time needed to achieve the technological
goals, and an assessment of the likelihood of success is made. This information is submitted to
management for a decision. Management looks at the issues involved, compares the benefits and costs,
considers the risks in light of the company's financial and technological position. lt then decides if the
project is to proceed to the next stage or if it is to go to the graveyard.

Technical or market activities that produce a negative answer to an unknown are blessings in disguise.
Although no one wants to leam that the technology development that was planned will not work, the sooner
this is found out, and investment in a "dead horse" is stopped, the better. The stage-gate process is
designed to find out the most obvious project stoppers early in the process before inrestment is too great.
The stag+gate process is iterative. The technical and market assessments are repeated in several stages,
each time in greater detail.
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Easy-teidentify reasons (i.e. low monetary and time investment) to kill the project are found as early as
possiHe to minimize investment in a project that cannot succeed. More elaborate assessments are made
in the concept, development, testing, and trial stages, each time trying to establish whether the project will
succeed or should be killed.

In the concept stage, conceptual descriptions of the ultimate product(s) are developed from a market and
technical perspective. This further defines market and technical issues that must be solved. Some
hypotheses are developed and experiments designed and conducted to prove or disprove the theories
behind the technology being developed. The technical work can be described as applied research and
experimental development. Initial market studies are conducted to see if the products conceived have
market potential. The concepts and the results of the technical and market tests conducted are submitted
to management for a third GO/NO-GO decision. lf the pQect survives this stage it moves to the
development stage. Here full-fledged product (or process) development activities are conducted. On the
technical side, remaining experimental development work is completed, engineering design is done and
prototypes are put together. On the market side the marketing plan is developed. Management reviews
the resulting prototype and the marketing plan against its goals for the project and again makes a GO/GG
NO decision.

The product(s) that can result from the new technology have now reached a stage where they can be
thoroughly tested for technical performance and market acceptance. These tests can un@ver issues that
will kill the project, even at this late date, or will require further development to address. Management
considers the results of the technical and market tests and decides to kill, go on to the trial stage or retum
the projec{ to the development stage for further work. The trial phase produces small amounts of product
that are sold to customers. The market acceptance of the product, along with the problems encountered in
the trial production, form the inputs to the last evaluation point. The management looks very hard at the
results from a business perspective. The project should have uncovered and dealt with any negative issues
by this point. However, it is possible that market or production issues not knoam until the project reaches
this stage can still kill it because the risk of the impact of failure on the rest of the company may be too great.
It is also possible that some solvable market or technical issues have been identified. Management, after
being supplied with an estimate of the cost and time to address these issues, can decide to return the
project to an earlier stage for further development. lf, howevel all the signals are "GO", the development
project is complete and the product is launched.
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The stage-gate process as described above is focused towards technology development projects that
result in a product that the company makes and sells. In those cases where the technology
development project results in a process improvement that makes it possible for the company to make
its current product better, the stage-gate process is very similar. One difference is that the "market"

includes those responsible for the products made with the present technology. They must be able to
see that new technology will have the improvements expected without introducing unexpected
problems. Another difference is that once the project reaches the launch stage, it is placed into a new
project, a developed technology implementation project. This topic will be covered next.
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lmplementing developed technology has a lot in common with implementing developing technology pro,iects. The
most important similarity is the fact that each implementation is a distinct project with a beginning and an end. The
project needs a plan with a schedule and clear GO/NO-GO decision points, a project team, and well laid out
responsibilities. The stage-gate process with some modifications is well suited to implementing developed
technology projects.

The areas of difierence have more to do with people and circumstances than with the process itself. Developed
technology implementation projects have less technical uncertainty but more people uncertainty. People uncertainty
is partly due to the fact that the project is to be done by operational people rather than development people.
Operational people have less experience and feel less comfortable with uncertainty. They are more likely to feel
threatened by the new technology. Much more emphasis must be placed on training and communication of the
benefits of the technological improvement. In addition to this is another major difference. The people implementing
developed technology also have to cope with the day-to-day business as usual while they prepare for the transition
to the new technology. They, in effect, have to do two jobs. The person working on a technology development
project does not have this added burden.
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The first key to successful implementation of developed technology projects is to realize and remember that the
implementation is a project with a beginning and an end. \Mth this understanding, a team of affected persons can
develop a project plan by using the checklist in the slide above.

Documenting the project plan by developing and writing down the details associated with eacl'r of the items in the
checklist addresses the first major cause of implementation failure - poor communication. Documenting the plans gives
everyone involved something to refer to. Everyone is then at least trying to "sing from the same song sheet."
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A flow chart illustrates the flow of work from the beginning of the project until its completion. lt consists
of boxes containing words describing each step or set of activities connected by arrows that
demonstrate the order of the work. lt illustrates decision points by showing steps that if certain
conditions are not met the project either stops or returns to an earlier step. lt shows when some
activities can be done in parallel and when they have to be done chronologically.
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The project milestone status report puts a start and end date on each step (the set of activities in a box on the flow
chart). The milestone status report also records actual completion dates which provides feedback to the project
planners and the performers as well as management as to hcnr well the project is meeting the schedule.
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A Gantt chart graphically illustrates the information in the milestone status report. lt consists of the list of project
steps on the vertical axis and time on the horizontal axis. lt shows the beginning and end point planned and actually
experienced for each step. Some Gantt charts also contain a column that indicates how each step compares to the
others in terms of the amount of effort required. This is often called weight and is expressed in percent of the total
budget or person-hours required.

The Gantt chart above has two bars for each step. The white bar is the plan for each step and the cross-hatched
bar shows what has actually happened. The Gantt cfrart is both a planning and a pQect management tool.

A Gantt chart can be enhanced by adding an S-curve. The S-curve illustrates the planned expenses throughout the
project in percentage terms from the beginning (0%) to the end (100o/o). Plotting actual start and end dates and
actual expenses (S-curve) on the Gantt chart provides management and the project team with a very quick
understanding of how the project is doing relative to the plan in terms of completion of steps and expenditures.

In the S-curve example shown on the slide, the actual expenditure rate is slightly behind that planned. This could be
because the project is behind schedule or because activities are being completed below budget. The Gantt chart
shows that some activities were behind which is what has caused expenditures to lag the expenditure plan as
represented by the dashed S-curve.
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Gantt charts clearly i l lustrate the project's steps and their t iming However, they do not show the interconnectedness
between steps In order to show that an activity in Step 2 must be completed before another activity in Step 3 can
begin, the flow chart or a version of the flow chart used for more complex projects called a network diagram is used.
The f low charVnetwork diagram sacr i f ices the c lear relat ionship wi th t ime that the Gantt  chart  has in return for
i l lustrating interconnectivity between steps
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Another useful tool is the work-breakdown structure. This shows the roles of each participating department in each
step. The flor chart and Gantt chart show when each step is to be done. This shows what each group's role in the
project is. This adds the "by who" aspect to the project planning activity in more detail then there is room to put on
the flow chart or Gantt ctrart.
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An essential tool for a successfully developed technology implementation project is project team meetings. The
p0ect team should be a multidisciplinary group that together has the set of skills and knowledge needed to properly
introduce the new technology. lt should include those involved in the technology's oeation (from in-house R&D or
from the technology supplier), those responsible for the physicat construction activities (internal maintenance
personnel and external contractors), those that will be responsible for using the technology after it is installed
(production workers and management), and a representative from the company's management. The primary
purpose of the meeting is to ensure that all are kept abreast of happenings on the project. Project management tools
like the milestone status report, Gantt chart, S-curve, complex network diagram and work-breakdorn structure are
updated and presented at the meeting. Problems encountered are discussed and decisions made.

Those knowledgeable about the technology are necessary because implementation plans may include decisions that
will negatively affect the performance of the technology. For example temperature control may be critical for
successful operation. Without technology experts on the team, this fact could be overlooked and no provision made
for controlling temperature to the accuracy required. The production workers that will use the equipment will have
suggestions about physical layout, location of the control panels, and interaction with other processes that, if heeded,
will lead to long-term efiiciencies. The construction and installation people will be able to adjust their plans to deal
with suggestions and requirements from production and the technology experts. Finally the management
representative will bring the decision making authority to enable decisions to be made in the meeting. This is
especially important if issues come up that require additional expenditures. The management representative can
either make a decision on the spot or, dter hearing the arguments for the additional expenditure, be in a posit6n to
make the request to the rest of the management team in a timely fashion.
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Communication to the rest of the organization is also critical. A major hurdle to be overcome in any new technology
introduction is the need for acceptance of and overall enthusiasm for the new technology. This has to start long
before physicalwork begins. The new technology should not be a surprise to anyone in the company. People must
see how the new technology will help the company survive and thrive thereby protecting their jobs rather than being
a threat to them. Even if the new technology will result in some staff reductions, the point has to be made that if this
company does not do this and the competitor does all the jobs are in jeopardy.

The level of detail required depends on the role of the people receiving the communication. The most complete and
frequent communications will be within the project team. The company's management needs status reports
highlighting any issues or variances from the plan. Those affected, the production workers that will use the
technology and those interacting with the technology such as being responsible for providing material to be
processed by the new equipment need be informed about things that affect them. This includes announcements of
progress, explanation of reasons for delays, and tours of the site so they can begin visualizing the new environment.
They also need a forum to discuss concems and to point out any short comings they see in the plan. The greater
the level of involvement in the planning and construction phase that these people have, the less resistance to the
new process will be experienced. The last group that needs to be communicated with are those in the company that
are not really affected. These people still need to be informed of plans and progress so that they feel involved.
Highlights of progress posted on bulletin boards shourd be sufficient.
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Technology implementation is fraught with problems. On one hand there are a number of factors encouraging
technologicalchange. The potential benefits of the technology itself and the evangelistic endeavors of the technology
experts push for change. The needs and frustrations of the user can provide a "market pull". However, these factors
must have enough energy to break through the barriers to technology transfer that form a wall of resistance to
change. The more that can be done to reduce or eliminate the baniers to technology transfer, the greater chance
that the energy provided by the factors encouraging change can break through the wall. Barriers to technology
transfer can be understood by looking at the problems in technology implementation and their solutions. This section
looks at problems and solutions in implementing technology projects.

Technology implementation project problems vary depending on whether the project is to implement developing or
developed technology. Common problems include the lack of appropriate measures, poor communications, and
slipping schedule. Technology development projects also suffer from a poor understanding of risks and costs, poor
understanding of the ultimate application of the technology, lack of decision points, and inconsistent management
commitment. lmplementing developed technology projects sufier from resistance to change, poor managing of the
project's logistics, and the fact that those involved are often preoccupied with the present operations that must
continue simultaneously with the implementation project, Section 4.4, lmplementation Problems, will discuss
problems and solutions in these two types of projects.
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Technology development projects often suffer from a lack of understanding of the costs, risks and benefits. This is
normal because the very nature of technology development is that the result is unknown. Therefore the time and
costs to accomplish the development can only be estimated. The actual impact of the developed technology is also
unknown. There are risks in being able to accomplish the development as planned and concerns that the
development may not have the impact hoped for. Even the degree of risk can only be estimated. The ideal solution
to this problem would be a method that defined @sts, risks, and benefits. However, this is not possible. \Mat is
possible is to undertake a concerted effort to establish costs and benefits and to update them as findings in the
project change the information available.

lmposing a project management system like the stage-gate process already described is the beginning of dealing
with the cost side of the equation, Those in charge of the project must take more care in estimating costs in order to
make a plan which success will be measured against. The key to doing this is to first establish what is known and
predictable. Then, for the more difficult aspects of the development, establish best-and worst-case scenarios, and
make some assumptions that will enable the conversion of this range into a discrete estimate. Gommunicate and
document the assumptions, as well as the best-and worst-case scenarios. As the project proceeds new information
will be developed that will convert some of the unknowns into knowns and will change some of the assumptions. Use
this information to update the plan so that management is always dealing with the best information. Be sure to
include manufacturing costs in the discussions, In order for management to fully understand the costs they need to
see the costs from the beginning through to installation of the resulting technology.

To properly estimate the benefits, the revenue impact on the company resulting from the technology development
must be made. This entails conceiving the product(s) that will be possible with the technology, estimating their
market and the impact on the company. The company's marketing personnel must be key players in this process.
The same process of establishing what is known, defining the best-and worst-case scenarios for the unknowns,
documenting, and constantly updating as more information is developed, should be used for benefits as was
proposed for costs. Management needs to understand the costs of the technology development in light of the
benefits to fully assess the value of the project.
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A related issue to consider is the fact that researchers do not tend to think about costs or benefits. They are more
motivated by the new discoveries that could result from their work than from the business aspects of revenues and
expenses. Managers, on the other hand, do not understand the risks and problems involved in technology
development. They expect to be able to treat predicting costs and outcomes with the same level of confidence as
other aspects of the business. The first step to dealing with these problems is recognizing that they exist. When
researchers realize that managers need to see technology development in business terms they can communicate in
the managers' language. Using a stage-gate process and reporting results against a plan and schedule will go a
long way toward helping the manager understand the technology development process. When managers see the
controls in place that they can understand, their minds become more free to appreciate the difficulties that
researchers face. They will then build contingencies into future plans to enable the organization to deal with the
uncertainties of R&D.
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There is plenty of evidence to support the theory that if the technology development team does not
understand the application for the technology they are developing, the result of their efforts will not meet the
company's definition of success. The company wants developments that have a positive impact on its
bottom line. lt is unlikely thd developing technology that does not directly fulfillthe needs of an application
will have a positive financial impact. The solution to minimizing the risk of not meeting the apptication's
needs is for the techndogy development team to understand the application in complete detail. There are
several problems working against this. First, researchers preferto spend their time in their labs and ofiices.
They do not like it out there in the plant. Second, no matter how much efiort researchers put into
understanding the application, it is not the main focus of their life. They will never know as much about the
application as the those that work with it daily.

The solution to the first problem is to take the researcher into the plant. ldeally he/she should be assigned
to work along side the production worker for a fal days. Give him/her ample opportunity to see what the
process is intended to accomplish, to experience the limitations and frustrations of the present technology,
and to understand other constraints imposed by other processes and the environment. This may not be
practical for all of the project team, but there must be at least one of the researchers that can see the
problem from the application's perspective. Since the researchers can never fully understand the
application, an application person should be on the technology development team.

There is a third problem in the understanding of the application area. This is the fact that application
personnel can be a hindrance in the technology development process because they do not understand
technology well enough to see the potential. This can be dealt with by constant communication. Placing an
application person on the team will create the forum for this. In addition, conducting experiments that
further demonstrde the capabilities of the technology relative to the application will shonr that there is more
to the theories than words. People involved in applications tend to be motivated by practical and visual
experience, while those in the more academic activities like R&D tend to relate better to concepts and
theories. This communication style gap must be bridged.
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Lack of appropriate measures of progress result in projects that run on and on, constantly draining
funds and never accomplishing their goals. Part of the problems is a lack of understanding of the
project's goals, how the project goals fit into the company's plans, and knowing what to measure. The
root of the problem is in the cultural difference between R&D personnel and management. R&D
people are primarily interested in science and development, while the company's management is
interested in financial viability. lt is not necessary to change these cultural differences, it is just
necessary that they are understood. When management realizes that R&D is not motivated to study
the company's financial situation, they can provide information to help R&D see their role in the
company's big picture. When R&D sees how the company's financial success relates to what they do
and how financial success makes it possible for them to continue to do what they do, they become
more willing to provide the measures management needs.

The next issue is knowing what to measure. This can be established by understanding what
information is needed to reduce risks quickly. lnstituting the stage-gate process with clear milestones
and decision points is key. At each decision point certain information is needed for management to
make decisions, and agreement must be reached between the research team and management as to
what information is needed to make those decisions. This will dictate what has to be measured.
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The never-ending project is often the product of the inability to decide. Inability to decide costs the company
in several ways. At times, spending on the project continues even though results do not suggest that the
investment is wananted. This is purely a waste of resources. On other occasions, the project continues in
R&D even though the technology has been developed far enough to be implemented and earn some
revenue. This is also a waste of resources, although it does not appear as bad because the project has
had technical success. However, until the technology is implemented into a revenueearning application,
the result is the same.

The problem has two sides. The first is a lack of decision pclints. Without deliveries and schedutes, there
is never any time or reason to evaluate the project. The lack of milestones just allow it to continue
indefinitely. A properly-managed stag+gate process solves this. The decision pcints are specified and the
decision makers are presented with the information they need to make their decision. The second side is
that the responsibility for the decision has not been assigned to the right person. Often the head of the R&D
group is expected to make decisions on technology development projeds. Although he/she needs to be
accountable forthe activities within the group, this is usually not the right person. The R&D managertends
to put his/her love of science and development ahead of the company's best interests. A person with the
needs of the business as his/her first priority must be the decision maker.
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Poor communications tend to be at the root of many problem areas in organizations, and technology
development projects are no exception. The problem can lie with the developers not communicating poor
progress and/or potentially project-killing problems. lt can also lie with a disinterested managemeril team.
Either can have serious impact on the success of a technology development project. When both proHems
are present the project is doomed to failure.

To have effective communications, an environment of trust must be creded. R&D must knovv that their job
is not on the line if they reveal project-killing information. ln fact they should be rerrarded for saving the
company from wasting resources. They must understand the connection between overall company
suc@ss and the continuation of their R&D activity. The communication process can be further enhanced
by using project status forms. lf providing good information is easy to do, it is more likely that lt will happen.

The best way to interest management in the results of technology development projects is to present
information in their language. This means discussing technology development in light of the company's
strategic plans. lt means talking in costs and benefit terms, and making recommendations based on cost
and benefit logic. They must demonstrate that those involved in the technology development projects
understand the company's overall goals and know what part their activities contribute to those goals. The
best way to encourage R&D personnel to reveal the truth about their projects is to build an attitude of trust.
R&D personnel have to feel safe in the presence of senior rnanagement.
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Technology development projects are often initiated in companies with the initial approval of management, but where
management has no real commitment to the projec{. This is especially common in small companies which are generally
cash poor. lt is hard for the manager (usually the owner) to spend money in technology development that is not going
to have immediate retums when it is needed in other areas liko sales or produc{ion that will have quicker results. Ofien
the manager does not understand the proiect or believe in the benefits. Related to this is that he/she expects the
solution to happen quickly and has no feel for hqfl much money he endeavor will require.

The solution to this is two fold. First, the communication and contol methods already discussed will help the manag€r
understiand the problems and benefils and will at least provide logical times for stopping the proled (i.e. at a gate).
Second, deal with the tinancial pert of fis problem. Wth the thorough cost $timating analysis aheady discussed, the
manager can be infomed of the best-and worst-case cost scenarios. Similarly, the potential benefits can be quantified.
\A/ith this information, assuming the project is viable, the manager becomes knoflledgeable €nough to dgcids if the
project is wo hy of the investment r€quired, not just a drain on the companys resources. He/she will then be willing
to put the financing in place lo manage the cash f,or during the d€velopment period. The project should not be started
unless thE financial plam have been put in place. \Mth finances under control, the manager is fiee b make GO/NG
GO decisions based on technical and marftet information generated by the project rather than oubide pressur$.

Another problem that b common in small companies is he company o$rner wants to micromanago th€ proiect. This
is especially true in companies that grew out of an invention that the owner made. Technology and product
dgvelopment i3 this person's first lor,€. Ho$/ever, the orlrner does not have time to devole to tecfinology de\relopmenl
while also running the busin€$. Proieci managgrs are frusirated because the boss flies in with ideas (that the stafi
pr€sume to be orders) and fiies out again. The manage/s authority is undermined and he is left to dean up the mess
cau36d by poorly thought out ideas. \ rorse, the otlrner gets ups€t wih stafi for not keeping on schsdule, not rcalilng
that the main cause of delays is his d€mands.

The projec{ team with the stag$gate process ofiors a solution. The owner should be on the team. Take advantage of
his/her love and talents in the developm€nt area. Since he/she has to make the milestone decisions anyway, the
kn(nflledge devsloped from being on ihe team will be an asset at decision time. The ovne/s rcle would be limited to
team meetings. The rest of the time can be spent running the businoss. He/she has to agree to bring ideas to he
team to be discusssd and a team decision made about what to do with them. In this way the good ideas will be tested
and used and the poor ones will be a$essed and discarded without diverting the stafi onto difierent paths. The proiect
manager is no longsr placed in ths position of having to either undo the efiec{ of the o$rner's "suggestion" or having to
be viewed as in opposilion to the o$rner. Nov h€/she is responsible for implementing team decisions, knotrring full well
that he/she has the support of the owner.
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Technology development projects usually get behind schedule. The development is never as straightfonrard as it
seems. The owner/manager has to accept this reality and budget for it. However, the project team should be given
the original budget and schedule and expected to deliver within their constraints. lf the original budget is expanded
to include the contingency, then the team will expand the work to fill the new budget and still be short. lt is human
nature, at least the nature of the humans who go into technology development. The technology or product is never
good enough for them. This is why it is essential to have business-oriented people making the decisions. The
design of the project is critical. The team has to identify which aspects are most likely to make the project impossible
or at least unaffordable. These need to be done first so that if NO-GO decisions result, they can be made early in
the process. The team has to be willing to be open about its dfficulties so that financial or other adjustments such
as contracting specialized expertise can be made.
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lmplementat ion of  developed process technology has some of the same problems as implement ing technology
development projects. These include lack of appropriate measures, poor communications, and slipping schedules.
lmplementing developed process technology projects are more prone to failure due to resistance to change, poor
management of the project's logistics, and the fact that those involved are often pre-occupied with present operations
that must continue simultaneously with the implementation project.
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Resistance to change is probably the biggest problem facing the implementation of developed technology projects.
lf it is not the biggest, it is at least the most frustrating. Management, having invested in the acquisition of a
technology that can benefit the company, cannot afford to have the investment wasted because the users of the
technology sabotage the project by resisting its implementation. This problem must be solved before it happens. The
solution is realizing the fears of the people afiected. They are operating from a mucfr smaller knowledge base than
those involved in the decision to acquire the technology. Because they do not know the positive impacts of the new
technology, they will assume the worst - that it will replace their job. Resisting the use of the equipment that will
replace them seems like a logical thing to do by someone who believes that they will be removed once the new
process is up and running. This reaction is especially likely when the people affected are "surprised" one day when
they come to work and the new technology is sitting in a crate on the shop floor.

The people affected must be involved early. They should be well aware of the benefits of implementing the new
technology and the dangers of not implementing it long before it anives. ldeally, some of them should be involved in
the technology acquisition decision. Even if the new technology results in some job loss, this fact has to be
communicated long before the equipment anives. Decisions about who will stay have to be made so that those who
will work with the new equipment have the seolrity that they will still be there after the implementation is complete.
Openness and honesty with everyone involved is the best strategy. In return for early and open communication, the
company has the right to expect commitment from its employees. After all, it is the company that issues the
paycheque. They can expect cooperation in return. However, it is in the company's interest to give its employees
the information they need when they need it so that they willingly cooperate.
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Logistical problems, resources not being available when they are needed, are generally the result of poor planning.
lmplementation of developed tecfrnology does not have the unknowns that technology development projects have. The
company should know (or be able to find out) everything that is needed to complete the implementation. lt should
identiff suppliers and find out delivery times for the various components. This information is used in the creation of the
project schedule. The schedule needs to be communicated to all involved so that everyone knows when his/trer piece
of the project must be delivered to mesh with the other activities. In short, the solution to most logistical problems are
making plans and being good at communications.

There are some logistical problems that are beyond the company's control. A common example is when a local
supplier promised delivery on a certain date, but could not deliver because an international supplier did not deliver to
them. Building late charges into the contract will help reduce these o@uren@s. Sometimes they are unavoidable.
ldentiff for which pieces of equipment this is likely to happen and develop a contingency plan for each one. This
consists of alterative activities for the project implementation crew if the equipment has not anived on time.
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Developed technology implementation projects that run out of money are the result of poor planning.
Developed technology projects consist of known entities. lt has been done before. lt is the
responsibility of the implementation team to have a full l ist of the things to be done and the associated
costs. Quotations should be acquired for equipment and services provided by outside suppliers,
leaving only the internal activities with a variable cost. The development of the implementation plan
requires considerable effort.  Nothing should be missed. But, since we are human and fal l ible,
management needs to set aside some budget for contingencies. The project should not be started
unless there is money to complete it. However, if the company's financial situation changes after the
project has begun and expected resources are not available, the company needs to identify this as
early as possible and postpone the project until finances can be arranged to complete it. Losing the
company to acquire new technology, no matter how wonderful i t  is, makes no sense. l f  the
implementation project is draining all the cash to the point that it cannot continue operating, the project
must be stopped.
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The problem of lack of appropriate measures of progress has two components: knowing what to measure and not
taking the measurements. Not knorving what to measure is related to the planning process. Those who have done
a good job of planning along with Gantt charts with S-curves will know what to measure. They know that the
expenditures have been planned over time, and plotting the actual expenditures on the same sheet as the plan will
show how closely the actual implementation is keeping to the plan. They will also have established milestones that
are to be accomplished according to a schedule. Plotting the actual start and end points for completed actions will
show how well the project is keeping to its time schedule, For tasks underway, the project manager can estimate
what percentage of the work is complete to predicl how close the current task will be to its predicted end date. lt
almost goes without saying that those who do not know what to measure have not done a good job of planning.

Having measures planned but not taking them is a symptom of other problems. Perhaps the plan did not identiff
who was responsible for a task and therefore no one is doing it. This is easy to rectify as soon as it is identified.
Perhaps everything is in place and it is still not happening. This is likely a symptom of lack of commitment to the
project. The person does not realize the financial implications of the project being off schedule. Or the person does
not realize that early detection of a slipping schedule offers opportunity to accelerate other activities or even do some
things in parallel that were planned to be consecutive. These problems can be fixed with some education. lf the
explanations have been made and the person persists in not providing the needed information, he/she witl have to
be replace by someone who will do it. Not only has the project team been forced to make decisions without important
information, the person's attitude will have a negative impact on others involved. The technology implementation
protect is too important to risk people who are not committed to the process.
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As with technology development projects, good communications are essential, All barriers to communication must
be overcome The pro.lect plan must rnclude a communication plan This outl ines what wil l be told to whom, wnen,
and by whom Poor communications are the main cause of resistance to change, and, as has already been pointed
out, the best solution to resistance to change is communications Poor communications can cause team members
to do the wrong thing or to leave out necessary activit ies which could have a serious impact on the schedule
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Preoccupation with present operations ranks near to resistance to change as a chief cause of technology
implementation project failure. New technology implementation projects are often conducted at the same time as
production continues with existing technology by the same people. As the saying goes'When you are up to your
ass in alligators, it is hard to remember that your objective was to drain the swamp". Even though draining the
swamp would get rid of the alligators, you still have to deal with them as long as they are there. Likewise in the
production environment, the day-to-day problems of running the old technology will continue, even though the new
technology promises to get rid of those problems. lf the frustrations of dealing with the old and the new
simultaneously are coupled with some resistance to change the result can be deadly.

Management must account for the additional work involved with introducing new technology while continuing existing
operations in the plant. Some additional staff will be needed, although the complete crew does not need to be
replaced. One or two persons have to be dedicated to the new project while one or two difierent persons have the
responsibility to keep the old process running. The other people can be shr,rffled back and forth as needed. Everyone
will have to contribute more during the changeover period. lf the communication effort has been handled well, the
staff will be enthusiastic about the change and willing to give the extra effort. lf the stafi are not enthusiastic about
the new technology, be prepared to spend a lot of time and energy fighting alligators.
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The schedule will slip with developed technology implementation projects, although the slippage should not be as
serious as with technology development projects. The slippage is usually due to some aspect of the implementation
that took more time than was planned. lt could also be due to late delivery on key components. Management has
to expect some of this to happen and build some slack into the schedule and the budgets. Address difficult parts first
if possible so that if delays happen, there is more opportunity to make up the time or at least adjust post
implementation plans. Also be willing bring in outside expertise to help with problems rather than struggling with
them alone. Generally the opportunity cost of the postponed production far outweighs the cost of hiring an expert to
dealwith a specialized problem that is holding the project back. Schedule slippage can also be caused by resistance
to change, As has already been discussed, resistance is best dealt with by early and frequent communication.
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Technology implementiation projects are conducted by people. These people can be assembled in ad-
hoc style or they can be grouped together into a project team. Creating a formal project team has been
found to be by far the most effective. The fact that it is a formal assignment gives the prolect the impor-
tiance it requires to succeed. lt provides the authority channel for making decisions and a place for pro-
ject execution responsibility. Finally using a project team approach provides opportunity to assemble
the right set of expertise to accomplish the project. Companies have found the best success is with
cross-functional teams composed of people affected by the new technology (the users and those that
interact with them), those knowledgeable about the technology itself, those expert in implementation
(construction, installation, set-up), and someone from management with a overall business outlook and
decision making authority. lt is also very good to have people on the team who want to be there. lt is
much easier to continue and spread enthusiasm for the new technology if the team members are natu-
rally excited about it.
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The role of Project Manager is an absolutely critical component for success of any technology implementation
project. The best companies select project managers that have strong skills in three areas. They must be good
managers. They must be able to handle the multiple demands and pressures that come with a project with
complicated logistics and a variety of risks. They must have a good understanding of the technology involved.
Technical weakness will result in difiiculg in dealing with technical experts on the team, contractors, and suppliers
leading to some poor or untimely decisions. Finally, a good project manager must be good with people. People skills
are necessary to keep the team focused and excited about the project. They are also essentialfor developing buy-
in with afiected employees. As has already been said, if the resistance to change issues are not addressed, the
project will fail. The project manager has a central role in leading the charge to break down the baniers to technology
transfer.

The project manage/s role should begin before the project starts. He/she needs to be given authority and
responsibility for the project. Freedom to make operational decisions that afiecl the outcome of the project must be
given along with giving responsibility for the project. Therefore, the project manager should select or at least heavily
influence those that have responsibility for selecting the project team's members. He/she should participate in the
development of the project plan and its budget. Once the plan and budgets are approved, he/she must have
freedom to operate within those constraints without outside interference between milestones. The pro1ect manager
can be held accountable for the su@ess of the project once he/she has been given this level of control. Without it, is
difiicult for the project manager to deliver and unreasonable for the company to expect success. lt is too easy to
blame others for failings when relevant activities are under the control of someone else.
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Project management is not rocket science. lt is common sense attention to detail, in personal and technical areas.
Plans are based on assumptions, which if inconect cause poor plans. Project managers must be able to challenge
the assumptions upon which the plan was based. Wtren assumptions are shown to be wrong, they must be able to
make the appropriate conections. They have to be constantly thinking and asking themselves questions about the
future. \rVttat happens when the cunent tasks are finished? How are our present results affecting the future plans?
lf the pQect manager is not ready to move to the next step when it is time, you €n be sure the team will not be
ready. One assumption that need not be challenged is that Murphy's law will apply. This says that whatever can go
wrong, will go wrong. Do not be surprised, be prepared.

Project managers should never disregard intuition, lt is the experience factor. lt can be a guiding light when the facts
fail or even when the facts appear to be pointing in a direction that does not make sense. When facts are presented
that do not match intuition, project managers need to be able to ask why. They need to be able to ask in a way that
does not put down the persons with the unexpected findings. The question needs to be posed in a way that
encourages them to either develop a logic that deal with the red light that intuition has switched on or leads them to
re-investigate their fi ndings.

The project manager has overall responsibility for the success of the project. This can be a daunting task. A
checklist of each of the small accomplishments within a task can help. Keeping notes of issues, problems, decisions,
and observations that could affect outcomes will assist the memory that can get clogged with details. lt is especially
useful when the project manager remembers it one way and the person responsible for an activity remembers it
another. A note made at the time goes a long way toward settling arguments. Project managers need to keep the
"big picture" in their mind. Expect to find areas of ever-expanding increases in scope, especially in technology
development projects. These have to be identified and brought under control. Also expect to find people solving
easy problems to keep the overall project on schedule while leaving the difficult things to last. Wtrile working on
easily-solvable problems cetn have an encouraging factor (winning encourages winning), it does not meet with the
overall goal of constantly reducing risk. So long as the difficult problems remain untackled, the risk remains high
while expenditures continue. Project managers need to use every project management aid they can ac@ss to cope
with their responsibilities. In addition to the points raised in this section, projecl managers have access to phase
reviews, project management tools, and communications. These will be discussed in detail in subsequent sections.
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Project team structure has a significant impact on the project's success. Informal teams do not work well. They
represent a lack of commitment to the projec{. Team members are assigned more on the basis of availability than
on their ability to contribute. The members' priorities are with their regular job and work on the pro,iect is an added
activity that becomes a burden rather that an exciting opportunity. Informal teams tend to get too large, making
decision making difiicult and action planning even harder. Much better success has be found with those companies
that assign team members for the life of the project. The project becomes their first priority. They use small core
teams that can more quickly make decisions and react to changing situations. To address the fact that many
functional areas (affected departments of the company) need to be represented, members are chosen that have
experience in several areas, lf required expertise is not represented, the team identifles the need and seconds a
qualified person to interact with them on the portion of the project that requires that expertise.
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Giving the project team clear responsibility and one path for accountability is another factor in successful
projects. \Mten team members report to their functional managers (the departments they normatty work in)
their role on the project will not be theirfirst priority because it is not the first priority of their managers. Each
team member will experience a different set of direction due to the personality difierences of the various
managers. In the informal structure model there tends to be no one ultimately responsiHe for the project.
Even if there is, that person does not have authority over the project team, so he/she has a very difficult time
meeting project goals. Companies that execute projects well have a dedicated core team that is
empowered by the company's senior management. lts primary responsibility is to conduct the project. The
Proiect Team is responsible to senior management, making it very clear who is directing that the project
must get done and get done well. The fact that senior managemerf have ultimate authority on the project
helps give it more profile within the company which helps resutt in success.
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Average companies have been found to typically use administrators to be project leaders. These
people are generally good at using project management tools and can handle things like logistics and
budgets. However, they lack the technical skills needed to deal promptly and effectively with the
technical issues that will arise. lmplementing technology is, after all, primarily about technology. The
best companies have recognized and addressed this. In addition, the best companies have
recognized that project managers must have strong people skills. They must be able to persuade and
negotiate. They must be able to excite and enthuse. They are the generals in the battle against
resistance to change. Project managers in the best companies are strong administratively, good with
people, and understand the technology involved very well.
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In addition to the team responsibility and authority issues, it is also important to define each team member's
responsibility and authority. When member roles are not well defined, confusion and conflict result. When
it is not clear who is to accomplish a task and by when, chances are quite good that the task will not get
accomplished. \Mten it becomes obvious that the task was not accomplished, conflict results as team
members point fingers at their colleagues. This is especially true when the team members role on the
project is secondary to their regular function. \Mrenever the person is pressured with more to do than there
is time for, the project will always suffer. Clearly defining roles and responsibilities for each team member
results in a smooth running project and happier employees.
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Managers not on the team can affect the team negatively or positively. Those who are only concerned
about hor their fundional area is represented on the project are myopic, not thinking about the overall good
of the company. These managers, even if they are not on the team, will still attempt to manage that portion
of the project that relates to their functional area. A functional manager pulling the project in a different
direction than the one the team has decided it should go can be very counterproductive. Functional
rnnagers' energies can be much better spent coaching the team memberthat is representing their area on
the skills and knowledge needed to make sure all the issues that afiecl that area are addressed properly.
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Teams can be very successful if a few key issues are addressed. The first is a living document that defines
the team's goals and plans. This should include the stage-gate and other process design and monitoring
tools already discussed. lt should also include a description of each person's role and how they are to
contribute to overall project goals. The word "living" in the earlier sentence is key. The document should
be developed at the beginning of the project, but not put on the shelf. lt must be reviewed and updated on
a regular basis. The team members have to realize that the project's goals are everyone's goals. Even
though each person has specific goals, they are all responsible for all the overall project goals. They are a
team. The team wins (or loses) together.

The team needs authority over the project to be successful. lt must be able to assign tasks and have the
freedom to acquire the budgeted supplies and equipment. Between the milestones determined at the
project's outset, the team needs freedom to act without interference. This includes the allocation of rewards
for exceptional performance of those contributing to the project. Management is still able to exercise control
by allocating budgets by phases and by making the GO/NO-GO decisions at the milestone points. Teams
are not automatically able to function in this fashion. They need specialized training in project management
and communication. Once operational, they have to communicate - to each other, to management, to
affected parties, and to the entire company.
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The best project managers work very hard to build an attitude of teamwork among those participating in the pQect.
There are a number of things, that by themselves are small, but together go a long way to facilitate this goal.
Locating team members in the same physical location really helps. They see each other every day. They meet in
the hall and the coffee room. Many issues get addressed in these informal meetings. Small issues (that could
become major issues) are generally not addressed when a team member is not located nearby. \fihen contact is
easy and frequent, these issues come up and are dealt with. Project managers need to stress developing
relationships. Team members that trust each other on a personal level are much more willing to expose technical
difficulties that they may be having. The more that know about a problem, the greater chance there is that someone
will conceive an idea that will lead to a solution. Organizing after-hours recreation opportunities like a sports team or
a social get together create good opportunities for developing relationships.

Project managers must be fair and seen to be fair if they are to expect high performan@ from their team. The logic
behind tasks assignment should be communicated. The work load should be as equal as possible within the
constraints of skill and knowledge. Tasks should be in manageable, measurable and doable chunks. Breaking
things into pieces that are too large can be demoralizing because the goal may seem (and may actually be)
unattainable. Making tasks too small results in the pro;ect manager micro-managing everything. This is demoralizing
to the team members because it communicates that the manager does not trust that the team member can
accomplish the task. lt is also an inefiicient use of time and talent.

Project managers need to be well skilled in running meetings. They must come prepared with an agenda of issues
to be discussed and decisions that need to be made, The facts behind the issue must be quickly and clearly
communicated. Team members must be given opportunity to freely voice their opinions and relevant experiences.
The project manager must work to keep the discussion on the subject and recognize when a solution has emerged.
He/she must allow a balance between letting free discussion happen to bring out as many ideas as possible and
limiting discussion when team members repeat a point that has already been made. As soon as it appears that
consensus is near, he/she must make a statement like "it appears to me that our discussion has lead to the folloring
conclusion.....", followed by a statement of the conclusion. The project manager should then ascertain if everyone
agrees with the statement, and if they do, it should be recorded and the discussion should move to the next item.
Long discussions that never reach conclusions can be very demotivating to team members and are certainly not
conducive to good project management. The primary responsibility to manage this area of project implementation
falls to the project manager.
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Good project management consists of good planning and control of actual activities relative to the plan. Planning is
analogous to the theory and has a lot to do with what the planners think will happen. Control has more to do with
dealing with what actually happens. lt is largely reactive, although with good measurement systems issues or
problems can be recognized soon enough that some proactive steps can be taken. The literature is full of material
on planning. The number of tools available to assist in planning are too numerous to count (although most are a
variation on the same thing). The literature contains far less on the control aspect of project management. However,
since plans are worthless without action, the control side of project management must be addressed. The key to
control is measurement. The key to measurement is knowing what to measure, how to measure it, and what to do
with the information gathered from the measurement process.
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Phase reviews are the best method of communication between the project and company management. They
provide a vehicle for communicating progress and for projec't decision making. The best companies design projects
with milestones with specified deliverables expected at each milestone. Each milestone is a decision point where the
compan/s management reviews the findings to that point and decides what to do based on the findings. Phase
review meetings are held at the end of each phase (i.e. the milestone point). The project team presents reports on
the technical and financial aspects of their work, along with recommendations for the future. The company
management receives, reviews, discusses the findings with the team, and then makes decisions about the future of
the project. Those companies that hold periodic or regularly scfreduled project revienr meetings for the purpose of
the project team briefing management on the project results are less successful at technology implementation. This
is because the meetings do not result in decisions. Not tieing the timing of the meetings with project delivery points
(milestones) results in insufficient information being available for making decisions. Projects either continue
indefinitely or are prematurely ended without clear understanding of why. The organization as a whole does not leam
from the pQect.
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Part of the reason why less successful companies have difficulty with technology implementation projects is the fact
that the seat of power for decision making relative to the technology implementation projects is not clear, Even
though it is known that the owner or company president has ultimate authority it is often not clear how the decision
making authority relative to projects is delegated. In some elses the head of research and development has the
power to decide on a project's fate. This does not work well because these people tend to be biased toward
continued technology development rather than using what is best for the company as the primary decision criteria.
Worse than this is the situation where the R&D manager theoretically has the decision making authority, but is
constantly ovemlled by the company owner or president. A third dysfunctional way that less successful companies
handle projects is to have each functional manager responsible for the activities that are conducted by those people
reporting to him/her. This results in a varying degree of commitment to project components and no overall
commitment to the entire project. Finally, the most dysfunctional practice of all is to not delegate responsibility and
authority to anyone. This is surprisingly common. The company management decides to embark on a project and
assumes it will take care of itself.

Successful companies make it very clear who has decision making authority over projects. The most successful
ones have senior management be the decision makers at phase reviews. These people are the best able to see the
big picture and make decisions that are best for the company. The presentations at phase reviews keep them
exposed to the technical side of the company which helps them stay in touch with the company's core technology.
This impacts on the company's success in ways other than good decisions being made. The more exposure senior
management gets to technology and its benefits, the more likely the company will be technologically cunent.
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Phase review meetings are primari[ for decision making. The heart of making good decisions is good information.
The presentation of critical information in a concise manner is critical to making good decisions. Project teams in the
best companies put a lot of effort into developing clear concise information presented in the language and manner
(pictures and charts) that is easily and quickly understood by management. The written information is supplied to
the decision makers prior to the meeting giving them a chance to digest it. Less successful companies do not
prepare all the information the decision makers need and do not present it in a way that is quickly and easily
understood. The result is either poor decisions or no decisions being made because the key information was not
available or understood. Poor decisions and no decisions are quite different results, but neither result in an excellent
company.
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The best companies not only clearly define who is responsible for project phase review decisions, they
put it in writing. They prepare a written document between the project team and the company
management. The document defines the boundaries of the project team's authority. This frees the
project team to operate without interference from management inside the identified boundaries.
Management in turn knows the l imits of i ts exposure and is less tempted to micro-manage. The
project team also clearly knows what issues are beyond its authority and must be submitted to
management. In companies where this is not the practice, considerable management time is wasted
dealing with issues that could be handled at the project level, while issues that have significant impact
on the company are handled by those that do not know all the implications of their decisions. Unclear
(not recorded) authority/responsibility structure leads to poor project performance.
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A common problem at poorly-run phase reviews is that the reviewers get lost in the technical details so that they
cannot make decisions about the project's future. The best companies solve this problem by conducting and
summarizing the technical review prior to the meeting. Management is told about the successes and failings of the
technical aspects of the project and the resulting impact of these facts on the project's future, Management, after
acquiring a good understanding of the implications of the findings, becomes free to make decisions based on
business priorities rather than technical issues. This puts more responsibility on the technical people to honestly
report the implications accurately. The process of forcing the technical people to think and report findings in terms of
implications enhances their appreciation of the need for full and honest disclosure. Recommending that a project be
continued when the evidence states that stopping is in the best interest of the company, may meet the shortterm
technical interest of the project people. However, the long-term negative impact on the company may hurt these
same people far more than not being able to see the project through to its conclusion. Even scientific personnel can
think in practical terms when forced to look at the implications of their decisions.
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Communicating project progress to senior management in a way that they can quickly understand the projects status
is critical in a technology implementation project. Those making the presentations need to be client orientated. They
need to put themselves in the shoes of the company management and think about the information they would need
if they were the managers or owners. They need to develop a vocabulary that describes project issues in a language
that is understandable by the company's decision makers. This is especially difiicr,rlt for the scientific person that uses
scientific terms and acronyms with the same ease as the terms used to describe what he/she wants for breakfast.
Realizing that the audience does not have the same familiarity should lead to the use of either more understandable
terms or regular reminders to the audience of the meaning of some key words, Pictures and charts help immensely.
Too mucft detailwill lose the audience. Leaving out key technical details does not give them all the facts. Managers
need to know what has been arcomplished, what still needs to be done, what are the risks and what are the rewards.
Management and projecl people will find their relationship strengthened if presentations focus on addressing these
four areas in terms the audience can understand.
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Projed management can be greatly aided through the use of severaltools and techniques. The stage-gate process
delineates clear decision points - milestones when decisions to either continue or stop the project must be made.
The process outlines what information must be developed in order for good decisions to be made at each gate.
When the stage deliverables are clearly wriften down and communicated to the project team, management is mucfr
more likely to receive the information it needs for good decision making at the decision point. The milestone status
report conveys hor well the project is adhering to the planned schedule to all those involved in the project. lt reports
the variance between the planned and actual start and completion dates for each step conveying how much the
schedule has slipped and if the rate of slippage is increasing. Schedule S-curves convey the same information
graphically, Some people comprehend visual representations better than verbal, while others understand text more
quickly. The expenditure S-curve illustrates the financial aspect of project progress. lt shows cash flow versus time
and compares it to the plan. A project that is still on its calendar schedule, may be in serious financial trouble.
Company managers, the project manager, and the project team can be easily and quickly informed of the project
status and make necessary adjustments with the proper use of relatively simple tools.

New project management tools are being developed every day. These are advertised in the business media and
promoted through books aimed at progressive business managers. Some companies get caught up in the hype of
the latest and greatest tool and put more emphasis on the toolthan on what it is supposed to accomplish. The fact
that they are using the latest tool is part of their attempt to portray the image of being a strong company. They add
bureaucracy to meet the needs of the tool without understanding the tool and how to apply it for the company's
benefit. They take on the cost of acquiring and implementing the toolwithout accessing the benefit. Best companies
analyse the available tools with their business needs in mind. Those that fit the company and its projects and add
value compared to the present practice are integrated into their project management system, Those that do not are
not acquired. As a result new project management tools have a substantial positive impact on the company.
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Project management can be #ected by other tools that are not in themselves project management tools.
For example many companies use the build-first-and-fix-later approach to technology development. This
approach results in considerable design changes late in the development process which still have to be
proven. This is not consistent with the principles behind the stag+gate process which is designed to
reduce risks as early as possible. This approach allows unknorns to still be unaddressed even though a
product is developed to the stage it is being ofiered to the customer. lf the unknowns prove to be fatal, the
cost of bringing the product to the market launch stage would be lost. The best companies use simulation
tools to deal with as many of the design unkncnrns as possible long before the product reaches the launch
stage. lf these problems prove to be too difficult to solve, the project is stopped long before significant
investment is made. Simulation tools include computer modeling, rapid prototyping, and good old-fashioned
engineering. Many small companies incur considerable financial costs by introducing products with flarus
and weaknesses that a good engineer could have eliminated through engineering design.

Once a tool has been identified as having the potential to have a positive impact on a company, the best
companies implement it into all areas of the company. Less successful companies are less holistic. They
allow each area to develop or acquire their onn tools. Even if each area has done a good job of identifying
the best tool to support its aclivities, the interface problems that result when information from several areas
needs to be combines generally cost more to sort out than the benefits the tools deliver to each area.
Finding the best overall tool that allows for integration of the company's data and easier communication
among project participants is the best practice.
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Successful companies have found that a structured process is needed to manage projects. The pro-
cess is documented. lt defines what information is needed for good decisions to be made. The pro-
cess addresses the part each player (company management, project team, project manager, other
affected people) has in the project. Since the process addresses the role of each player, it is integra-
ted. lt uses information reporting mechanisms that are easy to use (simple forms, asks for data that is
within the capability of those asked to deliver, etc.). A good project management process is conside-
red an important aid by those involved in conducting technology implementation projects, from the
company president to the most junior technician. Everyone knows what is expected of him/her and by
when. Companies without a structured process suffer from project time and cost ovenuns. lt is impos-
sible to keep a project on track when the track is not defined.

Measurements are the key to the control side of successful project management. The best companies
benchmark times and costs and learn from each project. They identify areas where they can improve,
introduce improvements, and measure to see if the improvements expected were realized. Changes
are made in companies where measurements are not taken, and no one knows if the changes helped
things or made the situation worse. \Mren it is time to plan a second project those companies that do
not measure start at square one again. Those that do measure are able to transfer knowledge gained
in the first technology implementation project to the second, resulting in a better plan. The plan iden-
tifies what to measure by setting a target. The measurements report how well the prolect was able to
achieve the target.

-r
Trarnrng fourr "  on

Technology 
lanagement 3 1 3



Some operating rules will help project management. The rules will keep the team from re-inventing the
wheel each time an issue arises. The process for initiating a project needs to be outlined. This can be
anything from a suggestion box to a project application system that accepts fully-developed proposals.
The details of the system are not as important as the fact that there needs to be a system and it needs
to be understood by all. Those involved in projects need to clearly understiand how much flexibility they
have within their projects. Even if the projects have well-developed plans, things will be discovered
during the course of the project that suggest a change is necessary. The team needs to know at what
point do they have to go to a higher authorig to have changes approved. They also need to know that
regardless of the degree of deviation from the plan, the change has to be documented so that they and
others can learn from the change. The team members have to clearly understand the consequences
for missing milestones or exceeding budgets. There must be consequences for failing to meet com-
mitments. However, there should not be consequences for not being able to attain the project's tech-
nical goals. Applying consequences for not attaining technical goals will reduce the team's willingness
to admit failure. Finally, the team needs rules to address when to call in help. There will be situations
(technical and administrative) in which a little help at the right time would be very cost effective. A team
member can flounder for days on an issue that is outside his/her expertise, which can be addressed in
minutes by someone else in the organization.
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Upon receiving the authority and responsibility to manage the project, the prolect manager must share
this with the project team. Assignments must be given in a way that is challenging and rewarding for
team members. They also must have the freedom to manage within the constraints of the project plan,
budgets and schedules for the aspects of the project they have to manage. Knowing that they will be
held accountable for assignments given them encourages stronger performance from each team mem-
ber. Knowing how participation in the project will result technical growth and will provide opportunity
for recognition and advancement will motivate team members even further. The project manager has
primary responsibility for motivating team members by communicating this knowledge to them. He/she
also needs to have primary responsibility for measuring the performance of team members and dea-
ling with any performance problems. Those organizations that do not give project managers control
over the performance management of team members, significantly restrict their ability to manage the
people that together with the manager are responsible for delivering the project.
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Companies must be willing to terminate failing projects. The sooner that the prgect team can conclu-
de that termination in required the better off the company will be. However, project termination must be
handled very carefully. The reasons for termination should never be based on personalities. They must
be business decisions such as: the technology was not as well developed as expected or the market
is not willing to pay the price the company would have to charge for the froduct. Care must be taken to
communicate that the failure of the project was not a failure of the people. People naturally equate their
personal su@ess with what they accomplish. lt is very easy for people to conclude that the project fai-
led because they failed. Management needs to reward prolect teams that recommend project termina-
tion as well as they reward those with a project success. The company also needs to provide new
opportunities for the people involved in a terminated project. Any positive impact from rewarding pro-
ject termination would quickly be undone if those in the terminated project lost their jobs.
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The traditional approach to technology development is linear. The idea is conceived by marketing or
as a result of technological breakthrough. Then it is passed on to a product development group that
develop it to the point that it can be made. Then the manufacturing department tiakes over, creating too-
ling and adjusting the product design so that it is easier to manufacture. Then the product is passed
on to distribution that develops a distribution methodology appropriate for the product. Finally sales
gets responsibility for the product, developing and implementing a sales strategy. This process is
sometimes called pass-the-baton because the responsibility moves from group to group the same way
the baton is passed from runner to runner in a relay race.

The traditional approach is also known as (AlG) over-the-wall because of one of its problems. The
analogy of throwing the product over the wall from one department to the next illustrates one of its basic
flaws. The wall prevents communication between the groups. Once the idea is conceived it is thrown
over the wall from marketing to development. Once devetopment is finished with it throws it over the
wall to manufacturing. And so on. Each group that receives it complains about what the previous
group or groups have done. Development says the idea could never work as it was o1ginally concei-
ved. They "improved" it by developing something that could work, but gave up some features that mar-
keting had consider most important. Manufacturing, after receiving the product over the wall from
development says the product as designed could never be built. They "improve" it again to make it
easier to manufacture while giving up a few more features and introducing an engineering weakness.
Distribution, not knowing how marketing intended to sell the product, creates a system that has wor-
ked for other products but is not appropriate for this one. Finally sales, puts a sales system in place
that is not effective for the type of product.

The result is a less-desirable product that does not reach the customer in the best way and that takes
a long time to develop. In addition, relations among the various groups involved in the process are
strained to the breaking point as they each blame the others for problems that arise.
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Removing the walls between departments would greatly improve the result. lf each group in this chain communicated
their ideas and reasons for design choices that were made, the final product would probably not lose as many
features or appear on the market with engineering weakness or using the wrong distribution channels. However
removing the walls only fixes part of the weakness of the linear approach. A big weakness is the length of time it
takes for the entire process to be completed. Even if each group does its part of the job perfectly well, the time from
idea to product on the market is measured in years. Unfortunately, it never goes that smoothly. Manufacturing will
discover a engineering weakness that results in rejects coming off the assembly line so it throws the product back
over the wall to development for redesign, This not only significantly increases the time to market, it also causes hard
feelings between groups as they blame each other for the problem.

Another problem with the linear approach is the cost. First there is the cost of design changes. lf problems are
discovered while the product is still in development, a design change leads to some @sts, but since most of the
systems needed to bring the product to market have not been developed the cost is relatively small. lf it is discovered
after production drawings have been made and tooling has been built the costs are considerably more because the
drawings have to be changed and the tooling redesigned and rebuilt. lf the change has to be made after the product
is on the market, changes not only include drawings and tooling, they include changes to repair manuals, promotion
information and the cost of either replacing or retrofitting the product that has been made with the design flaw. The
cost of design changes in the electronics industry increases by a factor of 10 for each stage in the development. A
change discovered at the testing stage costs 10 times more than discovering it while the product was still being
designed. Changes made as a result of discovering the need when the product was in final production costs 10,000
more than finding it during the design stage. A change that costs $1,000 to make at the design stage will cost $10
million if made when the product is in final production. This is because major costs of bringing a product to market
have not yet been incurred.
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Parallel implementation (concunent engineering in the case of new product development) addresses the shortcoming
of the "over-the-wall" approach to technology implementation. The benefits are staggering. From reduced time to
market to higher quality. From unique products to increased sales. From improved white-collar productivity to
increased retum on investment in assets. Parallel implementation positively impacts every area of the business.
The results are so impressive, the question'Why doesn't every one do it?" needs to be asked. \Mrile the answer is
partly ignorance (company managers do not realize the potential), it is mainly resistance to change. Companies
need to take a serious look at how their present processes are structured and assess if they are the most appropriate
for their company to be able to compete in this age.
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At first glance this appears rather unbelievable. How can you design the manufacturing process for a
product that has not yet been developed? The answer lies in the underlying concepts of concurrent
engineering. First, more effort is invested before the product development process is begun. This
means that several i terat ions of the market assessment and the init ial  technology investigation
activities are done rapidly and thoroughly. This process clarifies and solidifies the product concept
and establishes market size and production rates. lt also identifies technological problems that will
either kill the project or have to be solved quickly and well if the product is to even advance to the
development stage.

The second concept is that all key players work together from the beginning. This almost unheard of
aspect of the traditional approach happens almost automatically. When confronted with having to
design a manufacturing process for a product that is only a concept, those responsible talk to the
product designers to at least understand what they are thinking. The process people react to the
designers' ideas by identifying those things that are being considered but would be difficult to build
before they are even on paper. The designers respond to the process person's observation with an
alternative that still meets the product concept design goals and addresses the manufacturing issue
raised by the process design person. This interaction also happens with the key people involved in
manufacturing, marketing, sales and distribution. ldeas are shared, critiqued, modified and refined
until a product design emerges that is the best compromise among the often-conflicting demands of
the various aspects of bringing a new product to market.

The third concept is that of coordination. Although involvement of al l  the players happens at the
beginning out of necessity, i t  can stop once the groups begin to be comfortable with their
understanding of the product concept. Actively coordinating the activities of the groups keeps the
interaction continuing throughout the project. lt also makes it possible to adjust resources so the
output from each group is timed to be completed simultaneously.
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Parallel implementation (also known as @ncurrent engineering and simultaneous engineering) promises to
address the problems of the traditional approach. The basic principle is that a number of the development
stages are done in parallel (concurrently or simultaneously). Once the market investigation and/or
technology acquisition is completed far enough that the product concept can be conceived, the development
aspects of the product development process are begun in parallel. The engineers begin designing the
product, the process development people begin the design of the manufacturing process. Manufacturing
begins preparing the facilities where the product will be manufactured. Marketing, sales and distribution
begin to design the sales and distribution systems.

The final concurrent engineering concept is the actual parallel implementation of development in each area.
The product design, process design, manufacturing facility development and sales/distribution system
development all happen in parallel. Each development activity relies on the other ones to provide
constraints and inputs to their oam part. Parallel implementation saves time because so many activities that
used to be consecutive have become simultaneous. Horyever, the aspect of the process that leads to the
involvement in each othe/s development process results in many more benefits far exceeding that of the
time saMng alone.
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Parallel implementation promises many benefits. Reducing the time to market is the first and most
obvious reason why companies consider concurrent engineering. Companies using CE have
measured development times 30% to 7oo/o less than the traditional approach. These companies also
reported 650/o to 90o/o fewer engineering changes representing an overall time to market of 2Oo/o to
90o/o less. The reduction in time to market was due to doing the development simultaneously rather
than consecutively. The reduction in engineering changes was due to interaction that resulted in
design changes at the idea stage, long before the product reached the stage of development that
formal engineering changes were required to redo the design.

The products resulting from the process were distinctive, unique and more appealing to the customer.
This is the result of the involvement of marketing in the entire process. All the features originally
identified by marketing as necessary were not designed out because they were difficult to design or
manufacture. Features that were demonstrated to be important to the customer were maintained
unless it was physically impossible to do so. When a planned feature had to be discarded because it
proved to be too difficult, the concept was retested without the feature to be sure the product still had
sufficient market in the modified form. Fewer manufacturing problems were encountered because the
design was developed from the start in a way that accounted for manufacturing's capabilities. The
more manufacturable product reduced production costs due to faster throughput and less problems.
The interaction between marketing, design, and manufacturing resulted in a higher quality product that
had f ower warranty costs. Overall quality was reported to be from 2OOo/o to 600% better. Sales
increased between 5% and 50o/o and return on assets were increased between 2Oo/oto 12Oo/o.
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Concurrent engineering has led to many product improvements that have either benefited the customer by
giving better performance or helped the manufacturer through reducing the manufacturing cost. CE has
lead to snaPon parts that reduce assembly costs compared to screw-on. lt has reduced the total number
of parts in the product. This has major ramifications from less parts to make and assemble, to less inventory
and parts to maintain in the future. CE has increased symmetry which reduces mold costs because the
same mold can make parts for each side and, for the same reason, reduces the number of replacement
parts that need to be kept. Product design improvements have greatly reduced process problems. Tangling
has been prevented, hard to handle parts avoided, and those that jam during insertion eliminated.
Fasteners not needed have been eliminated and new, more effective ways of assembling have been
introduced. This is all the result of interaction between the product design team and those that have to live
with the results of the design process in the future. Knowing what the product needs to succeed in the
market and then designing it with the understanding of what makes it difficult or easy to produce has a
tremendous impact on the result.
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There are a number of tools that are available that make parallel implementation possible. Most of these
were developed independent of CE, but when considered in the context of CE, and used together with CE,
enable the kinds of gains that CE has delivered. These tools will be discussed in three sets. The first group
is a collection of industrial engineering approaches often used by process development. Each has merit on
its own, but when used in parallel by an interacting team, they have a massive synergistic effect. The
second group is similar, with the only difierence being that these are tools are more often used by design
and development personnel. These have also been used for years independently, with the CE approach
bringing their value to the forefront. The third group have come onto the design and development scene
more recently, being the product of the explosion of computer technology.

For years industrial engineers have advocated that a collection of "design fors" be used to make life easier
in the manufacturing plant. Design fors include design for manufacturability, assembly, testability, reliability,
and maintainability. These are a list of very logical things to do to result in a better, easier to make product.
They also just happen to represent the core of the benefits of parallel implementation. lf the product
designer considers the needs of the people and processes involved in manufacturing, assembly, testing,
and the user (reliability and maintainability), the product will be much betterthan the over-th+wall approach.
lf the experts from these various areas of the company are forced to interact with the designer as the design
unfolds because they are trying to develop their processes at the same time, the resulting product will be
better yet. A matrix diagram of the product's parts and features will help the multifunctional group keep
track of aspects that have been addressed (correlated), those that have yet to be addressed, and those
parts or aspects that were eliminated through the CE process. Finally, process development must develop
a master schedule for manufacturing the product. Critical path scheduling identifies the optimum order in
which the parts have to be made. The parts on the critical path must be made on machines that will reliably
deliver them when they are needed. Those not on the critical path have more flexibility.
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The next set of basic engineering tools has also existed for years. Product developers that use basic
engineering calculations such as strength (load capacity), deflection, impact of thermal changes, fatigue,
etc. can significantly reduce the number of prototype iterations required to bring the product to the final
stage. Engineering enables prediction of product performance under a variety of conditions. lt is amazing
how many small companies do not take advantage of this very old profession. Many do not have engineers
because they have never worked with one, or have had a bad experience with a poor one, and therefore do
not know what engineers can do for them. Engineers are considered glorified draftsmen. There are a
collection of analysis tools that engineers have used for years that can aid CE. They are: value analysis
(putting a value on each part of the product and attempting to eliminate those parts that contribute little
vafue to the customer), Pareto analysis (80o/o of the problems come trom 2Oo/o of the parts, 800/o of the value
comes trom 20o/o of the cost), cost-sensitivity analysis (which features affect the cost most significantly
versus how necessary they are), and failure mode analysis (engineering calculations that demonstrate
which conditions will cause failure and what that failure consists of). Other tools that overlap into the
process development include: process design and simplification, quality function deployment,
benchmarking, and continuous improvement. The use of these tools in a multifunctional context improves
their individual impact and makes it possible to develop the product and the processes necessary for its
manufacture and sale simultaneously.
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The final set of tools to be discussed in this section are computer based. The phenomenal growth in
computer capability and associated cost reductions in recent years has made it possible for small
companies to access these tools. Solids modelling enables accurate visualization of the product for market
development purposes as well as identifying interference problems and conducting engineering calculations
such as center of gravity on irregularly shaped parts. Finite element analysis conducts further engineering
calculations (stren$h, deflection, thermal effects) much faster and to a higher degree of accuracy than can
be done by hand. Rapid prototyping produces a plastic version of the product quickly to further help with
visualization. CIM (computer integrated manufacturing) and electronic communication systems enable all
to be working from the same information. Computer databases enable storing of existing part information
which reduces the time involved in estimating costs. Tolerance splitting programs calculate stock allowances
and their tolerances.
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The term multifunctional has been in common use for a number of years. lt has been recognized that
bringing a variety of expertise together onto a product design team produces better results. Having the
electronics, plastics, and mechanical people designing together produces a product that is better integrated.
Parallel implementation has carried this concept further. The team includes experts from all areas of the
company (design, testing, manufacturing, purchasing, marketing, sales, etc.) as well as some outsiders
such as vendors and customers. Each contributes to the design or technology implementation, working
toward a common goal. Each learns from the others. They each return from team meetings to their orn
area to work on their aspect of the parallel implementation with a full knorledge of the projecl's status and
what everyone in the project requires for their component to work well.
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The key to parallel implementation su@ess is frequent meetings and simultaneous data sharing. Everyone
is updated regularly and frequently. Everyone gets the same information at the same time. Everyone
works toward a common goal. One result is that the time to market is reduced because the planning and
implementation happen in parallel rather than concurrently. Another is that everyone's constraints are
considered by everyone. The product hits the production line with far fewer start-up problems and it meets
the needs of the market niche that it was intended to serve. The same is true for implementation of
developed technology projects. Because everyone's constraint has been considered, the technology
successfully delivers as expected from the moment the switch is tumed on.

rF

Trarnrng fourr "  on
Technology Ianagement

I
343



Parallel implementation is not easy to keep going. lt requires strong leaders committed to the concept.
Turf battles and petty interdepartmental issues must cease. Change is the norm and leaders have to
work daily to keep the enthusiasm for change and the new way alive. Some helpful hints include
moving teams close together to encourage informal interaction, creating situations where team
members interact with customers, and having design personnel spend t ime in manufacturing.
Interacting with customers helps the designers see things from the custome/s perspective. Getting
his hands dirty in the shop helps him be more cognizant of the concerns of the shop floor personnel.
Parallel implementation needs constant attention to the soft stuff. Reward and measurement systems
must reward and measure the right things. Company values and the norms expected of company
employees have to be communicated and recommunicated. The company and its employees have to
realize that peoples' attitudes are as important as their technical skills. In fact there are those who
believe that it is easier to teach new technical skills to someone with the right attitude than it is to
successfully use someone with strong technical skills and some attitude problems. Teamwork is
central to parallel implementation and if a person is not a team player he/she hurts the entire team.
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Change is a very real component of technology management. New technologies are needed because of
the relentless pressure for change being imposed on the company by external forces that the company
cannot control. The process of implementing new technology is, in itself, the introduction of significant
change into the company. This exposes the many resistances to change that reside within the company.
As has been said many times in recent years, change has become the only thing that does not change.
Constant change is with us. Companies must learn how to manage change and manage themselves in the
midst of change if they want to survive and grow.
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Companies experience many pressures for change. Customers have a never-ending list of new needs and
desires for improvement of the existing products. They are more educated and experienced causing them
to be more discerning and more demanding. New industries appear from nowhere that compete with
existing industries. Look what computers did to typewriters and what plastics did to steel. Legislation,
especially environmental legislation, is imposing significant controls on manufacturers, forcing them to
change the way they make their products or even forcing them to cease production altogether. Globalization
is opening the door of every market to everyone. Not many years ago companies, especially the smaller
ones, considered the local area to be their market and the competition to be the company across the street
or in the next town. Now companies have access to international markets and international companies are
competing in small local markets. Customers love it because they have the pick of the best products in the
world. This change is enormous and life threatening to companies that do not react in the right way. Jobs
are changing. lt is almost impossible to acquire an education or training that will prepare a person for
his/her career. The university degree or technical school diploma are only good for a start. A person must
continue to learn or fall by the wayside. And finally, one technology, information technology (lT), is driving
change more than all others. The information available is growing at exponential rates. Accessing and
managing it a massive growth industry. lT plays a huge role in technology acquisition, implementation, and
management. In many ways it is both part of the cause of change and a component of the solution for
dealing with change.

Change, in spite of the enormous pressure causing it, is not easy. The risks are huge. The difficulties are
daunting. Companies must develop the capability to manage the risks and deal with the difficulties. The
first step in this process is education, learning about the elements and risks of change, and exploring
concepts and methods for addressing change.
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The elements of change, in the context of technology implementation, include process design, staff training,
culture reshaping, organization restructuring, and reward and measurement systems development. The
degree of change being introduced afiects the amount that each of these have to be changed. A simple
analogy would be that the amount of change required to change from an oval to a circle is nothing like
changing from a rectangle to a circle. The result is the same, the effort required is significantly difierent.
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The reality of change is the fact that it is human nature to resist change. We all like it the way it is. We
resent being forced, by something beyond our control, to do something we were not planning to do. Inertia
is on the side of the existing situation. No matter how good the new technology sounds the work involved
in the implementation of the nevrr technology (design, test, train, restructure, modify) and dismantling the old
methods is enough to discourage most. Added to this are peoples' natural resistance to change, the day-
to-day operational pressures, finance problems, compleity, fear of failure, real faiture, and general fatigue.
It is clear to see that introducing change is fighting an uphill battle on a steep hill.
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The obstacles to change are further enhanced by the risks of failure. lf the change program itself fails the
money invested in it is lost as well as management's credibility. lf the new product or service that results
from the new technology is not accepted by the customer, it will affect other aspects of the business. Some
customers will lose confidence in the company and take their business elsewhere causing a reduction in
customer base and loss of profitability. The biggest fear of all is that the introduction of the new technolo
gy will cause such havoc that the entire business will fail. The temptation to fall back on the old saying "if

it ain't broke, don't fix it" is enormous.

However, change is unavoidable. lf the company does not react to the forces of change, it will fail anyway.
It is stuck between a rock and a hard place. lt must react, or even better ye{, take its future into its orvn
hands and be proactive. lt needs a controlled, incremental approach that continually transforms it without
exposing it to excessive risks.
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The nature of change dictates that traditional ways of working are often inappropriate. To be effective, an
integrated approach is required, which leads to the obvious conclusion that changes must be carried out in
many areas of the organization at the same time. The larger the effort the more planning is needed to
manage the scope of the exercise. However, even though the final destination can be defined and even
some steps along the way, change often requires working fonrard into the unknonrn. In fact, change by
definition is moving from known, comfortable ways of doing things into the unknorn. Management must
learn how to keep the change process moving forward without forcing people to go too far beyond their
depth. The concepts discussed in this section will help develop this skill.

-t-
Tra in ing lor rse on

Technology 
Ianagement 357



Parallelism, as we have learned in the section on parallel implementation, is not easy, but has many
benefits. lt enables the organization to address the need for change in many parts of ine organization
at once' Parallelism is a significant shift from the traditional approach to change. We used to change
one area, say the organization structure, first, which drove the change in the next area such as custo-
mer service next, and so on. Parallelism reduces the overall time to complete the change. lt also crea-
tes the environment that everything is changing which helps breakdown the pockets of resistance.
Since everything is undergoing change, it is often necessary to proceed on the basis of assumptions.
lf the assumptions prove to be wrong, some rework may be required. Since the final outcome is "pe-
cified and overall plan is known, rework happens much less often than the trad1ionalist would expect.
Parallelism requires that the people driving the change be able to solve problems as they go rather than
be provided with a full road map of how to handle each aspect before they start.

T'
Trarnrng lor r . .  on

Technology 
lanagement 359



A change program results in the company's people living on the brink of chaos. Once the change pro-
cess begins, everything is effected - people, systems, procedures, and measures. The environment
is hectic with constant upheaval creating an air of chaos at the same time as the company tries to cope
with business as usual. The company must leam how to proceed with the program at a rate that is fast
but not too fast. The key is to keep the program on, but not over, the edge. There are no rule books,
no easy check lists. Management must be sensitive to how the people are coping and react ac@r-
dingly. Communication is central to success. Continually remind people of the benefits that the chan-
ge will achieve make the upheaval worth it. Also let them know that you know how difiicult it is and that
their efforts are appreciated. People respond to praise. Once the change process begins, manage-
ment's role changes from planner to cheerleader.

,".'#$ilt""lfi#"., 361



An effective concept for motivating people and encouraging them to continue is early implementation.
This is introducing and using one aspect of the change as soon as possible after the change process
has begun. One reason why this works is the visibility it brings to the project. lt is a tangible demon-
stration that the change is happening, which is especially useful for encouraging those that the chan-
ge has not touched yet. Early implementation of some aspect of the change provides an opportunity
for feedback on the process. At least part of the theory has become a reality and that can be tested to
see if the changes can lead to the benefits hoped for. A successful early implementation creates a
demand for the change to spread to other parts of the company. The tiaste of the final product that
comes from a successful early implementation begins the process of cultural change that is essential
for the total change to have its real impact. No matter how well the change has been explained and
how much it makes sense, it is still a theory until something tangible exist. Tangible things affect our
experience in a way that theories cannot. Cultural change is best led by experience. Finally, the initi-
al implementation may create the opportunity to earn some money. Even a small financial retum is a
welcome change to those that manage the finances. The project to this point has only cost money, so
any revenues are welcome evidence that the change will be effective.
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Equal attention must be given to the hard and soft aspects of change. The hard aspects, the deliver-
ables, are the building blocks of change. They, especially in the case of technological change, are the
reason why the change process was begun. They can be controlled as part of a project plan. They
are concrete and measurable. However, the hard deliverables are only half the story. lf change was
only about producing deliverables then any organization with project management capabalaty coutd
achieve it with far less effort than it actually tiakes. The other side of the change coin, the soft aspec-
ts, cannot be specified. They are the people things like culture and politics that must be sensed and
felt. Change can be driven entirely by deliverables, but it will happen with more speed, more commit-
ment, and lasting effectiveness if the project management activities are accompanies by a sensitive
and appropriate response to the human aspect.

T'
Tra in ing Sourse on

Technology f lanagement 365



The last concept of change to be discussed here is the need to create a culture of contribution. Making
changes that stick and have the impact on the organization that they are designed to achieve require
active contribution from everyone from the president to the floor sweeper. Designing the new company
in a vacuum, without permitting or encouraging input from those affected is the way to discourage a
culture of contribution. Using this approach results in the plan being called "Their Plan" (i.e. Manage-
ment's Plan), and its absolute best possible achievement will be to attain the plan. Since people are
not supporting the plan, it will likely achieve far less than envisioned. Actively soliciting people's con-
tributions and handing over responsibility with the goal specified but without a road map encourages
people to take ownership of the plan and contribute to it. The result of a culture of contribution will be
greater than that envisioned by the plan. The plan moves from being "Their Plan" to being "Our Plan."
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Just as there are harder and easier aspects to change itself, there are hard and specifiable aspects of
people change. The hard side of people change is changing the people management (human resour-
ce) systems. Human resource systems, either by design or by default encourage some behaviour and
discourage others. Changing the systems to reward behaviors consistent with the organization after
the change, and to discourage those that are counterproductive is essential. lt is essential, but not suf-
ficient. The soft side must be addressed too. People have emotions and attitudes, values and beliefs,
history and experiences. All of this gives them expectations about what life at work should be. lf an
organization wants to introduce a change that impacts any of these non-concrete areas (and any chan-
ge will impact most of these areas), then it must introduce actions to help people adapt to new expec-
tations.
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The hard side of people change is as straightfonrard as any project. A project team should generate
organizational options, define job roles, specify structure, design support mechanisms, and train staff
in the use of the new systems. The oveniding principle must be to develop systems that encourage
the desired behaviour. Some decisions are easy, such as deciding to have a profit sharing scheme.
This will help the employees work hard to make the changes have a positive outcome because they
will share in the benefits. Others are not so easy. Rewarding individuals for individual performance
has the positive effect of encouraging excellence because it sends the message that if a person does
well, he/she will be rewarded regardless of how poorly his/her colleagues do. On the other hand, this
also encourages competition among people that the company want to work together as a team. A
reward that encourages excellence while discouraging teamwork may not be a good thing. Each pro-
cess must be designed in light of the present company culture and the culture the company hopes to
have in the future. Use of teams of affected individuals is especially useful in the development of new
human resource management systems.
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The soft side of people change, culture, is not so straightfonrard. However, it can and must be addres-
sed. The starting point is specifications of the change, the hard aspects of the technology being imple-
mented. This will contain design principles, intrinsic values, people skills required, technical skills requi-
red, and new ways that successful performance will be measured. These things are discussed in terms
of the technology and the outputs expected from it. They are not likely outlined in terms of the cultu-
ral characteristics of people, but soft attributes like beliefs, values, and expectiations can be deduced
from what the technology is expected to deliver. This, along with the reasoning that resulted in the deci-
sion to acquire new technology, should be used to educate people about why the change was neces-
sary. The education process is the beginning of embedding some new values into people. The new
HR systems will further embed and reinforce the values that the new company, the company after the
change, will expect. The new technology specifications will also make clear what new skills are requi-
red. Training must be made available to equip people to operate with the new technology in the new
environment. The HR systems and the reporting structure must be such that they enable the employ-
ee to operate in the desired way. Do not tell an employee that he/she is empowered to make opera-
tional decisions and still have a system in place where every expenditure must be signed by his/her
supervisor. Finally, management has to work at reinforcing the message of company values and how
the new technology relates to them.

Managers must be prepared for the fact that some employees cannot accept the new values. lf they
cannot change to the new culture, it is better for the company if they leave so they do not have a nega-
tive impact on the others. \Mren employees are causing excessive trouble in relation to the changes,
establish the reason. Be sure that all efforts have been made to educate, equip and enable them. lf
these have been done and the employee is still fighting against the system, it is because he/she has a
significant value mismatch. This employee must be let go for the sake of the entire change process.
lf the problem is only a skill issue, another place in the company can be found. However, if the employ-
ee is opposed to the new methods of doing business, placing him/her anywhere in the company will
have a negative impact on the project.
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Do not assume the change will happen without a concerted effort from everyone. The project mana-
ger and the core team members have to be on a constant lookout problems and deal with them befo-
re they grow. Roadblocks, any impediments to change, have to go. These are often holdovers from
the old way of doing things. For example, a policy that was designed for control has to be removed
when introducing a change that requires empowerment. A manager that is still exercising control over
a team member that used to be under his/her authority must be conected. Work the hardest on opini-
on leaders. lf they can be won over they will help sell the change to others. lf they cannot, the soo-
ner this is established the better so they do not negatively impact others. Hire or transfer people with
new outlooks and enthusiasm into the new technology area. New blood helps to renew those that have
become stagnant. Above all, practice what you preach. lf the project leader is asking people to spend
time on the shop floor to be sure that the situation there is well understood, then he/she had better put
in a few shifts too.

The company's customers must not be ignored. The changeover may affect the company's ability to
deliver in the short term. Inform customers of the positive aspects of the change, especially how they
will benefit in the future. ldentify solutions to deal with short-term problems such as stockpiling extra
product at the company's expense to keep the customer supplied during the changeover period. lf
stockpiling is not possible due to inadequate capacity or perishable goods, ofier to acquire product from
a competitor and deliver it during the change period. This has the risk that the customer might switch
to the competitor, but the benefits of the new technology and the fact that company went out of its way
to make sure the customer was not left stranded, should enable the company to win them back.
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Leading change is not scientifically or intellectually challenging. lt is mosty hard work and attention to
detail. Some practical hints will help. The project leader and the core team must be able to excite and
energize others. lf they are truly enthused about the change and its benefits, it will rub off onto others
regardless of the person's ability or lack of ability to motivate through captivating speeches. Project
leaders should encourage everyone to ask for help and have to be willing to ask for help when they
need it. Communicate information in a way that people understand how it is relevant to them indivi-
dually, to their unit, and to the entire company. People respond to relevant activities and resist activi-
ties that appear to them to be inelevant. Project managers must find a balance between rapid trans-
formation and the time it takes for people to accept and adapt to new ways. They must be willing to
give people time and space to make personal adjustments. Be firm, not wavering from the goal, at the
same time as being sensitive to the needs of the individuals. Address all issues with honesty. lt will
build trust. Never stop communicating. People need to know the progress to date and the plans for
the future to maintain their interest in the process.
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Managing by del iverables is a good method for keeping the project on track. l f  makes the project
manager better able to measure progress and to demonstrate to others that change is, in fact, hap-
pening In a technology implementation project, the primary del iverable is the instal lat ion of the new
technology i tself  However, this del iverable can be broken into several subdeliverables such as the
creation of the technical specif icat ions, descript ion of the business opportunity, and the development
of the implementation plan. The del iverable of changes required in the HR system can be subdivided
into job descript ions, training programs, organizational design, and the design of reward schemes. Cul-
tural change, the hardest del iverable to measure, can st i l l  be given some concrete action steps that can
be measured as having been done or not. Examples of this would be creation of a communication plan
and early implementation schedule. Project management tools l ike Gantt charts and S-curves can then
be used to manage even soft activities like cultural change.
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Throughout Module 4 we have been talking about moving from plan to aclion The technology has been
acquired, the implementation plans have been made Now it  is t ime to talk about stepping off the cl i f f ,
launching the implementation project. Launch consist of test ing, preparation, rol l-out, and ref inement.
Testing is a simulation exercise to help people get ready for the real thing. Preparation is getting everything
ready for the changeover (communications, data migration, physical si te, documentation, and publici ty).
Roll-out is the moment of truth. The new equipment is started, the old is shut down Refinement is the
process of tuning the new technology and working out the bugs. ln the longer term it consists of continuous
improvement act ivi t ies An important thing to consider in planning the launch is i ts t iming. Final ly we wil l
look a little at life after the launch, how to make the change (that has just begun) survive and thrive into the
future.
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One thing that must be done as the time of the launch of developed technology approaches is to conduct
a test of the use of the new equipment. The test is an attempt to simulate the real environment. lt gives
the operators of the new technology opportunity to try different operating scenarios and to rehearse
responses to a variety of situations. lt should investigate normal operation and abnormal situations. lt
could be done on the new equipment if it is available before start-up. Another way this can be done would
for the supplier of the new technology to arrange for operators to train on a similar piece of equipment
installed in another factory. These people could then retum to the company and explain their experiences
to others that will be interacting with the new technology. Those supplying material to and taking processed
goods away from the new technology also need to practice their roles. lf it is not practical to train these
persons on existing equipment in other plants because of costs or a different layout, then a mock set-up can
be created and a person familiar with the technology's operation can coach the people while they go
through their motions as if they were dealing with fully-operational technology.

The implementation of a technology development project does not require any prelaunch test because
there is nothing to test. Once the budgets, plans, and commitments are place, and the facilities where the
project is to be conducted are ready, the project begins.
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The actual roll-out or start-up of the nerar technology requires a fevtr things to happen at once. There has to
be a migration or cut-over from the old process to the new. The manner in which this is done depends
entirely on the company's constraints. lf the company has the luxury of setting up the new equipment in a
new area it can keep mderial flowing to the old process until the new one is running smoothly. lf the new
process has to be conducted in the same space the old occupied, migration will not be so smooth. There
will be a very hectic shutdorn of the old process and last minute installation and start-up of the new one. lf
this is the case, very careful planning will be required to make the transition go as smoothly as possible.
Timing of the start-up day depends on many factors. Everything needed for the start-up must be in place.
A peak season for the product or any time the company is focused on another major event like year-end
accounting is not good time. The people in the company must be prepared for beginning the nanr ways of
operating. This includes new process measurement systems and the processing of the data from those
systems.

Keepring the customers satisfied during the changeover time is very important. Obviously the shorter the
changeover period the better. Being able to run the old and nevv processes simultaneously is an advantage,
although extra personnel are needed. Conducting the start-up in the ofi-season is also a good way to avoid
customer dissatisfaction. Contingency plans are needed if unexpected problems arise. lf the old
technology is still available, production could continue on it. lf it has been removed an arrangement to
acquire product from another source until the problem is solved is needed. Also experts from the technology
supplier must either be on site or available at short notice.

Inspirational support from management and the project team are essential in the early days of start-up.
Enthusiasm and commitment to the project will go a long way tovrrard smoothing over the gaps and glitches
that occur, no matter how well evefihing is running. Technical support must also be available from internal
and external experts that understand the technology and how it is supposed to work in the application.
People with in-depth operating experience are a tremendous asset to the newly-trained workers operating
the new process for the first time.

Roll-out of a development project is normally done without much fanfare. lt is good to have a small
announcement meeting with a peptalk from the company president for those involved in the project. lt lets
the projecl team knor that the company is behind their endeavors and is expecting results.
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In the days immediately following start-up, a process of refinement and improvement of the new
technology takes place. This is a time of fine tuning. The process is monitored closely and any
substandard performance is identified, the cause isolated, and the problem rectified. The cause could
be technical, with the technology itself, or it could be due to inadequate training. Whatever the cause,
it needs very careful attention until the technology is producing product according to the specifications
in the contract with the technology supplier. The refinement and improvement process does not end
there, however. The company must continually work toward achieving an attitude of continuous
improvement. lt must never be satisfied with the level of production and quality that its equipment and
personnel provide.

There are opportunities for refinement and improvement of the technology development process as
well. Instilling an attitude of continuous improvement in those responsible for technology development
projects would result in reduced time to produce, better quality and reduced development costs. The
parallel implementation concept was the result of someone's continuous improvement efforts.
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Successful technology implementation is ultimately about people. Enough people in the organization must
agree with and want the changes to happen badly enough to go through the changeover period. The start-
up period will have teething problems and the people have to be committed enough to stick it through these
final hiccups. Building commitment takes time. There will always be those who are "gung ho" about the
change, those who are opposed, and the majority who are ambivalent. The change process is analogous
to pushing a boulder up a hill. lt is a long hard slog to inch the boulder to the top so it can be released dorn
the other side. There comes a moment when a final heave will push the boulder over the top and set the
change in motion. This final push is a chance to pull the ambivalent ones on board so they can feel like
they were involved in the initial introduction of the nerrtr technology. The big push is saying '\ue have come
this far, now let's get together and make this thing worK'.

The timing of the big push has to be judged carefully. lt may be after a successful pilot or when a company-
wide process is about to be introduced. Too soon and the people will not be ready and it will tend to
backfire. Too late, and the people will feel like nothing is happening. The timing is almost entirely a "took

and feel" judgment. The main indicator is level of support for the new technology. There must be enough
people with influence who are familiar with and supportive of the new ways of working who go along with
the new technology to carry the laggards.
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Change is difficult. Making changes stick after the excitement of the launch is even tougher. One of the
biggest barriers to change is lack of ownership. When people feel like the change has been forced on
them, they resist. On the contrary, when they have had an input into designing the new process and
participate in the introduction of the solution they feel like the process is theirs. Afterthe taunch, this attitude
can be continued if individuals are given the freedom to continue to improve the process. The secret is
letting go of the reins. Giving control to those who work in the environment every day, although it has some
risks, will be far more efiective than retaining control. Once people have tasted controlling their destiny
through participation in the launch, they will be even more resistant to change if the control is pulled back.

No matter how well the project has been conducted, resistance will still be there. Management must
manage the resistance. lt must get at and deal with the root of the resistance. lf further education or
training is needed, it must be provided. lf there are fears about the future, they must be dealt with honestly.
However, if there are persons who are just resisting for the sake of resisting, they must be removed. Peer
pressure can work for or against change. lf key leaders in the peer groups are involved in the project
implementation, they will influence others to be excited about rather than resisting the new technology.
Management must be constantly on the alert for problems on the soft side of the equation. When trouble
is spotted it must be addressed. The momentum developed in the launch must not be squelched by
reversion to the old ways. Tackle problems in a holistic manner. Lead with design, inspire with a set of
design principles, devdve ownership with early implementation, use prototypes to demonstrate nevy ways
of working, reward with new compensation systems, enforce with procedures, and show significance by
removing roadblocks.
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The project team's job is not complete until long after the launch. Much later, when the new technotogy has
been in place long enough, it is considered to be "the way we have always done it." The project team has
to ensure all the project's deliverables have been delivered. They still have to coordinate implementation
activities that are not yet completed. They monitor progress against the desired goals and deal with
problems. Progress at this stage is no longer measured against the time schedule or the budget. Now the
primary indicators of success are the production capacity and quality levels of the new technology versus
the target that was set when the decision to implement was made. The project team needs to maintain the
standard at the original target and report actuat results in relation to the target. For example in the early
days after start-up the technology may have a production capacity of 900/o of target with a quatig tevel of
93o/o of target. As the equipment and its operators get tuned, the capacity may increase to'lO7o/o of target
with a quali$ level of 101o/o. The project team also has the responsibility to continue to promote the new
technology. They will work with communications people to develop programs that communicate successes
and keep enthusiasm up.

The heart of managing the technology implementation project after the taunch is another planning and
tracking exercise. The project team needs to devetop a ptan for activities to be conducted after the launch
that lead the company into full implementation and the state of continuous improvement. Targets and
schedules are set for degrees of change and rates of improvement. Measurements are put in ptace,
progress is monitored, and adjustment made as required. Key to success of this step, just as before the
launch, is the encouragement of free and open discussion. Again, without employee participation and buy-
in, targets cannot be met. High-level commitment to the process must be visible and continuous. This
could include a senior management person on the implementation team, presentations to the staff by the
company president, and frequent visits by senior managers to the site of the new technology.

The project team is responsible for monitoring risks. This consists of identifying risks (things that threaten
the success of the implementation), analyzing their impact, determining a response, implementing it, and
tracking the results. lt is also responsible for change control. This is to address requests from the users or
others to modify the newly-implemented technology process and its related processes devetoped so the
technology can interface with the rest of the company. Finally, the project team's official list of
postimplementation responsibilities includes the scoping of issues and solutions. Tight scoping is required
so that it is clear if an issue has been addressed or not.
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The projec{ team has another set of unofiicial func{ions to fulfill. The first is the need for documentation and
definition. Someone has to record what has happened and what needs to happen in language that all can
understand, and place the information in a place where it is accessiHe. This task, or at least responsibility
to see that it gets done, generally falls to the project team. Another area that the team rn€tnages is the need
for there to be a sign-ofi signifying that a task was completed satisfactorily. Sign-ffis are needed for projeci
management and for communication to the company at large about the project's progress. The job of
identifying that a task has been completed and acquiring the appropriate signature for verification in most
cases falls to the project team. The team also continually clarifies terminology. The best teams ac{ually
develop, update and keep a glossary of dicially-approved definitions. This is used to avoid confusion and
settle disputes. The team manages the sponsor (key authority figure that approves and promotes the
pQecl). Managing the sponsor means planning his/her actiMties in a way that will help the project. Finally
the team members have to lead by example.
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The final words go to a reminder of the main weapon available for assisting in conducting technology
implementation projects, communication. The most important aspect of communication is that it is, by
definition, two-way. Universally, companies and people are better at talking than listening. Those that
master the art of listening will have success in any endeavor that has communication as a major component.
More than one channel of communication is needed to reach all people and to address the various levels
of detail required by various kinds of people. Different channels have difierent characteristics. Some are
suited for straightfonrvard simple messages to mass audiences (events, brochures, newsletters), while
others are more suited for discussions of complex issues (interactive presentations, one-orFone meetings).
Selecting the most appropriate channel is as important as the message being sent.

Communications have to address feelings as well as concrete things. Fears and doubts about the unkncnrtrn
are not as difiicult to manage if a person knows that he/she is not alone and that the company is working to
address those issues. One way to instill confidence and trust is to be open and honest. Companies should
never underestimate their employees by sending sugar-coated communications. Employees can see right
through messages that say everything is fine when they are not. In sprite of their skill at recognizing smoke
and minors in communications, employees can get lost if the messages are too theoretical and abstract.
Translate the theories into practical examples. Use facts and realities rather than concepts. lllustrate with
examples the audience can relate to. Finally, communications that are intended for a wide audience to be
delivered via a channel that only allows on+way communication need to be tested on a srnall group in a
controlled environment. lf the message is not understandable, the confusion or misunderstanding that
result can be correcled in the controlled group. The message must be adjusted until it conveys the intended
meaning to the target audience.
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lmplementation is critical. lf implementation is not handled well, allthe signal processing, strategic analysis,
decision making and planning will be wasted. Worse than that is the fact that considerable financial
resources have been committed, and failure at this stage risks losing those resources and sometimes even
more. Companies must pay special attention to the technology implementation process. They must realize
that launching a technology implementation project is launching into a change management process and
act accordingly.

This module provided information, structure, process and techniques that will help ensure success.
Hourever, the most important factor in success is efiort. The company must be willing to put in the hard
work, the extra hours and the enthusiasm to successfully take advantage of new technology.

401

-r
Train ing {orrse on

Technology 
f lanagement



References

Bainbridge, Colin. Designing for Change: A Practical Guide to Business Transformation. John Wley & Sons Ltd., West
Sussex, England, 1996,250 p.

Balachandra, R., and Brockhofi Klaus. 'Are R&D Project Termination Factors Universal?" Research Technology
Management, July-August 1995, p. 31-36.

Barez, James, "Small Firms are Companies, Too - R&D Approval Procedures for the Small Tectrnological Firm," Robert
Szakonyi, Ed., Tecfrnology Management, 3rd Edition, Averback Publications, Boston, MA, USA, 1994.

Business lA/eek, 'A Smarter \Ahy to Manufacture," McGraw-Hill Inc., April 30, 1gg0, p.110.
Campbell, Jay, Gillis, Russ, Sacks, Cliff, and Timko, Joseph. "Communicating Project Status to Management-Simply".

Research Technology Management, Marctr-April 1996, p. 12-13.
Chamey, Cyril, "Time to Market - Reducing Product Lead Time", Society of Manufacluring Engineers, Dearbom, Ml.

1991.
Cooper, Robert G., "Winning at New Products", Holt, Rinehart and \A/inston of Canada Ltd., 1986.
Craig, Nick, and Savage, Charles M. "Concunent Engineering: Hype or Hard \ brk?" Target, p. 30-34.
Dugan, Glenn. "The Smaller, the Bette/'. Technology Management, 3rd Edition, Averbaek Publications, Boston, iIA,

USA, 1996, p. 225-231 .
Eldred, Emmett W., and McGrath, Michael E. "Commercializing New Technology - ll". Research Technology

Management, March-April 1997, p. 29-33.
Gaynor, Gerard H. "Monitoring Projects-lt's More than Reading Reports". Researctr Technology Management, Marctr-

April 1996, p. 4547.
Gofiee, Rob, and Jones, Gareth. "What Holds the Modem Company Together?" Harvard Business Review, November-

December 1996, p. 13&148.
Grossman, Stephen. "Tuming Tecfrnical Groups into High-Performance Teams". Research Tectrnology Management,

March-April 1997, p. 9-11.
Hammer, Michael and Champy, James. "Reengineering the Organization - A Manifesto for Business Revolution"

HarperCollins, Nenr York, 1993.
Hanis, Grady W. "Keeping the Boss Informed-Three \Ahys". Research Tecfrnology Management, July-August 1994,

p. 11-33.
Hanis, Grady W., "Living with Murphy's Lavt''. Research Tecl'rnology Management, January-February 1gg[, p. 10-13.
Hartlaub, Jerry. "Getting Every Employee Into the (lnnovation) Act". Research Technology Management, November-

December 1994, p.4145.
Hartley, John R. "Concunent Engineering: Keeping a CE Efiort Going Strong". Productivity, December 199ZJanuary

1993, p.4-7.
Holmes, Jerry D., Nelson Gregory O., Stump, David C. "lmproving the Innovation Process at Eastman Chemical".

Research Technology Management, May-June 1993, p.2T-JS.
Hones, Russell. "Managing Innovation in Start-up Versus Established Environments". Szakonyi, R., Tectrnology

Management, Averback Publications, Boston, MA, USA, 1995, p.467472.
Jaskolski, Stanley V. "New Role for R&D: The Challenge of Growth". Research Technology Management, November-

December 1996, p. 13-18.
Keller, Robert T "'Transformational' Leaders Make a Difierence". Research Technology Management, May-June 1995,

p .4144.
Key, James R. "Laying the Groundwork for Tectrnology Transfe/', Szakonyi, R., Research Technology Management,

Averback Publications, Boston, MA, USA, 1gg5, p.415425.
McKee, Keith E.. 'Transfening New Tectrnology into the Manufacturing Plant", Szakonyi, R., Technology Management,

Averback Publications, Boston, MA, USA, 1995, p. 395-414.

".r'lF

Training fourr .  on
Techno logy  

$anagement 403



Meltzer, Richard J., "Closing the Technology lmpact Gap: Mandate for the '90s". Research Technology
Management, September-October, 1993, p. A-12.

Meyer, Christopher, and Purser, Ronald E. "Six Steps to Becoming a Fast-Cycle-Time Competito/'. Research
Technology Management, September-October 1993, p. 41-48.

More, Roger A. "Managing New Technology Adoption". Business Quarterly, Spring 1992, p. 69-74.
O'Neill, Paul H., "Credibility Between CEO and CTO - A CEO's Perspective," Robert Szakonyi, Ed., Technology

Management, 3rd Edition, Averback Publications, Boston, MA, USA, 1994.Owen, Jean V., "Concurrent

Engineering". Manufacturing Engineering, November 1gg?, p. 69-73.
O'Toole, James. "How to Use Moral Values to Lead Change - Leading Change". Jossey-Bass Inc., San Francisco,

1995 ,273pp .
Jean V. Owen, Manufacturing Engineering, November 1992.
Peters, Tom. "Crazy Times Call for Crazy Organization". Suc@ss, July/August 1991.
Pittiglio Rabin Todd & McGrath. "Product Development Leadership for Technology-Based Companies:

Measurement and Management-A Prelude to Action", 1gg5, p. 1-16.
Smith, Douglas K. 'Taking Charge of Change", Addison-\Arbsley Inc., 1996, 314 pp.
Souder, William E., and Padmanabhan, Venkatesh, 'Transferring New Technologies from R&D to Manufacturing",

Research Technology Management, September-October, 1989, p. 38-43.
Szakonyi, Robert, "Passing lt On - Transferring Technology to Manufacturing". Szakonyi, R., Technology

Management, 2nd Edition, Averback Publications, Boston, MA, USA, 1995, p. 333-354.
Szakonyi, Robert. "Demystifying Uncertainty - Managing an R&D Project", Technology Management, 2nd Edition,

Averback Publications, Boston, MA, USA, 1gg5, p.221-241.
Taylor, Glenn L,, Snyder, Louis J., Dahnke, Keith F., and Kuether, Gary. "Self-Directed R&D Teams: Wtrat Makes

Them Effective?" Research Technology Management, November-December 1995, p. 19-23.
Teal, Thomas. 'The Human Side of Management". Harvard Business Review, November-December 1996, p.3544.
Tijunelis, Don, "Loop the Loop - The R&D Project: A Feedback Process," Robert Szakonyi, Ed., Technology

Management, 3rd Edition, Averback Publications, Boston, MA, USA, 1994.
Turner, Thomas B., "lmproving the Engineering-Manufacturing Interface". Szakonyi, R., Technology Management,

Averback Publications, Boston, MA, USA, 1996, p.423432.
\y'/ard, James A. "Project Pitfalls". Technology Management, Averback Publications, Boston, MA, USA, 1995, p.

1 89-1 93.
Ward, James A. "Controlling Project Variables". Technology Management, Averlcack Publications, Boston, MA, USA,

1995, p. 189-193.
Wolff, Michael E. "What to Do About'nih"'. Research-Management, Jan/Feb 1987, p. 9-11.
Wolff, Michael F. "Become a Better Coach". Research Technology Management, Jan/Feb 1993, p. 1O-11.
Wolff, Michael F. "Creating High-Performance Teams". Research Technology Management, Nov/Dec 1993, p, 1O-

12.
Wotff, Michael F. "Working Faste/'. Research Technology Management, Nov/Dec 1992, p. 10-12.
Wolff, Michael F. "Managing Change - Who Does lt Best?" Research Technology Management, May-June 1995, p.

1 0 - 1 1 .
'The Management of Change", Harvard Business Review, Nov-Dec, 1993,

":){. ilil}ifrrl

Tra in ing  {o r r . .  on
Techno logy  

{ !anagement 405



Index

benchmarking
communication
complex network diagram
concurrent engineering
conti nuous i mprovement
culture
document
flow chart
future
Gantt chart
GO/NO-cO
innovation
launch
lead time
leading change
logistics
management commitment
marketing plan
measure
micromanage
milestone
parallel i mplementation
productivity
project management
project management tools
project manager
project team
purchasing
resistance to change
risk
s-curve
slipping schedule
stage-gate
technology acq uisition
technology development205,
technology management
technology transfer
termination

277
205, 207, 223, 225, 241, 249, 255, 257, 31 g, 391, 397

239
323,347, 409

397
369
245

217, 229, 231, 235, 237
247, 395

233, 235, 237, 239
219, 223, 257

295,297, 369, 3gg
205,215,221, 399, 401

341
377, 409

243
243

215,2'�19
251, 397

257
231, 233, 239, 257

205, 319, 323, 337, 347, 361
261
239
239
257

223, 233, 239, 241, 249, 257, 259, 293, 294
3 1 9

243, 263
209, 219, 245, 249

233,239
243,275

215, 217, 221, 223, 245, 247, 251, 253, 257, 294, 347
205,211

211, 217, 221, 223, 244, 247, 249, 253, 255, 257, 259, 397
205,407, 409

207, 243, 275, 397
2gg, 321

T
Trainrng {ourse on

Technology 
$anagement N7


