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Abstract:

In this age of rapid technologicalinnovation,firms that do not stay abreast
of the latest advancementsin scienceand technology(S&T) stand a greater
chanceof missingopportunitiesthan firms that maintainvigilanceover the
ever-changingtechnicalenvironment. As a result,a resurgenceof interest in
technicalintelligencefor businessis occurringin companiesaround the
globe. Many firms now have formal technicalintelligenceprogramsto gather,
analyzeand use S&T informationto watch their competitors,to track emerging
trends in technologicaldevelopmentaridto anticipatesignificanttechnology-
based changes in key markets. Carefulmanagmentof technicalinformationthat
affectsa business can have a vital influenceon corporateprofitabilityand
long term health.

This paper describesthe main featuresof technicalintellegenceoperationsin
business,drawingon the experienceof severalcompaniesthat develop and use
intelligenceinformation. The steps of gathering,analyzing,evaluatingand
using informationfor businessdecisionsare describedand examplesare given
to illustratehow intelligenceconceptsare implementedin firms from several
differentindustries. Practicalissues such as understandinguser needs,
ethicaldata collection,effectiveanalysismethodsand using intelligence
resultsare covered in the paper.

Key Words: technologyintelligence,technologymanagement,technology
szra%egy,innovation,proauczdevelopment,R&D investmentplanning,technology
monitorlng,competitiveanalysis,zechnoiogytransfer.
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MonitoringScienceand Technologyfor CompetitiveAdvantage

by
W. Bradford Ashton

Anne K. Johnson
Gary S. Stacey

In this age of rapid technological innovation, firms which do not stay
abreast of the advancements in technology are more likely to miss valuable
opportunities than firms that maintain vigilance over the technical
environment. This was highlighted in the late 1960s/early 1970s when a group
of scientists, engineers, and economists released the results of the SAPPHO
Project on the processes of scientific innovation. The SAPPHOProject
compared the characteristics of both successful and failed attempts to
innovate. The researchers found that one of the keys to all successful
projects was the innovating company's linkages with external science and
technology networks. _ This linkage was brought about in part by tracking
developments in other firms and industries in a process called science and
technology (S&T) monitoring.

S&T monitoring refers to the practice of searching out and disseminating
relevant information on technical events and trends to provide continuing
awareness of current activities. This paper discusses how S&T monitoring can
contribute to the success of an organization and describes the elements of
effective monitoring programs.

I. The Importanceof S&T Monitoringin Business........_ _ _......

Technicalmonitoringcan help companiesdetect scientific/technicalor
socioeconomicevents havingan impacton a firm'sbusiness; it can identify
potentialthreats to the firm's success;and it can lead to new product,
processor joint ventureopportunitiesfor the organizationmade possibleby
changes in the scientificor social environment_. Monitoring is a part of a
larger set of technicalintelligenceactivitiesundertakenby firms to keep
track of and interpretrelevantevents and trends in science and technologyas
a basis for actionsto maintaintheir competitiveness.As shown in the
definitionsbelow, monitoningemphasizescontinualtracking of technicalitems
or areas of interest.

S&T scanning - routinelysurveying,identifyingand screeninga
broad set of data sourcesto identifyitems of further interest.

S&T monitoring- regularlysearching,interpretingand
disseminatingrelevantinformationon selectedS&T activitiesto
providecontinuingawarenessof currentdevelopmentsand emerging
trends.

S&T assessmentor evaluation- analyzingthe characteristics,
performance, impacts or potential value of scientific area or
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technology to determine if some form of management action (e.g
further attention, acquisition, investment or transfer) is
warranted.

• S&T acquisition or transfer - taking possession of S&T materials
or obtaining rights to S&T property generated outside an
organization to begin exploitation of potential application value

• S&T integration or internalization - assimilating externally-
generated S&T knowledge or property into the routine operations,
policies and culture of an organization to capture its application
value•

Scanningand monitoring are the two componentsof S&T surveillanceor watching ,
activitiesfor an organization. Specifically,S&T monitoringhelps firms
maintaintheir knowledgeof currentor futuredevelopmentsexternalto their
own organizationsin targetedS&T areas, therebytaking advantageof emerging
technicaldevelopmentsand avoidingtechnologicalsurprises.

Monitoring-acquired technical intelligence regarding important external
technical activities provides a foundation for informed internal choices and
actions. Monitoring results, for instance, can help managers decide what
direction their own R&Dprograms should take and what strategies should be
employed to undertake R&Defforts. Shortly after the Fanuc company spun off
from Fujitsu in 1972, the company analyzed the computerized numerical
controller market to determine opportunities for market share• At that time
MIT's numericalcontroller,inventedin 1952,was still state-of-the-art. ----- -'
With 2,000 mechanicalvalves,'MIT's-controller.was_extremelylarge;andvery-........,.......
expensiveto purchaseand operate "Consequentlymany small and mid-sized
firms were not ableto affordit. Fanuc thus targetedthis niche and .....
developeda controllerthat was cheaper,simpler,and smallerthan the current ....

3 - -

generation.

Sometimes S&T monitoring can result in a firm's decision to terminate
R&Don a particular project. For example, on learning that competitors were
considerably ahead in the development of TPA, a drug to dissolve blood clots
in heart attack victims, the pharmaceutical company Searle decided to
discontinue its own TPA research. Although terminating an ongoing R&Dproject
can be both costly and unpleasant, it usually frees up resources for more
valuable investments when it becomes clear that the project will never bear
fruit. _

Another reason why monitoring is important is that it enables firms to
incorporate new technology advances into their own products• Hewlett-Packard
was able to do this in the 1980s when it found out about the emerging Cannon
laser for electronic applications. After learning about the new technology,

HP moved quickly to establish an agreement with Cannon, whereby HP could use
the Canon technology in its newly designed Laserjet printers.

Technology monitoring can help firms identify opportunities for
technology investment, including commercialization• In 1985 one of Japan's
leaaing daily newspapers reported that a major semiconductor firm had decided



to drop out of the 64k D-RAM market. Because the company had been losing
market share for some time, many of its competitors failed to take note of the
announcement and hence were not aware of the motivation for the company's
decision, which was to switch its R&D to the next generation 256k-bit D-RAM.
Although this D-RAM did not fare well on the market, it was really the next
generation of bit--the IM-bit D-RAM--that the company was aiming to deve=_=_p.
As a result, this firm came out way ahead of the competition, with half of the
IM D-RAM market. Currently the firm is considered the leading IM D-RAM
producer, owing to its yield ratio which is estimated at double that of its
competitors.6

Monitoring technology also makes it possible for firms to identify
potential threats which can cost market share. Whirlpool Corporation in the
1970s monitored developments in the chemical and textile industries, where it ,
learned about the recent innovations in the area of permanent press fabrics
prior to their commercialization. Using this information, Whirlpool was able
to produce the first washer and dryer with permanent press cycles, beating
competitors by about a year and cornering a large share of the appliance
market. Thus Whirlpool, through its monitoring efforts, was able to turn a7
potential threat into a major technological coup.

A final reason for developing a technology monitoring program is that it
helps companies identify possible partners for collaboration, thereby
leveraging investment dollars and avoiding duplication of efforts. In 1990,
for example, the U.S. pharmaceutical company Searle and the French firm
Synthelabo joined forces to produce a new drug called Kerlone, which is used
for the management of high blood pressure. Searle contributed marketing and.......
drug development skills, while Synthelabo contributed research and <Jrug ............
development expertise. This joint venture, a resuIL of monitoring other firms
in the industry, allowed Monsanto, Searle's parent company, to acquire both
research skills and new products. Both the U.S. and French firm reaped the_8
benefits of this collaboration.

II. How to Conduct S&T Monitoring

In order to maximize effectiveness, technical monitoring activities need
to be carefully rationalized and designed prior to implementation. There are
usually far more requests for information than can be handled with available
monitoring resources. This means that monitoring efforts must be organized
and conducted with specific objectives, resources and products in mind.

In general, there are six basic steps, summarized below, involved in
carrying out monitoring activities'

i) define user needs
2) prepare a monitoring plan
3) acquire source materials
4) analyze results
5) disseminate monitoring products
6) review monitoring Derformance



These steps are displayedin Figure I and summarizedbelow:

I) Define User Needs--Intechnologymonitoringefforts,the essential
first step is to clearly identifythe needs to be served by the information
gatheringand analysiseffort. The customersfor the informationare the
ultimatebeneficiariesof the work, so their requirementsand interestsare
basic guidancefor the monitoringeffort. Table I indicatesthat different
types of monitoringusers have differentneeds; a marketingmanager, for
example,will have considerablydifferentinformationneeds than will a
technicalmanageror a CEO. These informationrequirementsin turn will
impactkey featuresof technologymonitoringprogram,such as the sources
used, level of fundingand types of analysis.

Successful needs assessment usually involves a series of direct
interactions with potential users of monitoring products. These meetings
should cover questions regarding the type of information sought, the level of
detail, potential uses of the information and possible sources. It is also
useful to identify some of the underlying concerns or issues that drive
specific user information requests. Sometimes users are not able to specify
their own needs well in early monitoring meetings, making follow-up
discussions and trial information products essential to a final set of clear
needs.

2) Preparea MonitoringPlan--Onceuser needs have been identified,a
monitoringplan is importantto manage the collection,analysisand
disseminationefforts. Undoubtedly,the range of subjectsand areas of
interestto users will be extensiveand, inevitably,too vast to cover with
limitedresources. Thus, a monitoringplan is developedby choosingwhich
technicalareas or technologiesto monitor,decidinghow to monitorthem,
identifyinggeneral S&T informationtargets,selectingsourcesof information
to use, and organizingthe monitoringstaff in terms of budget and staff time
commitment.

Most effortsto decide what to monitor center aroundthe conceptof the
core technicalcompetenciesin a company (Prahalad1990). Core competencies
are those technicalcapabilitieswhich are essentialfor the businessto be
competitive;they should be the focus of considerablecompany attention,
investmentand, therefore,monitoringefforts. Identifyingcore competencies
is a difficultexercisefor most firms;the core capabilitiestend to be
either very apparentor very difficultto describe. Historically,two basic
approacheshave been used to identifycore competencies. One is to examine
the range of existingproducts,processesand servicedelivery systemsand
"listthe technologiesessentialto providecompetitiveadvantagein these
businessunits. This can be done in many ways, but one recent method is to
model companyoperationsin a "valuechain" for major productsand focus on
the technologyused in the high value-addedsegmentsas candidatesfor the
core capabilities.

By combining information on technologies across all these activities,
the company can identify the technologies that are both the most pervasive and
which give the business its unique character (the core technologies). This
uniqueness might be either in now the business operates, as with the



logistical system created by Walmart and LL Bean, or in its product
technology, as with Mazda (rotary engine) and Coca Cola (the drink formula).
The scientific and technical components of the core to monitor can be
elaborated by reference to basic and related patents and to relevant
scientific literature and related publications.

Another approach is to first identify the services that the technology
of the company provides and then forecast the future market needs for those
services. In this manner, critical technologies can be identified and future
information needs established. It is then possible to search for the S&T
developments now that might provide those services in the future. This
approach was used by a major "white goods" manufacturer in the United States.
They first identified the services (e.g., clean clothes, food prepared to eat,
clean dishes) that the current products provided. The need for these services
was extrapolated to the future. Then, the company searched for S&T ideas that
could provide alternative modes for the delivery of the services (e.g., closed
chemical clothes cleaning systems, self-heating frozen pre-prepared meals,
non-stick or throwaway dishes and utensils). Ideas such as these became the
basis for deciding what S&T areas to monitor.

In additionto specifyingwhat to monitor, the monitoringplan should
addresswhetherthe monitoringprogramwill be of short or long-termduration.
Often companieschoose to focus information-gatheringon a specific
developmentin a given industryin order to meet a one-timeneed. However,
some form of long-termmonitoringsystem is often desirablefor situations
where technologyis changingrapidlyor where many competingtechnologiesare
availableto providea service.

3) Acquire SourceMaterials--Choosingsourcesfor a technology
monitoringprogramdependson a varietyof factors,includingthe technical
area involved,the needs of the users, the level of funding available,and the
level of effort to be appliedto the project. Sourcescan be internalor
externalto the company,formalor informal,personalor electronic. Below is
a sample listingof severalpotentialsources:

reverse engineering and benchmarking of competitor products

personal contacts/networking

hiring individual specialists or consulting firms

sponsoring research or endowing chairs at technical and academic
institutions

buying minority interests in firms with R&Dprograms

acquiring small high-tech companies or hiring knowledgable staff
from these firms

locating facilities near external sources of innovation (including
overseas)



• enteringinto joint ventures

attendingtrade shows& conferences

subscribinto trade journalsand other literature,including
sourcesfrom publicclearinghouses

• using internalelectronicmail and databases

accessingcommercialcomputerizeddata bases

These informationsourcesvary considerablywith respectto cost and
effectivenessfor certaintypes of data. Those monitoringmethodswith the
lowesttime and fundingrequirementsincludepersonalnetworks,databases,
trade shows,and trade journals. Althoughthese are comparativelyinexpensive
methodsof gatheringdata, one must not underestimatetheir potential
effectiveness. Xerox, for example,used newsletters,trade shows, and
governmentdatabasesto obtain useful informationabout competitors'
activitiesin the area of photocopierdevelopment. ConsequentlyXerox was
preparedwhen Cannon announceda new deal with Kodak to developand market
high-speed,low-endcopiers• It was also ready when Ricoh and Cannon
announceda joint marketingpartnershipin Japan in 1988. Becauseof its
monitoringactivities,Xerox learnedmany useful things about the Japanese
philosophyregardingdesign,maintenance,the manufacturingprocess, and
pricing• This knowledgehelped Xerox increaseits market share in Japan and
worldwide.9

Monitoringmethodswhich requiresignificantfinancialinvestment
includesponsoringuniversityresearch,sponsoringendowedchairs at
universities,acquiringsmall high-techfirms, and locatinglaboratories
domesticallyor overseaswhere competitorsare active. By sponsoringcomputer
researchat universities,for example,DigitalEquipmentCorporationmaintains
access to major researchdevelopmentsand leadingscientistswho perform

researchof interestto the company. As of 1990 DECospOnsoredmore than 240
projectsat over 100 universitiesaroundthe world. Similarly,in 1988
FujitsuLimited,Japan'slargestcomputermaker and one of the world's largest
manufacturersof telecommunicationsequipment,gave a $1.5 million grant to
MIT to establishthe FujitsuProfessorshipof ElectricalEngineeringand

Computer Science. As a result?the companybenefitedfrom the resultsof
MIT's researchin that field. Likewise,Kodak, recognizingthe need to
learn about the technologyof its Japanesecompetitors,opened a facility in
Japan in 1987. The head of Kodak'sJapaneseoperationsstates that it's
easier so collect informationon Japan insidethe country,since both the
popular and trade presseshave write-upson new technologicaldevelopments
faster and more consistentlythan Americancompaniesdo. In addition,staff
are able to pick up useful informationfrom previousemployers,customers,and:2
competitors,or while socializing•

A_lothermethod organizationsuse to monitor technologyis hiring
consultantsto conductmonitoringactivities,rather than creatinga program
in-house• The Japanesehave a particularlysophisticatednetworkfor
zec_noiogy monitoring, making exzensive use of trading companies, called sogo

9



shoshas. These companiesprovideinformation,usuallyfree of charge,to
clients. Information-gatherersat the sogo shoshaare stationedin 180
overseas offices. They daily send as much as 100,000pieces of information
back to the home office,where it is analyzedand put into a mainframe
computersas part of a larger database.13

Figure I also shows a Data Storagefunction in the monitoringprocess,
closely relatedto sourceacquisitionefforts. Storageof S&T data and
informationrefersto the traditionaltechnicallibraryrepositoryfunction
and, like other types of data processing,monitoringmaterialscan be stored
in four basic forms:

• primary physicalstorage- library-typerepositoriesof original
source material

• intermediatephysicalstorage - library-typestorageof
conversionsof originalmaterial in abstractedor reducedform
(e.g.,microfiche)

electronicstorage- retentionof informationor sourceson
computerizeddata bases.

human storage- retaininginformationthroughmemories of experts
or knowledgeableuser individuals•

An importantaspect of the storagefunctionis the need for organized
structuresfor efficientinformationaccess. This means attentionmust be
paid to the catalogstructureand the approachesto indexing(cross-
referencing).

4) AnalyzeSource Data--Thisstep involvesanalysisof the data sources
to interprettheir meaningin light of monitoringobjectivesor user needs.
The specific analyticapproachesused dependon the specificsourcematerial
and needs addressed. Analysisgives contextto the data and helps users
determineareas where additionalresearchis neededor where future resources
shouldbe allocated.

The analysisactivityis the most difficultmonitoringstep to describe.
There are few standardways to performmonitoringanalysis,but a wide range
of tools to assistthe processare potentiallyavailable,dependingon
characteristicsof the source informationand user needs• This paper
describessome of the generalfunctionsthat the analyticprocessshould
performto develop usefulmonitoringinformation:

providingtechnicaldescriptionsof emergingtechnology
capabilities,eventsor developments;for instance,developinga
technicalbrief on applicationsof fuzzy logic to processor
equipmentcontrol

recognizingwhen developmentsare importantto the firm--when
resourcesor activitiesof the firm may be affectedor when an
organizatloncould become a Dozentialtechnicalpartner
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• identifyingwhen an emergingcapabilityin a competitor,supplier
or customercould affect a firm'sbusiness

. identifyingwhen substituteor competingtechnologiesfor a firm's
productsor processesare becomingavailable

recognizingpatternsof activitieswith potentialconsequencesfor
a firm's competitors,suppliersor customers. Examples include
competitors,customersor suppliersformingjoint ventures,
universityresearchprogramannouncements;announcementsof new
R&D contracts;or new high technologyproductreleases

• identifyingsignificantshifts in the rate of progress in an area
or the occurrenceof technicalbreakthroughsthat will make a new
capabilitytechnicallyor economicallyfeasible

comparisonsof technicalstate-of-the-artbetweenexternaland
companyproduct/processlines

• comparisonsof currentdata with past data to discerntrends that
may be importantin the future

• judgment-basedforecastsof the implicationsof events or trends
for future directionsand effortsof the firm.

Many tools can assistanalystsin the above monitoringactivities,many
of them computer-based,but most of them are not designedspecificallyfor
monitoringwork. Moreover,selectinganalysistools is highly problem-
specific. Many firms have developedproprietarycomputerdatabases,with
uniquedata search,acquisition,comparisonand displayfeatures,for their
monitoringprograms•

Among the unique S&T analyticaltools being appliedand improvedare

three veFy excitingones• patent analysis,bibliometricsand content
analysis . These types of tools usuallyrequiresome expertisefor use and
may apply only in limitedbusinesssituations,for instance,in industries
like pharmaceuticalsor electronicswhere patents are important.

5) DisseminateMonitoringProducts---Productscan be distributedin many
ways, rangingfrom formal reportsor presentations,electronicmail and one-
on-oneconversations• Preferredmethodsdepend on the nature of the
informationto be distributed,the intendedaudience,cost, urgencyand user
preferences. In generalthe disseminationstep suggestssimply making
productsavailableto users and other interestedparties;however,in S&T
scanningand monitoring,some one-on-onediscussionof key resultsis usually
desirable• Personalconversationprovidesthe opportunityfor analyststo
help educateusers directly,for highlightingparticularlyimportantfindings
and for users to ask questionsand probe at issues•

Monitoringinformationin the form of technicalreports, newsletters,
databases,and staff briefingsare most common distributionmethods.
Electronic mail systems and other forms of computer networking are on the
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increase because they are efficient as a means of distributing summary-type
information. Most users indicate that no matter which method is used, it is
important that communicating S&T monitoring information with users be a two-
way dialog in order to get maximumbenefit from discussing the implications of
the findings.

In addition, user feedback at this stage is crucial to successful
monitoring efforts. Commentsfrom users help improve the types of information
being produced by the program, as well as the methods of communication. User
feedback provides both short-term direction to the dynamics of the monitoring
program, as well as long-term input to program design.

6) Review MonitoringPerformance---Afterinformationhas been
disseminatedto the appropriateusers,the monitoringprocessand results
should be evaluatedwith regardto whether it met user needs and whether it
ultimatelyhad beneficialimpactsfor the organization. These evaluations
can either be quick and informal,often in connectionwith a particular
situationbeing studied,or in-depthand structured,where an entire
monitoringprogramis periodicallyevaluatedbefore decisionsregarding
continuedsupportare made. The purposeof the evaluationis to improve
future monitoringoperationsby making them more responsiveto user needs, to
furtherclarifythose needs and to adjustmonitoringpracticesappropriately.

The six steps above are all-importantto successfulmonitoringefforts, but
may not be discernibleas individualsteps in the organizationalenvironment.
Thoughtthey appear in differentforms dependingon the situation,they are
each importantfor well-integratedS&T monitoringover the long term.

Ill. Using the Resultsof S&T Monitoring

The payoff from S&T monitoring systems occurs when the monitoring
intelligence is used by the firm and the organization benefits as a direct
result. These benefits occur when the results of monitoring are used to make
technical/business decisions--particularly those which involve resource
allocation for technology development or commercialization. Table 2 shows
several types of company S&T decisions where information on external S&T
trends can have value.

Use of information obtained through technology monitoring can be crucial
to m_king and implementing these types of decisions. The key to using S&T
monitoring products well is to focus on the intelligence findings or "ideas"
Ideas are bits of high priority information which can have an impact on the
use of some company resource. Monitoring products in the form of reports,
briefings or electronic mail messages are not sufficient to ensure an impact
on these decisions by themselves. If these products do not present or
stimulate ideas in a user with authority to act, then monitoring efforts are
likely to have only limited effectiveness.

Developing ideas often requires the efforts of an "intelligence
champion," someone sensitive to comDanyneeas who recognizes the significance
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of the monitoringinformationand sees how to apply it in a usefulway. This
processusuallyrequiresinteractionbetweenthe monitoringstaff and decision
makers or other businesspartiesin the form of focussedand probing
discussions,challengingor "mulling"over the analysisresults,lookingat
relatedinformationor persuadingkey personsthat the consequencesof acting
(or not acting)on the intelligenceare worth attention.

This aspectof monitoringis the most important,since it representsthe
payofffrom all the previousdata collectionand processingefforts;however,
it is also the most difficultactivityto undertake. There are no
prescriptionsfor drawingattentionto new developmentsor for having
influenceon companydecisions. Thus, assigningthe "right"people (e.g.,
gatekeepersand champions)to the intelligenceprocess is the best way to
ensurethat it works.

IV. Characteristicsof SuccessfulMonitoringPrograms

The most successfultechnologymonitoringprogramsare those which are
able to influencehigh levels of the organization,and that usuallymeans
being attachedto those levels. Managementsupportfor monitoringactivities
gives the programmaximumcredibilityand helps ensure the commitmentof users
to the program,even if programresourcesare relativelymodest. However, at
the working level,successfulmonitoringprograms also accountfor several
featuresthat make the daily functionswork. Below are discussedgatekeepers,
rewardsystems and informationexchange. Severalproblemsto avoid in
monitoringprogramsare also raised.

Gatekeepers

The success or failure of a monitoring program often depends on the role
of "gatekeepers" or individuals responsible for gathering, screening and
alerting others to key data. The ideal gatekeepers have a good understanding
of the needs of the user as well as the overall goals of the company. They
should be very knowledgeable regarding the technology under review and have
access to technical information, both from written and oral sources. The most
effective gatekeepers are also good networkers with strong connections outside
the firm. In many cases they are not "created" by their managers, but rather
tend to emerge out of the organi.z.ation because of their abilities to find,
filter, and analyze information. _

Another characteristic of successful gatekeepers is their ability to
think laterally, e.g., to see various angles of an issue and be able to judge
possible implications to the firm of new technological developments. Good
communication skills are likewise essential, as gatekeepers will need to both
speak with individuals outside of the organization and with the users of the
monitoring program inside the firm. The gatekeeper should also be given
latitude to produce ideas that fail, since not every monitoring strategy will
succeed; imagination and innovation should be encouraged in this position.

13



4

Rewarding Success and Tolerating Failures .

Successfulmonitoringprogramsusuallyincorporatesome form of reward
system to reinforcedesirableperformance. The Italianfirm Olivetti has a
programto offer an annualprize to externalinventorsand innovative
companies. Candidatessubmittheir suggestionsto Olivetti indicatinghow
their idea could be of value to the company. The firm has received up to 200
applicationsfor the prize. These are screeneddown to about 10 to 20 which
representthose with the most realisticpossibilityfor success. Each of
these candidatesmakes a more detailedpresentationof their ideas and
Olivettichooses a winner. For the winner,developmentsupport is offered in
exchange for compensation,often includinga degree of ownershipin the small
companyby Olivetti. By this means, Olivetti is able to survey the scientific
and technicaldevelopmentsrelatedto its productsand processesand, at the ,
same time, take partialownershipof the attractivedevelopmentsat an early
stage.

As is the case in any creativeendeavor,toleratingfailure is an
importantaspect of the monitoringprocess. Becausemonitoringinvolves
uncertaintyand creativejudgment,there will inevitablybe more failuresthan
successes. A commonlyacknowledgedratio is about one successfulidea for 20
to 50 which fail. This means that most people involvedwill usually "fail."
Peoplemust be "allowedto fail" and continuallyreinvigorated. Businesses
that recognizethis and encouragea continuedflow of ideas have significant
successin new and innovativeproductsand processes.

ExchangingInformationto StimulateIdeas

Monitoringprogramsthat work usuallyinvolveplannedforums for
interactionamong analysts,R&D staff and technicalmanagers. In a large
Europeanelectronicscompany,for instance,the conceptof an idea fair is
used to disseminateinformationabout ideasthat have been developedin
watching scientificand technicaldevelopments. This consists of having a
semi-annualevent at which people with ideas can presentthem to top level
managementdirectly. This allows all peoplewith ideas to offer them to the
companyand, at the same time, providesthe advantagethat the lines of
communicationbetweenthe peoplewith the ideas and the people with the
resourcesto use the ideas are direct. There is no interveningscreening
process. The fair is set up in a large room with space for displays by people
with the ideas. Managementparticipatesand circulatesfreelyto see the
ideas and discussthem with their originators.

One packagingtechnologyfirm circulatesa newsletterfor the purposeof
stimulatingthe readerto generatenew ideas. This newsletteris short and
well illustratedwith color. It is not designedto explainall of the
scientificand technicaldevelopmentsthat have occurred. Instead,it is
designedto encouragethe reader to have new ideas. This successful
newsletteris based on the conceptthat the purpose of the communicationis to
generategood ideas,not to report all that has taken place since the previous
newsletter.
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A computercompanylinks staff by a computermail network. This is a
securenetworkwhich recordsthe questions,issuesor problemsfaced by people
in the company. Using the network,peoplecan browsethe problem,.',build on
ideas of others for solvingthe problems,and suggestsolutions. Since
everyoneis linked by the computer,the communicationsare rapid and direct.

Problemsto Avoid in EstablishingMonitoringPrograms

Monitoringactivitiesoften are ineffective,but the reasonsfor their
shortcomingsvary. One of the most common problemsis that S&T monitoring is
given a low priorityby management. It is well known that the absenceof
managementsupportoften spellsdoom for planningand analysis effortsin
technicalbusinesssettings. Thus, for these activitiesto be successful,
they must be give time to mature and respondto user needs. This is
especiallytrue in tight financialtimes for a company. Monitoringactivities
are often among the first items to be sacrificedin _udget-c_ttingor down-
sizing actions.

Sometimesinsufficientresourcesare allocatedto monitoring,even
though the effortsare consideredimportantand given top managementlip
service. This can show up when firms rely simplyon their own in-housestaff.
Some firms expect their professionalstaff to stay abreastof emerging
technologydevelopmentsas part of their job responsibilities.However, this
may result in the staff treatingmonitoringas a low priority,especiallyif
their effortsare not recognizedand their successesnot rewarded.

Monitoringeffortscan also be limitedin their contributionsby
creatinga processwhich is too mechanical. Relyingonly on technical
literatureor on computerizeddata bases, perhapsbecausethey are less
expensive,at the expenseof other monitoringcomponents,can lead to poor
results. It is usuallydesirableto cross-checkimportantfindingswith other
sources,especiallyby first-handsite visits or by talkingwith expert
consultants.

One of the biggestproblemsis lack of integrationof monitoring into
ongoingoperations. Competitiveintelligence(CI) is fully developedas part
of the R&D decisionprocess in leadingJapanese firms. In Japan, CI
activitiesfor each R&D projectare integratedunder the controlof an "R&D
champion,"who works with qualifiedstaff in the technologyinformation
office,technicallibrarians,patent specialistsand senior researchers. When
the championuncoversa seriousissue, a more intensiveCI activitywith an
appropriatebudget increaseand a corporate-wideprojectteam is proposed,
reviewedand implemented. Senior R&D managers receiveonly analyticalresults
preparedfor decisionmaking. Japanesefirms excel at combiningformal
reportsand exploitingthe daily companygrapevineto disseminateinteresting
technicaldetailsgathered in the intelligenceprocesses.

Another difficultywith monitoring,as with many other information
system activitiesis too much data - not enough information. At the heart of
successfulmonitoringare ideas that affect companyactions--nota vast array
of reports, messages or files. Nevertheless, many firms inadvertently
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emphasizebuildingor maintaininglarge systemsof records. There is no easy
solutionto this problem,except to continuallymonitorthe data repository
situationand regularlyseek user feedbackas to what monitoringproductsare
most useful.

V. Conclusion

This article shows that S&T monitoring represents an important means by
which businesses can stay abreast of advances in science and technology,
internationally as well as in their own countries. An effective monitoring
program can help a firm avoid duplicative research, respond to competitors'
moves, take advantage of breakthroughs by others and enhance overall business
competitiveness. Recent trends in the increasing cost of R&D, in continued ,
reductions for many product cycle times and in the increasing numbers of firms
with high technology skills, all suggest that S&T monitoring is likely to
remain an important part of the technology strategies in many parts of the
world.
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Table I. Common User S&T InformationNeeds

Type of InformationUser Typicalkey informationneeds

Scientists/engineers Detailedtechnicaldata
- technicalobjectivesof R&D
- R&D approaches--product/process

design
- manufacturingmethods
- R&D resultsor progress
- technicalcontacts/researchers

TechnicalManagers S&T Fundingdata
- fundingplans by technicalarea
- R&D or acquisitionstrategies

MarketingPersonnel Competitiveproductfeatures
- productsales
- cost/pricedata

Senior Executives Technicalmanagementor businessnews
- technicalcontacts/researchers

Policy-makers/Regulators Science/technologypolicy
- nationalS&T goals & funding
- new S&T directions

17
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Table 2. CommonS&T Decisions Affected by Monitoring

Evaluationof technicalbusinessareas for further
attentionand interestin an organization
- whetherto enter a technology-basedproductor market area with
strongcompetitors

Technologydevelopmentstrategies
- whetherto invest furtherin technologybeing pursued by others
- priortizingtechnologyneeds

R&D programmanagementand portfoliodecisions
- allocatingR&D funds to projects
- terminatingor delayingwork on a projector in an S&T aFea
- re-evaluatingtechnicalobjectivesfor R&D

Technologyacquisitionand divestituredecisions
- whetherto purchaseor licensetechnologyfrom outside
- whetherto licensetechnologyout or sell to others

Technologycollaborationchoices
- whetherto enter into a joint technologydevelopment
venturewith anotherorganization
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