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Abstract

This paper makes an attempt to illustrate the application of the Total Quality Management

(TQM) philosophy in the International Technology Transfer (ITT)of the processes used in
industrial production plants. Disaggregated analysis of the ‘technology transformation’ process

is used to highlight the use of TQM. AT&T’s ‘Customer-Supplier model of quality is introduced

to highlight the interactive roles of the parties involved. It is argued that the existing literature
does not deal with the issues discussed in this paper. Finally, a conceptual ITT-TQM model is
suggested that should ensure proper assimilation of imported technology and continuous
improvement of the processes leading to the satisfaction of the ultimate customers. It is suggested
that the success of the model depends on the ‘win-win-win’ strategies of the supplier, the process
owner and the customer. Examples from various case studies are presented to reinforce the
argument. Some international standards such as the 1SO series and a framework for total quality
management such as the Malcolm Baldrige National Quality Award are necessary to ensure
quality technology transfer.



Application of TQM Principles in the
International Technology Transfer Process of Industrial Production Plants:
A Conceptual Framework

1. Introduction

Modern technology has emerged as one of the primary sources of national power, prosperity anc
strategy. Advances in science and tewlogy in one country are often critical to other countries’
ability toattain national goals, including emomic growth. Countries that lack the autonomous
capability to gerege, develop and ffuse new innovations must rely on ttechnology transfer
process and eventual diffusion andimdation offoreign technologies. Proper management of
international technology transfer is, therefore, considered as one of the critmedsdactors for

the importing nations. The transfer of inappraf@i tebnology or inadecate asmilation and
absorption of the imported technology may have serious consequences on the host economy.

The international transfer of technology involves a host of political, social, and economic issues.
This paper does not attempt taldress those issues. Neither does it address the issates! el
the transfer of all types of technologies. It focuseteadsonly on the transfer of témology used
in industrial production plants. The sole purpose of the paper is to deatenetw the Total
Quality Management (TQM) philosophy can be applied to the internatieaahology transfer
process to ensure satisfactory performance of the imported prodeetbnology. Literature
indicates that the TQM philosphy has been applied caessfully by many world class
organizations and in many areas of business. Sharad (1992) matterapt to demonstrate the
application of this philo®phy in construction rated tetinology transfer pregts. It is, however,
noted that no attempt has yet been made to apply TQM pbidsy to the transfer of industrial
production technology.

2 Total Quality Management (TQM) Philosophy

Total Quality Management (TQM) is both a philosophy and a set of principles that represents the
foundation of a continuously improving organization (Calingo: 1995). It involves everyone in the
organization and extends to suppliers as well as to customers. In a TQM environment the custome
is the focal point and customer satisfaction is the drivifgyce (Stevenson: 1993). Customer focus,
process improvement and total involvement are the three fundamental principles of TQM (Tenner
and deToro:1992). These three principles are supported by leaderstiptiedand training,
structure, communications, reward and recognition, and measurement.

Sharad (1992) argues that the Management bye@&rdMBP) pproach faiitates technology
transfer (TT) and recommends a ten-paiction planfor MBP oriented TQM. Thisction plan is
general in nature and not specific to international technology transfer conditions. This paper
attempts to show the TQM-TT @nnection more explicitly using the ‘teanology-transformation’
process framework discussed below.

! An earlier version of this paper was presented at the 1995 IEEE Engineering Management Conference in Singapore



3. Customer Driven Approach to Quality

The quality policy of any organization should be to consistently provide products and services that
meet or exceed the quality expectations of the customers. Customer expectations evolve and
expand continuously. Continuous improvement of the business processes that produce thest
products and services is, therefore, critical ®etimg the customers’ expectations. This section
examines the Customer-Supplier Model (AT&T:1988), which helps identify the roles of the
various parties involved in the TT process (Fig. 1)

Insert Figure 1 here

The production system that iseated hrough an internationalechnology transfer process
provides products and services that areeetgd to meet the quality expectations of the ultimate
customers. If the technology transfer process is not managed properly, #doe amphe customer
satisfaction and theprofitahlity of the organization will b@oemous. Identifiation of the
suppliers and the customers (both internal and external) is fundamental to the management of the
process. This model illagts how requirements and feedback drive theocess as it converts
supplier inputs intmutputs that are delivered to customers. Customer requirements and timely
measurement of customer satisfaction are key aspects inpiteeess perspective represented by

the model.

4. Technology Transformation Process

An investment pr@ct inorporates a wide range of technic&nowledge that is drawn into the
process in different ways. Part of this knowledge is embodied in capital goods required for the
production process. Another portion appears as drawings, spoiis, diagrams, and manuals.

The remainder is directly delivered as various serviceovided by the engineers, managers and
technicians who participate in the design and execution of f®ject (Kamenetsky:979). The
technological dimension of such a @aj nvolves a process that incorptes an interonnected

series of activities. Different kinds of telenology in different forms are drawn in at different stages,
and from different sources. Disaggated analysis of the ‘telenology transformation’ process is
necessary to identify the appragig processes for the apgdition of TQM philosophy. Such
analysis is provided in the following paragraphs.

Previous studies have used various kinds of disaggregated fraonksv for the analysis of
‘technology transformation’ processes (seeedel975, Cortes:1976 and Bell and Hoffman:
1981). Among these, Bell and Hoffman suggest the following four generic groups of activities:

() Pre-investment and feasibility stuthiestves examination of general proposals for possible
investment, identification and evaluation of options,

(i) Design and engineering activitiesnvolves development of theethiled specificationdor the
proposed production system,

(iii) Capital gods production: Involves the transformation of the spmatifins of the hardware
components of the system into the realities of machinery, equipment, buildings anchtbe rel
infrastructure; and,



(iv) Installation and testing: Involves the assembling of the various components of the system into
a functioning operational facility and the training of the operatives and the like.

In addition to the above mentiong@chnologicalactivities that occur during almost any
investment process, there exists a stream of overall decision making and management activities.
The main function of this stream of activities is to control the tawology transformation process.
These activities have been labeled as fiwmw-managerial’activities. There are at leasfour
categories of such techno-managerial activities which are described below:

(a) Defining the terms of reference for any particular stage in the transformation procé§bat

is done ineach stage in th@rocess will beetermined by the output of the preceding stages. In

fact, what is actuallydone wil depend in large part on the terms of reference set by those wh
have overall responsibility for the project.

(b) Identifying and dciding upon the agentsThis task is concerned with the search for, and the
selection of the appliers of the relevant knowledge, service or goods. There is wide range of
possible agents foeach tetinologicalactivity in the investmentprocess. Capabilities of these
agents as well as the terms for undertaking theteities may vary widely. The execution of this

set of techno-managerial activities is critically important for the outcome of the project.

(c) Negotiation and eceptance of the termsThe terms upon which thechnological inputs are
provided usually cover far more than the financial price to be paid for the knowledge, service and
goods. Negotiation over the nature of these packages of conditions can often be complex, and th
decision to accept a given set of terms can have major implications.

(d) Monitoring each stage of the process and the evaluation of its oufmsuring that
implementation actually matches requirementsliwusually nvolve a distinctive set ofechno-
managerial activities. It may alsonvolve cetailed evaluation of the output of particular stages in

the process. Thus, key techno-managerial decisions about the outputs from the particular stages i
the transformation process may constitute critical links between such stages. The links can only be
made by those with overall techno-managerial responsibility for the project as a whole.

All of these steps of techno-managegativities will usually be eatessary in the main stream of
the ‘technology transformation’ process within a particular investmeneégtrojhey, theréore,
constitute a parallel stream of tasks within the guts This stream of ‘teleno-managerial
activities will be critically iportant in determining the nature of the tralesmation process. It is
also equally critical in determining the nature of the ultimate consequerfoeshe user of the final
system and for the economy within which that system is located.

5 International Technology Transfer Process

International technology transfeilMbe involved when the new production plant isdted in one
country and some of thechnological antechno-.managerial inputs to the investment process are
imported from suppliers in another country. The various possible combinations azticeloand
transformation can give rise to several formseahnology transfer and hence to different degrees
and types of dependence on technology imports; Fig. 2(a) depicts the case in which the process c
international technology transfer involves country B drawing almost altebknological and
techno-managerial inputs from country A. The whole process of transfer is, therefore, ‘exogenous’



to the economy. Fig 2(b), on the other hand, shows the process where only the basic and very
general system-relate@#nowledge is imported into country B. The imported knowledge is then
transformed by drawing on the services of country #&shnological andechno-managerial
resources.

In between these two extreme cases, there is a large number of options in which technology may
be transferred across international boundaries. This analytical framevlloblevused to examine
the possibility of using TQM principles in the international technology transfer process.

Insert Figures 2(a) and 2(b) here

In the following paragraphs the various elements of the technology transfer process discussed
earlier are examined to identify the areas where TQM principles can be applied.

6. Elements of Technology Transfer Process

a) Management of R&DAccording to thetechnology transformation model, R&8&ctivity is
performed by the supplier of thechnology. The literature shows that TQM has been applied
successfully in the R&D environments of some leading organizations. For example, Taylor and
Pearson (1994) report the applion of TQM principles in a large R&D lab of a major
multinational organization. The study concludes that the likelihoodookssful implementation of

TQM in R&D is significantly improved through organization analysislli€@@nd Pearso1993)

report that in the UK, many R&D departments have startegtiping TQM on their own
initiative. Collin and Pearson argue that many grabdigms may be caused kacfors that are

not unique to R&D and quality tools and techniques can be applicable to the R&D process if used
flexibly.

b) Management of pre-investment and feifigjbstudy. This task is performed either by the
technology importer or by consulting firm(s) hired by the importer. The major requirement for the
execution of this task is the clear understanding of the needs of the customers. This allows the
planners to identify the correct operations strategy, which urn, allows them to choose the right
process, technology, layout, andationfor the proposed fady. TQM is customer focused and it
includes various ways to listen to the voice of the customers. Quality Function Deployment (QFL
is one of the tools that is used to translate customers’ requirements pgpr@orate technical
specifications. Uselac (1993) defines QFD as follows:

“QFD is a practice for designing your processes in response to customer needs. QFD translates what the customer
wants into what the organization produces. It enables an organization to prioritize customer needs, find innovative
responses to those needs, and improve processes to maximize effectiveness. QFD is a practice that leads to
process improvements that enable an organization to exceed the expectations of the customers.”

The most widely used analogy for explaining hQkD is structured is the QRDuse. Fig. 3
shows how a basic QHiduse is put together. Fig 4 shows the flow and focus of one complete
cycle of the QFD proceds.

Insert Figures 3 and 4 here

The QFDprocess ensures that all resources are being optimally utilized in ways that maximize
organization’s chances ofeating and exceeding customer requiremer@D is customer focused

% For a detailed discussion refer to Goetsch, D. and Davis, S. (1994), pp. 465-470.



and time efficient, and teamark and documeation oriented. (Goetsch and Davi§994). It can,
therefore, be suggested that the agpion of the QFD gproach failitates the identification of
the appropriate technology and the manufacturing processes at this stage.

This dimension of the technology transformation process (i.e. management of R&D) is usually
carried out by a group of individuals having expertise in the varioagedefields. TQM fits well
into such a situation as it also advocates group work.

c) Managemenbf design and engineering seze. These services are usually performed by the
technology supplier. Participation of the buyer’s repridemes in theprocess is hot uncommon.

This stage of the technology transformation process can best be performed jointly by the two
groups as partners. The AT&T's Customer-Supplier Model suggests suclqgbwuities. A very
successful example of such a joint activity I€1 of UK. ICI adopted this approach with excellent
outcome (Quazi: 1984) while building their fourth ammonia plant inatee1970s. The Saturn and
Boeing 777 practs are two of the many successful examples where tearkwwas the critical
element of success. In such aip, engineers arked in cross functiongkam structures and
solved design and manufacturing problems before production started (Schermerhorn:1993).
Empowerment was used among other things to keep group member@tetivQM philosophy
encompasses both teamwork and empowerment.

d) Managemendf capital goods prodttion. Two TQM principles (process improvement and total
involvement of the employees) areaditly applicable to this phase. Here again, if thepplier and

the purchaser work as partners, ettér outcome is expected as theurchaser has etter
knowledge of the local conditions and the needs andatafions of the ultimate customers. Many
developing countries depend solely on the supplier for this stage of the process as they do not hav
the technological anttchno-managerial capacities to partadte effectively. Studies show that in

many cases, the post-transfer performance of the production system has beeracinsatisf
because of the lack gbroper participation and too much dependence on hired consultants (Quazi:
1984, Malawa: 1983).

e) Managementf installation and commissioning s&e. Leadership, effective communication,
education and training, igoportive structure and process control are the criticaless factors in

this stage of technology transformation process. Sharad’s (1992) study supports this claim. He
reports that the lack of most of thesetbrs is the source of quality relategroblems in the
construction industry. It is, therefore, argued that these supporting elements of TQM are
appropriately applicable in this stage of the technology transformation process.



7. Assimilation of Imported Technology and TQM

Besides the transfer of technology transforming and techno-managerial activities (as shown in
Fig. 2 a), international technology transfer pot$ may also inarporate the transfer of dhs,
knowledge and experience. This adds totdwhnological capacity of the importing nation. Fig. 5
illustrates the international flows of different témological components. Flow A corresponds to
the technology transformation andchno-manageriactivities shown in Fig. 2 (a). Flow B
includes skills arkthowledge required only to oge and maintain th@roduction system being
established. Flow C includes the ddiltsyledge and experience required to modify and change
the production system (Quazi: 1984) and the knowledge required to supply thetéotweology.
Farrel (1979) labeled Flow B asatic technology. This is écause the operating #ls required
simply to carry out routine procedures andgpices are not eough to ensure continuous
improvement of the process. He labeled Flow Qasamictechnology bcause it includes the
necessary skillknowledge and experience needed for continuous productivity and quality
improvement throughechnical change. He argues that Flow C provides the key to proper
assimilation of the ported technology that helps achieve continuous improvement of the
production process. Discussionste€hnological self reliance have focused on the transfer of the
kind of technologies included in Flow C. Studies suggest that teatyology importing countries
have experienced inadequate asflation due to regtied transfer of skls andknowledge that

are included in Flow C (Quazi :1984, Malawa: 1983).

Continuous improvement of the production system @sessary to improve the quality and
productivity of the products and to reduce the cost of production. This can be achieved using the
three principles and six supporting elements of TQM named earlier. However, process
improvement may be difficult to achieve without the propelisskndknowledge to deal with it.
Therefore, the importance of managing different typegechnology flows (Fig. 5) becomes
obvious when the issues of process improvement and ultimate customer satisfaction are discussed

8. The Proposed Model

There is a complex set of variables that may influence the ultimate success of the transferred
technology. Robinson (1988) has identified a large numbeaaibfs and subattors that are
relevant to the international technology transfer process. He does not, however, provide any
prescription for sacessful transfer. Keller and Chintas’ (1990) integrative model provides some
strategic guidelinedor this purpose, but it does not include the issuedegtlto the post transfer
performance of the technology.

Proper understanding of the internatioteadhnology transfer process and the TQM philosophy is
critical to the success of the proposed model. The model assumes that both the parties (i.e., th
technology supplier and thechnology importer) have the right kind aftitude for long-term
benefits. This should include a ‘win-win-win’ ategy (i.e., a ‘win’ strategyfor thetechnology
supplier, a ‘win’ strategy for thetechnology importer and a ‘win’ sttegy for the ultimate
customers). The proposed model shown in Fig. 6 recognizes the need for the transfer of those
technologies that are included in Flow C for propemaitstion. The model shows where the TQM
principles are to be applied to ensure continuous improvement of the related processes.



9. Discussion:

A critical factor for sgcess in the global market is the ability of a firm to ttecsheiogy
effectively and quickly across nationaboundaries. In order to do this, agic planning and
implementation must be geared to the special nature of internationahnetogy transfer. Firms

can use several factors to faciltate the transfer of heology across organizational and
international boundaries. In the case of an intra-firm transfer, redeploymetegss of existing
products or processes can be implemented in a parallel, delayed or sequential manner (Keller an
Chinta: 1990). In garallel transfer situation, theechnology supplier simultaneously introduces

the new technology in both the home and host country. delayedtransfer situation, a new
technology is first introduced in the home countbater, after experience is gained and
improvement made, thiechnology is transferred to a foreign country. Iseguentialtransfer, a
technology is transferred to a foreign country only aftertéfoénology in question is congpély

through its life cycle in the home country. There are both advantages and disadvantages to thes
strategies. Since these transfers are internal to the orgamimati implemeation of TQM
philosophy and principles discussed in this paper should be easier.

Joint ventures, licensing, and technology sharing are some of the commonly used modes in the
case of inter-firm transfers. It is argued that the proposed model can also be apgtditaceyfin

a joint venture situation. In joint venture pojs both partiegpursue the same goal increased
market share through satisfied customers.

By incorporating the TQM approach the proposed model goes one step beyond the integative
framework of Technology transfer proposed by Keller and Chinta (1990). The intra-firm and inter-
firm bonds of Keller and Chinta are reinforced by the inclusion of the TQM philosophy and
principles.

It is argued that a quality management system for internatiecahology transfer be developed

by an organization such as the International Organization for Standardization. International awards
such as the Malcolm Baldrige National Quality Award could also be designed to encourage high
guality technology transfer across international boundaries.
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Fig. 1: Customer-Supplier Model

Your Inputs Your Outputs  Your
Supf)liers —” Process ” Customers
Requirements Requirements
and Feedback and feedback

Source: AT&T (1988)
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Fig. 2(a): Technology Transfer Model: Exogenous
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Source: Quazi (1984)
Fig. 2(b): Technology Transfer Model: Endogenous
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Legend: qummmmme  Sequences of technology transforming tasks
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Source: Quazi (1984)
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Fig 3: QFD House

Source: Goetsch, D. and Davis, S. (1994).

Fig. 4: QFD Process

Source: Goetsch, D. and Davis, S. (1994).
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Fig. 5: lllustration of Different ‘Flows ‘in International Technology Transfer Projects

COUNTRY A COUNTRY B
Technological Flow ‘A’ Operating
Capacity Flow ‘B’ Production
> System
Flow ‘C’ Technological
Capacity
Legend:

Flow ‘A’: Technological services & capital goods.
Flow ‘B’: Skills & knowledge for operation and
maintenance.
Flow ‘C’: Knowledge, skills and experience to
manipulate and change the production system.

Source: Adapted from Quazi (1984)

Fig. 6: International technology Transfer and TQM: An Integrative Model
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