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VOORWOORD

Dit proefschrift gaat in op de aansturing van medische technologieontwikkeling. Het begeeft zich

op het grensvlak tussen de bedrijfskunde en de medische wetenschappen. Dit promotieproject is

dan ook opgestart in onderlinge samenwerking tussen de Faculteit Bedrijfskunde en de Faculteit

der Medische Wetenschappen van de Rijksuniversiteit Groningen. Aan de basis van dit project

ligt de door mij genoten opleiding Technische Bedrijfswetenschappen aan de eerstgenoemde

faculteit. Tijdens deze opleiding werd me duidelijk dat met name de onderwerpen

‘multidisciplinaire samenwerking’ en ‘productontwikkeling’ mijn nieuwsgierigheid

aanwakkerden. En na een praktische kennismaking met deze onderwerpen tijdens mijn

afstudeeropdracht in het onderzoekscentrum van SKF, was ik hier volledig door gegrepen. Ik was

dan ook zeer verheugd toen mijn afstudeerhoogleraar Jo van Engelen me attendeerde op deze

promotieplaats.

Tijdens het project ben ik begeleid door mijn promotoren Wouter van Rossum, werkzaam

aan de Faculteit Technologie en Management van de Universiteit Twente, en Henk Busscher en

mijn referenten Gerhard Rakhorst en Bart Verkerke, alle drie werkzaam aan de Faculteit der

Medische Wetenschappen van de Rijksuniversiteit Groningen. Met waardevolle ideeën hebben

Wouter en Gerhard dit project geïnitieerd. Het werkte voor mij erg motiverend om van hen het

vertrouwen en de vrijheid te krijgen bij het maken van verdere keuzes in het project, waarbij ik

op de momenten die belangrijk waren goed commentaar kon verwachten. Van Wouter lag dit

commentaar meer op het bedrijfskundige vlak, en van Gerhard meer op het medische en

praktische vlak. Ook Bart is vanaf het begin een prettige begeleider geweest. Met zijn

werktuigbouwkundige achtergrond vormde hij een goede aanvulling op het tweetal, waarnaast hij

met name een sterke bijdrage heeft geleverd aan het aanscherpen van de artikelen. In een latere

fase van het project werd Henk mijn tweede promotor. Vanuit een medische invalshoek heeft hij

een bruikbare bijdrage geleverd aan het completeren van het proefschrift. Verdere bijdragen aan

enkele afzonderlijke artikelen heb ik zeer gewaardeerd van de hoogleraren Onno Omta, nu
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werkzaam aan de Universiteit Wageningen, en Freerk Lootsma van de Technische Universiteit

Delft.

Het merendeel van mijn onderzoekstijd heb ik doorgebracht bij de sectie Artificial Organs

(AO), onderdeel van de Disciplinegroep BioMedical Engineering (BME) van de Faculteit der

Medische Wetenschappen. Niet alleen bestaat deze sectie uit het mij intrigerende concept van

samenwerkende medici, werktuigbouwkundigen, elektronici, natuurkundigen, en biologen die

zich bezig houden met product- of technologieontwikkeling, deze plaats maakte het mogelijk om

me op een toegepaste manier te verdiepen in de - zeer interessante - medische aspecten van mijn

onderzoek. Dit maakte het een natuurlijke omgeving om de nodige medische kennis en jargon in

me op te nemen.

Ik wil mijn collega’s binnen AO bedanken die op hun eigen manier zo’n prettige sfeer

wisten te creëren. Ik wil hun bedanken voor het collega-zijn en de hulpvaardigheid die ik als

bijzonder heb ervaren. Als eerste wil ik mijn paranimfen Arjan van der Plaats en Wim Ament

noemen. Zij zijn tijdens mijn volledige project aan de Rijksuniversiteit Groningen mijn collega

geweest. Ondanks dat Arie en ik konden bakkeleien over triviale zaken zoals het ophangen van

een kunstwerk in de door ons gedeelde werkkamer, juist hij is onmisbaar gebleken tijdens mijn

onderzoek. En Wim, een van de weinige medici van onze sectie van de Faculteit der Medische

Wetenschappen, gaf met zijn vurige verhalen de nodige afleiding en stond in geval van medische

nood altijd klaar met ijs en rolstoel. Naast de eerder genoemde personen zijn mijn meest naaste

collega’s die ik persoonlijk wil bedanken: Martin de Vries, Tini Roek, Sandra Bellekom, Ed de

Jong, Albert Geertsema, Dimitri Mihaylov, Mark Eijkelkamp, Fernando Morales en ook zeker

niet te vergeten onze natuurkundigen Reindert Graaff en Jaap Lubbers. Aan de Faculteit

Bedrijfskunde maakte ik deel uit van het cluster Strategie en Omgeving. Verder had ik aan deze

faculteit het genoegen achtereenvolgens een kamer te delen met leuke kamergenoten. In het

bijzonder wil ik van hen Annick van den Beukel noemen, met wie ik het contact altijd zeer heb

gewaardeerd.

Naast al deze mensen die deel uitmaakten van mijn dagelijkse omgeving tijdens mijn

onderzoek, wil ik de panelleden bedanken die deelnamen aan de sessie over de PUCA-pomp, de

stemvormende prothese en de leverperfusiepomp. Zonder de inzet van deze mensen was dit

onderzoek niet mogelijk geweest. Voor mij is het voorzitten van deze sessies een erg positieve
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ervaring geweest, wat niet in de laatste plaats is veroorzaakt door het enthousiasme en de serieuze

inzet van deze betrokkenen.

Tenslotte wil ik mijn familie, vrienden en verdere collega’s bedanken die interesse hebben

getoond in mijn promotieonderzoek. Van deze mensen wil ik mijn ouders expliciet noemen die

zo hun best hebben gedaan om de stellingen te verzinnen, die keer op keer werden afgewezen

door hun dochter. En als laatste bedank ik Rogier de Haan voor zijn kritische blik op de

Nederlandse teksten.
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1

INTRODUCTION

The general public poses high and diverse demands on the quality of new medical

technologies or devices (Kumar, 1999). Medical technology assessment (MTA) aims at the

evaluation of the quality of these technologies concerning medical and economical, social,

legal, ethical, organizational or technical criteria. Its outcomes intend to influence clinical and

policy decision-making. Generally, the medical technology under assessment has completed

its development process, and has been introduced into the clinical market. In this clinical

practice, information is gathered to evaluate the effects of the applications of this technology.

When the technology is in an early stage of diffusion, the information is often restricted to

medical criteria. When the technology is in an advanced stage of diffusion, the available

information is more comprehensive, yet the assessment’s influence on changing the

established clinical practice meets more resistance (Collingridge, 1980). So due to the

restricted information used in the assessments, or to the timing of application that does not

attune to the socio-dynamics of technological change, the current MTAs exert only a limited

influence on decision-making with regard to clinical practice and policy.

In order to increase the influence of MTA, its scope needs to be broadened by

including the development process of a medical technology (Koch, 1995). Constructive

technology assessment (CTA) aims to estimate the technology’s quality before this

technology’s clinical introduction. Its outcomes can support the actors that are involved in the

development and clinical application of a technology to proactively improve this technology’s

quality. Nonetheless, the existing methods of CTA fail to influence the actors that make the

decisions that shape the technology. These actors often disagree with the outcomes of the

assessment, and contest the quality of the outcomes. Moreover, the outcomes provide them no

practical solutions to enhance technology development and application.
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This thesis aims to develop an adequate method of CTA to influence decision

making about the development and clinical application of a medical technology.

The adequacy of this method is related to the timing of its application, the

information used in the assessment, the consensus formation about, and the

quality of the assessment outcomes. This method of CTA should be applied

before the clinical introduction of the medical technology. The timing of

application during the development stage of the technology needs to attune to the

dynamics of technological change. Furthermore, this method is to evaluate the

quality of a technology based on a comprehensive set of criteria. This evaluation

needs to reflect the perspectives about the quality of the technology of the various

actors that shape technological development and clinical application. These actors

need to be satisfied with the degree of consensus they attain about the outcomes,

and the quality of the outcomes. In addition, the outcomes need to be of sufficient

quality for these actors to derive practical guidelines that effectively enhance the

technology’s later quality in clinical practice.

 

Saaty’s analytic hierarchy process (AHP) seems to be an adequate tool to support CTAs (for

an overview of its methodology, see appendix A). This technique for multi-criteria decision

analysis quantitatively supports the evaluation of alternative solutions with regard to

quantitative and even qualitative criteria (Saaty, 1989). It has, for example, been successfully

applied to support the selection of new projects for medical technology development. Its use

could be extended to influence the development and clinical application of new medical

technologies. It needs to address those decisions the diverse technological and user groups

have to make to successfully shape the technology and its application.

Chapter 2 describes the traditional paradigm of MTA, and its limitations. The need for

a new paradigm is discussed that takes into account the dynamics of technological change.

Corresponding to this paradigm, the outlines of a new method of CTA are proposed. This

method involves systematic discussions between the diverse groups involved in technological

development and clinical application, quantitatively supported by the AHP.

Chapter 3 focuses on the dynamics of technological change during the development

process. It analyses the contents and the timing of the inter-group communication that

effectively shape technological change. In a case study, a model that views new product

development as being punctuated by periods of rapid change (Gersick, 1989) is externally
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validated for the context of medical technology development. This model provides guidelines

for the appropriate timing of the application of our method of CTA. Namely during the start-

up, at a break point roughly halfway the development process, and during the conclusion of

the project, inter-group discussions appear to be most influential to steer technological change

during the development process.

Chapter 4 presents a pilot study on the use of the AHP in multidisciplinary groups.

The members of the groups that shape technology development and application have diverse

disciplinary backgrounds. Since the AHP commonly supports a single decision maker or a

mono-disciplinary decision-making group, we screened its support for multidisciplinary

decision-making groups. We applied the AHP to support two multidisciplinary groups to

make respectively a simple and a more complex decision of which the consequences would

affect all group members. The satisfactory outcomes of these four applications underline the

appropriateness of using the AHP in an multidisciplinary panel, such as intended in our

method of CTA. Moreover, these applications allow the readers a glimpse behind the scenes

of a university, a common partner in medical technology development.

Chapter 5, 6 and 7 elaborate our method of CTA respectively during the start-up,

around the temporal midpoint, and during the conclusion of development projects. During the

start-up of the first project, the CTA focused on the definition of the quality of the technology

as pursued by the technological developers and users in comparison to the quality of a

competing technology. Around the temporal midpoint of the second project, the assessment

focused on the comparison between the attained quality of the prototype, the pursued quality

of the prototype, and the quality of a competing prototype. During the conclusion of the final

project, the assessment focused on the comparison of the attained quality of the prototype and

the quality of two competing technologies applied in clinical practice. All comparisons were

based on a versatile range of product requirements. On the basis of the CTAs, the developers

and users derived practical guidelines to steer technological change.

Finally, chapter 8 focuses on Team Expert Choice, a commercially available group

decision support system that incorporates the mathematical procedures of the AHP. It presents

the effects of this system on the processes and outcomes of the CTAs. This system not only

quantitatively supports the analytical comparisons between the technologies’ quality, it also

supports the exchange of information and the formation of a consensus between the diverse

technological developers and users. Its use enhances the quality of the outcomes of the CTAs.
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All chapters combined provide a first impression of the adequacy of this new method

of CTA. The technological developers and envisaged clinical users were satisfied with the

degree of consensus about and quality of its outcomes, and showed commitment to

proactively fine-tune the properties of the technology to improve its later clinical quality.

Based on these first results, this method appears to provide an adequate means to include

decision-making focused on the development and clinical application of a medical technology

into the scope of MTA.
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ASSESSING MEDICAL TECHNOLOGIES IN DEVELOPMENT;

A NEW PARADIGM OF MEDICAL TECHNOLOGY ASSESSMENT

HUMMEL JM , ROSSUM W VAN, VERKERKE GJ, RAKHORST G

PUBLISHED IN: INTERNATIONAL JOURNAL OF TECHNOLOGY ASSESSMENT IN HEALTH CARE, 16(4):

1214-1219 (2000). © CAMBRIDGE UNIVERSITY PRESS. REPRINTED BY PERMISSION OF THE

PUBLISHER.

This study aims to provide a practical contribution to the field of medical technology assessment

within a new paradigm. This paradigm indicates the need for more comprehensive technology

assessments in the development stage of a new technology. We introduce a method, based on

Saaty’s analytic hierarchy process, which quantitatively supports discussions between the

various actors that shape the technology's development and diffusion. These discussions focus on

technical, medical, social, and economical requirements relevant to the design and clinical

diffusion of the new technology. In contrast to more traditional technology assessments, our

method encompasses the perspectives of the diverse actors in the social context of technology

development and diffusion. It influences their decision-making on technology design and

diffusion in order to improve this technology's later clinical as well as social effectiveness.
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2.1 Introduction

Medical technology assessment (MTA), as it has been developed in the past 15 years, 1 can be

divided in two broad categories: assessments of the efficacy of medical technologies and

assessments of the adequacy of medical technologies applied in clinical practice. Efficacy relates

to the effects of a technology on clinical outcomes. Adequacy, however, is conceived in different

terms. Economic studies consider adequacy in terms of cost-effectiveness or cost utility

(Drummond et al, 1987). Studies focusing on the fit between the implementation of medical

technologies and medical indications conceive it as appropriateness (Brook et al, 1986). Other

studies relate adequacy to a range of other aspects of the implementation of medical technologies,

such as ethical, social and organizational aspects.

Assessments focused on the adequacy of a technology are generally based on a more

versatile range of aspects than the efficacy studies. However, this adequacy is commonly

determined when the technology is in an advanced stage of diffusion. At this time, the efficacy of

the technology is shown, and the technology is often already well accepted in the medical

profession. Consequently, conform to the Collingridge dilemma, the results of the adequacy

studies may exert only a limited influence on clinical and policy decisions (Collingridge, 1980).

In this research note we propose that additional technology assessments should take place

in the developmental process of medical technologies before clinical diffusion, and should

address more aspects than the efficacy studies do. We developed an adequate approach to support

a versatile assessment of a new technology in its development stage. Such a notion is within the

province of constructive technology assessment (CTA). Instead of influencing policy making in

health care, CTA attempts to influence the development and diffusion of a new technology (Schot

and Rip, 1996). This influence is based on technical, medical, social, and economical information

provided by the diverse actors that shape development and diffusion.

1 See the overviews of the development of health care technology assessments (Banta et al, 1995; Banta

and Luce, 1993; Banta et al, 1995).
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2.2 Limitations of the traditional paradigm of technology assessment

As with all technology assessments, MTA can be considered a multifaceted field of science.

Different aspects of medical technologies, including medical and surgical interventions, are

studied using different disciplinary perspectives. Nevertheless, the basic paradigm from which a

medical technology is assessed is surprisingly similar. Koch (1995) discusses two assumptions of

this paradigm:

The paradigm assumes that the scientific and technical content of a medical device is

developed in a social and policy vacuum and that social factors only enter the

equation at the stage of diffusion. Moreover, it assumes that the diffusion stage of a

medical technology is the appropriate place to assess the social factors that play a

role in the adoption of medical technologies. (Koch, 1995)

Based on these assumptions, medical technologies are considered to be the ‘inevitable and

inescapable’ (Blume, 1998) result of the application of scientific research. This linear model of

the innovation process presumes a socially unproblematic technical development process,

resulting in new products that can be diffused. Accordingly, there are only two moments relevant

to perform technology assessments. The first moment is at the final stage of the developmental

process. Only when a prototype is developed it is relevant to assess its efficacy. The second

moment is after the diffusion of the technology has started. At that time it is relevant to assess the

adequacy of the technology in its context. Technology assessments applied in earlier stages of the

developmental process of medical technologies become predictive studies, e.g., early warning

systems of emerging medical technologies (see the Special Section of the Fall 1998 issue of the

International Journal of Technology Assessment in Health Care).

This linear model of the innovation process has been criticised from three different points

of view. First, the social constructivist approach within the sociology of technology (Bijker et al,

1987) conceives technology as an inherently social phenomenon. To adequately represent

technological development, it is necessary to include the “seamless web” of social relationships

around the technology. In line with this argument, Blume (1998) showed for the case of

diagnostic imaging instruments that one should pay attention to the social attributes of the
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speciality of radiology to adequately represent the way in which new imaging instruments, such

as computed tomography and magnetic resonance imaging, were developed and introduced.

Hence, a technology assessment that ignores such social relationships misrepresents the eventual

consequences of the emerging technology.

A second line of criticism focuses on the distinction between the developmental and

diffusion stages of technologies. Especially within the field of innovation management (Leonard-

Barton, 1987), empirical research regarding the attributes of innovation processes shows that

technologies are still changing during the diffusion stage. Consequently, the implementation of a

new technology should be taken as an integral part of the innovation process. In the case of

medical technologies, this involves, for instance, the gradual involvement of other indications for

which the technology, such as in vitro fertilization in the Netherlands, is being put to use.

A third line of criticism can be formulated from the perspective of evolutionary

economics. In their argument, the development of technologies is determined by path-dependent

trajectories (Dosi, 1988). These trajectories can be conceived as frames of references indicating

the nature of the change to be expected. For example, the development of mainframe computing

towards increasingly larger sizes in the 1940s and 1950s was reversed by the subsequent

trajectory of developing micro computing. If such trajectories influence the nature of emerging

technologies, they should be taken into account in the assessment of the consequences of the

technology.

These lines of criticism help explain limitations in the implementation of the results of

MTA in healthcare decision-making. Methods of MTA that establish the technologies’ efficacy

or effectiveness prior to diffusion do not capture the dimensions, including the social

relationships around the technology and its technological context. MTAs incorporating a broader

range of factors are generally conducted only in an advanced stage of diffusion. At that time, the

technology is embedded in its social context and may have found some influential proponents of

the technology who consider the initial results to be promising. Resistance to reconsidering the

established practices is most likely to hamper the perceived value of the cost-effectiveness studies

by the assessment’s audiences and, consequently, the implementation of the assessment’s

conclusions.
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2.3 Towards a new paradigm of technology assessment

Considering the limitations of the traditional paradigm of technology assessment, it seems

necessary to supplement this paradigm of MTA with a new one. This new paradigm takes into

account that decision making on medical technologies, both in the developmental and the

diffusion stages, involves technical as well as social choices. These decisions are made by

different types of actors and at different levels of decision making. It is only by assessing the

interaction of all these decisions that the consequences of the technology can adequately be

assessed.

This view harmonises with the notion of CTA, which takes the dynamics of technological

development and social change into account. By assessing a technology in its development stage,

a comprehensive range of dimensions, including social factors that influence the eventual

consequences of the application of a technology, can be incorporated. CTA asserts that the

properties of a technology can be assessed and subsequently directed by means of interactions

between technology producers, users, and third actors such as governments, unions, and pressure

groups. These interactions support decision making in technology development and application.

Existing methods of CTA include technology-forcing programs, platforms, consensus

development conferences, social experiments, and dialogue workshops (Schot and Rip, 1996). To

actually effectuate changes in development and diffusion, the practices of CTA would benefit

from some adjustments. In general, these methods of CTA have been applied at a national, macro

level distant from technology development. Therefore, there has been limited feedback to the

technological developers and the outcomes have had little impetus (Schot and Rip, 1996).

Moreover, technological actors affected by the outcomes often contested the credibility of the

outcomes.

It has been suggested that a method of CTA applied close to the technological

development activities can overcome these problems (Van Eindhoven, 1997). If the actors of the

technological developments as well as actors within the future user contexts of the technologies

themselves would derive an assessment of the technology, technological changes are more likely

to occur. In particular dialogue workshops could offer such an opportunity.

However, current problems of dialogue workshops relate to the perceived value of their outcomes
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by the affected actors. In dialogue workshops in which actors with diverging backgrounds

participate, the actors involved often have contrasting opinions about the relevance of the criteria

for technology development. Such divergent perspectives often hinder technological change

(Ouwens et al, 1987). In addition, the discussions generally focus on the future social, cultural

and technical context of the technology. This creates awareness by the actors about relevant

issues that could concern technology development. Nevertheless, it does not provide practical

solutions for technology improvement. These factors impede the perceived value of the

assessment by the audiences. In our view, by paying explicit attention to consensus formation and

aiming at providing practical guidelines for technology development and diffusion, a method of

CTA that can integrate a diverse range of dimensions could effectuate changes that are more far-

reaching than the traditional technology assessments.

2.4 A new approach of constructive technology assessment

Appropriateness studies, such as the RAND studies, focus on the appropriateness of the use of

medical technologies. This approach can, in our view, be extended to include aspects of the

development of the technology as well. The appropriateness studies then become a form of

‘constructive’ technology assessment: not only decision making on the use of the technology is

then at stake, but also the decision making on the development of the technology. To support

decision making adequately, the assessment needs to take account of the technical design options,

the needs and requirements of the envisaged users, and the social context of the technology in

development that affects the emerging technology’s eventual consequences (Kirejczyk and Rip,

forthcoming).

To identify and assess the broad range of requirements posed upon the technology, an

expert panel needs to be composed of a diversity of actors conducting technology development

and diffusion. The team version of Saaty’s analytic hierarchy process (AHP) can be used to

support the assessment by such an expert panel. This technique for multi-criteria decision

analysis supports decision-making dialogues with logical foundations (Saaty, 1989). These

logical foundations concern the quantitative comparison of alternatives, which in the case of

technology assessment could be a new technology and alternative technologies. As opposed to
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more traditional techniques, it can account for both quantitative and non-quantitative impacts,

and can integrate them into a single overall score for ranking alternatives. It provides the various

actors with a means to reduce the complexity resulting from the heterogeneous requirements

facing the emerging technology, as well as from the diverging perspectives of the actors.

AHP structures a complex decision into a hierarchy of factors. An appropriate structure

could consist of four hierarchical levels, respectively the goal, requirements, sub-requirements

and alternative technologies. Weighting factors, reflecting the importances of the (sub-)

requirements and the preferences for the alternatives, are computed based on pairwise

comparisons of sets of two (sub-) requirements or alternatives. The relative importances or

preferences are appointed on a 9-points ordinal scale, in which 1 reflects equal importance or

preference and 9 extremely higher importance or preference. In addition, AHP provides a

measure of inconsistency to ensure that each pairwise comparison is consistent with the

remainder of the comparisons. When the AHP supports a group of decision makers, it aggregates

the individual pairwise comparisons by computing a geometric group average. The geometric

variance measures how much an individual’s sets of judgements differentiate within the group.

Accordingly, it supports the discussion to focus on topics that are subject to the highest

disagreements. It aids the processes of learning, debating, and revising one’s priorities. This

creates a dialogue in order to reach consensus among the various judgements representing diverse

experience. See appendix A for a more elaborated overview of the quantitative methodology of

the AHP.

The team version of AHP seems to offer a scientific sound approach to integrate

requirements of each nature into the assessment. Since the approach is based on experts’

estimations instead of clinical results, the technology can be assessed for applications based on a

broad set of medical indications. To facilitate the implementation of the results of the assessment,

this approach aims to evoke results that are relevant at the level of the technological activities,

and that reflect the judgements of the accompanying actors. We have affirmed the actualisation of

these prospects by three case studies involving the assessment of respectively a new trans-arterial

blood pump, a voice-producing prosthesis, and a liver-perfusion pump.
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2.5 Discussion

CTA attempts to provide a broad analysis of a technology in its development stage. Its results are

to be integrated into the processes of development and diffusion of the new technology. Thus, in

contrast to traditional technology assessments that consider the properties of a technology as

given, our approach can extent its influence by evoking changes in the properties of the

technology. Moreover, its potential influence is multifaceted due to the possible use of a broad

range of requirements. The AHP provides a logical foundation to quantitatively integrate the

various requirements involving medical, technical, social and economical aspects. Consequently,

the assessment can take account of the technical design options, the needs and requirements of

the envisaged users, and the social context of the technology that affect this technology's later

consequences.

One of the basic problems of traditional as well as constructive technology assessment is

an unsatisfactory value of the outcomes as perceived by the actors that are affected by these

outcomes. Not surprisingly, one can observe problems regarding the policy implementation of,

for example, cost-effectiveness studies. One of the present authors found discrepancies between

the outcomes of cost-effectiveness studies regarding liver transplantation, heart transplantation,

and in vitro fertilization in the Netherlands and the subsequent use of these studies in the policy

process (Van Rossum, 1991). Our method of CTA attempts to overcome this obstacle by directly

involving the actors concerned with the development and diffusion of the technology. Its explicit

focus on consensus formation instigates these actors to broaden their perspectives and to remove

sources of misunderstanding. The accordingly facilitated integration of the perspectives enhances

the actors' perceived value of the assessment outcomes and thus commitment to the

implementation of the outcomes. This promotes the actors to attune their decision making on

development and diffusion to improving the technology's later clinical and social effectiveness.

Our approach provides a practical contribution to the field of MTA within the new

paradigm. The hierarchic structure of the AHP allows the incorporation of all requirements

affecting the effectiveness of the technology into the assessment. The subsequent systematic

comparison of the effectiveness of the new technology with alternative technologies gives clear

guidelines for improvement of the design or diffusion of the technology in development. The
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quantification of the comparisons involved helps the actors to deliberate on trade-offs between

the heterogeneous requirements. In our view, the approach can be applied to a high variety of

medical technologies due to the wide applicability of the AHP. As a supplement to traditional

technology assessments, it can support decision making during technology development based on

a more comprehensive set of requirements.
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TYPES AND TIMING OF INTER-ORGANIZATIONAL

COMMUNICATION IN NEW PRODUCT DEVELOPMENT

HUMMEL JM, W. ROSSUM W VAN, OMTA SWF, VERKERKE GJ, RAKHORST G

ACCEPTED BY: CREATIVITY AND INNOVATION MANAGEMENT

Inter-organizational networks are important to deal with the high risks of developing

innovative products. However, managing the communication between the participants

involved is complex. The traditional models of new product development are not sufficient to

gain insight in effective management practices in this respect. Our study explored the inter-

organizational communication in an R&D project aimed at developing a medical blood

pump conducted by industry, universities and a university hospital. Based on

correspondence, documentation and interviews, we analysed the inter-organizational

communication in the different stages of new product development. Our results confirm

Gersick's model that looks upon new product development as being punctuated by rapid

changes. In these periods, inter-organizational communication on design objectives and

project planning is paramount. In addition, communication needs to focus on contextual

factors and the required resources, skills and knowledge. Consequently, facilitation of

comprehensive inter-organizational communication appears to be particularly essential

during the start-up, explorative prototype stage, and completion of the project.
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3.1 Introduction

Delivering products that are superior in meeting users' needs is an important determinant of

new product success (Cooper, 1985). Accordingly, the development of innovative products

can offer high financial rewards. These products provide unique user benefits and/or

incorporate advanced technological solutions (Veryzer, 1998). However, development risks

are high due to the imperfect knowledge users' needs, possible reaction of the competition,

other technological solutions, and the required knowledge, skills and resources (Song and

Montoya-Weiss, 1998).

Alliances between users, knowledge institutions and industry are important to reduce

these development risks (Schilling and Hill, 1998). External collaboration with users is

valuable in order to gain understanding of their needs (Pitta and Franzak, 1996).

Collaboration between knowledge institutions and industry yields partners knowledgeable in

technological solutions and the market. In addition, it provides access to complementary

knowledge, skills and resources. This access enables functional specialisation, which is

particularly beneficial to the development of technological advanced products (Strieter and

Tankersley, 1998).

The needed specialisation of the participants involved in new product development

increases the need for integration of their activities (Strieter and Tankersley, 1998). In

addition, fulfilling new user needs by means of advanced technological solutions requires

highly integrated R&D and marketing activities (Perks, 2000). Managing these

interdependent interfaces is complex. Accordingly, many inter-organizational development

projects neglect environmental factors concerning the users, competitors, technology,

intermediaries and regulation, and therefore fail to reach their objectives (Perks, 2000).

Moreover, many inter-organizational projects fail to focus on clear objectives and project

planning, which will lengthen or even exhaust the collaboration (Bruce et al, 1995).

The problems described, support the notion that successful product development is a

dynamic process of mutual adaptive activities between the different participants in a

development project and groups that belong to the environment, such as users, external

technological researchers and competitors (Leonard-Barton, 1987). In our view, improved

understanding of the dynamic interplay between these groups is required to improve the

manageability of inter-organizational projects.
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Stage-wise models of new product development, separating a project in the stages

strategic planning, concept generation, pre-technical evaluation, technical development, and

commercialisation (Crawford, 1997), are valuable in order to gain understanding of the

product development processes over the course of a project. Nevertheless, these stages do not

explicitly focus on the processes of mutual adaptation between the diverse groups involved.

Furthermore, the models do not capture the dynamics of the overlapping, and iterative product

development activities in dynamical work environments (Sonnenwald, 1995). For example,

Song et al (1998) found that cross-functional co-ordinating activities involving R&D,

marketing and production are only productive in the planning stage, before product

development starts. However, empirical research of Sonnenwald (1995) shows that planning

is a recursive activity that occurs in several stages of new product development. So, the

possible impact of cross-functional co-ordination of the planning activities in later new

product development stages is still highly unclear. Accordingly, these models are not

sufficient to study interactions over time.

Gersick's empirically derived model incorporates iterative processes that are essential

to inter-organizational product development in dynamical environments. It views new product

development as being punctuated by periods of rapid change (Gersick, 1989). The iterative

periods of change are initiated by fresh ideas and information from environmental groups, and

consist of matching the objectives and project planning with market opportunities and

available resources. In our view, this model is valuable to studying inter-organizational

product development. However, this model, derived from short-term task groups, has not been

validated in the empirical context of inter-organizational product development.

Our study aims to validate a new model of inter-organizational product development

adapted from Gersick's findings. This model focuses on types and timing of inter-group

communication. We compared the communication patterns as predicted by this model with

those that occurred between industry, universities and a university hospital during their

involvement in an international project focused on the development of a medical blood pump.

We conclude with hypotheses about effective management practices in inter-organizational

product development to be tested in future survey research.
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3.2 A model for types and timing of inter-group communication in new

product development

A huge body of literature deals with the communication within R&D teams (e.g. Allen, 1993;

Kratzer et al, forthcoming), between marketing and R&D or users and R&D (e.g. Souder et

al, 1998), and to a lesser extent between marketing, R&D and production (e.g. Zirger and

Maidique, 1990). Ancona and Caldwell (1992) divide inter-group communication into

ambassadorial, task co-ordinating, and scouting communication. Ambassadorial goals include

persuading others to support the team, and lobbying for resources. Task co-ordinating

communication is aimed at planning communication including co-ordinating activities,

reviewing product design, and development communication aimed at resolving design

problems. Scouting communication includes scanning and collecting external ideas and

information on the competition, market or technology. Ambassadorial and task co-ordinating

communication are related to meeting budgets and schedules and realising innovative

products. Scouting communication has adverse effects on performance if conducted in later

stages of new product development (Ancona and Caldwell, 1992). Even though literature

suggests that the timing of inter-group communication is relevant (Rochford and Rudelius,

1992), no longitudinal research has been conducted in order to find out in which specific

periods of the developmental process these different types of inter-group communication are

appropriate (Liker et al, 1999).

New product development research emphasises that task co-ordinating communication

focuses on setting objectives and project planning is essential during start-up or the so-called

fuzzy front-end of new product development (Khurana and Rosenthal, 1997; Cooper, 1985).

Contextual factors that influence the definition of product objectives for collaborative

innovate product development include resource availability, external collaboration options,

and information on competition and technology (Veryzer, 1998). Accordingly, ambassadorial

communication and scouting communication appear to be essential in the fuzzy front-end

stage, as well.

Yet, defining successful objectives for collaborative product development is complex

due to market and technological uncertainties. A period in which communication about

external ideas, design objectives and resources is felt to be extremely urgent is the period just

after an explorative prototype has been built (Veryzer, 1998). This prototype is an important
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tool to determine, in interaction with users, the suitability of technologies for certain product

applications as well as to further investigate new or improved ideas and concepts. The results

clarify product objectives and enlighten the need for complementary knowledge, skills and

resources. In this stage we therefore hypothesise that partnerships with key users and

development partners are likely to be initiated. So, in the explorative prototype stage, task co-

ordinating communication focusing on objectives and project planning, combined with

ambassadorial and scouting communication, provide essential opportunities to revive the

developmental activities.

Gersick's empirical studies on task groups provide guidelines for the appropriate

timing of the types of inter-group communication in new product development. She found

that projects consist of alternations of concentrated bursts of radical change and periods of

inertial change (Gersick, 1989). In the periods of radical change, including start-up and the

temporal midpoint, groups alter their behavioural patterns, product objectives and project

planning on the basis of their learning experiences and on fresh ideas from outside. The

groups can achieve significant progress in the subsequent development activities when they

have matched the objectives and planning to outside requirements and resources.

Furthermore, the groups focus explicit attention to the outside requirements and expectations

during the completion of the project. The relevance of external ideas, product requirements

and resource acquisition suggests that scouting, task co-ordinating focused on objectives and

planning, and ambassadorial communication is particularly appropriate during the bursts of

radical change. During the completion of the project, inter-group communication about the

objectives and planning appears to be appropriate.

Complementary to these findings, Allen found that both successful and unsuccessful

product development projects consist of two cycles of task co-ordinating communication

focused on development activities (Allen, 1993). These cycles appear to co-occur with

Gersick’s periods of inertial change. Namely, the second cycle in which communication about

the development activities was found to revive after the projects had entered their temporal

final half. In successful teams, the design activities were discussed among technical experts

on a rather continuing basis during these two periods, and not simply when serious design

problems developed (Allen, 1993).

On the basis of Gersick's and Allen’s findings we hypothesise that successful inter-

group communication in the front stage and the explorative prototype stage consists of
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relatively frequent scouting and ambassadorial communication, and communication about

objectives and planning. In the periods alternating these two stages, it comprises relatively

frequent communication about the development activities. Finally, before the completion of

the second cycle of the development activities, communication about the objectives and

planning revives. Following these patterns of inter-group communication supports the

development activities to increase the probability that the new product will fulfil user needs,

and to be within time schedule and budget.

3.3 Research methodology

With regard to inter-organizational projects, our study aims to validate our model of new

product development. Accordingly, we compared the hypothesised patterns of successful

inter-organizational communication with the actual patterns of the communication between

industry, universities and a university hospital during their involvement in a joint project to

develop a medical product. In addition, we analysed the relation of the congruencies and

discrepancies between the patterns with their project performance.

We counted per month the frequency of occurrence of ambassadorial, task co-

ordinating and scouting communication topics we discerned in the written inter-group

communication. Among the task co-ordinating topics we distinguished between topics related

to the formulation of the project objectives and project planning, and topics focused on

development activities. We adapted the operationalisation of the topics as defined by Ancona

and Caldwell (appendix 3.1) to the context of inter-organizational collaboration. An example

of a task-coordinating topic focused on project planning is:“Negotiate with others for delivery

deadlines”. To distinguish time-related trends among these communication categories, we

applied time series analysis. We used a running average over a time span of 6 months to

smooth systematic fluctuations caused by face-to-face meetings that took place on average

once per six months. We analysed the reliability of these patterns based on the correlation

between the time-series of split samples of the written communication. By means of semi-

structured interviews with key project members, including the project co-ordinator, a

practising cardiologist, two academic developers, an industrial developer and a manufacturer,

and the analysis of reports and minutes, we elaborated the extracted patterns of inter-group

communication. In this elaboration, we distinguished time periods in which different types of
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inter-organizational communication dominated. In addition, the aforementioned sources were

used to analyse the project performance and its facilitators and barriers. Project performance

was derived from the probability that each cycle of development activities increased the

likelihood that an innovative product would be realised that fulfilled user needs, and that

these cycles were within time schedule and budget.

3.4 Empirical focus

During the past 9 years, industry, universities and the university hospital have developed the

new product under study, the PUCA-pump. It is an intra-ventricular blood pump to be used as

a Left Ventricular Assist Device (LVAD). It provides temporary support (from hours to a

week) to the circulatory system. Temporary support can be necessary when patients need to

be ‘bridged’ to other forms of heart surgery aimed at alleviating acute ventricular failure.

Moreover, it can be used as an adjunct to pharmacological treatment of severe heart failure

(Mihaylov et al, 1997). The final prototype consists of an extra-corporeally placed membrane

pump, which is connected to a valved polyurethane catheter. By means of a guiding catheter,

the tip of the catheter is introduced via the peripheral arteries or open thorax into the left

ventricle. The pump aspirates at least 3L/min blood from the left ventricle and ejects it into

the ascending aorta. Since the pneumatic driving system of the PUCA pump is

electrocardiogram-triggered, the ejection takes place during the diastolic phase of every

second or third heart beat (figure 1). In case of severe arrhythmia or ventricular fibrillation,

the driver switches automatically to an untriggered pump mode (Verkerke et al, 1993).
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Figure 1. PUCA pump during aspiration (A) and ejection (B)

3.5 The inter-group communication in the PUCA-pump project

Figure 2 shows the time series of the written inter-group communication over the course of

the PUCA-pump project. The correlation between split samples of the scouting,

ambassadorial, planning, and development communication patterns are respectively 0.58,

0.93, 0.95, and 0.83. These correlations are significant for p < 0.0005. Particularly, the

ambassadorial, planning and development communication patterns appear to be a reliable

representation of the written correspondence.

Figure 2. Time series of the inter-organizational communication
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3.5.1 Start-up period and first cycle of development activities

November 1990 - March 1992

Our model presumes that successful inter-organizational communication in the front stage

consists of relatively frequent scouting and ambassadorial communication, and

communication about objectives and planning. Corresponding to our model, scouting,

ambassadorial and planning communication did occur relatively frequent in this first period of

the PUCA-pump project. Scouting communication occurred more frequent per month than

average from February 1991 to July 1991, and was mainly related to attending conferences

about mechanical heart support. Triggered by these conferences and recent work experience,

the project leader, a former veterinarian, conceived his idea for a new mechanical heart pump,

later to be known as the PUCA pump. Ambassadorial communication was conducted

relatively frequent from February 1991 to March 1992, and was related to networking and

grant applications. Former network contacts were renewed with groups, including the

university hospital, a German and a Swiss university, a Dutch industrial developer of

biomaterial coatings, and a Dutch industrial designer and manufacturer of medical catheters.

The Dutch, German and Swiss partners submitted applications for EUREKA grants, which

were only allocated to the Dutch partners. Planning communication was relatively frequent

from April 1991 to March 1992, and focused on idea screening and the project planning to

include in the grant applications. The groups expected the catheter pump to be an innovative

device to be applied by cardiologists, and decided on the main approaches to determine the

feasibility of the catheter pump, and divided the corresponding tasks. For the rejection of

German grants, the development activities on the valve system, originally assigned to the

German partners, were reassigned to several Dutch students and a German one.

Unpredicted by the model was that development communication occurred more

frequent through July 1991 to March 1992. This communication was related to the overlap of

a preceding heart-pump project and the PUCA-pump project.



SUPPORTING MEDICAL TECHNOLOGY DEVELOPMENT

27

February 1992 – October 1993

The start-up period is to be followed by a period particularly focused on development

communication. Corresponding to our model, inter-organizational communication about the

development activities occurred relatively more frequent per month from February 1992 to

June 1993. As planned, previous animal tests with an alternative heart pump, post-mortem

studies on humans, and numerical simulation of the PUCA pump were used to develop an

explorative prototype. The valve system could, however, not be integrated in the catheter such

as designed by the industrial manufacturer. Therefore, the development activities resulted in a

explorative prototype of the PUCA pump, consisting of an alternative catheter with a separate

in- and outflow valve connected to a purchased membrane pump, once tested in an animal

experiment.

Not accounted for by our model, planning communication was relatively frequent from April

1992 to December 1992, and scouting communication from May 1992 to December 1992.

The design objectives were discussed at the inter-organizational meetings, yet did not change

significantly. The project planning was revised due to diverse technical problems with the

driving system for the PUCA pump purchased from an industrial supplier. Despite the lack of

financial funds, the Swiss group planned to develop a driving system in-house. In addition to

attending scientific conferences, scouting communication focused on finding new approaches

to study the effects of the PUCA pump on the cardiovascular system.

Performance

This first cycle of the four categories of inter-organizational communication largely followed

the hypothesised patterns of successful inter-organizational communication. They evoked

development activities that satisfactorily increased the probability that the PUCA pump would

fulfil user needs and that were within time schedule and budget. According to the partners,

sufficient time and effort was devoted to reduce the main application and technological

uncertainties. Particularly the participation of users and developers in animal experiments

with prototypes of an alternative heart pump and the PUCA pump satisfactorily contributed to

essential learning experiences on the application of the PUCA pump. Accordingly, the early

development communication during start-up was considered to be an effective deviation from

our model.
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Some general factors related to the empirical setting were mentioned that influenced

the patterns of inter-organizational communication during all periods of the project. Fulfilling

the administrative procedures in order to receive grants was considered to extent the

objective-setting and planning stages superfluously. Revision of the project planning during

the development activities was seen to be the inescapable result of a dynamic group

composition. Finally, evaluation and reward systems of universities induce academicians to

focus on realising scientific publications. One manifestation of this focus is their regular

presence at scientific conferences. The accompanying scouting communication was therefore

increased repeatedly over the full course of the project.

3.5.2 Explorative prototype stage and second cycle of development activities

November 1992 - October 1993

On the basis of our model we hypothesise that successful inter-organizational communication

in the explorative prototype stage consists of relatively frequent scouting and ambassadorial

communication, and communication about objectives and planning. This period is to be

followed as well by a period particularly focused on development communication. In

addition, we hypothesise that before the final burst of the development activities relatively

frequent communication focused on the objectives and planning. Corresponding to the model,

relatively frequent scouting, planning and ambassadorial communication took place in this

period. The relatively frequent scouting communication from January 1993 to August 1993

focused on scientific conferences. Planning communication was conducted more frequent per

month than average from November 1992 to September 1993. Insight in medical

requirements through the post-mortem studies and technical requirements by numerical

simulation showed that cardio-surgeons and not cardiologists would be licensed to insert the

PUCA pump in a patient. On the basis of the results of the animal test, the partners planned

that surgical insertion techniques needed to be developed, and that the technical design of the

pump system needed to be adapted to the medical conditions, including heart rhythm, blood

pressure, and blood flow. They also marked that the valve-system was prone to induce

biomedical problems and therefore had to be modified. Ambassadorial communication was

more frequent than average from April 1993 to October 1993. The project members actively

searched for new industrial partners and support due to several factors. Since the
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manufacturer focused on the market of cardiologists, this sole industrial partner was not

prepared to modify the catheter and the accompanying production techniques, and withdrew

itself from the project. Due to the withdrawal by this industrial partner, the project did not

comply with the conditions for receiving new EUREKA grants. Furthermore, the contract

with the supplier of the membrane pumps was cancelled because its product was considered

to be technologically outdated.

October 1993 – October 1994

This period is to be followed as well by a period particularly focused on development

communication. Inter-organizational communication about development activities did,

however, not occur more often than average. During this financially unsupported period, the

development activities were concentrated within the Dutch university, reducing the inter-

organizational communication. They developed a combined in- and outflow valve, which

turned out to be the most radical change of the PUCA-pump concept. In addition, the Dutch

university developed a numerical simulation model of the cardiovascular system. Coupling

this simulation model to the simulation model of the PUCA-pump showed the need to trigger

the driving system based on heart activities.

In contrast to our model, scouting communication was conducted more frequent from

April 1994 to February 1995. Scouting stemmed from attending two courses about

cardiovascular simulation techniques. The continuing ambassadorial communication resulted

in including a surgeon full-time in the development group of the Dutch university, and

contracting a new industrial partner in the field of heart assist and its supplier of membrane

pumps. Consequently, EUREKA grants were assigned to the inter-organizational project to

conduct a research study on the PUCA pump. The new industrial company supplied a driving

system that could be triggered by heart activity.

October 1994 – July 2000

Corresponding to our model, inter-organizational communication about the development

activities is conducted more often than average in May 1995 to November 1995. The Dutch

university and the university hospital developed surgical insertion techniques and a heart-

failure technique to create more realistic medical conditions in animal tests. The coating of
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the PUCA-pump catheter was enhanced by incorporating the technological advances as

contrived by the Dutch industrial partner in the field of biomaterials. Successive series of

students at the Dutch university have been deployed to develop and improve a production

technique for the catheter, the catheter itself, and a valve system of satisfactory quality. Since

these development activities were strongly concentrated within the Dutch university, inter-

organizational communication was strongly reduced. In order to steer the completion of the

development activities, in 1997 the need was felt to evaluate the PUCA pump. The Dutch

University applied for grants for a systematic evaluation of the pump. In 1998 the PUCA

pump was assessed, which evoked final modifications to the PUCA pump and animal

experiments with the PUCA pump. At present, nearly ten years after the project started, the

PUCA pump is transferred to an industrial company founded by the project co-ordinator.

Production techniques are being optimised to manufacture the final design of the PUCA pump

at a larger scale.

In contrast to our model, scouting communication, which was related to attending

scientific conferences, was relatively frequent from September 1995 to February 1996.

Another remarkable contrast with the hypothesised model is that the lead-time of the second

cycle of development activities is considerably longer than the lead-time of the first cycle.

Performance

This second cycle of development activities satisfactorily increased the probability that the

PUCA pump would fulfil user needs but exceeded time schedule and budget. The PUCA

pump's target user-group had been revised, yet the pump was thought to fulfil the needs of

cardio-surgeons to a higher extent than current competitors do. The revision of the design

objectives in the explorative prototype stage in particular enabled the attained quality of the

PUCA pump. This change in the perspective on the market opportunity was not used as a

motive to kill the project, but was adapted to effectively. Factors that explained the outrun on

time schedule and costs were related to the available knowledge, skills and resources, project

planning, and design objectives. Due to declined financial grants and the withdrawal by the

manufacturer, development activities were delayed and were not conducted by experienced

partners with the most appropriate knowledge, skills and resources. In addition, the progress

in these development activities was discontinuous due to a changing membership

composition, as caused by technological trends, educational systems and diverging interests.
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Another factor is that unclear design objectives due to lack of assessment of the product

requirements and product quality decreased progress in, for example, the design of the valve

system. In addition, the project planning did not emphasise speed. Accordingly, the

development of the heart failure model, cardiovascular simulation model, catheter machine,

and surgical insertion techniques became time-consuming peripheral projects. Moreover,

based on a trade-off between quality and development time, extra development time was

spent to enhance the quality of the PUCA pump. This trade-off was permitted by the slow

technological advances in the field of short-term mechanical heart support. The medical trend

to extent medical indications for mechanical heart support even supported the viability of

complementary support systems, including the PUCA pump.

3.6 Conclusions and discussion

Our study describes the interactions between the partners involved in the PUCA-pump

project. Corresponding to our model, the communication patterns show two periods focused

on rapid change of design objectives and planning. Initiated by the first idea generation, the

first period occurred from April 1991 to March 1992, coinciding with the lobby for co-

development partners with valuable resources, skills and knowledge, and financial grants. The

newly defined objectives and planning initiated development activities that reduced market

and technological uncertainties. The learning experiences of the development and application

of an exploratory prototype initiated the second period of change of the objectives and

planning from November 1992 to September 1993. The most radical changes were related to

market opportunity: refocusing from cardiologists to surgeons, task division: building a

catheter machine in-house, and broadening the product focus: examining its influence on the

cardiovascular system. In first instance the revised design objectives evoked the most radical

change in the technical design: the combination of an in- and outflow valve. As soon as

further external resources and knowledge were internalised, the design objectives and

planning resulted in further development activities to enhance the prototype.

Some differences between the actual and the hypothesised interactions can be

attributed to the empirical context of inter-organizational product development. Therefore,

these deviations need not to be interpreted as negative influences on project performance. Past

and concurrent events may have an impact on design situations in an organizational setting
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(Sonnewald, 1995). We found that concurrent events, in our case animal experiments with an

alternative heart pump, caused a deviation from our model. The additional development

communication during the start-up phase confirms that a product development model needs to

take into consideration the project's history. Furthermore, activities within an academic

setting, including education and publicising, are interwoven with product development

activities. As shown, this affects the patterns of inter-group communication. Another

deviation from our model is related to groups leaving and entering the project. The dynamical

membership composition results in renewed discussions of at least the project objectives and

planning.

Corresponding to the model, remaining deviations between the actual and the

hypothesised patterns of successful inter-organizational communication comply with the lack

of development progress. Inadequate resources, unclear design objectives and an unrealistic

project planning led to a high development lead-time. This finding is in line with Gersick's

argument that significant progress can be attained only if the revised design objectives match

market opportunity and the available resources, skills and knowledge (Gersick, 1989).

Besides that they need to be matched with market opportunity, we emphasise that design

objectives need to be clear and the project planning needs to be realistic. Unclear objectives

and unrealistic project planning remain a common problem in inter-organizational product

development (Bruce et al, 1995).

Our results show that the different 'predevelopment' activities, including scouting for

external ideas and information, lobbying for resources and support, and defining objectives

and planning, are strongly overlapping. This coincides with the notion that all activities in the

fuzzy front stage are mutually inter-related. Accordingly, management needs to deal with

these activities in an integrated way. For example, clearly defined objectives and planning is

an essential input to smoothening entry by new development partners in a project. In turn,

these new partners may initiate valuable revisions of the design objectives. When the need for

an appropriate development partners is met late, the fuzzy front stage is likely to be extended

over a longer period of time, or even iterated. In the PUCA pump project, an iterated focus on

design objectives and planning was found in April 1992 to December 1992 due to the

withdrawal of the industrial supplier of driving systems from the project. This emphasises the

importance of an early yet critical screening and selection of product development partners. In

addition, the team needs to remain adaptable to unpredictable changing circumstances.
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The predevelopment and development activities are overlapping as well, though the

prime focus of the inter-group communication alternated over the two categories. Besides

overlapping, all activities turned out to be of an iterative nature. In contrast to the relevant

literature our results show a second 'fuzzy front stage' at the time the main market and

technological uncertainties were solved. Veryzer (1998) suggested that technology-driven

processes of radically innovative product development processes precede or flow into more

incremental product development processes at the time a representative prototype has been

developed. We hypothesise that this transition occurs during the second fuzzy front stage,

which coincided with the existence of a prototype appropriate for in-vivo testing. This finding

indicates that effective management practices may differ significantly before and after the

second fuzzy front stage. Strategic planning is more critical in radical innovative product

development, while market opportunity analysis is essential to incremental product

development (Song and Montoya-Weiss, 1998). Radical product development can be

accelerated by a clear product concept, while the acceleration of incremental product

development requires an project planning in which speed is emphasised and a product concept

flexible for product modifications (Kessler and Chakrabarti, 1999).

The PUCA-pump project shows that strategic planning is essential to reduce market

and technological uncertainties. The development of peripheral technologies, such as the

cardiovascular simulation model, can be time consuming. This particular simulation model

revealed the need to redesign the driving system, or even to acquire another type.

Accordingly, this example shows that the team should make well-deliberated choices about

strategies to reduce the main uncertainties related to product design. These strategies should

be based on a broad view of product quality, besides technical functionality it needs to

integrate product performance in the setting of application. This may prevent costly and time-

consuming design revisions in a later stage. One strategy, which satisfactorily contributed to

reciprocal learning experiences on the application of the PUCA pump, was the participation

of users, including surgeons and cardiologists, and developers in animal tests of an alternative

blood pump and prototypes of the PUCA pump. Early prototyping is an important manner to

shorten development lead-time of innovative new product development (Mullins and

Sutherland, 1998). Our results suggest that it can be an adequate trigger for the second fuzzy

front stage in the new product development process.
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Even though flexibility in the product concept is important in the second development

stage, continuous changes and revisions may delay inter-organizational collaboration (Bruce

et al, 1995). Our case shows that clear design objectives are important to prevent or cease

development activities that do not enhance product quality. These project planning need to be

based on a comprehensive view on the design objectives that takes into consideration the

development activities on peripheral technologies, and the attainable knowledge, skills and

resources. Gersick found that task projects conducted in fixed time periods were completed in

a final burst of activities. Due to an unrealistic project planning, the PUCA pump project did

not have an absolute development deadline, and subsequently did not exploit this final period

of rapid change. Instead, a trade-off was made between quality and time overrun. These

results suggest that deadlines, particularly before market introduction, need to be forceful and

well chosen, in order to become an important tool for pacing new product development.

Comprehensive design objectives need to steer the final burst of activities, in order to finalise

the prototype.

This model of product development deviates from the traditional product development

models in some important respects. It shows that strategic planning, concept generation and

pre-technical evaluation are strongly intertwined activities. Moreover, it stresses that in

successful product development teams the project members are prone to reconsider decisions

related to strategic planning and concept generation during the technical development of the

new product. An appropriate period is when the team members are likely to understand the

meaning of contextual requirements on product outcomes and resources, to feel the need for

progress, and to have enough time to make significant changes in the design of their product

(Gersick, 1989). The accompanying inter-group communication can provide an important

impetus to the further development activities.

We view that the variables that compose the communication concepts as defined by

Ancona and Caldwell (1992) neglect a pro-active market orientation. Yet, the concepts were a

valuable entry to map the dynamics of inter-organizational new product development. The

mapped dynamics confirmed the essence of our model of new product development. A

limitation of our written communication analysis is that the data are a subset of the complete

sets of inter-group communication. In addition, the intensity of the activities lagging behind

the correspondence may vary strongly over the communication topics. Nevertheless,

interviews and reports did not reveal significant discrepancies between the graphically
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depicted and the actual communication trends. Corresponding to the essence of Gersick's

untraditional model of new product development, these communication trends reveal

guidelines about effective management practices of inter-organizational new product

development projects. We hypothesise that the facilitation of comprehensive inter-group

communication at least during the start-up, the explorative prototype, and the completion

stage can enhance project performance.
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Appendix 3.1. Topics of the types of inter-group communication

Scouting communication

1. Find out what competing firms or groups are doing on similar projects
2. Remain abreast of technical or medical developments in the field of the project
3. Scan the environment for general new ideas related to marketing, R&D and manufacturing
4. Collect general information about the market, technologies and production processes
5. Find out information about product standards and common practices.

Ambassadorial communication

1. Prevent or absorb outside pressures for the team, so it can work free of overload or interference
2. Persuade other individuals that the team's activities are important
3. Scan the environment for threats to the project
4. Talk up the project to outsiders
5. Acquire resources for the project (e.g. money, new members, equipment)
6. Find out whether others in the collaborating organizations support or oppose the team's activities
7. Find out or give information about one of the collaborating organization's strategy or political

situation that may affect the project
8. Find out or give information about one of the collaborating organization's financial situation that

may affect the project
9. Keep the other groups of the collaborating organizations and outsiders informed of the team's

activities
10. Represent one or more of the collaborating organizations to outsiders

Planning communication

1. Set objectives for the project
2. Determine a work planning including time, budget and activities
3. Determine a task division over the collaborating partners
4. Negotiate with others for delivery deadlines
5. Determine product requirements for the new product or process
6. Determine technical specifications of the new product or process
7. Review the quality of the product design
8. Review the general progress of the project

Development communication

1. Indicate the characteristics of emerging design problems
2. Ask for information to solve the design problems
3. Indicate suggestions for design solutions
4. Hand over test results
5. Procure supplies required for the development activities
6. Give information about the financials
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The external orientation of academic research centres has a high impact on their internal

organization. A multidisciplinary research centre of the University of Groningen in the

Netherlands is concerned with a strategic, organizational decision impelled by a shift in its

external orientation. This decision implies a choice for either an organizational structure

based on disciplines or an organizational structure based on the fields of application of

research. Due to diverging opinions concerning the desirability of each alternative, a multi-

criteria decision-making approach has been applied. Saaty’s analytic hierarchy process

(AHP) has been used to facilitate joint decision-making processes by evoking consistent

logical foundations and consensus formations. Strategic management has used a forward

AHP model to determine the future research activities of this centre based on its external

orientation. Subsequently, two comparable decision-making groups have used a backward

AHP model to choose the most appropriate organizational structure, based on criteria for

scientific research. Feedback procedures have reduced disagreements and have led to a clear

decision for a structure based on the application fields of research.
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4.1 Introduction

University research results carried over to start a company or become a product in an existing

company is the most successful model for the development and transfer of technology (Bell,

1992). However, the impact of close university-industry co-operation is likely to interfere

with the academic freedom of universities. Academic freedom incorporates the freedom to

pursue disinterested, long-term basic research (Lee, 1996). In contrast to this type of research,

industry often contracts basic or applied research that contributes to the evolution of their core

competences (Bloedon and Stokes, 1994). Moreover, to entrust these critical parts of its

research to outsiders, industry must have confidence that results will be produced in a limited

time period (Van Rossum and Omta, 1999). In addition to these restrictions on academic

freedom, research spending by universities is also limited through the desire of industry to

achieve and verify an adequate return on investment from the collaborative research (Rhea,

1997). Nevertheless, these impacts of close collaboration are to an increasing extent being

accepted by universities due to declining governmental R&D support. Industry’s effort to

outsource research provides universities with some financial relief (Lee, 1996). Furthermore,

industrial firms, in some sectors at least, are increasingly dependent upon “strategic”

fundamental research. Universities increasingly conduct such research.

Universities collaborating with industry need to make challenging decisions to adapt

to these rapidly changing circumstances. To reduce costs and maximise the use of available

resources, many universities have undergone considerable reorganizations. Scientists from

different disciplines are brought together in an environment that induces an effective and

efficient use of resources. In this setting, ideas can flourish and speculative lines of

investigation can be pursued alongside those of a more obvious and immediate value (Davies,

1996). Other effective adaptations imply an intensification of links between basic and applied

research and an improvement of mechanisms for the commercialisation of basic research

results to industry (Geisler, 1995). In this respect, the research goals of university research

units are increasingly ambivalent: they have to contribute to both internal and external science

goals.

In this article, a description is given of the Division of Artificial Organs (AO), part of

the Medical Faculty of the Dutch University of Groningen. To an increasing extent, this

multidisciplinary research centre favours close collaboration with industry. Currently, this
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centre is considering adapting itself to its environment. Therefore, its spatial organizational

structure is being reconsidered. The alternatives are a structure based on academic disciplines

and a multidisciplinary structure based on the fields of application of research. Employees

have a diverging range of opinions regarding the appropriateness of these alternatives.

The aim of this study is to assist in this strategic organizational decision by using

Saaty’s analytic hierarchy process (AHP) in order to evoke logical foundations based on a

consensus or an acceptable compromise. Two comparable multi-disciplinary decision groups

composed of employees originating from the same disciplines and organizational

backgrounds have used AHP to reach a joint decision. With this composition, each team

represents the diverging range of opinions at AO regarding this decision. Both decision

groups considerably reduced disagreements and independently made a clear choice for a

multidisciplinary structure based on the fields of application of research results. Its

corresponding results led to an approval of the consequences of this decision by the decision-

makers.

4.2 Organizational orientations of academic research units

The environment of academic research centres consists of sources of demand, resources,

constraints, and research problems that influence the development of scientific knowledge

(Groenewegen, 1988). Scientists are dependent on their external relations providing these

sources (Mulder and Vergragt, 1989). However, these external sources are ambiguous; they

are uncertain, and may conflict or shift over time (Zeldenrust, 1989). Therefore,

renegotiations of the external relations are required when environmental changes affect the

importances of the different sources. An important change is the current decline in

governmental R&D support. A marginal shift in the funding structure of academic research

centres may cause a significant organizational reorientation (Lee, 1996). Academic research

units adapt the internal structure and processes to the renewed requirements of their external

relations (Zeldenrust, 1989).

In general, there are two types of organizational orientation of academic research

units. The first, and most traditional orientation is to focus principally on the focal university.

Academic research units following this strategy are mainly focused on basic research. The

researchers often have a mental model of “intellectual hierarchy” that views user-oriented
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applied research as second class (Armstrong, 1991). They produce a considerable amount of

scientific knowledge for consumption and use by employers, technologists, and the educated

public. However, the most highly valued knowledge is produced for the consumption and use

of colleagues in the process of producing novelty and innovations themselves (Whitley,

1984). These academic research units are confronted with systems of evaluation and

concomitant reward structures based on traditional “public science” criteria like quantity and

quality of publications and international prestige. The familiar discipline-based, internally

driven, individually run structures currently dominate these research units (Tijssen and

Korevaar, 1997).

Since applied science and science-based technology is of vital importance in the major

knowledge-based industries (Tijssen and Korevaar, 1997), some academic researchers should

reorient their academic philosophy. The emphasis on basic research should shift to an

emphasis that seeks a better balance between basic and user-oriented applied research

(Geisler, 1993). A second organizational orientation of academic research units incorporates

this conception. While remaining part of the focal university, the importance of collaboration

with industry is recognised.

Corresponding to this new emphasis, many university research labs have now entered

both short- and long-term research collaborations with industry (Dasgupta and David, 1994).

The resulting behaviour of the researchers involved is evidently different from researchers

pursuing traditional university-bound research. The former tend to be more interdisciplinary

in orientation, more actively involved in university-industry research collaboration, and more

supportive of extension oriented educational programme research (Rahm, 1995). The

academic research units with this mixed focus constitute practically oriented,

interdisciplinary, network-dominated, flexible structures (Tijssen and Korevaar, 1997).

However, the evaluation systems and reward structures of the focal universities -and therefore

of the academic research centres- are generally unilaterally based on the traditional academic

criteria. In contrast, industry rewards academic research centres on the basis of their ability to

produce customer utilities.

Research units within one university vary in their emphasis on either basic or user-

oriented applied research. Moreover, their external sources generally vary. These

discrepancies are obstacles to a uniform organizational structure throughout the university.

Thus, each research unit should make its own decision for an organizational structure while

taking into account the nature of its research goals.
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To analyse the decision for a structure in all its diversity, different points of view

should be integrated. Haselhoff (1977) gives a schematisation of different points of view

regarding organizations. Organizations can be perceived as open systems in their

environment. This view implies that a sensible ratio of basic to applied research can be

derived based on each research unit’s interest in external actors and their sources of demand,

resources, constraints and research problems. This ratio of basic to applied research represents

the feasible degree to which research units desire to emphasise either basic or applied

research.

We claim that this ratio is at the root of the decision regarding the organizational

structure. Different criteria are relevant for this subsequent choice. These criteria can be

derived from the two remaining points of view. Haselhoff’s second point of view is to

perceive organizations as technical-economical systems. Based on this view, criteria

concerning the effectiveness and efficiency of research projects are considered. Scientific

depth reflects effectiveness from the standpoint of disciplinary-based science. The application

value of research reflects effectiveness from the standpoint of user-oriented interdisciplinary

science. It incorporates the internal and external application value of the research results. With

respect to efficiency, lead-time is relevant. It is a frequently used measure of the process

performance of R&D projects. Haselhoff’s final point of view is the perception of

organizations as social systems. Based on this view, the motivation of the employees for

working in their research unit is assessed.

Our primary hypothesis is that a sound decision for an organizational structure of an

academic research unit can be based on the comparison of these different criteria related to

scientific depth, application value of results, lead-time and motivation. These criteria assess

the research activities corresponding to the realistic but desired ratio of basic to applied

research.

4.3 The analytic hierarchy process (AHP)

The strategic organizational decision problems universities face have multiple criteria with

respect to diverging qualitative domains. These organizational decisions are technically and

politically complex and require frequent group decision-making meetings (Saaty, 1989).

Interest in group decision-making continues to grow. In our view, AHP is a multi-criteria
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decision-making technique well suited to derive collective judgements in this context in that it

facilitates the quantitative comparison of alternatives. As opposed to more traditional

evaluation techniques, it can account for not only quantitative but also for qualitative impacts.

Other reasons to discard alternative multidimensional evaluation techniques in this context is

the irrelevance of the probability of occurrence of impacts (e.g., multiple attribute utility

theory [MAUT]), and such practical difficulties as a necessarily large data set (e.g.,

correspondence analysis).

AHP was developed for analysing a variety of decisions concerning complex

technological, economical and socio-political problems. It has been applied successfully in

decisions about, for example, product/process/project selection (Tang and Nam, 1993;

Karbhari, 1994; Barbarosoglu and Pinhas, 1995; Partovi, 1994; Davis and Williams, 1994),

resource allocation (Liberatore et al, 1992; Ossadnik, 1996; Partovi and Hopton, 1994)

performance measurement (Lee et al, 1995; Madu, 1994) and even a political problem

(Carlsson and Walden, 1995). Despite these empirical successes, AHP is not immune to

controversy; as is evidenced by the existence of several alternative procedures besides the

conventional procedures of AHP described in this article.

The first step in the AHP is to structure a complex decision into a hierarchy of factors.

The basic structure of AHP consists of three hierarchical levels: objectives, criteria, and

alternatives. By breaking the problem into these subunits, the decision-maker can focus on

smaller sets of decisions. One of the most extended elaborated structures consists of a forward

and backward part. The forward planning process is the resultant scenario or state of a system

determined by the existing state and the actors who pursue their objectives, policies, and

individual outcomes. The desired outcome is brought about by applying policies to influence

actors to remove obstacles in the way of this outcome. This is the backward planning process.

Pairwise comparisons of the different factors, based on a nine-points ordinal scale,

indicate the relative importances of or the relative preferences for the factors. People already

intuitively use these pairwise comparisons to reduce complexity. In order to derive valid

results, all factors must fall within the same order of magnitude (Saaty, 1994). A major

strength of the AHP is that it allows for -and explicitly deals with- inconsistencies. It provides

a measure of the ratio of inconsistency (CR) that indicates the degree to which each pairwise

comparison is consistent with the remainder of the comparisons. Saaty indicates a maximum

value for this measure. Weighting factors and priorities for these factors are estimated
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according to a mathematical approach proposed by Saaty. See appendix A for a more

elaborated overview of the quantitative methodology of the AHP.

Alternative procedures have been developed with respect to the measurement scale

(Lai, 1995; MacKay et al, 1996), consistency index (Monsuur, 1996), prioritisation

techniques (Dodd and Donegan, 1995; Hauser and Tadikamalla, 1996; Bryson and

Mobolurin, 1994; 1997; Bryson, 1995; Despotis, 1996; Schoner et al, 1993), group

aggregation techniques (e.g. Ramanathan and Ganesh, 1994; Van Den Honert and Lootsma,

1996), and additional approaches (Rosenbloom, 1996; Ramanathan and Ganesh, 1995; Genest

and Zhang, 1996). However, when a group decision support tool is to improve judgements

and intuition by providing a surveyable and comprehensible support, the conventional AHP,

provided by the software package “Expert Choice”, is a suitable approach. This user-friendly

approach enhances effectiveness due to explicit logical foundations, efficiency by dividing the

decision problem in subunits and reliability by providing a consistency index.

Comprehensible graphics regarding weighting factors and preferences improve the general

overview during the decision process. Furthermore, this approach leaves ample room for

consensus building.

The basic version of AHP has been developed to support decision-making by an

individual decision-maker. Additional software allows a decision group to use this approach.

Each decision-maker inserts his pairwise comparisons and this software computes collective

judgements. However, in this study we shall adapt the procedures corresponding to the basic

version of AHP. By adding feedback links between the decision- makers, the decision-makers

are induced to give collective judgements based on a compromise or even consensus.

4.4 Case study

4.4.1 The Division of Artificial Organs (AO)

In this study, AHP is applied in a case study performed in an academic research centre. This

multidisciplinary research centre is the Division of Artificial Organs (AO), part of the Faculty

of Medical Sciences of the University of Groningen in the Netherlands. The main goals of

Artificial Organs are:



SUPPORTING MEDICAL TECHNOLOGY DEVELOPMENT

47

• Enlarging scientific knowledge on Biomedical Technology in general and on artificial

organs in particular;

• Spreading scientific knowledge and results from scientific research in society;

• Educating medical and technical students in Biomedical Technology.

To fulfil these goals, AO is concerned with both basic and applied research. Basic

research is directed toward biocompatibility and non-invasive measurement methods. This

research is mainly oriented towards Physics. Applied research is particularly focused on three

fields of application, which are: “Heart and Circulation”, “Orthopaedics and Revalidation”

and “Soft Tissue Replacement”. A differentiated type of applied research is commercial

contract research for third parties. The relevant subjects of research here are strongly related

to the other subjects of research. Contract research encompasses short-term projects, in

contrast with other projects of AO, which often last many years. Four internal laboratories are

available to support all research projects; a laboratory for medical product development, a

laboratory for biocompatibility, a laboratory for physiological instrumentation, and a lab for

voice research. The scientific results of the research projects are mainly published in scientific

publications and presented at international congresses.

In addition to the research activities, Artificial Organs provides a small part of the

education given at the Faculty of Medical Sciences of the University and Polytechnics. For

both institutes, two examination subjects are provided. Moreover, several apprenticeships are

available at Artificial Organs for its medical and technical students.

AO’s twenty employees -who are mainly mechanical engineers, physicists and

physicians- perform these activities. They work in an organizational structure based on

research projects. However, this project-based structure gives no structural support for AO’s

strategic choices. It has been the occasion of some incongruent and ambiguous choices. Since

basic research and applied research are subsumed in separate research projects, the emphasis

towards either basic or applied research can shift by initiating new projects. Moreover, this

project-based structure is no foundation for either a discipline-based setting or a

multidisciplinary setting. This has resulted in a mixed discipline- and multidiscipline-based

setting. The project members of the research projects originate from the same discipline,

except for some multidisciplinary applied projects. The project members of basic research

projects are all physicists. They, in particular, tend to be isolated from the rest of the

employees working in applied research projects. In this way, the physicists form an

incongruous entity within the Faculty of Medical Sciences.
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4.4.2 Decision problem

Because AO desires to contribute particularly to “real-life” problem solving, its research is

increasingly being directed to medical problems originating in the university hospital. As a

result of this focus, AO embarks on research topics that are also interesting for industry.

Despite its diverging interests, the Faculty of Medical Sciences has allowed AO to perform a

relative highly amount of applied research. In addition, AO hopes to strengthen its ties with

industry by making its research results more easily accessible to industry. Currently, the final

product of its research is generally a tailor-made prototype instead of a reproducible

production model. To overcome this commercialisation gap, an innovation workshop has

recently been initiated, in which prototypes of scientific research can be augmented to small

production series. The centre closely co-operates with Polytechnics in order to effectuate this

initiative.

To adapt to its ambiguous environment, AO is reconsidering its spatial organizational

structure. The transfer of the entire department to another location in the near future seems to

be a suitable opportunity to reorganise. The future structure has to fulfil the demands imposed

by its external relationships as effectively as possible. Alternatives are an organizational

structure based on academic disciplines and a multidisciplinary structure based on the fields

of application of research. In this second option, the conspicuous distinction between the

members involved in basic and those involved in applied research will be discontinued. The

fields of application of AO will integrate basic and applied research projects. Due to diverging

interests, different opinions exist with respect to the desirability of each alternative. Therefore,

explicit attention should be paid to resolving disagreements while making this decision.

4.5 Research methodology

This study has been initiated to support AO in its contentious strategic decision for an

organizational structure based on academic disciplines, or one based on the fields of

application of research. Saaty’s AHP, provided by the software package “Expert Choice”, has

been used to formulate and analyse this decision. Its support is aimed at the formation of

consistent logical foundations. Moreover, its support is aimed at reducing the prevailing

disagreements at AO with regard to this decision. By adding feedback links between decision
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makers, the decision makers are induced to give collective judgements based on an acceptable

compromise or even consensus. Those compromises are acceptable that result in a decision

whose consequences are approved of by the decision makers involved.

A pilot study was conducted to assess the appropriateness of AHP in this

multidisciplinary context. AHP is considered appropriate when it evokes consistent collective

judgements based on an acceptable compromise or consensus. In this context, attention is paid

to the additional value of using a questionnaire before group decision processes. The AHP has

been used to formulate a simple decision structure for analysing the strategic decision for an

organizational structure. Individual judgements of the second decision group had been

collected by means of questionnaires prior to group decision processes occurring. Based on

the consistencies and degrees of consensus formation of both groups, individual judgements

were either asked or not asked prior to all subsequent group decision processes.

Subsequently, an extended AHP structure with a forward and backward structure was

developed. In the forward AHP structure, explicit attention is paid to the desired but realistic

future ratio of basic to applied research at AO. This decision structure is based on our view

that a sensible ratio of basic to applied research can be derived based on each research unit’s

interest in external actors and their sources of demand, resources, constraints and research

problems. Two strategic managers of AO have used this structure in order to give their

relative preference for basic and applied research. A desired but realistic ratio of basic to

applied research can be deduced from this preference.

The backward structure is based on our hypothesis that a sound decision for an

organizational structure of an academic research unit can be based on the comparison of

different criteria related to scientific depth, application value of results, lead-time and

motivation. These criteria assess the research activities corresponding to the realistic but

desired ratio between basic and applied research. According to this backward AHP structure

two multi-disciplinary decision groups, each composed of four employees of AO, discussed

their preferences for an organizational structure. These groups are comparable with respect to

their disciplines and organizational backgrounds. Diverging judgements representing diverse

experience are represented. Moreover, this constitution is an adequate representation of the

actual core of AO’s researchers (i.e., those who will be confronted with the consequences of

the decision). Tables 1 and 2 describe the two decision groups with respect to disciplines and

organizational background.
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Table 1. First decision group

DISCIPLINE

INTERNAL WORK

EXPERIENCE

(IN YEARS)

CURRENT PROJECT

Physicist 5 Measuring devices

Physician 3 Left ventricular assist device

Mechanical engineer 3 Artificial larynx

Mechanical engineer 1 Orthopaedic implant

Table 2. Second decision group

DISCIPLINE

INTERNAL WORK

EXPERIENCE

(IN YEARS)

CURRENT PROJECT

Physicist 4 Measuring devices

Physician 8 Muscle fatigue

Mechanical engineer 3 Artificial larynx

Mechanical engineer 2 Left ventricular assist device

4.6 Development forward and backward AHP structure

In the AHP structure, explicit attention is paid to a strategic decision for a desired but realistic

ratio of basic to applied research at AO. This strategic decision, based on AHP’s forward

planning process, is at the root of the decision for an organizational structure of AO. The

decision for a particular organizational structure, based on AHP’s backward planning process,

is founded on the comparison of different criteria for scientific research. The weights of these

criteria depend on the specific ratio of basic to applied research.
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4.6.1 Forward part AHP structure

The AHP structure in figure 1 outlines the described situation at AO. In this first part, an AHP

structure has been constructed to estimate a desired but realistic ratio of basic to applied

research of AO. This estimation is grounded upon the importances of the external actors for

AO. AO’s future type of research will be tailored to the influences of their sources of

demands, resources, constraints and research problems.

Figure 1. A hierarchy of influences on the future focus of AO

Focus on basic research Focus on applied
research

Faculty of
Medical Sciences

Polytechnics Industry

c. Education

e. Scientific research
j. Clinical results

f. Education

h. Innovation workshop

i. Applied contract
i. research

Future focus of AO

g. Apprenticeshipsd. Apprenticeships

Hospital

a. Problem definition

b. Clinical tests
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4.6.2 Backward AHP structure

An appropriate organizational structure reflects the professional level and needs of those

involved (Thamhain and Wilemon, 1987). Structures determine the physical proximity of

people and resources. Therefore, drivers of lead-time, scientific depth, application value of

research and motivation that are related to interactions, and the utilisation of resources are

integrated in the backward AHP structure.

Lead-time is used as an overall measurement of the efficiency of the research projects.

Three drivers of the lead-time are formulated. The first one comprehends an efficient use of

resources. With respect to interactions, two important aspects within new product

development are formulated. One factor is the joint direction of personnel (Thamhain and

Wilemon, 1987). Another factor related to interaction is inventiveness. Much of people’s

inventive activity requires input from others. Communication enhances invention in

reconciling this input (Shane, 1992).

Furthermore, two different criteria related to the effectiveness of the development of

knowledge are incorporated. Scientific depth reflects effectiveness based on the standpoint of

disciplinary-based science. The accompanying professional growth is recognised as an

important element of engineering teams (Thamhain and Wilemon, 1987). Professional growth

can be stimulated by the utilisation of resources as well as interactions. The application value

of research reflects effectiveness based on the standpoint of user-oriented interdisciplinary

science. Complementary aspects to scientific depth, related to a user-orientation, are an

internal problem orientation and a “real-life“ problem orientation. This distinction is made to

reflect the difference between internal and external problems. Furthermore, the essential

integration of internal interdisciplinary-based competences is incorporated in the backward

AHP structure.

The last criterion assesses the motivation of AO’s employees. This criterion is

important in R&D projects because the chances of success of a project are substantially

diminished unless the motivation of everyone working on the project is high (Howell and

Dipboye, 1986). Aspects with motivational value have task-oriented and socio-emotional

oriented parts (Forsyth, 1990). This distinction appears in the two drivers of overall

motivation: satisfying interpersonal relations and motivation for task execution.
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The AHP structure in figure 2 outlines the described criteria for scientific research and

their corresponding drivers. Based on these factors, a decision will be made with regard to the

organizational structure of AO, given its desired but realistic ratio of basic to applied research.

Figure 2. A hierarchy of criteria for the organizational structure of AO

4.7 Results forward and backward AHP structures

The overall results of the pilot session, in which a simple AHP structure has been used,

indicate that a questionnaire contributes to the effectiveness of the decision processes. It

focuses the discussion to resolve the main disagreements. This resulted, for the second

decision group, in collective judgements based on a consensus. Moreover, it reduces the

inconsistency of the judgements during the decision process. AHP is considered appropriate
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when it evokes consistent collective judgements based on an acceptable compromise or even

consensus. Correspondingly, the results of this pilot study indicate that particularly AHP

procedures based on questionnaires and group decision processes are suitable. Therefore,

questionnaires were used prior to all subsequent decision processes. The figures

corresponding to these results of this pilot session can be found in appendix 4.1.

4.7.1 Results of the forward part of the AHP structure

Two managers of AO have discussed the forward AHP structure. Individual preferences were

known prior to the joint decision process. Before the collective decision process, the

individual judgements highly differed. Nevertheless, after discussions, all collective

judgements were based on a consensus. Two adaptations were necessary due to inconsistent

judgements. The resulting overall inconsistency ratio is 0.08, which is 80 per cent of the

maximal inconsistency ratio. This inconsistency appears to be primarily caused by the

ambiguous role of the focal university. The main results of this process are represented in

figure 3a. The importances of the external actors are represented in the full length of the bars.

Each full length is divided into two parts of which the lengths reflect the relative preferences

for the two types of research. Figure 3b gives the overall preferences for the two types of

research.
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Figure 3a. Importances of the activities of the external actors

Notes: a. = problem definition; b. = clinical tests; c. = education; d. = apprenticeships; e. = scientific

research; f. = education; g. = apprenticeships; h. = innovation workplace; i. = contract research;

j. = clinical results; basic = basic research; appl. = applied research.

Figure 3b. Preferences for the alternatives
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These results indicate that AO principally takes into consideration its relation with the Faculty

of Medical Sciences, the origin of its existence. It is noteworthy that AO is not impelled by

this faculty to emphasise basic research. AO has secured a pseudo-independence of the

faculty, which is reflected in its focus on user-oriented applied research. The faculty has, for

the most part, accepted both this focus and that the resulting interdisciplinary research

activities are performed by mainly non-physicians.

Nevertheless, this focus remains a potential source of conflict, since the actual desire

of the Faculty of Medical Sciences is for AO to focus on basic research related to medical

sciences. If AO were to accept this request, while taking into account the sources of the other

external actors, the amount of basic research activities would equal the amount of applied

research activities.

Within the research activities granted by the faculty, AO is primarily oriented toward

the university hospital. AO desires to define research problems based on medical problems

indicated by this hospital. To a minor extent, the research activities of AO are concentrated on

contract research for industry. Collaboration occurs when industries research subjects are

affiliated to the established competence of AO. AO’s limited interest in providing clinical

results for industry indicates that the sources of industry are only an accessory matter with

respect to the determination of the research activities of AO. Therefore AO is affected but not

directed by the demands for effectiveness and efficiency defined by industry.

The importance of the relation with Polytechnics is negligible in comparison with the

importance of the relation with the Faculty of Medical Sciences. Their importances do not fall

within one order of magnitude. The reliability of the computed importance of Polytechnics is

therefore questionable. However, this is only of minor meaning since its influence on the

research activities of AO is in tune with the influence of the hospital and industry.

The whole picture of the influences of external actors on the research activities of AO

results in an emphasis on user-oriented applied research. Of all research activities, 75 per cent

will be aimed at applied research and 25 per cent at basic research.
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4.7.2 Results of the backward part of the AHP structure

First decision group

The first decision group has discussed the extended backward part of the AHP structure.

Multiple differences in opinion caused a proportional division of attention over all judgements

with regard to the pairwise comparisons. Despite the application of a questionnaire, this

decision group has given group means in order to overcome the minor differences in opinion.

Nevertheless, the consistency of its collective judgements improved in comparison with the

judgements derived from the application of the first AHP structure. One minor revision of one

judgement of the sum of twenty-four judgements was required, taking the theoretical maximal

inconsistency ratio of 0.10 into consideration. This resulted in an overall inconsistency ratio

of 0.03. The collective judgements with respect to the importances of the criteria and the

corresponding preferences for the alternatives are given in figures 4a and 4b.
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Figure 4a. Importances of the influences; first decision group

Notes: a. = efficient utilisation resources; b. = joint directions; c. = inventiveness; d. = professional

growth by utilisation resources; e. = professional growth by interactions; f. = internal problem

orientation; g. = external problem orientation; h. = integration internal competences; i. = satisfying

interpersonal relations; j. = motivation task execution; discipl. = structure based on disciplines;

field appl. = structure based on fields of application.

Figure 4b. Preferences for the alternatives; first decision group
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The awarded weights to criteria employed in this application and in the pilot session are

reasonably in accordance. Once again the first decision group accentuates the importance of

effectiveness. They consider an orientation to external problems to be of utmost importance.

This coincides with user-oriented applied research stressed by internal management.

Furthermore, the importance of lead-time is emphasised to a minor extent. This might be

explained by the fact that AO is affected but not directed by collaboration with industry.

Finally, the importance of motivation with respect to the decision for an organizational

structure is rated low. This decision group expects that a minimal threshold value for

motivation will be achieved regardless of which organizational structures would have been

applied.

Both influences on scientific depth provoke a preference for an organizational

structure based on disciplines. Conversely, all influences on the application value of research

ask for a structure based on the fields of application. These preferences all coincide with the

observed trend of academic research units. Units oriented at universities, in which scientific

depth is emphasised and rewarded, generally constitute a discipline-based organizational

structure. Those units emphasising user-oriented applied research, aimed at the application

value, adapt by constituting an interdisciplinary-based structure.

Apart from the influences on scientific depth, only the influence of utilisation of

resources on the lead-time is related to a structure based on disciplines. However, the

importance of the influences related to interactions is rated higher than those related to the

utilisation of resources. Therefore, with respect to lead-time, a structure based on the fields of

application is preferred. This preference is strengthened by the emphasis on the application

value of research. Moreover, the overall preference agrees with the preferences according to

the motivational aspects. The overall preference for a structure based on the fields of

application is reflected in the weighting factors of the alternatives that are: 0.61 corresponding

to a structure based on the fields of application and 0.39 corresponding to a structure based on

disciplines.

Second decision group

Subsequently, the second decision group discussed the extended backward AHP structure.

The initial preferences harmonized reasonably. This decision group gave collective

judgements based on an actual consensus. No revisions of judgements were required due to
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inconsistency. The overall inconsistency ratio is 0.05. Figures 5a and 5b give the main results

based on the collective judgements.

Figure 5a. Importances of the influences; second decision group

Notes: a. = efficient utilisation resources; b. = joint directions; c. = inventiveness; d. = professional

growth by utilisation resources; e. = professional growth by interactions; f. = internal problem

orientation; g. = external problem orientation; h. = integration internal competences; i. = satisfying

interpersonal relations; j. = motivation task execution; discipl. = structure based on disciplines; field

appl. = structure based on fields of application.
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Figure 5b. Preferences for the alternatives; second decision group

Apart from a slight increase in the importance of motivation, no noteworthy changes in

opinion have occurred since the group discussions during the application of the simple AHP

structure. Nevertheless, with respect to this extended AHP structure, the similarities between
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4.8 Conclusions and discussion

Many academic research centres are adapting their internal structure and processes to

changing requirements of their external relations. Two organizational structures currently

dominate the academic research units; a discipline-based and an interdisciplinary-based

structure. This study has developed a decision method to support AO’s choice for either an

organizational structure based on disciplines or an interdisciplinary organizational structure

based on the fields of application of research. Not only does this decision method take into

account the motives for the choice for an organizational structure, it takes the desired but

realistic strategic position of this academic research centre into consideration as well. Based

on the importances of the external relations and their corresponding sources, a desired but

realistic ratio of basic to applied research is determined. According to management involved,

the computed ratio of basic to applied research is intuitively correct. A more objective

evaluation of this complex matter will presumably be possible after several years. Within

research orientations granted by the Faculty of Medical Sciences, AO desires to focus mainly

on user-oriented applied research based on problems brought up by the university hospital.

This ambiguous context is comparable to the context in which manifold reorganizations of

academic research centres currently take place.

In choosing the most appropriate organizational structure for AO’s type of research,

effectiveness, efficiency and motivational values are considered. Influences on these factors

have provided a sound foundation for the decision regarding the organizational structure. The

influences on effectiveness and efficiency, noted in order of decreasing importance, are:

• Orientation towards external problems to enhance the application value of research

projects;

• Professional growth by interactions to enhance the scientific depth of research projects;

• Integration of competences to enhance the application value of research projects;

• Inventiveness to enhance the lead-time of research projects;

• Professional growth by utilisation of resources to enhance the scientific depth of research

projects;

• Orientation on internal problems to enhance the application value of research projects;

• Joint directions to enhance the lead-time of research projects;

• Efficient use of resources to enhance the lead-time of research projects.
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The two comparable decision groups have independently chosen this specific order of

influences. Furthermore, the importances of the following motivational aspects are not

negligible for the decision regarding an organizational structure:

• Motivation with respect to the interpersonal relations;

• Motivation with respect to the task execution.

Apparently due to diverging emotional experiences, the two decision groups rated these

aspects differently. A logical explanation is that these motivational aspects have a certain

threshold value. Consequently, motivation can cause tremendous problems when the attained

motivation is rated below this value.

Based on all influences, an overall preference for an organizational structure based on

the fields of application is indicated by both decision groups. This overall preference is based

on sub-preferences, related to each influence separately. The overall preference and even the

sub-preferences between the two decision groups are highly similar. The differences with

respect to the importances of the motivational aspects did not cause a significant difference

between the overall preferences of the two decision groups. This is caused by the fact that the

sub-preferences related to the motivational aspects are in tune with the overall preference for

an organizational structure based on the fields of application.

All similarities between the judgements of the decision groups indicate that the

extended backward AHP structure evoked a relatively objective foundation for the formerly

contentious decision regarding the organizational structure. The influences with respect to

scientific depth and application value of results induced opposite sub-preferences with regard

to the organizational structure. These opposite preferences coincide with the prevailing

disciplinary-based structures of university-oriented academic research units, in which

scientific depth is emphasised, and the disposition of interdisciplinary-based structures of

academic research units emphasising user-oriented research. In this respect, practice supports

the realistic value of judgements based on the decision structure developed in this study.

Furthermore, AHP appeared to be a suitable approach for reaching a consensus in

controversial decisions. Despite the existence of diverging interests, AHP evoked collective

judgements based on a reasonable compromise or consensus. Therefore, seven of the eight

decision-makers claimed to be willing to approve the consequences of this decision based on

this foundation. The last decision-maker remained neutral.

In general, AHP is used either by application of a questionnaire or by group decision

processes. The combination of both uses in this study proved to provide an additional value.
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The decision-makers can systematically deliberate the specific comparisons before group

decision processes take place. This creates an efficient dialogue in order to reach

compromises. Efficiency is particularly important, since the amount of pairwise comparisons

is relatively high due to redundant comparisons.

The collective judgements after group decision processes often deviated from the

computed group means of the initial individual judgements. This deviation is an indicator for

a high-quality collective decision (Sniezek and Henry, 1989). Furthermore, an improved

quality appears from the relatively high consistencies in the collective judgements based on

the combined uses of AHP.

A limitation is AHP’s frequent inability to indicate those judgements that need to be

revised. Expert choice gives a recommended revision regardless of whether the recommended

value fits within the 9-points scale of AHP. An additional approach is recommended. The

study of Genest and Zang (1996) can be a first instigator for a surveyable approach.

Nevertheless, on the whole, AHP has been a useful tool in dealing with the multiple factors on

different qualitative domains.
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Appendix 4.1. AHP structure and results of the pilot session

Decision group 1: Overall inconsistency ratio = 0.08 Required revisions = 2

Decision group 2: Overall inconsistency ratio = 0.04 Required revisions = 0
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USING THE ANALYTIC HIERARCHY PROCESS TO

SUPPORT TEAMS IN DEFINING NEW PRODUCT

OBJECTIVES

HUMMEL JM, VERKERKE GJ, ROSSUM W VAN, RAKHORST G

SUBMITTED TO: JOURNAL OF PRODUCT INNOVATION MANAGEMENT

Defining new product objectives is a critical problem solving activity to new product success.

The analytic hierarchy process appears to be an adequate technique for multi-criteria

decision analysis to support the definition of new product objectives. To illustrate this

support, we applied this technique to a project focused on the development of a liver

perfusion system to preserve donor livers. It quantitatively supported discussions between

technological developers and clinical practitioners focused on the product requirements and

the pursued performance of the liver perfusion system relative to an envisaged competitor.

The discussions significantly reduced disagreements about the new product objectives

between the group members. They resulted in a quantitative overview of the importance of the

product requirements and the relative performance of the alternatives with regard to these

requirements. Furthermore, research activities necessary to fulfil these objectives were

discerned. The group members were committed to these outcomes. This application shows the

value of introducing the AHP as a means to steer new products to solve problems to a higher

extent than competing products do.
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5.1 Introduction

The product development process is often divided into two general stages, the planning or

predevelopment stage, and the development stage (Souder and Moenaert, 1992). An

overarching theme of these stages is the product concept, a statement about how the new

product is anticipated to fulfil its objectives relative to other products or problem solutions

already available (Crawford, 1991). During the planning stage, information is shared in order

to assess a new product idea, to define a valid new product concept, and to determine whether

or not the organization will invest resources in the concrete development of this product

concept (Cooper and Kleinschmidt, 1986). During the development stage, the accepted

product concept is developed towards a product that can be commercially launched in the

market place. Particularly the planning stage has found to be critical to new product success

(Cooper, 1985). To profoundly perform this stage, an essential balance has to be found

between creativity and structure (Kuhrana and Rosenthal, 1997).

Market-led new products aim to solve problems superiorily than competing product do

(Cooper, 1985). Looking upon new product development as a problem-solving process, in our

view, can be valuable to structure the critical information-sharing processes in new product

development. Problem-solving models provide a purposeful context to structure information-

sharing processes. However, one need to complement the problem-solving model of product

development as applied in current product development studies. According to this model, the

first problem-solving activities are to recognise the problem to be solved by a new product

and to define the new product objectives. Problem solving continues with the iterative

development cycles, including the activities: to design alternative product concepts, build

computer models or prototypes of these concepts, run experiments, and to analyse and

evaluate the test outcomes (Thomke and Fujimoto, 2000). Studies using this model found that

the efficiency of the experimental development activities can be improved by speeding up,

reducing the costs of, and overlapping the development cycles (Thomke and Fujimoto, 2000).

Nevertheless, their findings do not enhance the planning activities: problem recognition and

the definition of the new product objectives.

Despite the importance of defining new product development objectives, this activity

often receives too little systematic attention. This is for example shown in Gupta and

Wilemon's research findings that an inadequate definition of the new product objectives is the



CHAPTER 5

74

most common reason for product development delays (Gupta and Wilemon, 1990). Such

strategic activities are typically ill structured and unprogrammed (Gear et al, 1999).

Moreover, the relevant technological and user groups are often not involved simultaneously

(Mulder, 1992). Consequently, the objectives, which may not have the commitment of all

groups involved in new product development, easily ignore relevant performance criteria.

Because objectives are attentional controls, they will cause performance on criteria they do

not directly address to suffer (Shalley, 1995). In overall, the objectives need to attune to the

user needs, technological possibilities, competitive opportunities, and resource availability.

A new problem-solving perspective relevant to new product development must allow

creative thinking. Creativity is particularly relevant for contriving alternative design solutions

(Sutton and Hargadon, 1996). A strategy that leaves opportunity, as well as provides the

essential focus for creative behaviour is to structure the process of defining new product

objectives. These objectives provide a common frame of reference for different functional

groups, to transfer information, to exchange ideas, to initiate new project activities, to

structure tasks, and to keep being oriented towards common task outcomes (Moenaert and

Souder, 1990). Moreover, they allow the product concept to be reshaped in the early stages of

new product development, which can significantly enhance new product success (Stevens et

al, 1999).

This study explicitly focuses on the definition of new product objectives. This

predevelopment activity is considered to benefit most strongly from systemisation, yet is

neglected by other studies that applied a problem-solving perspective. We use insights from

the problem-solving and decision-making literature to adequately support this activity.

Accordingly, we applied the analytic hierarchy process (AHP), a quantitative technique for

multi-criteria decision analysis, to structure the definition of adequate objectives for new

products. We illustrate this support by means of an empirical application.
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5.2 Tools for multi-criteria decision analysis to support the problem-

solving process

New product development can be considered a complex problem-solving process.

Information concerning the context that defines the problem the new product needs to solve

and the new product solutions is often missing or in contradiction with each other (Clark,

1985), and many actors are involved, each with their own perspectives, goals, and emotions.

In the problem-solving process the following task-related stages are generally distinguished:

recognising the problem, defining the problem, specifying the objectives to be met, generating

alternative solutions, evaluating the solutions, generating courses for implementation,

implementing the adopted solution, and monitoring its performance. Analytic support to

solving such complex problems focuses explicitly on decision making, which can be defined

as the steps from defining the problem up to and including generating courses for

implementation (Cooke and Slack, 1984). A comprehensive understanding of the decision-

making process is essential to adequately apply the adequate tool to support decision making.

A tacit assumption underlying the early, normative decision-making models is that

decisions are, and ought to be, made purely on cognitive grounds (Keren, 1996). However,

human decision-making proved to deviate in systematic ways from these models. In general,

non-cognitive variables such as emotions, and motivation influence the decision-making

process. Decision-making models need to adequately deal with the interplay between the

cognitive and non-cognitive variables (Keren, 1996). These variables relate to several

interrelated factors that shape the group interaction processes. These factors include the

properties of the individual group members, of the group, the group task, and the environment

in which the group operates (McGrath, 1984).

The hierarchical model is a comprehensive model that captures this complexity of

group decision-making. This model consists of the group boundary and three interrelated

dimensions including task-maintenance, explicit-implicit, and normative-localised (Hoffman,

1982). The group boundary defines the membership composition of the group, and the

members' degree of commitment to this group. The hierarchical model divides the group

decision-making processes into task and maintenance functions. The task functions deal with

solving a problem by this group in its organizational context. The maintenance functions aim

to facilitate the group cohesion, the members' ability to co-operate, and the members' group
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and task commitment. The model assumes that when either task or maintenance functions are

attended to explicitly, the other is occurring implicitly. Both group norms and individual

characteristics, including personality, abilities, role functions or attitudes of the group

members, influence the decision-making processes (Nour and Yen, 1992).

In general, the key task during the planning stage of new product development is to

reduce uncertainty in order to increase task analysability and to decrease task variability in

the development stage (Moenaert et al, 1995). The sources of the uncertainty are the user

needs, the technological and the competitive environment, the needed resources for the

project (Souder and Moenaert, 1992), and work unit interdependency (Tushman and Nadler,

1980). The uncertainty reduction is best achieved by encouraging R&D, marketing (Souder

and Moenaert, 1992), users (Gales and Mansour-Cole, 1995) and possibly manufacturing

(Liker et al, 1999) to share information. However, the more the project involves new

technologies, or markets the less uncertainty they will have reduced by the end of the

planning stage (Moenaert et al, 1995). Accordingly, fresh questions and problems are likely

to arise periodically. On a continuing basis, therefore, a problem-solving group needs to be

formed that includes representatives from the functional groups with the relevant knowledge

and the required commitment to the development and implementation of the project planning.

The essential task-related phases of an analytical decision process are intelligence,

design, choice (Simon, 1957), and support for implementation (Lewandowski and Wierzbicki,

1989). During the intelligence phase, the group members define the problem, specify the

objectives to be met, and generate alternative solutions. In design, these factors are structured

into a decision tree. During choice, the solutions are evaluated, and support for

implementation of the best solution is provided through the generation of courses of action. In

our case, the problem is the lack of fit between the needs for a product and the properties of

existing product solutions. The objectives to be met correspond to the requirements the new

product needs to fulfil. The alternative solutions are the product concept to be, and other

products or problem solutions already available.

By following this sequence of task activities, the group is involved with maintenance

functions as well. Separating the divergent intelligence and the convergent choice phase helps

the group to restrict them away from the information-sharing pitfalls: to ignore relevant

decision criteria and to prematurely focus on solutions (Stasser et al, 1989). Yet a structured

agenda alone is not sufficient to support decision-making performance. Decision support is
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beneficial that exposes the disagreements, ambiguity, uncertainty, contradiction and lack of

information. This urges the project members on sharing more information and additional

reasoning to better understand their judgements and to expand their view on the new product

objectives (Henig and buchanan, 1996). Forming a critical degree of consensus and mutual

understanding of the reasons for continuing differences is essential for continuing group and

task commitment (Gear et al, 1999). In new product development these differences are

commonly related to diverging time-senses, motives, goals, loyalty, and senses of

responsibility (Souder, 1987).

Due to their diverging perspectives, interests, experiences and knowledge, the group

members will posses different information, and will perceive the same information

differently. This diversity can only lead to high information-sharing performance when the

members understand each other, and combine and build on each other's information or ideas

(Maznevski, 1994). However, production blocking, evaluation apprehension, free riding

(Diehl and Strohme, 1989) and groupthink (Janis, 1982) impede information sharing. Except

for the first impediment, these problems can be lessened by group norms that encourage

listening and responding constructively to views expressed by others, providing support and

recognizing the interests and achievements of others. Accordingly, the group members need

to share unique and relevant information concerning the problem definition, the product

requirements and the new products. This information needs to be perceived to be novel and

relevant in order to support the conversion of the individual members' judgments into joint

group judgements (El-Shinnawy and Vinze, 1998). Conflict resolution techniques need to

focus on the confrontation and of task-related disagreements, while avoiding social pressure

towards group consensus discussion (Pelled and Adler, 1994; Schweiger et al, 1986). This

pressure can eliminate critical thinking, diversity in information input and reasoning,

creativity, and commitment.

Tools for multi-criteria decision analysis can provide maintenance support by

facilitating the exchange of information and consensus formation through structuring the

decision-making process and by making explicit the disagreements among group members

(Timmermans and Vlek, 1996). More fundamentally, they provide analytic support to the

decision-making task to evaluate a finite number of decision alternatives under a finite

number of performance criteria. The most commonly used tools for multi-criteria decision

analysis are the elimination and choice translating reality (ELECTRE), the simple multi-
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attribute rating technique (SMART), the analytic hierarchy process (AHP), and the multi-

attribute utility theory (MAUT) (Lootsma and Schuijt, 1997). These tools support the

decision-makers to analyse the importances of the criteria and the preferences for the

alternatives concerning these criteria, in order to generate an overall score for the alternatives.

They vary particularly in their approach to model the preferences of the decision-makers for

the alternatives (Lootsma, 2000). See appendix A for an overview of the quantitative

methodology of the AHP.

Based on the decision-makers’ preference or indifference for one alternative in each

pair of alternatives concerning the respective criteria, ELECTRE only ranks the alternatives

in a complete or incomplete order (Roy, 1991). In the AHP, a nine-point scale ranging from

extreme preference to indifference refines the preferences concerning the pairwise

comparisons (Saaty and Vargas, 1991). In SMART, concerning each criterion the

performance of the alternatives is expressed in grades on a 0 to 100 scale (Von Winterfeldt

and Edwards, 1986). MAUT introduces a utility function for assigning a value between zero

and one to reflect how well the alternatives satisfy the criteria (Von Winterfeldt and Edwards,

1986). This utility function is derived from the monetary equivalent for a lottery between two

alternatives. In contrast with ELECTRE, the AHP, SMART, and MAUT generate cardinal

scores for the alternatives.

While ELECTRE, AHP and SMART are more oriented towards a straightforward

support of information exchange, MAUT is more focused on deriving a mathematically

sophisticated preference model. In defining new product objectives, the essence lies in

supporting the information-sharing and implementation processes between the heterogeneous

experts. Accordingly, the relatively easy to use ELECTRE, AHP and SMART satisfy this

need to a higher extent. In new product objectives, trade-offs between product requirements

are legitimate. Accordingly, insight is required in the importance of these weighting factors

and the corresponding performance of the new product solutions. Of the four tools, only

ELECTRE does not support these essential analyses. Competitive framing is relevant in new

product development (Smith, 1995). As SMART keeps a holistic view on the performance of

the alternatives, AHP pairwise compares the performance of the alternative new products,

thus providing a competitive point of reference (Lootsma and Schuijt, 1997). Moreover, the

redundant pairwise comparisons in the AHP allow a check on the inconsistency in

judgements, indicating the need for sharing additional information (Henig and Buchanan,
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1996). Due to these factors, AHP seems to steer the discussions concerned with the definition

of new product objectives towards the reduction of relevant sources of uncertainty. It

stimulates the sharing of information in order to make well-deliberated choices concerning

the product’s design solutions and market position. Accordingly, we consider it to be the most

adequate tool for multi-criteria decision analysis to support defining new product objectives.

We will illustrate the use of this tool in defining new product objectives by means of an

empirical application.

5.3 Using the AHP to define new product objectives; a case study

5.3.1 Pre decision-making stages

Problem recognition

Through informal discussion with liver transplantation surgeons, academic researchers

became aware of the urgency to solve the liver transplantation problems caused by the

unsatisfactory duration and quality of liver preservation as experienced by these surgeons.

The university hospital and university involved initiated a project to develop a new device for

liver preservation by continuous perfusion.

Initiation of the decision-making group

The first step is to select the new product to be assessed, which is in our case the new device

for liver perfusion, and the appropriate facilitator for this assessment. This facilitator needs to

be able to basically apprehend the discussions about the new product, however does not need

to be an expert in the new product field. He or she should be competent in encouraging broad-

based participation in the discussions, structuring and steering the communication processes,

and applying the group decision support system (Clawson et al, 1993).

The facilitator invites the panel members in consultation with the core project

members. Reasons to include members are to obtain a balanced representation of the relevant

expertises involved in the technological development and application of the new product, and

of the diverse organizational groups that are charged with the new product activities or whose

support for these activities are essential. A cautious selection needs to be made because in
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larger groups consensus becomes harder to achieve, and commitment to the group declines

(DeSanctis and Gallupe, 1987). In our case study, the panel selection was guided by the

results of a questionnaire in which the project members rated the most relevant persons in

terms of their expertise, and resources (appendix B). Table 1 gives an overview of the

expertises and organizational backgrounds of the panel members in our case study.

Table 1. The problem-solving group

NO. EXPERTISE ORGANIZATION

T1 Electronics University

T2 Physics University

U1 Medical science University hospital

T3 Mechanical engineering University

U2 transplantation surgery University hospital

U3 Animal experiments University

U4 Surgery specializatons University hospital

T4 Mechanical engineering University

U5 Farmacokinetics University

In order to provide a common ground for the exchange of information between these

professionally heterogeneous panel members, the facilitator sent, in consultation with the core

project members, information about the field of liver perfusion and the attributes of the

existing perfusion systems to the panel members. In addition, the program of the panel

session (appendix C) and information about the group decision support system are sent.

5.3.2 Decision-making stages

Introduction

During the panel session, the group members are sitting in a u-shaped setting with the

facilitator in front facing the group. The hardware consists of a laptop on which Team Expert

Choice is installed, a projection system, a radiofrequency receiver, and individual wireless

keypads for the panel members. The facilitator prepares the software by inserting the names

of the panel members in the group file of Team Expert Choice. The actual meeting begins
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with a one-hour introduction. The facilitator informs the panel members about the procedures

of Team Expert Choice on the basis of a practical example, and core projects members

explain the backgrounds of the new product project.

Intelligence

In the introduction of the problem definition stage the facilitator emphasised group rules for

brainstorming that correspond to the appropriate group norms for information sharing in new

product development. These rules include to: defer criticism, combine and improve suggested

ideas, say all ideas that come to mind, yet stay focused on the topic of concern (Sutton and

Hargadon, 1996). The panel members first defined the clinical problem to be solved by the

new product. The development of a liver perfusion system aims to increase the duration and

the quality of liver preservation. This relates to the clinical needs to lengthen the storage time

of donor livers and to accept livers of lesser quality for transplantation. Next, the panel

members determined the alternative perfusion system that represents the state-of-the-art

standard of liver preservation. Currently, the common standard is to store donor livers in

iceboxes. However, the panel members assume that this method will become obsolete with

the introduction of liver perfusion systems. Experience with kidney perfusion systems teaches

us that they significantly improve the duration and quality of kidney preservation. Since the

most widely accepted kidney perfusion system is likely to be adjusted to preserve livers, this

adjusted system was defined as the standard for liver perfusion. The facilitator entered a

description of the aim of the project and the alternative liver perfusion systems in Team

Expert Choice, as projected on the overall screen. Finally, a brainstorming mode followed

about product requirements of the liver perfusion system. In order to reduce production

blocking, the panel members were awarded 10 minutes of individual time to write down

product requirements. Group brainstorming followed in which the panel members mentioned

and elucidated product requirements. These requirements were entered by the facilitator in

Team Expert Choice and projected on the overall screen.
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Design

The next step was to arrange these product requirements in a hierarchic order. Using the drag

and drop function of Team Expert Choice, the facilitator clusters similar requirements and

names these clusters. The derived structure including main and sub-requirements is discussed

in the group to ensure that each level is composed of requirements that are mutual exclusive,

clear, comprehensive, and are of importance within the same order of magnitude. It was

revised until the group had no further comments to add, modify or delete requirements.

Finally, the Team Expert Choice model is composed of the aim of the project, the main

requirements, sub-requirements, and the alternative liver perfusion systems (figure 1).

Figure 1. The decision-making structure
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Evaluation and choice

Effective support for multi-criteria decision analysis facilitates the individual panel members

as well as the group as a whole (Timmermans and Vlek, 1996). Therefore, the panel members

were asked to fill in a questionnaire composed of pairwise comparisons to derive the

weighting factors for the requirements and alternative perfusion systems (appendix D). First,

the relative importance of each pair of two main requirements in fulfilling the goal of the

project was compared. Secondly, the relative importance of each pair of sub-requirements

was compared with regard to the importance of the corresponding main requirements. Finally,

the relative qualities of the alternative liver perfusion systems were compared with regard to

each sub-requirement. The most important or most preferred factor of each pair of factors was

assigned a score from 1 to 9, of which 1 represents equal importance or quality and 9

extremely higher importance or quality. The next focus was to unite the diverse perspectives

of the panel members on the same sets of comparisons. The facilitator reminded the panel

members to tap of the information distribution over the members, and the acceptability of

diverging judgements. Using their hand-held radiographic keypads, the panel members gave

their judgements on each pairwise comparison. Individual judgements were projected on a

screen, allowing the members of the panel to discuss the rationales behind their individual

scores (figure 2).

Figure 2. The pairwise comparisons screen
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During the discussions, the panel members could alter their judgements. For each pairwise

comparison, these final individual judgements are aggregated based on the geometric mean.

After each cluster of pairwise comparisons, Team Expert Choice computes an inconsistency

ratio that shows how consistent each pairwise comparison is with regard to the remainder of

the comparisons. When an inconsistency ratio was higher than 0.10, the panel members were

asked to reconsider their judgements. The final weighting factors for the requirements and

sub-requirements were derived from these final group judgements. We used the distributive

mode, which divides the weights of the sub-requirements among the perfusion systems

relative to their quality. Supported by graphics showing the weighting factors related to each

cluster of product requirements (figure 3), the validity of these results were discussed and

approved of. Table 2 shows an overview of the final weighting factors and priorities.

Figure 3. Graphic showing the results on preservation

Table 2. The final weighting factors of the requirements and priorities of the alternatives

REQUIREMENTS PRESERVATION

.25

CONTROL

.08

SAFETY

.42

EASE OF USE

.07

MARKET VALUE

.20

SYSTEMS A.

.29

B.

.15

C.

.37

D.

.09

E.

.09

F.

.17

G.

.29

H.

.18

I.

.23

J.

.13

K.

.65

L.

.08

M.

.06

N.

.12

O.

.09

P.

.51

Q.

.09

R.

.34

S.

.07

T.

.23

U.

.05

V.

.30

W.

.42

Competing system

.36 .12 .22 .49 .20 .40 .65 .20 .43 .23 .64 .51 .33 .45 .20 .34 .22 .36 .13 .50 .60 .29 .14 .19

Own system

.64 .88 .78 .51 .80 .60 .35 .80 .57 .77 .37 .49 .67 .56 .80 .66 .78 .65 .87 .50 .40 .71 .86 .81
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Support for implementation

In the second stage, the panel members divided the liver perfusion system into relatively

independent technological components. When the panel members agreed on the proper

division, the facilitator inserted the names of these components in the direct ratings

spreadsheet of Team Expert Choice. This spreadsheet consists of columns with the sub-

requirements, rows with the technological components, and cells to indicate the relation

between the technological components and the sub-requirements. These relations take into

account how well the team aims to fulfil each sub-requirement in comparison with the

competing liver perfusion system. A four-point scale was used to describe the relations

between the components and sub-requirements, including competitive opportunity (+), be

aware of (!), competitive threat (-) and no relation (0). Discussions about these relations were

guided by the panel members' projected, iterative judgements (figure 4). The most frequent

judgement was entered as the group judgement by the facilitator in the direct ratings

spreadsheet. Table 3 shows the final group judgements.

Figure 4. The direct rating screen
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Table 3. Relations between technological components and requirements

REQUIREMENTS PRESERVATION CONTROL SAFETY EASE OF USE MARKET VALUE

COMPONENTS A. B. C. D. E. F. G. H. I. J. K. L. M. N. O. P. Q. R. S. T. U. V. W.

Pumping system + + + ! ! + ! ! + +

Energy source ! ! + + ! !

Controler + ! ! ! - + ! - ! ! + + ! + ! - + +

Cooling system ! - ! + ! + + +

Oxygenator ! + ! + +

Flow circuit ! + ! ! - + ! + !

Packaging ! ! ! - - ! - - + + + ! +

For each technological component, the group brainstormed about the most critical areas of

research required to fulfil the product requirements. These areas of research focused on

medical application uncertainties as well as technological uncertainties. A short description of

the research areas was entered in the spreadsheet by the facilitator. Guided by these research

areas, the panel members discussed the necessity of including additional researchers into the

team. Regarding their distinct competencies, the core project members decided to invite one

of the present panel members as an official member into the project team, and an external

researcher as an expert advisor.

5.3.3 Post decision-making stages

Review of the decision-making processes and outcomes of the panel session

With regard to the new product objectives, the panel group's weighting factors before and

after the discussions differed on average with 22 per cent, resulting in a significant change of

10 of the 74 weighting factors (independent t-test, two-tailed p < 0.02). There were no

significant differences between the changes of the medical user subgroup (on average 25 per

cent) and the technical development subgroup (on average 26 per cent) (paired-samples t-test,

two-tailed p < 0.02). On average, the individual panel members reduced the inconsistency in
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their judgements with merely 1 per cent during the discussions. Nevertheless, the final group

judgements, expressed in the geometric mean of the individual judgements, have the

acceptable overall inconsistency ratio of 0.04.

Furthermore, the panel group reduced 48 per cent of the prior variance between the

individual members' weighting factors. The reduction of the variance within the user and

within the technical development subgroup was respectively 61 and 32 per cent. The

reduction of the variance between these subgroups was higher: 74 per cent. Nevertheless, no

significant differences between the subgroups were found for any of the final weighting

factors (independent t-test, two-tailed p < 0.02) 1.

The average panel rating on each proposition about the adequacy of the panel session

was a 6 on the 7-point Likert scale ranging from strongly disagree to strongly agree. These

results entail that the panel members were satisfied with the comprehensiveness of the set of

product requirements, the shared definition of the factors relevant to this decision, and the

novelty and relevance of the information exchanged. They considered the degree of consensus

formed, the quality of the outcomes, the accuracy of the outcomes, and their commitment to

the outcomes to be reasonably high. The session was thought as to constitute a satisfactory

foundation to the further collaboration in the project.

Implementation of the outcomes

Currently, one year after the panel session, the first research activity as discerned for each of

the components of the liver perfusion system has been largely completed. Due to the results

of these activities, an additional critical area of research has been added to the planning. The

team members still intend to focus subsequently on the remainder half of the activities as

agreed on in the planning.

1 A graphical oversight of the Euclidean distances between the weighting factors of the individual

panel members shows in more detail the differences in judgements within the panel before and after

the panel discussions (appendix 5.1).
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5.4 Conclusions and discussion

In order to define adequate new product objectives, new product development teams have to

deal with a high level of uncertainty. Sources of uncertainty are related to the newness and

dynamics of the markets, technologies and resources and work unit task interdependency

(Tushman and Nadler, 1980). Additional uncertainty results from the limited information

available to the group members and their emotional states (Zahedi, 1986). The AHP provides

a user-friendly means to deal with this uncertainty. We applied this tool to support the

exchange of information about the market, technologies and resources, and consensus

formation between the group members involved in the technological development and

application of a liver perfusion system. It focused on the comparison between the

performance of the pursued new product and a competing product solution regarding a

heterogeneous range of product requirements.

Due to their different experiences, organizational roles and levels of expertise the

group members were likely to have initially diverging perceptions and information about the

new product objectives for the development of the liver perfusion system. The application of

procedures that include sending pre-information, preparing presentations, and allocating time

for individual as well as group brainstorming, and application of the normative rules for group

brainstorming encourage wide participation and positive interactions between the group

members. They facilitated the exchange of unique and relevant information between the

group members. Accordingly, the intelligence and design stage resulted in a shared definition

of the problem to be solved, a comprehensive list of main and sub-requirements, and the

alternative perfusion system that represented the state-of-the-art standard of liver

preservation.

The group members' role of expert or novice varies over these factors being discussed.

While experts can rely on intuition, novices need deliberation to understand (Wierzbicki,

1997). Therefore, sharing information to elucidate the group members' judgements regarding

the product requirements and new products is indispensable in the evaluation and choice

stage. The pairwise comparisons of respectively the requirements and the new products are an

intuitively simple manner to structure this exchange of information. The projection of the

numerical comparisons by the group members along with their names offers guidance for the

discussion of the group members' disagreeing judgements. We did not use anonymous voting
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as is common in other group decision support systems in order to show whether the

judgement stems from an expert or a novice on the specific matter, and to decrease free

riding. Anonymity may decrease evaluation apprehension, yet it contradicts the group norms

that built an open and trustful atmosphere. Using the geometric mean of the individual

judgements as the group judgement decreases the pressure to conform. The inconsistency

ratios show the need for sharing additional information. Accordingly, the discussions as being

supported by these group norms, group techniques and procedures resulted in a synergetic

exchange of information and a constructive formation of a critical degree of consensus. The

top-down approach of discussing the importances of the product requirements before the

performance of the new product solutions is important to decide most deliberately on the level

of performance of the new product concept.

The new product objectives are to evoke activities that conform to the user needs, the

technological and the competitive environment, the needed resources for the project, and task

interdependency. Dividing the liver perfusion system into relatively independent

technological modules helps the team to deal with the task interdependency. It allows the new

product development team to determine the research activities that can be divided over the

different groups involved in the project (Kusiak and Park, 1990). The groups with the

appropriate expertise and resources can, accordingly, focus on reducing the identified market

and technological uncertainties related to the separate design modules. The identification of

the product requirements relevant to these design modules directs the groups to keep being

oriented towards the common new product objectives. The user and development partners of

the liver perfusion system were committed to perform these activities in line with their

competitive objectives.

In this manner, the AHP supported the members of the liver perfusion project to focus

and structure the planning stage, while leaving room for the development of creative

technological solutions. The new product objectives represented creativity goals that are

based on a comprehensive range of product requirements. The shared understanding of the

rationales behind these new product objectives will increase the commitment to fulfil these

objectives. Finding the design solutions for the diverse technological components can then be

left at the control of the creative minds themselves. These objectives do not need to be applied

rigidly. Due to additional insight in the problem to be solved by the new product, or changes

in the context that defines this problem, it may be wise to revise the results on the product
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requirements. The effect of changing the importances of these requirements on the

performance of the new product can be analysed in the mode for sensitivity analysis of the

AHP. More thorough changes may ask for an iterated definition of the new product

objectives. Furthermore, technological solutions may fulfil any of the product requirements to

a higher or lower extent than intended. The team members can use the numerical outcomes

concerning the importances of the product requirements, and the corresponding performance

levels of the pursued new product as guidelines for making trade-offs among the performance

on requirements. The new product developers need to remain aware that the new product

fulfils at least a minimal acceptable level of performance of each product requirement, and

remains competitively viable at the overall performance level. We advocate that the

possibilities for sensitivity analysis of the AHP are expanded to analyse changes in the new

products’ level of performance regarding the product requirements.

Some marginal notes to the use of the AHP are related to the uncertainties involved in

new product development. Due to the diverse sources of uncertainties, the judgements of the

group members are based on facts, firm convictions, half-held beliefs and even contradiction.

The relatively uncertain judgements are likely to be more inconsistent. The inconsistency

ratio of the AHP is an indicator for further reducing the uncertainties. Team Expert Choice

suggests revised scores for those judgements that are most at odd with the remainder of the

judgements. Yet, the judgements proposed, which may deviate extensively from the initial

ones, can be out of the range of the 9-point scale. Therefore, we advocate that those

judgements are revealed of which a small revision reduces the inconsistency to the highest

extent. Despite its guidance in reducing the uncertainties, a further drawback of the AHP

remains that it does not show the degree of uncertainties of the judgements. The interval AHP

deals explicitly with this uncertainty, by allowing the decision-makers to assign an interval

estimate instead of a point estimate. This extended method is, however, more laborious to

apply.

The uncertainties described decrease the accuracy of the new product objectives.

Furthermore, the mathematical procedures of the AHP evoke some inaccuracy. A common

drawback of the AHP is that the prioritisation technique can lead to changes of the rank order

of the overall performance of the alternatives, when adding or deleting an alternative. In our

context, the value of the outcomes lies in the derived overview of the importances of the

product requirements, and the relative performance of the alternatives with regard to these
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requirements, rather than the computation of the best alternatives. Therefore, small

inaccuracies in the computed overall performance of the alternatives are innocent compared

to other applications of the AHP that deal with choosing the best alternative. Moreover, the

verbal scale for the pairwise comparisons may induce overestimations of weights. The rank

order of the weights of each set of sub-requirements and the level of performance of the

product solutions are likely to agree with the perceptions of the decision makers, however, the

computed differences in these weights should be considered as being reasonably accurate

guidelines.

Tools for multi-criteria decision analysis provide analytic support to the evaluation of

a finite number of decision alternatives under a finite number of performance criteria. By

defining the pursued new product concept as one of the decision alternatives, we extent the

use of the AHP to include the analysis of dynamic alternatives besides the common static

alternatives. This means that in addition to the estimation of the attributes of a fixed, existing

alternative, we aim to define the attributes of an alternative to be pursued. This is a new area

of application of the AHP, which we consider being appropriate and which is even less

vulnerable to the main criticism on the AHP of rank reversal. Accordingly, we consider the

support of the AHP to the exchange of relevant information and consensus formation valuable

to define objectives for new products as well. This support is worthwhile for new product

development, because an adequate information exchange and conflict management between

R&D, marketing and users are a prerequisite for successful new product development.
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Appendix 5.1. Aggregated Euclidean distance model of individual

weighting factors before and after the panel discussions (RSQ = 0.98)

B) Distances between individuals' weighting factors after the panel discussions

A) Distances between individuals' weighting factors before the panel discussions





6

USING THE ANALYTIC HIERARCHY PROCESS TO

SUPPORT PRODUCT DESIGN PLANNING IN

INTER-ORGANIZATIONAL NETWORKS

HUMMEL JM, W. ROSSUM W VAN, VERKERKE GJ, RAKHORST G

SUBMITTED TO: R&D MANAGEMENT

In the second half of inter-organizational product development, the new product is likely to

face significant design changes. Our study focused on the adequacy of the analytic hierarchy

process to support the collaborative partners to steer and align the accompanying design

activities. It quantitatively supported discussions between researchers, engineers,

manufacturers and future users involved in the development of a voice-producing prosthesis.

These discussions focused on the planning of respectively the product design objectives,

design changes, and design activities. This product design planning was based on the product

requirements relevant to the diverse groups involved, a pro-active view on the market

circumstances, the available knowledge, skills and resources, lead-time and costs. The

consensus formation, learning processes and the quality of the outcomes showed that the AHP

is an adequate tool for R&D managers to support inter-organizational product development.
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6.1 Introduction

New product development is increasingly conducted in inter-organizational networks.

Motivations to enter these networks include expectations to verify windows of market

opportunity, to gain access to complementary knowledge, skills and resources, to divide risks,

and to reduce lead-times and development costs (Bruce et al, 1995). Nonetheless, these

expectations are often not met due to an inadequate planning of the partners' design activities

(Pitta and Franzak, 1996). The need to reconsider the product design planning is generally felt

most pressing as new product development projects enter their temporal final half (Allen,

1993). At this time, the awareness of incompatibilities between the product requirements as

applied by the different designers (Allen, 1993), the improved understanding of the contextual

requirements on the product, and the felt need for progress (Gersick, 1986) are likely to call

for significant design changes. Failure to adequately steer and align the accompanying design

activities may result in product outcomes with little market value, withdrawal or loss of

control by a collaborative party, increased lead-times and costs (Bruce et al, 1995).

The team version of Saaty’s analytic hierarchy process (AHP) seems to be appropriate

to support the inter-organizational partners to construct a product design planning that

optimises new product performance (Hummel et al, 2000). Unlike more traditional multi-

attribute utility techniques, this tool can derive weighting factors for both quantitative and

qualitative factors (Saaty, 1989). This enables the partners to value new product design and

design changes with regard to a comprehensive set of quantitative and qualitative product

requirements. Since these valuations do not require quantitative testing results, the AHP can

be applied to steer design activities in earlier as well as later new product development stages.

Furthermore, due to its explicit support to integrating diverse points of view, it also facilitates

learning processes and consensus formation between partners with diverging professional

backgrounds.

In the context of new product development, the AHP has been successfully applied to

support the go/no-go decision for project selection (Calantone et al, 1999). However, this tool

is yet unknown for its value to support decision-making in a 'go'-project. Our research aims to

elaborate the adequacy of using the team version of the AHP to support the product design

planning in inter-organizational product development. We investigated its use by applying the

team version of the AHP to support the product design planning of an inter-organizational
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product development project in its temporal final half. We analysed the adequacy of its use

based on the project members’ consensus formation, learning processes and the quality of

their product design planning.

6.2 Product design planning in inter-organizational networks

In inter-organizational product development, the development partners generally compose of

a set of differentiated knowledge, resources and skills related to marketing, R&D, production

and supply. Additional knowledge is often obtained from outsiders, such as consultants or

potential users (Allen, 1993, Herstatt and Von Hippel). When these functional groups are

affiliated to multiple organizations, communication is complex due to the relative high

cognitive and cultural differences, geographic distances, diverging interests, and the manifold

interdependent relationships (Hauptman and Hirji, 1999). Yet, communication between the

various groups is paramount in new product development (e.g. Allen, 1993; Clark et al, 1991;

Griffin and Hauser, 1992; Gupta et al, 1986; Hise et al, 1989; Moenaert and Souder, 1990;

Rochford and Rudelius, 1992; Shaw, 1998; Song et al, 1997).

These development and user groups need to discuss and learn from each other's

viewpoints in order to define feasible, realistic and comprehensive design objectives that

match user needs (Tarasewich and Suresh, 1999). Delivering a product that fulfils unique user

needs is a key factor to new product success (Cooper, 1985). Communication between the

cross-functional development groups including senior management can increase the amount

of skills and resources available to the product development team (Ancona and Caldwell,

1992). Having sufficient managerial, technological and marketing skills and resources is

another key factor to new product success (Cooper, 1985). The application of these skills and

resources to execute the design activities needs to be carefully planned among the cross-

functional development partners (Zirger and Maidique, 1990). Besides the product

requirements of the users, they need to take account of the reciprocal requirements of the

development partners (Iansiti, 1995), lead-time and costs (Rothwell, 1992), and market

strategy (Cooper, 1985; Griffin and Hauser, 1992). Consensus on this planning supports the

partners to keep enlisting the necessary commitment and input (Bruce et al, 1995).

These general guidelines for new product development are not only relevant to bear in

mind during the front stage of a new product development project, but surely around its
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temporal midpoint as well. User needs are likely to have become better articulated, or even

changed (Mullins and Sutherland, 1998). Other market circumstances may have altered, as

caused by technological advances, competitive product introductions or regulation. Research

findings or incompatible subsystem designs are likely to dictate changes in the design

activities, posing new demands on the skills and resources. Accordingly, a rigid adherence to

the initial product design planning may hamper new product success (Bruce et al, 1995). In

analogy, Gersick found that successful teams significantly changed their planning around

their project's temporal midpoint, and matched it with the external product requirements and

available resources (Gersick, 1986).

Few studies have been conducted to show how the findings on the success factors in

new product development can be used to improve the product development process (Poolton

and Barclay, 1998). Some of the few methods that have been propagated include concurrent

engineering (Takeuchi and Nonaka, 1986), the stage-gate system (Cooper, 1991) and quality

function deployment (Hauser and Clausing, 1988). These methods are based on respectively

the concept of overlapping product development phases, a formalised product development

process with predefined go/no-go gates, and a systematic integration of functional information

for making development decisions. Concurrent engineering and the stage-gate system support

the planning of the new product process, yet do not support making actual product design

decisions. Quality function deployment does, however limits the use of product requirements

to those with physical measurement units. Moreover, it does not support the communication

processes of cross-functional groups, therefore disregarding the need to interactively learn

from different points of view and to form consensus.

In our view, product design planning can be enhanced by the support of a method that

supports consensus formation and learning processes of the various development and user

groups involved in new product development. This support is particularly important for the

cross-functional groups in inter-organizational networks, between which professional

differences are relative high and communication is relative scarce. Derived from the new

product success factors, the product design planning needs to take into account the product

requirements relevant to the diverse groups involved, a pro-active view on the market

circumstances, the available knowledge, skills and resources, and the impact on lead-time and

costs.
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6.3 Empirical focus

The empirical focus of our case study is on the development of a voice-producing prosthesis.

Potential users of the prosthesis are laryngectomised persons, who have been treated for

cancer in the larynx by having their larynx including the vocal folds removed. An inserted

shunt valve between the trachea and oesophagus enables most of these persons to use air from

the lungs for voice production. However, this airflow generates a very low-pitched and gruff

voice, which is particularly for females unnatural. Four years ago, a research group at a Dutch

university started in collaboration with other universities, a university hospital and industry

the development of a voice-producing prosthesis that can be inserted into the shunt valve.

This prosthesis aims to enhance the quality of the voices of laryngectomised persons (De

Vries et al, 2000). At the time of this case study, a first prototype was built with geometric

and material parameters derived from numerical simulation (figure 1).

Figure 1. Prototype of the voice-producing prosthesis inserted in a shunt valve

Clinical tests of this prototype provided the product developers with the first application

outcomes. The awareness that the quality of the prototype was not yet satisfactory pressed the

team to discuss their product design planning. No competing voice-producing prosthesis was

at that time on the market, although an alternative clinically tested voice-producing prosthesis

was likely to be introduced in the near future.
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6.4 Research methodology

Our case study aims to elaborate the adequacy of using Saaty’s AHP implemented in the

software package ‘Team Expert Choice’ to support the product design planning in the final

half of inter-organizational product development. Accordingly, we applied this method to

construct the product design planning of the voice-producing prosthesis, involving technical

developers including researchers, engineers and a manufacturer, as well as user groups of the

prosthesis including physicians and a laryngectomised person (table 1). We elucidated the use

of this method by describing the outcomes of this application. We analysed the adequacy of

its use based on the consensus formation, learning processes, and the value of these outcomes

and the AHP as perceived by the persons involved.

Table 1. Professional background and activities of the panel members

NO. PROFESSION CORE NEW PRODUCT ACTIVITY

T1 Manufacturer Production ENT instruments

U1 Potential user In-vivo testing

U2 Physician In-vivo testing

T2 Mechanical engineer In-vitro testing

U3 Physician In-vitro testing, user needs assessment

U4 Physician In-vivo testing

T3 Mechanical engineer Co-ordination and technical design

T4 Mechanical engineer Technical design

Supported by an independent facilitator, the main new product development partners

constructed the product design planning based on the following procedures. Prior to the panel

session, every panel member had received factual information about the attributes of the

known prototypes of voice-producing prostheses. The first stage of the panel session started

with the determination of the target market of the project and the most threatening, competing

voice-producing prosthesis in this market. A brainstorming mode followed about the product

requirements relevant to the qualities of these voice-producing prostheses. Subsequently,

these requirements were incorporated in a hierarchical structure composed of the design
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objective to convert the current quality of the prosthesis into a pursuable quality, the main

product requirements, sub-requirements and three alternatives: the competing prosthesis, the

current prosthesis and the pursued prosthesis. The initial individual judgements on pairwise

comparisons between the importances of the requirements and between the qualities of the

alternatives were asked by means of a questionnaire. The most important or most preferred

factor of each pair of factors was assigned a score from 1 to 9, of which 1 represents equal

importance or quality and 9 extremely higher importance or quality. The next focus was to

unite the diverse perspectives of the panel members on the same sets of comparisons. Using

hand-held radiographic keypads, the panel members gave their judgements on each pairwise

comparison. Individual judgements were projected on a screen, allowing the members of the

panel to discuss the rationales behind their individual scores. Final judgements were inserted

after these discussions. Importances of the requirements and qualities of the voice-producing

prostheses were estimated according to the eigenvector approach of the AHP. See appendix A

for a more elaborated overview of the quantitative methodology of the AHP.

In the second stage of the panel session, a brainstorming mode focused on design

changes to enhance the quality of the current prototype to the pursued quality. Discussions

about the influences of the product changes on the product requirements were guided by the

panel members' projected, iterative judgements. These judgements were based on a linear 7-

point scale, ranging from strong, negative influence (---) to strong, positive influence (+++).

Using the direct rating technique of the AHP, the weighted overall influence on product

quality was computed for each design change. In order of decreasing overall improvement,

the design changes were analysed for their worthiness of investment in terms of costs, time

and resources. Design activities to elaborate the approved design changes were assigned to the

team members.

The consensus formation during the panel discussions was analysed by comparing the

variance between the panel members' weighting factors and priorities prior to and after the

discussions. Learning processes were analysed by comparing the evaluators' weighting factors

and priorities, and their inconsistency ratios prior to and after the discussions. These

comparisons were based on t-tests with a two-tailed significance level of p ≤ 0.02. The value

of the outcomes and the adequacy of the support by Team Expert Choice were analysed based

on propositions, rated by the panel members on a 7-point Likert scale. These propositions

focused on the contents of the discussions, the support by the AHP, consensus formation,

quality of the outcomes, correctness of the outcomes, commitment to the outcomes, and
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R. LIFE-SPAN
S. VARIATION IN BASIC FREQUENCIES
T. FIT IN CURRENT TREATMENT
U. TRAINING REQUIRED

CLINICAL APPLICATION

A. CLEANING COMPLICATIONS
B. EXCHANGING COMPLICATIONS
C. LONG TERM COMPLICATIONS

SAFETY

D. TIMBRE
E. INTONATION
F. LOUDNESS
G. DYNAMICS

QUALITY OF VOICE

I. PLACEMENT
J. CLEANING
K. DIRECTLY INTO EFFECT
L. PHONATION PRESSURE
M. FLOW REQUIRED

EASE OF USE

N. NO PROTRUSION
O. EXISTING PRODUCTION TECHNIQUES
P. PRODUCTION COST PRICE
Q. FIT IN SHUNT VALVES

PRODUCTION

PROSTHESIS

COMPETITOR

PROSTHESIS

CURRENT

PROSTHESIS

PURSUED

COMPARE

VOICE-
PRODUCING

PROSTHESES

adequacy of the outcomes. In addition, analysis of the actual use of the outcomes was based

on documentation and interviews with the development partners involved.

6.5 Results

The panel members decided that the quality of the pursued prosthesis needed to attune to an

opportunity in the market of the voice-producing prostheses that enhance the quality of the

voices of laryngectomised persons. In this market, only one competing voice-producing

prosthesis is likely to be introduced in the near future. Figure 2 shows the corresponding AHP

structure, including the relevant main and sub-requirements in this market, and the alternative

voice-producing prostheses.

Figure 2. The AHP structure
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Table 2 represents the relative importances of the main and sub-requirements and the relative

qualities of the alternative voice-producing prostheses concerning the sub-requirements.

Basically, the competing prosthesis has a higher overall quality than the current prosthesis,

despite the current prosthesis’ merits to for example the dynamics of the voice (G), and the fit

in shunt valves (Q). The product development team strives to surpass this level, as reflected in

the higher overall quality of the pursued prosthesis. To this goal, safety is the most important

main requirement to consider. The team strives to decrease the probability of each type of

complication in order to be able to excel its competitor on safety. In this respect,

complications related to cleaning (A) are most important to take into account.

Table 2. Relative importances of the requirements (in italic) and relative qualities of the

alternatives

REQUIREMENTS SAFETY

.56

QUALITY OF VOICE

.23

EASE OF USE

.10

PRODUCTION

.04

APPLICATION

.08

VOICE-PRODUCING A. B. C. D. E. F. G. H. I. J. K. L. M. N. O. P. Q. R. S. T. U.

PROSTHESES .57 .32 .11 .17 .09 .21 .05 .48 .09 .10 .43 .12 .25 .42 .11 .10 .37 .19 .33 .41 .08

Competing prosthesis

.24 .31 .15 .31 .08 .05 .30 .10 .10 .36 .24 .38 .36 .46 .11 .09 .09 .09 .40 .18 .19 .51

Current prosthesis

.18 .13 .22 .13 .25 .21 .16 .36 .21 .15 .16 .14 .26 .12 .11 .27 .29 .62 .12 .16 .14 .15

Pursued prosthesis

.59 .55 .55 .56 .68 .74 .55 .55 .70 .50 .60 .48 .38 .42 .77 .64 .62 .29 .49 .66 .67 .34

The panel group's weighting factors before and after the discussions differed on average with

37 per cent, resulting in a significant change of 9 of the 89 weighting factors (independent t-

test, two-tailed p < 0.02). There were no significant differences between the changes of the

user subgroup (on average 41 per cent) and the technical development subgroup (on average

33 per cent) (paired-samples t-test, two-tailed p < 0.02). On average, the individual panel

members reduced the inconsistency in their judgements with 65 per cent during the

discussions. The final group judgements, expressed in the geometric mean of the individual

judgements, have an overall inconsistency ratio of 0.10. This value is acceptable according to

the guidelines provided by Saaty (1989).

Furthermore, the panel group reduced 64 per cent of the prior variance between the

individual members' weighting factors. The reduction of the variance within the user and
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within the technical development subgroup was respectively 66 and 69 per cent. The

reduction of the variance between these subgroups was somewhat lower: 43 per cent.

Nevertheless, no significant differences between the subgroups were found for 87 final

weighting factors, which is 98 per cent of all factors (independent t-test, two-tailed p < 0.02).

A graphical oversight of the Euclidean distances between the weighting factors of the

individual panel members shows in more detail the differences in judgements within the panel

before and after the panel discussions (appendix 6.1).

While referring to the design objective to convert the current quality into the pursued

quality, 13 potential design changes were suggested. Table 3 shows a few striking examples

of the influences of these design changes on the quality of the prosthesis.

Table 3. Examples of design changes: quality improvements, investments and relations with

requirements

DESIGN CHANGES TO- IN- SAFETY QUALITY OF VOICE EASE OF USE PRODUCTION APPLICATION

TAL VEST A. B. C. D. E. F. G. H. I. J. K. L. M. N. O. P. Q. R. S. T. U.

Lip in shaft 1.00 Yes ++ 0 0 0 0 - 0 0 0 ++ 0 0 0 +++ + +++ - - - + 0 +++ 0

Pre-stress 0.37 Yes 0 0 0 ++ 0 ++ 0 + 0 - 0 - ++ 0 0 0 0 - 0 0 0

Front-load mechanism -0.21 Yes 0 - 0 0 0 0 0 0 ++ 0 0 0 0 0 0 - 0 0 0 0 0

Less resonating material 0.21 No 0 0 0 0 + + + + 0 0 0 0 0 0 - 0 0 - 0 0 0

Modular lip -0.63 No - - 0 0 0 0 0 0 - 0 0 0 0 0 - - +++ 0 0 0 0

Notes: For each design change, the column "Total" shows the improvement of the weighted overall

quality, normalized by the highest rated design change.

The column "Invest" shows the acceptability of investment in the design changes in terms of money,

resources and time.

Research efforts dedicated to most design changes were considered to be useful investments

beneficial to the quality of the prosthesis. For example, integrating the lip in the shaft has

particularly potential to enhance prosthesis' safety, ease of use, production and clinical

application, and the pre-stress on the lip can eventuate in diverse improvements on the voice

quality. Conversely, the front-load mechanism is one of the design changes not anticipated to

enhance the overall quality. It is, however, considered to be worth exploration since it is the

only design change that focuses on the desired improvement of the ease of positioning (I) of

the device. The use of less resonating material and the concept of a modular flap are design
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changes that are disposed of definitively due to their negative consequences on respectively

lead-time, and the quality of the voice-producing prosthesis. Finally, explicit design activities

to elaborate the 10 potentially worthwhile design changes, including numerical simulation,

prototype building, in-vitro and in-vivo testing, were assigned to several members of the new

product development team.

The average panel rating on each proposition about the adequacy of the panel session

was a 6 on the 7-point Likert scale ranging from strongly disagree to strongly agree. These

results entail that the panel members were satisfied with the discussed contents at this specific

stage of new product development, and the support by the AHP. Furthermore, they appraised

their satisfaction with the consensus formation, the quality of the outcomes, their confidence

in the correctness of the outcomes, and their commitment to the outcomes to be reasonably

high. The session was thought as to constitute a reasonable foundation to the further

collaboration in the project.

Currently, one year after the panel session, eight of the ten acceptable design changes

have been elaborated. Two of these eight design changes will not be implemented due to, for

one unanticipated and for the other anticipated, negative effects on the quality of the

prosthesis. Studies on the remaining two design changes have been postponed due to a

replacement of the responsible manufacturer in the product development team. This change in

the membership composition was induced by patent concerns.

6.6 Conclusions and discussion

Operating in a market in which users' needs change and competitive new product

introductions are likely to occur is negatively related to commercial new product success

(Cooper, 1985). This empirical derivation is meant to serve as a foundation to kill projects at

the initial screening stage of new product development. We view this result as a confirmation

that organizations need support when adapting their design activities to changing market

opportunities. Particularly inter-organizational new product development can benefit from

support to the reconsideration of the partners' design activities.

We applied the AHP to steer and align the inter-organizational partners' design

activities in the temporal second half of the development of a voice-producing prosthesis. The

AHP supported systematic discussions between collaborating researchers, developers,
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manufacturers and future users of the prosthesis. These discussions changed their judgements,

and reduced disagreements and inconsistencies in their judgements. Concerning a broad range

of product requirements, it resulted in the definition of respectively the design objective and

design changes. Design activities to elaborate the acceptable design changes in terms of the

resources, time and costs involved were assigned to the partners with appropriate knowledge,

resources and skills. The participants were satisfied with the value of these outcomes.

In contrast to quality function deployment in which the user identifies and prioritises

the product requirements, our method derives this information from discussions between user

groups and development partners with diverging professional backgrounds. Particularly to

innovative products, dialogues between these cross-functional groups are essential to

articulate and analyse realistic design objectives. The significant shifts in some of the

weighting factors assigned by the panel members suggest that group learning occurred. The

reduction of the variance in weighting factors between the panel members suggests that the

discussions enhanced mutual understanding of the perspectives of the user and development

groups.

Another benefit of the discussions between the diverse groups is that it results in a

more comprehensive view on the product requirements, as recommended by studies on

concurrent engineering. In our case, the requirements focused on function (e.g. effects on

quality of the voice), side effects (e.g. safety aspects), user context (e.g. training required, ease

of use), clinical practice (fit with current treatment practices), production (e.g. fit with existing

production techniques, low cost price) and market environment (e.g. fit in various shunt

valves, different basic frequencies to benefit both male and female persons). This versatile

view on product quality reduces the chance on later product redesigns or lost commitment by

one of the collaborating partners. For instance, guarding the fit with existing production

techniques or medical treatment practice will decrease the chance of expensive redesign or

withdrawal from the collaboration by the manufacturer or the physicians in a later stage.

The mathematical procedures of the AHP enabled the development team to compare

the importances of these heterogeneous requirements. The accordingly derived weighting

factors made it possible to weight one requirement against another in making design choices.

For instance, adapting the pre-stress of the lip is thought to lower the ease of use and the life

span of the prosthesis, as shown in table 3. Nevertheless, the aimed improvement of the

quality of the voice was deemed more relevant. Due to this mutual understanding, physicians
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as well as engineers were persuaded to elaborate the idea on pre-stress.

On each requirement, the achieved and pursued quality of the voice-producing

prosthesis was established in reference to the quality of a potentially competing voice-

producing prosthesis. This information supports the team to ground their design choices not

only on the importances of the product requirements to the overall quality of voice-producing

prostheses, but on their competitive strategy as well. For example, the front-load mechanism,

cited in table 3, is the only design change that may decrease the competitive weakness

concerning the ease of position (I) of the voice-producing prosthesis. Accordingly, this design

change is thought of as to be valuable to the competitive strategy, despite its negative effects

on the overall quality of the voice-producing prosthesis. Attuning the product design planning

to an impending product introduction is not only a proactive means to deal with market

changes, it also guards the team from creating competitive weaknesses due to the

overemphasis of a limited set of product advantages.

Finally, the design changes were screened for their impact on the attainable resources,

time and money. So is the investment in less resonating material not granted due to the

accompanying increase of lead-time of the project. To elaborate the acceptable design

changes, design activities were assigned to development partners with adequate resources,

knowledge and skills. The participation of the collaborative partners in the panel session

enhanced the mutual awareness of the motives lagging behind these design activities.

Accordingly, all partners were committed to apply their knowledge, resources or skills

according to plan, with the exception of the withdrawn partner. In case circumstances change

or appear to be misinterpreted, the development partners can easily adapt the planning of the

design activities based on the quantitative analyses of the design changes.

A drawback of our method is that the comparisons on the product requirements and

design changes are rather labour-intensive. Bounded rationality may induce versatile yet

superficial analyses. Consequently, less clear-cut analyses or solutions may be overlooked in

the desire for progress. In our application, the presumed effects of the accepted design

changes are reasonably in line with the desired design improvements. However, the most

striking dissent was caused by the neglect of the desire to decrease long-term complications of

the voice-producing prosthesis. The development team only after the panel session became

aware of the need to brainstorm on ideas to decrease these complications.

Inter-organizational product development needs to be monitored and controlled at

significant points in the new product process (Bruce et al, 1995). The AHP provided the
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development team with a means to monitor and control the project on the basis of product

quality, competitive strategy, resources, lead-time, and costs. These factors were, according to

the panel members, highly relevant to discuss at their temporal stage of the new product

process. In our view, the timing of these discussions should not be simply attuned to the

occurrence of a specific new product activity, as is common in stage-gate systems. New

product activities are likely to overlap and no substantive empirical foundation has been found

to support the need for a certain sequence of product development activities. Both the studies

of Allen (1993) and Gersick (1986) suggest that roughly around the temporal midpoint of a

project, product design is likely to change rapidly. Accordingly, this period appears to be a

significant point in the new product process in which design activities need to be steered and

aligned.

The AHP was valued as an adequate tool to support the temporal second half of the

inter-organizational product development project. The AHP supported the users and the

development partners to construct convincing rationales for making design choices that

involved numerous trade-offs related to product quality, competitive strategy, resources, lead-

time, and costs. These trade-offs are to optimise new product performance. The AHP’s

explicit attention to consensus formation helped to satisfactorily align the panel members on

these trade-offs. We consider this tool, therefore, to be appropriate for R&D managers to steer

and align the design activities in inter-organizational networks. It supports the development

partners to meet their expectations for participation in inter-organizational networks, even

when market circumstances have changed. In our view, the tool can be applied to a high

variety of new products due to the wide applicability of the AHP.
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A) Distances between individuals' weighting factors before the panel discussions

43210-1-2

1,0

,5

0,0

-,5

-1,0

-1,5

T4

T3

U4

U3

T2

U2

U1

T1

Appendix 6.1. Aggregated Euclidean distance model of individual weighting

factors before and after the panel discussions (RSQ = 0.92)

B) Distances between individuals' weighting factors after the panel discussions
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Most types of medical technology assessments are performed after the technology has been

developed. Consequently, they have only minor effects on changes in clinical practice. Our study

introduces a new method of constructive medical technology assessment that can change the

development and diffusion of a medical device to improve its later effectiveness in clinical

practice. The method, based on Saaty’s analytic hierarchy process, quantitatively supports

discussions between various parties involved in technological development and diffusion. We

applied this method in comparing a new blood pump with two competitors based on technical,

medical and social requirements. These discussions changed the evaluators' perspectives,

reduced disagreements, and ended in a reliable evaluation of the pump's performance. On the

basis of these results, adaptations were derived to improve the design and diffusion of the blood

pump. This application shows the adequate potential of our method to steer technological

development and diffusion of artificial organs.
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7.1 Introduction

To support decision-making, medical technology assessment (MTA) evaluates medical

technology based on medical efficacy and other aspects, such as economical, social-cultural,

legal, ethical and organizational factors. The most common types of MTA are the efficacy and

adequacy studies of a medical technology that has finalized its development stage. In efficacy

studies a new technology is generally compared with an existing alternative on medical

outcomes. A more broadly diffused medical technology is generally examined in adequacy

studies of which the cost-effectiveness studies are well known. In these studies the effects of the

implementation of a technology are evaluated on predominantly economical and medical factors.

While efficacy studies have a direct influence on clinical decision-making, the effects of

adequacy studies on policy and clinical decision-making are limited. In the phase in which

adequacy studies are conducted, the technology is already being applied (albeit in specific

samples) and has found some influential proponents in the medical profession. Consequently,

changing the nature of the technology or influencing its application is difficult at that time (Van

Rossum, 1991).

Constructive technology assessment (CTA), the MTA of a technology that is still in its

development stage, has been proposed as a remedy for this drawback (Schot and Rip, 1996). By

performing a technology assessment in this early stage, CTA aims to provide those involved in

technological development and health care with a tool to help steer technological development

and diffusion. CTA should analyze a medical technology based on medical, social, economical

and social factors relevant to the decision-making of the diverse participants shaping

development and diffusion.

CTA is especially relevant in guiding the development of new medical technologies that

call for an integration of different forms of medical and technical expertise. An example is the

development of artificial organs. In this field mechanical, and electrical engineers co-operate with

medical doctors, biologists, biochemists and veterinarians. Having such professionally diverse

parties providing information during in-house product testing is essential to medical technology

development (Rochford and Rudelius, 1992). This ensures that the technology is sufficiently

debugged prior to market or customer testing, such as in clinical trials. In the in-house testing
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stage, therefore, a multidisciplinary group setting seems useful to assess a new medical device.

The assessment supports the decision to declare a device to be either acceptable or unacceptable

to tests involving patients, or that it requires product modifications.

Saaty’s mathematical model, the analytic hierarchy process (AHP), can be used to support

complex assessment processes. The AHP not only structures group discussions, it also supports

quantitative analyses by generating inconsistency ratios, and weighting factors visualized in

graphs (Saaty, 1989). It is often used to support strategic decisions, including the notable

economic decision on resource allocation to projects, in which technological, economical and

socio-political aspects have an important impact on the decision. The AHP has been implemented

in a user-friendly group decision support system: Team Expert Choice. This article describes a

case study that demonstrates the adequacy of Team Expert Choice to support decision-making in

the development and clinical introduction of artificial organs.

7.2 Methods

We applied the group decision support system Team Expert Choice to conduct a CTA of the

pulsatile catheter pump (PUCA pump). This left ventricular assist device (LVAD) provides

temporary support (hours to a week) to the circulatory system (Mihaylov et al, 1997). It consists

of a membrane pump connected to a valved polyurethane catheter. The tip of the catheter is

introduced via the peripheral arteries or open thorax into the left ventricle. Triggered by

electrocardiogram, the PUCA pump can aspirate 3L/min blood from the left ventricle and eject it

into the ascending aorta (Verkerke et al, 1993). A research group of a Dutch University is

developing this ventricular assist device in collaboration with industry, other universities and a

university hospital. In the current stage of development of the project, the prototype of the PUCA

pump is subjected to animal tests.

In our case study, a multidisciplinary group of developers, manufacturers and end-users

(i.e. cardiologists and thoracic surgeons), as listed in table 1, estimated the effectiveness of the

PUCA pump based on clinical, technical, social and economical requirements.
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Table 1. Professional backgrounds of the panel members

NO. PROFESSION EXPERTISE

U1 Cardiologist Clinical use of IABP, PUCA animal experiments, potential user

T1 Mechanical engineer Development and clinical trials of LVAD’s

T2 Chemical engineer Biomaterials science and coating techniques

T3 Mechanical engineer Manufacturer of membrane pumps

T4 Electrical engineer R&D VAD driving systems

U2 Surgeon Animal experiments with LVAD’s

U3 Veterinarian Project coordination, LVAD testing

T5 Mechanical engineer Development and testing of the PUCA pump

T6 Mechanical engineer Development and testing of mini-axial blood pumps

Effectiveness was estimated relative to the intra-aortic balloon pump (IABP) and the hemopump,

which are two alternative ventricular assist devices at the time of this assessment being applied in

clinical practice. The IABP is an alternative LVAD commonly used for temporary support of the

failing left ventricle. A disposable polyurethane balloon is located in the descending aorta via the

femoral artery. The balloon is pneumatically driven and triggered by the ECG. The balloon is

inflated when the heart relaxes, and deflated when the heart contracts. The expansion can

increase the coronary flow up to 60% and the diastolic pressure up to 100% (Kantrowitz et al,

1995). In contrast to the PUCA pump, the IABP has a very limited pump capacity.

The second LVAD is the hemopump. It consists of a disposable pump catheter with

impeller, and an external electromotor controlled by an electrical console. The catheter with

impeller can be introduced via the peripheral arteries or through the open thorax. These

disposables continuously draw blood from the left ventricle and expel it into the aorta. The

hemopump can produce a flow of 5 L/min (Aboul-Hosn and Wampler, 1985).

Based on the comparisons of the three assisting devices, the pump's strengths and

weaknesses in the market of ventricular assist devices were analyzed, as well as the possibility

for technical improvement of the PUCA pump. These rationales aimed to support the essential

go/no-go/modify decision on the PUCA pump before this pump was to be clinically tested.
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According to the procedures of Team Expert Choice, the first stage of the assessment was

a brainstorm session to define the goal of the assessment, the alternative ventricular assist

devices, and a list of requirements considered relevant to this evaluation. The requirements were

hierarchically structured into requirements and sub-requirements. Subsequently, the expert panel

pairwise compared the importances of the requirements in each category. By using radiographic

hand-held keypads, the most important requirement of each pair of requirements was assigned a

score from 1-9, of which 1 represents equal importance and 9 extremely higher importance.

Likewise, the relative qualities of the alternatives were compared with regard to each sub-

requirement. Individual scores were projected on a screen, allowing the members of the panel to

discuss the rationales behind their individual scores. Based on geometric averages of the final,

possibly revised, scores of the individuals, Team Expert Choice calculated weighting factors

representing the importances of the requirements and the priorities reflecting the qualities of the

alternatives. In addition, inconsistency ratios were derived to reflect the degree to which each

redundant comparison did not accord with the remainder of the pairwise comparisons. See

appendix A for a more elaborated overview of the quantitative methodology of the AHP.

The adequacy of the panel discussions ensuing from these procedures was analyzed by

comparing the evaluators' weighting factors, inconsistency ratios, and the degree of disagreement

between the evaluators’ weighting factors, prior to and after the discussions in t-tests with a two-

tailed significance level of p ≤ 0.02. Our data collection concluded with propositions, rated on a

7-point Likert scale, on the adequacy of the support by Team Expert Choice.

7.3 Results

Corresponding to the goal to compare the effectiveness of the PUCA pump with alternative

ventricular assist devices that provide short-term support to the failing heart, the IABP and

hemopump were considered to be those most relevant to include. In contrast to other short-term

support systems, the IABP and the hemopump are trans-arterial pumps that can be applied with

minimal invasive surgery, a compelling trend in heart surgery.

The extracted requirements on these devices are in alphabetical order: acceptance by

healthcare people, applicability, blood compatibility, coronary flow, de-airing of the device, ease
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1. UNLOADING LEFT VENTRICLE
2. CORONARY FLOW
3. PUMP FLOWPUMP PERFORMANCE

4. BLOOD COMPATIBILITY
5. PERIFERAL FLOW
6. MONITORING PUMP FUNCTION
7. MEDICAL COMPLICATIONS

SAFETY

8. EASE OF INTRODUCTION
9. SETUP TIME
10. DE-AIRING
11. SWITCHING DEVICES

EASE OF USE

12. INTRODUCTION FACILITIES
13. CONTRA-INDICATIONS
14. TRANSPORTABILITY
15. ACCEPTANCE PHYSICIANS

APPLICABILITY

PUCA PUMP

IABP

HEMOPUMP

COMPARE

BLOOD

PUMPS

of introduction, ease of use, medical complications, monitoring functions, necessary introduction

facilities, peripheral flow, pump flow, pump performance, replacement time of the device, safety,

set-up time, transportability and unloading effect. These data were introduced in the Team Expert

Choice program to compose the hierarchical evaluation structure (figure 1).

Figure 1. Hierarchical structure of the PUCA-pump assessment

Based on the final scores on the pairwise comparisons, weights and priorities were assigned to

the factors in the hierarchical evaluation structure. Table 2 includes the weighting factors of the

main and sub-requirements and the overall priorities of the ventricular assist devices. The cells

reveal the priorities of the devices with respect to each sub-requirement.
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Table 2. Final importances of the requirements (between brackets) and preferences for the

alternatives

PUMP

PERFORMANCE

(.24)

SAFETY

(.60)

EASE OF USE

(.10)

APPLICABILITY

(.07)

REQUIREMENTS

ALTERNATIVES

1.

(.28)

2.

(.20)

3.

(.52)

4.

(.36)

5.

(.10)

6.

(.13)

7.

(.41)

8.

(.23)

9.

(.12)

10.

(.58)

11.

(.07)

12.

(.23)

13.

(.21)

14.

(.09)

15.

(.47)

PUCA pump

.23
.50 .58 .21 .19 .13 .30 .19 .14 .15 .10 .17 .14 .20 .33 .14

IABP

.49
.06 .21 .03 .65 .43 .58 .62 .76 .81 .75 .65 .73 .60 .33 .78

Hemopump

.28
.44 .21 .76 .16 .44 .12 .19 .11 .04 .15 .17 .14 .20 .33 .08

Pump flow, weighted 0.52, is considered to be the most important sub-requirement of pump

performance; pump performance, which has a weighting factor of 0.26, is the second most

important main requirement. With regard to the pump flow, the mini-axial pump was superior to

the PUCA pump and the IABP, considering the respective preferences of 0.76, 0.21 and 0.03.

The panel had the highest preference for the PUCA pump concerning the pumps' support to the

unloading of the left ventricle (0.50) and the coronary flow (0.58).

The calculated overall preference for the IABP is rated beyond the preference for the

PUCA pump and the hemopump. In general, both the PUCA pump and hemopump are preferred

for their pump performance, yet the IABP scores higher on the remaining main requirements of

which safety is deemed most important. The most important sub-requirements influencing safety

were considered to be medical complications (infections, bleeding, rupture and dislocation of the

device), and blood compatibility (mechanical blood cell trauma, thrombo-embolic events, and

immune activation).

Of these final weighting factors, eight significantly differed from the weights assigned by

the panel members before the panel discussions (t-test, two-tailed p = 0.02). Most significantly,

the panel discussions led to the understanding of the utmost importance of blood compatibility, as
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shown in the elevation of the corresponding weight from 0.15 to 0.36. Furthermore, a pairwise t-

test concluded that the discussions significantly increased the degree of consensus in the panel

(two-tailed p < 0.0005). On average, the variance between the panel members' weighting factors

was reduced by 68 per cent. Reflected by an average score of 6 on a 7-point Likert scale, the

panel members rated the degree of consensus attained to be reasonably high. For example, the

medical- and technical-skilled subgroup only assigned significantly different weighting factors to

the need for introduction facilities, a sub-requirement of ease of use (t-test, two-tailed p = 0.02) 1.

In addition, the inconsistency ratio’s prior and after the systematic discussions differed.

Results from a paired t-test indicate that the reduction in individual inconsistencies is significant

(p < 0.008). Regression analysis showed that in particular highly inconsistent evaluators

considerably reduced their inconsistencies. The overall inconsistency ratio of 0.08 was acceptable

according to the guidelines provided by Saaty (4).

The panel judged each proposition about the adequacy of the assessment with an average

score of 6 on a 7-point Likert scale. Accordingly, the panel members considered a CTA of the

PUCA pump to be important in this stage of the project. They thought it provided an adequate

basis for common goal setting until clinical introduction. Furthermore, the support of Team

Expert Choice was considered to be adequate. The procedures were thought to be user-friendly,

and the participants would be willing to use Team Expert Choice for similar decisions.

7.4 Conclusions and discussion

CTA attempts to provide a broad analysis of a medical technology in its development stage. The

results are to be used to support decision making concerning development and diffusion of the

technology (Schot and Rip, 1996). In our case study, the group decision support system Team

Expert Choice satisfactorily and adequately supported a CTA of the PUCA pump. On the basis of

their multidisciplinary expertise, the assessment panel formulated technical, medical and social

requirements for the performance of the PUCA pump. These requirements were considered

1 A graphical oversight of the Euclidean distances between the weighting factors of the individual panel members

shows in more detail the differences in judgements within the panel before and after the panel discussions (appendix

7.1).
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relevant to a broad patient-group requiring short-term mechanical support of the failing heart.

Pairwise comparisons focused on the importances of the requirements, and the relative quality of

the alternative ventricular assist devices concerning these requirements. Led by these

comparisons, the versatile perspectives of the panel were systematically discussed. The resulting

ranking of the PUCA-pump prototype on the different sub-requirements vis-à-vis the two existing

competitors facilitated the indication of the required changes in the developmental process of the

pump. Involving the actors concerned with the development and diffusion themselves in the

consensus-generating discussions directly supported the alignment of their development and

diffusion activities.

The results of this assessment helped to ground the go/no-go/modify decision

representing the gate to clinical introduction. They showed that with regard to the heterogeneous

group of patients that requires short-term cardiac support, the overall effectiveness of the IABP is

estimated rather high compared to the effectiveness of the PUCA pump and the hemopump. The

IABP is considered to be relatively safe and easy to use since it does not require the introduction

of a large bore catheter into a peripheral artery and introduction into the left ventricle, as the

PUCA pump and the hemopump do. However, these properties of the latter pumps are inherent to

their superior pump function. Such improved pump function is desired in clinical practice as

shown by the declining use of the IABP due to its rather poor pump function and the

development of novel pharmaceutics like enoximone. Based on these considerations, the PUCA

pump assessment resulted in the decision to modify not predominantly the properties of the

PUCA pump but the strategy of diffusion in particular. The PUCA-pump project can adapt its

strategy by focusing its diffusion on medical indications for use that attune to its specific pump

performance, and the results give clear indications how to adapt effectively.

In contrast to the IABP, the PUCA pump has an active pump function which enables

organ perfusion to a greater extent. For example, patients suffering from weaning complications,

or low output syndrome benefit from this perfusion. In contrast with the hemopump or a

comparable mini-axial pump, the PUCA pump provides a pulsatile flow, which enhances

coronary flow. This can avoid further degeneration of myocardial tissue after an ischemic

myocardial infarction. Considering these examples, the PUCA pump could provide more

adequate support to specific groups of patients due to its active, pulsatile pump function. Clinical
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trials of the PUCA pump will give more insight in the most appropriate medical indications for

use.

In addition, improving the PUCA pump with respect to the other requirements listed

remains beneficial for clinical practice. The outcomes of our application reveal effects on the

overall effectiveness of the PUCA pump of potential improvements concerning each requirement.

Notably, improvements with respect to safety appear to be essential. In order to guaranty a

peripheral flow, cadaver studies started to determine the most appropriate peripheral artery in

which to introduce the PUCA pump. In order to reduce the chance of medical complications, the

development of a training program on the use of the PUCA pump has been planned. Besides

these enhancements aimed at the safety of the PUCA pump, the assessment outcomes have

evoked improvements related to the ease of use of the PUCA pump. Making the PUCA pump

compatible with the driving system of the IABP and other pneumatic driving systems has

facilitated the switch between the application of other devices and the PUCA pump. The ease of

introduction of the PUCA pump has been improved by a simplification of the introduction

technique. These examples show that in contrast to traditional technology assessments that

consider the properties of a technology as given, our assessment extends its influence by evoking

changes in the technological development of the PUCA pump. This influence is imperative in the

pre-clinical development stages, since at the time a technology has been clinically diffused, MTA

studies often fail to evoke adaptations to the medical technology or its use (Van Rossum, 1991).

In essence, our approach steered technology development and diffusion by means of

discussions about the effectiveness of the PUCA pump in comparison to its competitors, and on

strategy to improve the pump. Step by step, these discussions constructed convincing rationales

to modify the PUCA pump and to revise the medical indications for application. It is important to

realize that the outcomes of the Team Expert Choice facilitated assessments are influenced by the

composition of the expert panel. The medical, social, industrial or technical backgrounds of the

panel members influence the factors that are incorporated into the assessment, as well as the

corresponding weighting factors. It is therefore necessary that the expert panels be comprised of a

representative sample of the various professional groups involved.

Assessment outcomes consist of predictive statements that are based on assumptions

derived from good-laboratory-practice studies. Therefore, this CTA does not intend to make in-
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vitro or in-vivo testing redundant. It aims to provide a comprehensive perspective on the clinical

performance of the medical device. This insight is essential to determine the technological

activities that are relevant to the device's clinical performance. In overall, results of CTA studies

should be used for restricted purposes, as defined by the panel. From this Team Expert Choice

case study no conclusions can be drawn with regard to the absolute quality of the IABP or

hemopump. The pump alternatives were only valuable to position the PUCA pump on its

possible future market and to analyze the steps that had to be taken in order to compete with

them.

Team Expert Choice structures a heterogeneous CTA into comprehensible sets of

pairwise comparisons. Insight on the individual members' judgements focuses the panel members

to learn from the diverse expertises and to overcome disagreements, which is eminent in the

context of the predominantly multidisciplinary research on artificial organs. This supports a

synthesis of the perspectives of the multidisciplinary panel members, resulting in more consistent

judgements. The graphic presentation of the quantitative analysis on the requirements and the

alternative medical devices enhances insight in the potential market position of the new

technology. It encourages technological developers to contemplate on clinically beneficial

production modifications as well as on appropriate medical indications for clinical use of the

device. These effects benefit strategic decision-making in technological development and

diffusion. In our view, this approach of CTA can be adequately applied to a great variety of

medical devices due to the wide applicability of Team Expert Choice.
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Appendix 7.1. Aggregated Euclidean distance model of individual weighting

factors before and after the panel discussions (RSQ = 0.80)

A) Distances between individuals' weighting factors before the panel discussions

B) Distances between individuals' weighting factors after the panel discussions
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This study analyses the effects of Team Expert Choice on group decision-making in

collaborative new product development. We applied Team Expert Choice to support three

product evaluations conducted by new product development groups composed of

professionally diverse members. The evaluations resulted in valuable guidelines for

improving the development and diffusion of the product. According to the evaluators, Team

Expert Choice enhanced task processes, social processes, task outcomes and social outcomes

of this product evaluation. In this context of collaborative new product development, Team

Expert Choice proved to be an appropriate tool for group decision-making.
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8.1 Introduction

In the last decade, universities are increasingly conducting new product development in

collaboration with industry (Bonaccorsi and Piccaluga, 1994). However, many collaboration

outcomes do not meet the expectations of the collaborating partners (Bruce et al, 1995). These

unfulfilled expectations may indicate a deficiency in new product evaluations. In our view, a

group decision support system (GDSS) can provide an appropriate means to support new

product evaluations in inter-organizational new product development.

The effectiveness of a GDSS depends on its appropriate design and use by the group

(DeSanctis and Gallupe, 1987). The appropriateness of the design of a GDSS is determined

by the fit between the GDSS and several input variables that relate to the decision task (Nour

and Yen, 1992; Timmermans and Vlek, 1994; Lam, 1997), the decision-making group

(Stasser et al, 1989; Nour and Yen, 1992), and the needs of an organization (Nour and Yen,

1992). The functionality of the system needs to comply with the requirements of these

variables. In addition, the interface characteristics as well as how the system affects group

decision-making of the GDSS need to be satisfactory to the users (DeSanctis et al, 1994).

Team Expert Choice is a user-friendly GDSS based on Saaty’s analytic hierarchy

process (AHP), a technique for multi-criteria decision analysis. Saaty (1989), Dyer and

Forman (1992), and Barzilai and Lootsma (1997) discuss complementary methodologies

concerning the use of the AHP in a group setting. The level 2 functions of Team Expert

Choice comply with the need to quantitatively integrate heterogeneous product requirements

into a new product evaluation. Moreover, its support can improve information-sharing

performance of the inter-organizational partners, considering their complementary

professional knowledge. The knowledge of these partners needs to be integrated in order to

reduce consumer, technological, competitive and resource uncertainty in new product

development (Moenaert and Souder, 1990). Considering these characteristics, Team Expert

Choice appears to be an appropriate GDSS to enhance group decision-making in collaborative

new product development. Nevertheless, no systematic research has been conducted on the

effects of Team Expert Choice on group decision-making.

Appropriate level 2 GDSSs, particularly in combination with a facilitator (Wheeler

and Valacich, 1996), can enhance several cognitive processes of group decision-making.

Cognitive factors affected by a level 2 GDSS deal with the decision structure (Martin, 1973);
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rational reasoning (Kahneman and Tversky, 1973); Stasser, 1989; depth of analysis (Benbasat

and Nault, 1990), task focus (Sambamurthy et al, 1993), and unshared information

(Schittekatte and Van Hiel, 1996; Mennecke, 1997). In addition, a level 2 GDSS affects social

factors that might hinder group decision-making. Equity in the input of information (see Nour

and Yen, 1992, Jarvenpaa et al, 1988) can be impeded by social factors relating to cognitive

loafing, production blocking and evaluation apprehension (Diehl and Stroebe, 1987).

Resulting influence of the members on the decision outcomes can be subject to manipulation,

unreasonable power differences, or social pressure to conform. In overall, the effects of a

level 2 GDSS can result in higher decision performance, satisfaction with the group processes,

and consensus formation (Benbasat and Lim, 1993).

Our study aims to analyse the effects of Team Expert Choice on group decision-

making in various stages of collaborative new product development projects. In order to

analyse its cognitive and social effects on group decision-making, we applied Team Expert

Choice to support three new product evaluations concerning inter-organizational product

development projects. These projects found themselves in respectively the start-up stage,

temporal midpoint, and conclusion stage before clinical trials. The versatile product

evaluations gave indications for necessary research or product revisions, without the

requirement of exposing patients to the new products in a test or in an emergency setting.

After completion of the projects, the finalized new products could be assessed in clinical

trials.

8.2 The case studies

The three projects are co-ordinated by the Department of Biomedical Engineering of a Dutch

university. In order to apply diverging and up-to-date competencies and capabilities, this

department conducts or will conduct these project in co-operation with industry, universities

and the local university hospital.

The first project is aimed at the development of a liver perfusion system. This system

intends to increase the duration and the quality of the preservation of donor livers. Basically,

this system will consist of a pump system that flushes the liver with a perfusion fluid. At the

time of our application, a core team was composed with medical and technical development

partners in order to start the project.
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The second inter-organizational project focuses on the development of a voice-

producing prosthesis. This prosthesis aims to enhance the quality of the voices of persons of

whom the larynx has been removed. It consists of a housing with a silicone rubber lip.

Airflow initiates this lip to vibrate, which creates, congruent to the vocal cords, pressure

differences in the air that passes the prosthesis (De Vries et al, 2000). At the time of the new

product evaluation, a first functional prototype was being subjected to product modifications.

The PUCA pump is a blood pump that provides temporary support (hours to a week)

to a failing heart. It consists of an extra-corporeally placed membrane pump connected to a

valved polyurethane catheter. By means of a guiding catheter, the tip of the catheter is

introduced via peripheral arteries or open thorax into the left ventricle. The pump aspirates at

least 3L/min blood from the left ventricle and ejects it into the aorta (Morsink et al, 1997).

The PUCA-pump project was at the time of the study focusing on in-house product testing in

order to conclude the product development activities.

8.3 Case study methodology

Our case study aims to analyse the effects of Team Expert Choice on group decision-making

in inter-organizational new product development. We applied this GDSS, which is based on

Saaty’s AHP, to support new product evaluations of a liver perfusion pump, a voice-

producing prosthesis, and a mechanical heart pump by the corresponding inter-organizational

new product development teams. These development projects were respectively in the start-up

period, temporal midpoint and conclusion stage before clinical trial. During the evaluations,

the new products were compared with alternative products, based on a broad range of product

requirements. To understand Team Expert Choice’s influences we firstly examined its

interface characteristics. Subsequently, we analysed Team Expert Choice's effects on the

cognitive and social processes as well as on the cognitive and social outcomes of group

decision-making. In addition, we researched the resulting characteristics of the cognitive and

social processes and outcomes themselves. Concerning the processes, we particularly focused

on the information-sharing processes of this GDSS-supported evaluation. With respect to the

outcomes, we focused on the efficiency, quality of the outcomes, consensus formation and

satisfaction.

In each evaluation session, the product development team conducted the new product
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evaluation, while being supported by an independent facilitator. This group represents the

main organizations engaged in the activities related to research & development,

manufacturing and future application of the new product. Moreover, these representatives

cover all professional disciplines involved in these activities. Most evaluators have a

commercial interest in a high-quality new product, but will particularly benefit from insights

resulting from a knowledge-based evaluation. In this evaluation, we did not apply formal

power differences between the evaluators regarding the high complementarities of their

professional knowledge. When relevant, knowledge-based power differences could be

attained by means of negotiation.

Prior to the evaluation, every evaluator had received factual information about the

attributes of the new product and its competitors. The first stage of the evaluation embodied a

verbal brainstorming mode about the product requirements that might be relevant in this

context. The evaluators were allowed some individual brainstorming time to prevent

production blocking. In the second stage, a hierarchical structure was composed consisting of

the goal of the evaluation, the main requirements, sub-requirements and the three alternatives.

The initial individual judgements on the pairwise comparisons of these factors' priorities were

collected by means of a questionnaire. The third stage focused on the same sets of

comparisons. In this stage, however, explicit attention was paid to unite the diverse

perspectives of the evaluators. Using hand-held radiographic keypads, the evaluators gave

their judgements on each pairwise comparison. Discussions took place based on a projected

overview of these non-anonymous judgements. Final judgements were openly submitted after

these discussions. Weighting factors for the requirements and priorities for the trans-arterial

blood pumps were computed following the mathematical procedures of the AHP. In the final

stage of the product evaluation, discussions took place about these results and associated

implications for the project. See appendix A for a more elaborated overview of the

quantitative methodology of the AHP.

8.4 Results of the case study

As an example, figure 2 shows the evaluation structure of the PUCA pump, consisting of the

evaluation goal, the main requirements posed upon the blood pumps, the sub-requirements,

and the alternative blood pumps. Corresponding to the goal to compare the effectiveness of
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1. UNLOADING LEFT VENTRICLE
2. CORONARY FLOW
3. PUMP FLOWPUMP PERFORMANCE

4. BLOOD COMPATIBILITY
5. PERIFERAL FLOW
6. MONITORING PUMP FUNCTION
7. MEDICAL COMPLICATIONS

SAFETY

8. EASE OF INTRODUCTION
9. SETUP TIME
10. DE-AIRING
11. SWITCHING DEVICES

EASE OF USE

12. INTRODUCTION FACILITIES
13. CONTRA-INDICATIONS
14. TRANSPORTABILITY
15. ACCEPTANCE PHYSICIANS

APPLICABILITY

PUCA PUMP

IABP

HEMOPUMP

COMPARE

BLOOD

PUMPS

the PUCA pump with alternative ventricular blood pumps that provide short-term support to

the failing heart, the IABP and hemopump were considered to be most relevant to include.

The 15 sub-requirements on which these pumps were compared were derived from the main

requirements: pump performance, safety, ease of use and applicability.

Figure 1. The evaluation structure of the PUCA pump

As estimated on the basis of the eigenvector approach of the AHP, table 1 represents the

preferences of the alternative blood pumps with respect to each of the 15 sub-requirements. In

addition, the importances of the sub-requirements and the overall preferences for the

alternatives are represented between brackets. The weighting factors show that sub-

requirement 4, blood compatibility, is the most important requirement to take into

consideration. The IABP complies with this requirement relatively successful, due to its less

intensive contact with blood. The overall priorities show that the blood pumps in order of

decreasing preference are IABP, hemopump and PUCA pump.
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Table 1. Composite priorities and weighting factors

SUB-REQUIREMENTS 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15.

ALTERNATIVES (.07) (.04) (.12) (.22) (.06) (.08) (.25) (.02) (.01) (.06) (.01) (.01) (.01) (.01) (.03)

PUCA pump (.23) .50 .58 .21 .19 .13 .30 .19 .14 .15 .10 .17 .14 .20 .33 .14

IABP (.50) .06 .21 .03 .65 .43 .58 .62 .76 .81 .75 .65 .73 .60 .33 .78

hemopump (.27) .44 .21 .76 .16 .44 .12 .19 .11 .04 .15 .17 .14 .20 .33 .08

The relative low preference for the PUCA pump indicates that the technological processes of

the PUCA pump need adjustments. One general option is to improve the overall effectiveness

to such an extent that the PUCA pump becomes a viable alternative to the IABP. Central in

this case are improvements with respect to safety. The first plausible solutions suggested to

improve the safety of the PUCA pump include modifications of the design of the pump to

allow peripheral flow, and the introduction of a training program. Another general option is to

restrict the diffusion of the PUCA pump to those medical indications that particularly attune

to the properties of the PUCA pump. Most importantly, the pump performance of both the

PUCA pump and the Hemopump is considerably higher than the pump performance of the

IABP. Therefore, the PUCA pump could more adequately support a patient group for which

such a pump performance is crucial. In addition, improving the PUCA pump with respect to

the other requirements remains highly beneficial for clinical practice.

8.5 The effects of Team Expert Choice on processes and outcomes

The perceptions of the decision-makers on the interface characteristics of Team Expert

Choice give insight in the value of its support to the new product evaluations. Table 2

presents the perceptions of the group members on the use of Team Expert Choice for each

new product evaluation. All perceptions are rated on a 7-point Likert scale. In overall, the

evaluators are most satisfied with the use of Team Expert Choice. One-way ANOVA analysis

of the variance of the three product evaluations revealed no significant differences between

the perceptions of the three groups (p < 0.1).



SUPPORTING MEDICAL TECHNOLOGY DEVELOPMENT

137

Table 2. Interface characteristics of Team Expert Choice

MeanINTERFACE CHARACTERISTICS

1. 2. 3.

Comprehensible procedures 5.7 6.0 5.1

Satisfactory support 5.9 6.0 6.1

User-friendly procedures 5.7 5.6 6.0

Would use again 6.0 5.8 6.3

A section of table 3 represents the perceived effects of Team Expert Choice on the cognitive

and social processes and outcomes. The evaluators were asked to estimate the value of Team

Expert Choice's support when comparing this evaluation to an unsupported evaluation. To

reflect the difficulty of conceiving this influence, a 5-point Likert scale ranging from –2

(strong, negative influence) to 2 (strong, positive influence) was used to rate Team Expert

Choice's influences. Processes and outcomes that were on average enhanced slighty to much,

in order of decreasing overall mean rating, are common logical foundation (1.3), quality

outcomes (1.3), mutual understanding (1.3), efficiency (1.2), open to learning (1.2),

satisfaction group processes (1.2), constructive conflict solving (1.1), confidence correctness

outcomes (1.1), task focus (1.1), information-sharing synergy (1.1), drive to contribute (1.0),

consensus (1.0), commitment outcomes (1.0), rationality (1.0), and all relevant criteria (1.0).

One-way ANOVA analysis (p < 0.1) of the variance of the three groups' ratings showed that

the evaluation groups assigned significantly different ratings to its influence on efficiency (F

= 3.2, p = 0.06).
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Table 3. Effects by Team Expert Choice (TEC) and valuation of group decision-making of

the three new product evaluations

Mean effect TEC Mean value
COGNITIVE PROCESSES

1. 2. 3. 1. 2. 3.

Creativity 1.0 1.0 0.6 6.0 6.3 5.2
Common logical foundation 1.2 1.0 1.7 5.3 5.9 5.4
All relevant criteria 1.3 1.1 0.6 5.6 6.3 5.3
Input unshared information 1.1 0.6 0.9 5.7 4.8 5.2
Mutual understanding 1.4 1.6 0.9 6.1 6.1 6.2
Use relevant information 0.6 0.7 0.8 5.8 5.6 4.9
Rational reasoning 0.9 1.0 1.1 5.3 5.9 4.9
Depth analysis 1.0 0.6 0.9 5.6 5.4 5.1
Task focus 1.1 0.9 1.3 5.9 5.6 6.0
Information-sharing synergy 1.0 1.1 1.1 6.0 6.0 5.8

SOCIAL PROCESSES

Amount social interactions 0.1 0.9 0.4 5.5 5.1 5.3
Group cohesion 0.8 0.9 0.9 4.8 5.9 5.3
Trust 0.7 0.7 1.0 6.2 5.8 6.2
Free to disagree 0.9 0.7 1.0 6.3 6.3 6.0
Fair distribution influence 0.9 0.4 1.3 5.9 5.0 6.0
Drive to contribute 0.9 1.1 1.1 5.9 5.9 5.8
Open to learning 1.1 1.0 1.3 6.1 6.1 6.1
Constructive conflict solving 1.0 1.1 1.2 5.9 6.4 6.1
Sufficiency air time 0.7 0.9 1.1 6.2 6.0 6.1

COGNITIVE OUTCOMES

Efficiency 0.9 1.1 1.7 5.7 5.9 6.2
Satisfaction quality outcomes 1.3 1.4 1.1 5.9 5.6 5.4
Confidence correctness outc. 1.2 1.0 1.1 5.6 5.8 5.4
Commitment outcomes 1.0 1.1 0.9 5.9 5.8 5.3
Consensus 1.1 1.0 1.0 5.6 6.1 5.7

SOCIAL OUTCOMES

Satisfaction own role 1.2 0.7 0.9 6.0 6.4 5.9
Satisfaction group 0.3 0.3 0.8 5.9 5.5 5.8
Satisfaction group processes 1.1 0.9 1.4 6.2 5.8 6.1
Commitment to project 0.6 0.6 0.6 5.0 4.3 5.0
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8.6 Processes of the new product evaluations

The support of Team Expert Choice appears to have enhanced the decision-making processes

and outcomes of our new product evaluation. This influence, however, gives little information

about the characteristics of the group decision-making processes and outcomes themselves.

Table 3 shows the mean perceptions of the group members about the cognitive and social

processes, rated on a 7-point Likert Scale ranging from strongly negative to strongly positive.

One-way ANOVA analysis of the variance in these ratings indicated several

differences between the three evaluation groups (p < 0.1). In order of decreasing significance,

these processes and outcomes are related to group cohesion (F = 3.6, p = 0.04), all relevant

criteria (F = 2.8, p = 0.08), fair distribution influence (F = 2.8, p = 0.09) , and creativity (F =

2.7, p = 0.09).

Of particular interest in our application are the resulting information-sharing processes

affecting the quality of the decision outcomes and consensus formation. Some indications

were found that discussions focused on the integration of relating to diverse disciplinary

knowledge. The product requirements stem from a broad range of disciplinary orientations.

From our PUCA-pump evaluation, examples of technical, medical, and social requirements

are respectively pump flow, medical complications, and acceptance by medical practice.

During the three product evaluations, respectively 96, 87, and 100 percent of the pairwise

comparisons that involved discussion, at least one person with a medical and one with a

technical background did participate. In respectively 40, 30, and 79 per cent of these

discussions, persons with the highest diverging opinions provided the group with arguments.

A correlation analysis gave more insight in the equity of the input of information.

Concerning the first product evaluation, the overall input of information by the group

members, derived from the number of arguments mentioned, is not significantly correlated (r

= 0.11, p = 0.8) with their perceived cognitive centrality as perceived by their fellow decision-

makers. It is significantly correlated respectively in the second and third product evaluation

with r = 0.71 (p < 0.05), r = 0.79 (p < 0.05). None of the process- or outcome related factors

are significantly, positively correlated with the members’ input (p < 0.1). Only in the first

product evaluation significant, negative correlations were found for the input of information

with cohesion (r = -0.64, p = 0.07) and with fair influence (r = -0.66, p = 0.05). These results,

however, give no indication that individuals' dissatisfaction with the nature of the decision-

making processes reduced their information input. The input of information seems to be
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knowledge driven, without obvious losses by cognitive loafing, production blocking, or

evaluation apprehension.

A correlation analysis gave more insight in the utilisation of the information

discussed. In order to analyse the grounds on which the members revised their judgement in a

greater or lesser extent, we computed for each group member the difference between

judgements prior to and after group discussions. In each of the product evaluations, the

members’ average difference in pairwise comparisons, when taking into account the non-

linear AHP scale, has no significant negative correlations with the process or outcome-related

factors (p < 0.1). These results do not uncover undesirable factors that impede factual

revisions of judgements, including social pressure to conform, unreasonable power

differences, or manipulation of individual judgements in order to steer group means.

Significant positive relations (p < 0.1) of the cumulative change in the pairwise comparisons

were found in the second evaluation with consensus (r = 0.91, p = 0.01), satisfaction group

processes ( r = 0.91, p = 0.01), common logical foundation (r = 0.89, p = 0.02), constructive

conflict solving (r = 0.77, p = 0.07), and information-sharing synergy (r = 0.77, p = 0.07), and

in the third evaluation with relevant information (r = 0.61, p = 0.08) and rational reasoning (r

= 0.61, p = 0.08). The non-significant presence of manipulation is underlined by the finding

that in the three evaluations respectively only 0, 0 and 1 percent of the judgements concerning

the pairwise comparisons was revised strongly (changing weights ≥ 0.25) in opposite

direction from the final group mean. The average change of these weights in the three product

evaluations was respectively 0.14, 0.16, and 0.16.

8.7 Outcomes of the new product evaluations

Lastly, table 3 presents the group members’ perceptions about the outcomes of the new

product evaluation as rated on the 7-point Likert scale. The participants rated the efficiency of

this evaluation to be reasonable high. The quality of the outcomes was analysed based on the

inconsistency in the evaluators’ pairwise comparisons (see also Tung, 1998), and their

satisfaction with, confidence in and commitment to the outcomes. In the first evaluation the

average inconsistency ratio of the individuals’ judgements was prior and after the panel

discussions 0.13. In the second evaluation, the average individual inconsistency was reduced

from 0.43 prior to 0.15 after the discussions. Predominantly, the most inconsistent group
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members reduced their inconsistency. Concerning the whole group, results from a paired t-test

indicate that the overall reduction in individual inconsistencies is just significant (p = 0.1).

The average inconsistency of the individuals’ judgements in the third evaluation was

significantly reduced from 0.19 prior to the systematic discussions to 0.09 after the

discussions (paired t-test, p = 0.008). Nevertheless, the inconsistencies may to a certain extent

be attributed to the AHP scale (Salo and Hämäläinen, 1997). It may be more meaningful that

after the discussions no excessive inconsistencies were found between the pairwise

comparisons of the individual decision-makers of the three evaluations. The panels were at

least most positive about the resulting quality of the overall outcomes.

The apparent consensus formation by the evaluators is measured by the reduction in

the geometric variance between the individuals’ judgement on every pairwise comparison.

The average geometric variances prior to and after the discussions were in the first session

respectively 0.36 and 0.21, in the second session 0.41 and 0.19, and in the third session 0.33

and 0.16. According to a paired t-test, the variance between the evaluators’ judgements was

significantly reduced in each of these product evaluations (p < 0.0005). The evaluators’

satisfaction with the final degree of consensus achieved was strongly positive. Finally, the

members’ satisfactions with their own role, the other group members and the group processes

were strong.

8.8 Conclusions and discussion

Team Expert Choice is suitable to integrate a heterogeneous range of requirements into a

product evaluation in each stage of a new product development project. In our applications,

Team Expert Choice supported comprehensive product evaluations that revealed the relative

strengths and weaknesses of the properties of new products. These multidimensional

outcomes can be used for technological improvements and market positioning of these

products. In addition, the system provides a means to steer discussions that integrate

diverging perspectives of the evaluators. In our evaluations, participants with disparate

professional backgrounds actively participated in the group discussions. Their diverging

judgements were reconciled considerably, and substantial inconsistencies in their judgements

were reduced. These utilities of Team Expert Choice are fundamental in the context of new

product development in university-industry networks.
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With the support of a facilitator Team Expert Choice was perceived to be highly user-

friendly and to promote user satisfaction eminently. The influences of Team Expert Choice on

group decision-making were experienced in a positive way. Corresponding to the findings of

Benbasat and Lim (1993) about a level 2 GDSS, Team EC enhanced decision performance,

satisfaction with the group processes, and consensus formation.

Nevertheless, professional competencies and personalities of the individual members

affect group decision-making. These personal differences could explain the significant

differences between the characteristics of the group decision-making processes and outcomes

of the three product evaluations. Since Team Expert Choice merely supports the decision-

makers, Team Expert Choice itself can never assure high-quality decision-making processes

and outcomes. When the decision-makers lack the knowledge to make an informed decision,

or are destined to manipulate decision-making, decision-making is likely to fail. Yet, when

information-sharing processes are essential to decision-making, analogous to the context of

inter-organizational new product development, decision-making supported by Team Expert

Choice has several advantages compared to unsupported decision-making.

The strongest cognitive influences by Team Expert Choice enhanced the common

logical foundation of the decision, mutual understanding, task focus, information-sharing

synergy, rationality, the incorporation of all relevant criteria, efficiency and outcome

performance. These factors appear to focus on efficiency and rationality in information-

sharing processes. The strongest social influences enhanced the openness to learning,

constructive conflict solving and drive to contribute. Team Expert Choice convincingly

improved the group members’ satisfaction with the group processes. The social factors are

important in preventing information-input losses, as caused by production blocking, cognitive

loafing and evaluation apprehension, and information-utilisation losses.

No indications were found that social barriers or manipulation by the group members

hindered the enhanced decision-making processes of the new product evaluations. The

amount of information input by the panel members is most strongly related to their cognitive

centrality as perceived by the fellow panel members before the product evaluation, with the

exception of the first product evaluation. Since the members of a freshly started project

conducted this product evaluation, their perceptions of their fellow panel members' cognitive

competencies may not have been thoroughly founded. In this early stage of group

development, dissatisfaction with the group cohesion, which was the lowest rated factor in

this study, and a deviance from an optimal distribution of influence over the group members
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appears to urge members to participate in the group discussions. Yet, these influences do not

reveal effects of production blocking, cognitive loafing or evaluation apprehension.

The degree of change of the panel members' judgements is particularly related with

factors concerning information-sharing and solving disagreements. No obvious signs were

found for the existence of manipulation, unreasonable power differences or social pressure to

conform. The manipulation of the individual scores is presumably tempered due to the high

individual accountability caused by the visibility of each decision-maker’s judgements.

Moreover, the presence of an independent facilitator can have restrained manipulation as well

as the unfaithful use of the decision models. By actively enhancing the decision-makers’

comprehension of the decision models, a facilitator can streamline the use of Team Expert

Choice. The disappointing results of several unfacilitated ad hoc applications of level 2

GDSSs in the public sector show the importance of a considered use of GDSSs.

Besides the need for a facilitator, also laborious use of high amounts of pairwise

comparisons in solving a decision can be considered a disadvantage of Team Expert Choice.

Resultantly, our new product evaluations lasted about nine hours, which is quite an

investment of time for the participants even though the panel members considered the product

evaluations to be efficient. Particularly the third evaluation group perceived the influence of

Team Expert Choice on efficiency to be strongly positive. One note that could be relevant in

this respect is that this group analysed 57 pairwise comparisons, whereas the first and second

group analysed respectively 75 and 87 ones. However, the third evaluation group was least

convinced that the new product evaluation was based on all relevant criteria. Some authors

advice to use simple decision structures that solve the problem. However, one needs to make

sure that all relevant factors are incorporated in the decision structure. Another alternative

solution is to omit weighting factors to the decision. This can significantly decrease the

amount of pairwise comparisons. Our product evaluation focused on insight in the strong and

weak points of new products, instead of simply choosing the best alternative. Therefore,

omitting the weighting factors, yet thoroughly deliberating the comparison of the preferences

for the alternatives, is worth consideration in new product evaluations. Another possibility to

avoid pairwise comparisons is to insert direct ratings instead of the pairwise comparisons.

This option of Team Expert Choice is particularly suitable for comparisons with respect to

quantitative factors.

A limitation of our research is that the accompanying findings are based on only three

applications of Team Expert Choice. Nevertheless, we consider it to be valuable exploration,
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considering several factors that have been neglected in most other GDSS research. While

much other research is focused on small groups of students (Nour and Yen, 1992), our

application focused on a larger-sized multidisciplinary decision group in the context of inter-

organizational new product development itself. We paid explicit attention to the match of this

context, the group members, and the task with Team Expert Choice. In our view, Team Expert

Choice is particular valuable to tasks depending on the integration of knowledge of decision-

makers with diverse professional backgrounds. Team Expert Choice appears not to

particularly increase the depth of analysis, but promotes that expertise concerning the diverse

aspects of a decision problem is integrated. In addition, its decision models improve the

efficiency and rationality in group decision-making in each stage of new product

development. In overall, relatively higher levels of consensus and higher qualities of the

outcomes can be attained. Team Expert Choice proved to be a level 2 GDSS highly

satisfactory to the decision-makers. The group members were most definite about their

satisfaction with Team Expert Choice and their desire to use it again.
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9

GENERAL DISCUSSION

Methods of medical technology assessment (MTA), including the efficacy and adequacy

studies, try to influence clinical practice at the time the technology under assessment has

already been introduced into the clinical market (e.g. Banta and Luce, 1993, chapter 2). In

contrast to this approach, methods of constructive technology assessment (CTA) attempt to

influence clinical practice by steering the development process of medical technologies or

products before they have been clinically introduced. This thesis developed a method of CTA

to influence decision making about the development and application of a medical technology.

During the development stage of the technology, it directly involves the diverse decision-

makers that shape the development and application processes. Supported by the analytic

hierarchy process (AHP), these actors systematically discuss the pursued and/or attained

quality of the medical technology or product relative to a competing one with regard to

technical, medical, social, and economical product requirements. Based on the outcomes of

these discussions, guidelines are derived to optimise the quality of the technology. The

adequacy of this method of CTA is related to the fit of the timing of its application with the

dynamics of technological change, the information used in the assessment, the consensus

formation about, and the quality of the assessment outcomes.

Successful technology or product development is a dynamic process of mutual

adaptive activities between the development team and groups that belong to the environment,

including users, external technological researchers, manufacturers, and competitors. Chapter 3

shows that communication between these groups to steer technological change is essential

during the start-up, roughly around the temporal midpoint and during the completion stage of

a development project. During the start-up of a project, when a core development team has

been formed to transform a product idea into a valid product concept, these discussions are

essential to new product success. We showed in chapter 3 that development teams in this

stage of their project need to match their objectives and planning with the requirements the

diverse groups pose upon the new product and with the attainable knowledge, skills and
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resources. At this stage, a relative high level of uncertainty exists concerning the user needs,

competitive reactions, technological solutions, and the required knowledge, skills and

resources. The theory in chapter 3 about radical product development, an extreme example of

product development in conditions of high uncertainty, indicates that clear new product

objectives are essential even if market and technological information is scarce. Nonetheless,

defining new product objectives often does not receive enough systematic attention. Poor new

product objectives have become one of the main factors leading to new product failure (e.g.

Gupta and Wilemon, 1990, chapter 5). Chapter 5 elaborates an application of our method of

CTA in the start-up stage of the development of a liver preservation system. The definition of

the pursued quality of the medical technology in comparison with a competing technology

represents the new product objectives. In addition, the critical areas of research and the need

for additional knowledge, skills and resources were identified to reduce the main market and

technological uncertainties. The new product development team was satisfied with the quality

of the objectives and the planning, and committed to the implementation.

Chapter 3 indicates that when the team has resolved the main market and

technological uncertainties, feels the need for progress, and has enough time to make

significant changes in the design of the product, reconsidering the new product objectives and

planning can yield ideas for significant design improvements. However, particularly when the

project members are affiliated to different organizations, the design activities are often

inadequately steered and aligned (e.g. Bruce et al, 1995, chapter 6). This failure may result in

products with little market value, withdrawal by one of the partners, increased lead-times and

costs. Chapter 6 elaborates a CTA to steer and align the design activities focused on the

development of a voice-producing prosthesis, conducted around the temporal midpoint of the

development process. This assessment centres on the comparison between the quality of a

competing prototype, the attained quality of the team's prototype, and the pursued quality of

this prototype. Subsequently, it focused on the determination of the design modifications and

the accompanying design activities to bridge the difference between the attained and the

pursued quality of the voice-producing prosthesis. The new product development team of the

voice-producing prosthesis was satisfied with the quality of the outcomes, and committed to

the implementation of the design modifications.

Gersick's model of new product development described in chapter 3 indicates that an

approaching deadline of a project often results in a final burst of activities. Nevertheless, the

finally realised quality of the prototype of a medical product or technology is of critical
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importance for a successful introduction into the clinical market (e.g. Rochford and Rudelius,

1992, chapter 7). Chapter 7 reports a CTA of a medical heart pump in the completing stage of

its development. The prototype of this heart pump was compared to two heart-assisting

devices commonly applied in medical practice. The assessment panel was satisfied with the

quality of the outcomes of this assessment. These outcomes steered the concluding activities

of this development project. The activities focused on the final modifications of the prototype

to improve its safety and ease of use, and the determination of the appropriate medical

indications for application of the heart pump.

The information discussed during these CTAs is relevant to successful new product

development and application. Such as described in chapter 6, a key factor to new product

success is to deliver a product that is of higher quality than its competitors in the market. By

assessing the quality of the product under development relative to the quality of its most

threatening competitor, this competitive aim is explicitly taken into consideration during the

technology’s development and application. Moreover, involving the patients, clinicians,

technological developers, and manufacturers in the assessment can evoke innovative ideas to

improve the quality of the product. Another success factor is to have sufficient managerial,

technological and marketing skills and resources. This factor is important to consider in

project selection, but during project execution as well. As shown in chapter 3, in

technological networks the pool of available skills and resources as well as the need for skills

and resources is dynamical. At relevant points of time, the CTAs provide a means to convince

the partners with the appropriate skills and resources of the value of their involvement in the

development activities. Finally, the assessments of the products’ quality provide the essential

foundation to effectively and efficiently plan the development activities.

The CTAs incorporated information about the products’ quality related to a

comprehensive range of product requirements. These requirements incorporate the interests of

clinicians, patients, technological developers, and manufacturers. Roughly, these

requirements were related to the product’s or technology’s safety, function, user friendliness,

clinical applicability, and costs. In each of these applications, safety was regarded as the most

important consideration, to be followed by the main function of the device. However, the

remaining factors are important to take into account as well. For example, the quality of the

liver perfusion system is pursued to differ most extensively from its competitor concerning its

ease of use. Furthermore, the factors combined provide more comprehensive information

about the consequences of design choices. It shows for example that the technical design of
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the heart pump that accounts for a relative high pump performance also evokes the pump's

low score on ease of use. Furthermore, the design of the voice-producing prosthesis is pursued

to minimise the required investments of the manufacturer. Safeguarding this interest of

manufacturing is relevant in maintaining industry as a partner in the project. Therefore, a

CTA needs to go beyond the technology or product's safety and function, the prime factors of

analysis in efficacy studies.

The commercially available group decision support system Team Expert Choice

supported the CTAs. This system incorporates the mathematical procedures of the AHP. As

described in chapter 5, the AHP seems to be the most suitable technique for multi-criteria

decision analysis to quantitatively support the discussions concerned with a CTA regarding

the heterogeneous range of product requirements. As described most extensively in chapter 5,

they step by step supported the group members to engage in discussions that created

awareness of the advantages and disadvantages of the technology under development. The

scale, the prioritisation technique, and the group aggregation technique of the AHP are,

however, subjected to some criticism as described in chapter 4 and 5. Its imperfections to

some extent affect the outcomes concerning the inconsistency ratios, the priorities, and even

the rank order of the alternatives. Nonetheless, the AHP provides an overview of the main

inconsistencies in the group members’ judgements, and the serious differences in the

relevance of the product requirements and the accompanying qualities of the alternatives. This

overview is valuable for gaining insight in the attained and pursued quality of the product and

the relevant activities to engage in the project. Instead of replacing decision making, the AHP

supports the process of making well-deliberated decisions.

The panel members claimed to be satisfied with the support by Team Expert Choice.

Chapter 8 indicates that the cognitive influences by Team Expert Choice enhanced the

common perspective on the information factors relevant to assess, which included all relevant

product requirements. It improved the efficiency and rationality of assessing these factors, the

mutual understanding of the group members’ perspectives, and the synergy in the

information-sharing processes concerning these factors. The strongest social influences

enhanced the drive to contribute, the openness to learning, and the constructive resolution of

conflicts. Resultantly, Team Expert Choice convincingly improved the quality of the

outcomes of the assessment, and the group members’ satisfaction with the group processes.

As suggested by our pilot applications of the AHP in multidisciplinary groups described in

chapter 4, its support is relevant for panels concerned with CTA. The cognitive and social



SUPPORTING MEDICAL TECHNOLOGY DEVELOPMENT

151

effects helps them to deal with the different perspectives, complementary information, and

conflicting judgements the panel members are likely to have due to their diverging

professional backgrounds, expertises and interests.

During the CTAs, the panel members need to integrate their information about the

context that defines the problem to be solved by the technology, and the performance of

possible technological solutions (Clark, 1985, chapter 5). In medical technology development,

communication between physicians and technological engineers is pivotal. The physicians

often possess in-depth knowledge about the problem to be solved by the technology, as well

as the performance of existing technological solutions, while the engineers are more

knowledgeable about new technological solutions. However, information sharing is often

limited between group members that have a high degree of unshared information and perceive

the same information differently. In the majority of the topics discussed in our CTAs,

information was shared between the subgroup of physicians and of engineers. As shown in

the Euclidean distance models, these discussions evoked both subgroups to revise their

judgements. The information-sharing performance is likely to have been enhanced by the

multidisciplinary composition of the product development teams. By including members with

medical and technical backgrounds in the team, initially more information and perspectives

are shared between the team and the external physicians and engineers. For example, the

Euclidean distance model of the liver perfusion project shows that the team member with a

medical background affiliated at the university the least diverges in judgement from the

technological engineers and external physicians. Since the composition of the assessment

panel influences the outcomes, it needs to be a well-balanced representation of the groups

with relevant, state-of the art knowledge that influence the technological development

processes and clinical application.

Mutual understanding of the remaining differences in judgements and forming a

critical degree of consensus in this heterogeneous panel is essential for its continuing group

and task commitment (Gear et al, 1999, chapter 5). Discussions in the panel may even

emphasize some differences in judgements. In our applications however, the discussions

resulted in hardly any significant differences between the priorities of the product

requirements and quality of the products as assigned by the technological engineering and

user group. In overall, each panel significantly reduced disagreements and claimed to be

satisfied with the attained degree of consensus. One needs to be aware that groups may reduce

differences in given judgements through social pressure instead of persuasive arguments. In
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our application no indications were found that social barriers or manipulation by the group

members hindered the CTAs. Moreover, the commitment of the panel members to the

implementation of the outcomes indicates that at least a critical degree of consensus has been

formed.

In general, our method of CTA appears to be an adequate method to influence

technological development and clinical application. In contrast to the adequacy studies, the

timing of the applications of our method was attuned to the dynamics of technological

change. In the recommended periods of time, not only the various actors that shape

technological development and application feel more inclined to discuss technological

change, these discussions are then critical to successful technological development and

clinical application as well. In contrast to the efficacy studies, our method supported the

actors to evaluate the quality of a technology based on a more comprehensive set of criteria.

Our method inspired the actors to share information about their versatile perspectives on the

quality of the technology. By means of the mathematical methodology of the AHP, this

information was used to build a quantitative overview of the quality of the new technology.

As is often lacking in applications of other methods of CTA, the actors were satisfied with the

degree of consensus they attained about the outcomes, and the quality of these outcomes.

These outcomes actually guided their decisions to make technological changes to enhance the

quality of the technology.

The potential influence of our method of CTA on clinical practice can be illustrated by

two new product failures. The first example deals with the Boneloc bone cement as used in

total hip replacement. A mantle of bone cement is used to fixate the cup of the hip prosthesis

to the hipbone. Boneloc was associated with a poor fixation of the cups (e.g. Ensing et al,

forthcoming) and was withdrawn from clinical use in 1995. It had been developed in pursue

of having better chemical properties than conventional bone cements. Nevertheless, its

inferior performance was mainly caused by its mechanical properties (Thanner et al, 1995).

Criticism was uttered that information that was or could have been obtained in laboratory tests

had not been adequately applied in making a correct analysis of its overall quality before

clinical introduction (Gebuhr et al, 2000). Our method of CTA provides a means to discuss

the information related to diverse disciplines such as chemistry and mechanical engineering.

It provides a methodology to analyse the various effects of the properties of the new product

on its quality. Such a comprehensive assessment of Boneloc’s quality might have led to the

decision not to clinically introduce this product as it was designed. This would have prevented



SUPPORTING MEDICAL TECHNOLOGY DEVELOPMENT

153

the patients’ sufferings and the high financial expenses involved with the revision operations

of the hip prostheses inserted with Boneloc cement.

A more recent example of a new product failure is the silver-coated version of the St

Jude mechanical heart valve. Endocarditis, an infection at the inner side of the heart, is an

infrequent but life-threatening complication of cardiac valve replacement. In order to prevent

this complication, the cuff of the St Jude heart valve was coated with silver. This element is

an agent that reduces bacterial colonisation. The seemingly innocent product modification

evoked however serious complications. A data safety monitoring board suspended a large-

scale clinical trial (Schaff, 1999) because the silver-coated valves evidenced a higher risk of

infection, thrombus formation and leakage between the cuff and heart tissue than those

without the coating did. As a result, the worldwide clinical inventory of this type of heart

valve was recalled in 2000. Our method, such as applied to the voice-producing prosthesis,

can support an evaluation of the various effects of product modifications on the quality of the

new product. Such an evaluation does however not imply that the evidenced complications

could have been predicted. The experiences with the silver-coated valve might be a cautious

tale about the unknown uncertainties involved with technological advances. The value of our

method lies in the reduction of uncertainties that can be recognised by the diverse relevant

experts, such as in the field of the ion beam-assisted coating technology, the toxicity of the

coating, or the bio-adhesion to the coating. Even before clinical introduction, it encourages

the integration of their knowledge to create a more in-depth and comprehensive awareness of

the effects of a product design and product modifications in order to prevent later clinical

failure.

Our method of CTA evaluates the performance of a new product relative to competing

products. Still, it can be applied to new products with diverging market positions. Two

extremes on a market dimension are an innovative new product that solves a new problem,

and a new product that offers incremental improvements to existing solutions to a problem.

Without adaptations it is not suitable to assess the extreme case of an innovative product with

no envisaged competitors. However, it proved to be valuable to assess incremental new

products in the case of the heart pump, innovative new products of which a competing

prototype has been developed in the case of the voice-producing prosthesis, and even an

innovative product of which a competing prototype is likely to be developed in the case of the

liver-perfusion system. Two extremes on another market dimension are a new product that is

pushed into the market by its technological developers, and a new product that is pulled into
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the market by its envisaged users. Most new products, however, are a combination of these

scenarios. The heart pump has for example relatively more characteristics of a market-push

project, and the liver-perfusion project of a market-pull project. Even though information

initially is likely to prevail about the technological solutions in a market-push project, and

information about user needs in a market-pull project, the design of these products ultimately

has to comply with both technological requirements and user needs. Despite the existence of

limited information, the development of new products needs guidance from new product

objectives that are based on a comprehensive range of product requirements.

Since these assessments focus on a technology or product’s performance to solve a

problem and not on the characteristics of specific solutions themselves, this method can

compare even radically new solutions with existing ones. Moreover, it can evaluate product

ideas, prototypes and completely developed products. During the transformation of a product

idea into a new product, information is collected to support the estimations about the

relevance of the product requirements, and the quality of the product on these requirements.

Therefore, the outcomes of the assessment should not be treated as a rigid representation of

the truth, but as the panel’s perceptions and estimations at that specific point of time in the

project. As described in this thesis, it is advisable to reassess the product under development

when relevant learning experiences have occurred. In addition, changed external

circumstances, such as competitive market introductions or technological advancements may

call for an iterated CTA.

This thesis provides the first insights in the adequacy of our method of CTA, and the

high applicability of this method. It appears to be a valuable addition to the practice of MTA.

Due to practical restrictions, these conclusions are based on a few applications. To overcome

these restrictions, the predominant part of the studies on the use of group decision support

systems such as Team Expert Choice has used small groups of students, ad hoc assembled for

the decision-making experiments (Nour and Yen, 1992, chapter 8). In contrast to new product

development teams, the rather homogeneous population of students offers practical

advantages that allow conducting multiple comparative experiments with control groups. The

access to this population is relative inexpensive and easy, and the relative high homogeneity

of the subjects and their experimental environment removes an uncontrolled source of

variance between the groups that is bound to exist between existing new product development

teams. Yet, also within the groups of students the homogeneity is higher than within the

groups composed of actors that influence new product development. Moreover, the ad-hoc
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assembled groups of students are likely to experience less task and group commitment than

the real-life new product development groups do. The distinctive size, homogeneity, task and

group commitment of the groups all influence the nature of the decision-making processes

and outcomes (chapter 5). Therefore, the validity of the results derived from the students

groups to the larger-sized, multidisciplinary, established decision groups in the context of

inter-organizational new product development is troublesome. As a first exploration, we

consider our three empirical applications to be valuable to study the support of Team Expert

Choice to the decision-making processes and outcomes as shaped by the specific group

members in their context of inter-organizational product development. Even though all teams

of our applications are co-ordinated by the same university, the high diversity in the personal,

professional and organizational backgrounds of the members within the teams defies the

pitfall that these teams are too similar to be a representative sample of inter-organizational

product development teams.

The results about the adequacy of our method of CTA are in favour of evaluating this

method in larger-scale studies. This evaluation is recommended to focus on the timing of the

consecutive applications, the quality and the influence of the assessment outcomes. One

interesting option is to conduct longitudinal, comparative case studies that focus on the

technological changes during the technology’s development as well as clinical application.

Considering the high variance between product development projects, it is suggestible to

increase the number of projects in the analysis and to reduce the variance between these

projects. The reduction of variance can be achieved by analysing multiple projects conducted

within a particular network of one or more organizations concerned with technological

development and a hospital. This experimental design increases the validity of the comparison

between the projects that are facilitated by the multiple applications of our method and the un-

intervened ones. The appropriateness of the timing of the assessments can be studied by

means of the patterns of technological change of the non-facilitated as well as facilitated

projects. The quality of the estimation of the technology’s quality of the CTAs can be

evaluated by comparing the outcomes of the CTAs with the outcomes of clinical studies of

the technology in combination with additional research on the remaining factors that

determine the technology’s quality in clinical practice. The quality of the guidelines derived

from this estimation can be studied by analysing its fit with the actual technological changes

during the development and application of the technology. The influence of the constructive

CTAs can be analysed by comparing the technological changes during their development and
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application between the facilitated and the non-facilitated projects. In later instance, the

external validity of the outcomes of this study could be tested in field studies using multiple

organizational networks. These studies can provide the logical foundation for generalizing the

value of our method of CTA for healthcare.
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SUMMARY

The general public poses high and diverse demands on the quality of new medical

technologies. Medical technology assessment (MTA) evaluates the quality of a medical

technology with regard to such demands. These demands relate to medical and economical,

social, legal, ethical, organizational or technical criteria. Current methods of MTA can be

roughly divided into efficacy and adequacy studies about medical technologies applied in

clinical practice. Efficacy studies, such as the well-known clinical trials, relate the quality of a

technology to predominantly medical criteria. Adequacy studies, for example cost-

effectiveness studies, incorporate a broader range of criteria. These different methods of MTA

aim to influence clinical or policy decision-making about the application of the medical

technology. However, practice shows that these methods have little influence on decisions

making.

Chapter 2 describes the paradigm underlying these methods of MTA. The main

criticism on this paradigm is that it does not take into account the social relationships around

the development and clinical application of the technology, and the technological context.

Since the efficacy studies focus primarily on medical criteria, they neglect other criteria that

are relevant to the groups that shape technological development and clinical application.

These criteria may relate to the user friendliness, or the state-of the art technicalities of the

technology. The adequacy studies do regard a broader set of criteria, yet the timing of the

application of these methods do not attune to the dynamics of technological change. They are

generally conducted in an advanced stage of diffusion of the technology, a stage in which the

technology’s social embeddings are most likely to hamper the implementation of the changes

in the application of a technology the assessment’s conclusions call for.

The paradigm of constructive technology assessment (CTA) does regard the dynamics

of technological development and social change. It asserts that during the development of a

technology, the properties of this technology can be assessed and subsequently directed by

means of interactions between technology producers, users, and third actors such as

governments, unions, and pressure groups. The methods of CTA generally facilitate national

debates between these groups about criteria relevant to technological developments. These
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methods generally fail to influence the actors that shape the development and application of a

specific technology. These actors often have not been involved in these debates, have

different opinions about the relevance of the discussed criteria for technological

developments, and contest the quality of the assessment’s conclusions. Moreover, the

conclusions provide no practical solutions for technology development and application. In our

view, a new method of CTA that attunes to the practices of technological development and

application can prevent these problems.

This thesis aims to develop an adequate method of CTA to influence decision making

about the development and application of a medical technology. The adequacy of this method

is related to the timing of its application, the information used in the assessment, the

consensus formation about, and the quality of the assessment outcomes. This method of CTA

should be applied before the clinical introduction of the medical technology. The timing of

application during the development stage of the technology needs to attune to the dynamics of

technological change. Furthermore, this method is to evaluate the quality of a technology

based on a comprehensive set of criteria. The evaluation needs to reflect the perspectives

about the quality of the technology of the various actors that shape technological development

and clinical application. These actors need to be satisfied with the degree of consensus they

attain about the outcomes, and the quality of the outcomes. In addition, the outcomes need to

be of sufficient quality for the actors to derive practical guidelines that effectively enhance the

technology’s later quality in clinical practice.

As a quantitative methodology for a new method of CTA, chapter 2 finally introduces

the analytic hierarchy process (AHP), a technique for multi-criteria decision analysis. It

facilitates a quantitative comparison of how effective decision alternatives are in fulfilling

multiple criteria relevant to a decision objective. These criteria can be both quantitative and

qualitative. The AHP is incorporated in the software of the commercially available group

decision support system “Team Expert Choice”. The hardware of this system consists of a

laptop, a projection system, a radio-frequency receiver, and wireless keypads. This system can

support discussions between the various actors that shape the technology's development and

clinical application. In the case of CTA, it can support them to quantitatively compare the

quality of a technology under development with an alternative technology, with regard to the

various criteria these actors deem relevant to include. The actors can use the outcomes of this

evaluation to steer their decision-making on technology design and application.

Chapter 3 focuses on the dynamics of technological change during the development
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process. The design of the technology is shaped by the communication between the different

participants in a development project and groups that belong to the environment, such as

users, external technological researchers and competitors (Leonard-Barton, 1987). The

traditional models of new product development are not sufficient to gain insight inter-group

communication patterns that effectively shape technological design. By studying short-term

task groups, Gersick derived an alternative model that views effective new product

development as being punctuated by periods in which the ideas about the pursued design

rapidly changes (Gersick, 1989). During these dynamical periods, inter-group communication

is essential to new product success. The study described in this chapter validated this model to

the context of inter-organizational technology development. It explored the inter-

organizational communication between industry, universities and a university hospital in an

R&D project aimed at the development of a medical blood pump. Our results confirmed the

essence of Gersick's model, which provides guidelines for the appropriate timing of CTAs.

Namely, during the start-up, at a break point roughly halfway the development process, and

during the conclusion of the development process, inter-group discussions appear to be most

influential to steer technological change. The application of our method of CTA in each of

these stages is elaborated in this thesis.

Chapter 4 presents a pilot study to gain more insight in the support of the AHP to

multidisciplinary decision-making groups. The AHP commonly supports a single decision

maker or a mono-disciplinary decision-making group, while the groups that shape technology

development and application generally have heterogeneous disciplinary backgrounds. We

applied the AHP to support two multidisciplinary groups of a research centre to make an

organizational decision that was subjected to controversy and whose consequences would

affect all decision makers. This decision implied a choice for either an organizational

structure based on disciplines or an organizational structure based on the fields of application

of research. Saaty’s AHP has been used to facilitate the two comparable decision-making

groups to build consistent logical foundations and to form a consensus. Both groups based

their choice for an organizational structure on respectively a small set and a more elaborated

set of criteria for scientific research. Their discussions reduced disagreements and led to a

clear decision for a structure based on the application fields of research. This choice was

acceptable for all participants. These outcomes of the four applications underline the

appropriateness of using the AHP in an multidisciplinary panel, such as intended in our

method of CTA.
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Chapter 5 elaborates our method of CTA to be applied during the start-up stage of the

development process. In this stage the assessment centres on the definition of new product

objectives, a critical problem solving activity to new product success. Our method was

applied to a project focused on the development of a liver perfusion system to preserve donor

livers. The AHP quantitatively supported discussions between technological developers and

clinical practitioners focused on the product requirements and the pursued performance of the

liver perfusion system relative to an envisaged competitor. These discussions changed the

group members’ perspectives and significantly reduced disagreements about these new

product objectives. They resulted in a quantitative overview of the relative performance of the

perfusion systems with regard to product requirements focused on their function, safety, user

friendliness and market value. Furthermore, research activities necessary to fulfil these

objectives were discerned. These outcomes were of reasonably high quality according to the

group members, as underlined by their commitment to the research activities discerned.

Chapter 6 describes our method of CTA to be applied around the temporal midpoint of

the development process. Roughly in the second half of inter-organizational product

development, the new product is likely to face significant design changes. We applied the

method to support the collaborative partners to steer and align the accompanying design

activities. It quantitatively supported discussions between researchers, engineers,

manufacturers and future users involved in the development of a voice-producing prosthesis.

These discussions focused on the planning of respectively the product design objectives,

design changes, and design activities. These discussions changed their perspectives and

significantly reduced their disagreements. By comparing the quality of a competing prototype,

the attained quality of the team’s prototype, and the pursued quality of this prototype with

respect to their function, safety, user friendliness, manufacturability and clinical applicability,

the new product objectives were derived. Subsequently, design modifications were

determined to bridge the difference between the attained and the pursued quality of the voice-

producing prosthesis. These modifications were analysed for their worthiness of investment in

terms of costs, time and resources. Design activities to elaborate the approved design

modifications were assigned to the team members. The group members were satisfied with

the quality of the outcomes, and committed to the elaboration of the design modifications.

Chapter 7 presents our method of CTA to be applied to steer the final burst of

development activities in a project. These activities need to be oriented towards the

deliverance of a technology of acceptable quality for clinical evaluation. To this end, it is
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essential that the multidisciplinary groups involved in the project share their information

about the quality of this technology. This information needs to be used to determine whether

the technology is either acceptable or unacceptable to tests involving patients, or requires

certain modifications. Our method of CTA supported the information-sharing and

implementation processes of the various actors involved in the development of a medical

blood pump. Based on product requirements focused on the function, safety, user friendliness

en applicability, they compared the quality of this new blood pump to alternative devices

applied in clinical practice. The information-sharing and implementation processes changed

the evaluators' perspectives, reduced disagreements, and resulted in evaluation outcomes of

reasonably high quality according to the group members. These outcomes guided the

technological developers to modify the design and the medical indications for application of

the blood pump.

Chapter 8 focuses on the support provided by the group decision support system

“Team Expert Choice” to the three assessments. The group members of the CTA panels

indicated that the strongest cognitive influences by Team Expert Choice were that it enhanced

the common perspective on the factors relevant to assess. In addition, they encouraged the

inclusion of all relevant product requirements in this set of factors. They improved the

efficiency and rationality of assessing these factors, the mutual understanding of the group

members’ perspectives, and the synergy in the information-sharing processes concerning

these factors. The strongest social influences by Team Expert Choice enhanced the drive to

contribute, the openness to learning, and the constructive resolution of conflicts. Resultantly,

Team Expert Choice convincingly improved the quality of the outcomes of the assessment,

and the group members’ satisfaction with the group processes.

The support of Team Expert Choice to the information-sharing processes, consensus

formation, and the quality of the outcomes contributes to the adequacy of our method of CTA.

Our method focuses on the evaluation of a technology based on a comprehensive set of

criteria that are relevant according to the perspectives of the actors that shape technological

development and application. The applications show that these criteria included medical, as

well as technical, social and economical product requirements. Accordingly, our CTAs

incorporate a broader range of criteria than the efficacy studies do. Furthermore, our method

supports the actors to constructively solve disagreements about the quality of a technology

under development. The resulting degree of consensus in our three applications did not evoke

resistance by the actors. Finally, our method enhances the quality of the outcomes of the
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CTAs. The outcomes of our three CTAs were of reasonably high quality according to the

actors involved. Their satisfaction with the attained degree of consensus, and with the quality

of the outcomes, as well as the timing of the assessments that attunes to the dynamics of

technological change help to motivate the actors to adhere to the practical guidelines that are

derived from the assessments. This social support for the assessment’s conclusions is

frequently missing in applications of the existing methods of MTA and CTA. The guidelines

derived from our CTAs did actually influence the actors’ decisions in the different stages of

the technological development process. These decisions are relevant to the development and

clinical introduction of a medical technology with a high quality. Longitudinal studies are

recommended to generalise the results on the appropriate timing of the application of our

method, the quality and the influence of the assessment outcomes.
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SAMENVATTING

De maatschappij stelt steeds hogere en meer diverse eisen aan de kwaliteit van de

gezondheidszorg. Deze trend werkt door in de eisen die gesteld worden aan de kwaliteit van

de te gebruiken medische technologieën. Om te bepalen of een technologie voldoet aan de

gestelde eisen, kan de kwaliteit van deze technologie worden geëvalueerd in klinische studies,

de zogenaamde ‘medical technology assessments’ (MTA). Deze studies stellen de kwaliteit

van de technologie vast op basis van medische, economische, maar soms ook sociale,

juridische, ethische, organisatorische of technische eisen. Deze studies zijn globaal te

verdelen in twee categorieën. In de eerste categorie vallen de ‘efficacy’-studies, waarvan de

klinische trials veelvuldig voorkomen. In dergelijke studies worden met name de medische

effecten van het gebruik van een technologie geanalyseerd. In de tweede categorie horen de

‘adequacy’-studies, zoals de welbekende kosten/effectiviteitsstudies. Naast de medische

effecten beschouwen deze studies een groter scala aan effecten, waaronder de economische

consequenties van het gebruik van de technologie. Deze verschillende MTA-methodes zijn

bedoeld als instrumenten om de besluitvorming binnen de klinische praktijk en de overheid

aangaande de toepassing van de technologie te beïnvloeden. De praktijk wijst echter uit dat

deze studies vaak weinig effect hebben op de te nemen beslissingen.

In hoofdstuk 2 worden verklaringen gegeven voor het beperkte succes van de

bestaande MTA-methodes. Het paradigma dat ten grondslag ligt aan het ontwerp van deze

methodes kent enige beperkingen. Het houdt geen rekening met de sociale relaties die de

ontwikkeling en toepassing van een technologie beïnvloeden en de technologische context

waarin deze ontwikkeling en toepassing zich afspelen. Doordat de efficacy studies zich

hoofdzakelijk richten op medische eisen waar de technologie aan zou moeten voldoen,

houden ze geen rekening met andere eisen die de keuze voor het gebruik van een technologie

kunnen beïnvloeden, zoals haar gebruiksvriendelijkheid of haar technische mogelijkheden

gezien in het licht van de laatste technologische ontwikkelingen. De adequacy studies houden

weliswaar rekening met een bredere set van eisen te stellen aan de kwaliteit van de medische

technologie, de timing van de toepassing van deze studies sluit niet goed aan bij de

technologische veranderingsprocessen. Zij worden doorgaans uitgevoerd in een vergevorderd

stadium van de ingebruikname van de technologie. Op dat moment is het gebruik al zo

ingebed in de normale gang van zaken binnen de klinische praktijk, dat een gepoogde
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verandering van deze praktijk naar aanleiding van de uitkomsten van een technology

assessment zal stuiten op grote weerstand.

Als een reactie op de tekortkomingen van MTA, richt het paradigma van ‘constructive

technology assessment’ (CTA) zich wel op de dynamiek van de te maken keuzes tijdens de

ontwikkeling van medische technologieën en sociale veranderingsprocessen. Dit paradigma

gaat er van uit dat de eigenschappen van een technologie al tijdens haar ontwikkeling kunnen

worden geëvalueerd en vervolgens kunnen worden gestuurd aan de hand van interacties

tussen de producenten en gebruikers van een technologie en externe groepen zoals de

overheid, vakbonden en actiegroepen. De bestaande CTA-methodes zijn doorgaans gericht op

het faciliteren van een nationaal debat tussen de verschillende groepen over de eisen te stellen

aan technologische ontwikkelingen. Deze methodes slagen er echter niet in om die actoren te

beïnvloeden die de keuzes maken die een specifieke technologie vormgeven. Deze actoren

zijn vaak niet betrokken geweest in het debat, verschillen vaak van mening over de relevantie

van de besproken eisen, en trekken de kwaliteit van de conclusies in twijfel. Hiernaast reiken

de algemene conclusies van het debat hen geen praktische oplossingen aan voor het

ontwikkelen en toepassen van de technologieën. In ons oordeel zou een CTA-methode die

dichter bij de praktijk van de technologische actoren staat deze problemen kunnen

voorkomen.

Dit onderzoek heeft als doel om een geschikte CTA-methode te ontwikkelen ter

beïnvloeding van de besluitvorming over het ontwikkelen en toepassen van een medische

technologie. De geschiktheid van deze methode is gerelateerd aan de timing van haar

toepassing, de informatie verwerkt in de assessment, de bereikte mate van consensus tussen

de technologische actoren over de uitkomsten, en de kwaliteit van deze uitkomsten. In

tegenstelling tot de MTA-methodes, dient deze methode te worden toegepast voor de

klinische introductie van de te evalueren technologie. De timing van haar toepassing tijdens

het ontwikkelingsproces dient aan te sluiten bij de dynamiek van technologische

veranderingen. Inhoudelijk zal deze methode de kwaliteit van een technologie moeten

evalueren op basis van meer criteria dan de efficacy-studies doen. De evaluatie behoort al

deze criteria te omvatten die relevant zijn vanuit de uiteenlopende perspectieven van de

actoren die een technologie vormgeven. Deze actoren dienen tevreden te zijn over de bereikte

mate van consensus en de kwaliteit van de evaluatie-uitkomsten. Hiernaast behoren de

uitkomsten van een dermate kwaliteit te zijn dat de hieruit te destilleren praktische richtlijnen

voor de technologische ontwikkeling en toepassing de uiteindelijke kwaliteit van de
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technologie tijdens haar klinische toepassing op een hoger niveau brengen.

Om aan deze doelstelling tegemoet te komen wordt in hoofdstuk 2 tenslotte het

‘Analytic Hierarchy Process’ (AHP) geïntroduceerd als wiskundige basis voor een nieuwe

CTA-methode. Het AHP is verwerkt in de software van het commercieel beschikbare

besluitvormingsondersteunende systeem ‘Team Expert Choice’. De hardware van dit systeem

bestaat uit een projectiescherm, een radiografische ontvanger en draadloze toetsenbordjes

voor het doorseinen van numerieke scores. Dit systeem kan discussies ondersteunen tussen de

verschillende actoren die de technologische ontwikkeling en toepassing vormgeven. Deze

ondersteuning richt zich op de kwantitatieve vergelijking van de effectiviteit van

verschillende alternatieven in het vervullen van meerdere criteria die relevant zijn voor een te

nemen beslissing. Deze criteria kunnen zowel kwantitatief als kwalitatief van aard zijn. In het

geval van CTA kunnen de technologische actoren met behulp van dit systeem de kwaliteit van

de te ontwikkelen technologie vergelijken met die van een alternatieve technologie ten

aanzien van de uiteenlopende eisen die volgens hen relevant zijn. De uitkomsten van deze

evaluatie kunnen de actoren gebruiken voor het aan- of bijsturen van de verdere ontwikkeling

en toepassing van de technologie.

Hoofdstuk 3 richt zich op de dynamiek van technologische veranderingen tijdens het

ontwikkelingsproces. De besluitvorming over het ontwerp en toepassing van een technologie

wordt gestuurd door de communicatie tussen de verschillende participanten in een

ontwikkelingsproject en groeperingen vanuit de omgeving, zoals toekomstige gebruikers,

externe technologische onderzoekers en concurrenten. Er bestaat nog weinig inzicht in de

communicatiepatronen tussen deze groepen die het technologische ontwerp effectief vorm

kunnen geven. Een model ontwikkelt door Gersick zou hier verandering in kunnen brengen.

Op basis van haar onderzoek naar kortstondige taakgroepen met studenten leidde Gersick een

model af dat effectieve productontwikkeling ziet als een proces dat periodiek onderbroken

wordt door fasen waarin de ideeën over het gewenste ontwerp sterk veranderen. Tijdens deze

fasen is communicatie tussen de verschillende ontwikkelaars en externe groepen essentieel.

De casestudy die beschreven is in dit hoofdstuk heeft dit model gevalideerd voor

productontwikkelingteams met actoren werkzaam bij verschillende organisaties. Zij

exploreerde de communicatie tussen actoren vanuit de industrie, universiteiten en een

academisch ziekenhuis. De resultaten van deze casestudy bevestigden de essentie van het

model van Gersick, wat richtlijnen opleverde voor een geschikte timing van CTA’s. Met

name tijdens de opstartperiode, een breekpunt ruwweg halverwege het ontwikkelingsproject,
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en tijdens de afronding van het ontwikkelingsproject blijken discussies tussen de actoren

invloedrijk te zijn in het aansturen van technologische veranderingen. Een toepassing van de

door ons ontwikkelde CTA-methode in elk van deze drie dynamische periodes zal worden

besproken in deze dissertatie.

Om meer inzicht te krijgen in de ondersteuning van multidisciplinaire groepen door

het AHP pasten we deze techniek toe in een pilotstudie die beschreven is in hoofdstuk 4. De

gerapporteerde toepassingen van het AHP ondersteunen doorgaans een enkele besluitvormer

of een monodisciplinaire groep van besluitvormers. Echter, de actoren die betrokken dienen te

worden in constructive technology assessments hebben normaalgesproken heterogene

disciplinaire achtergronden, zoals bijvoorbeeld medische specialisaties, werktuigbouwkunde

en elektronica. Het AHP werd gebruikt door twee besluitvormingsgroepen in een

onderzoekscentrum bij het maken van een organisatorische beslissing die onderhevig was aan

veel onenigheid en waarvan de consequenties alle deelnemers zouden treffen. Deze beslissing

hield een keuze in tussen een organisatiestructuur ingedeeld op basis van disciplines, oftewel

op basis van toepassingsgebieden. Het gebruik van het AHP was bedoeld te leiden tot een

consistente, logische onderbouwing voor deze keuze en het vormen van een consensus over

deze keuze. De besluitvormingsgroepen bespraken vervolgens de te maken keuze voor een

organisatiestructuur die aansloot bij de te ondernemen onderzoeksactiviteiten van het

onderzoekscentrum. Hierbij werden respectievelijk een eenvoudig en een meer uitgebreid

AHP-model gebruikt. Het eenvoudige model bestond uit het baseren van de keuze tussen de

structuren op enkele criteria. Het uitgebreide model bestond uit het baseren van deze keuze op

criteria ingedeeld in enkele categorieen. De deelnemers waren tevreden over de ondersteuning

van het AHP aan hun discussies. Deze discussies reduceerden hun onenigheden en de

besproken redenaties leidden tot een eenduidige keuze voor een organisatiestructuur

ingedeeld op basis van toepassingsgebieden. Deze keuze was acceptabel voor elke deelnemer.

De uitkomsten van deze pilotstudy spreken ten voordele van het gebruik van het AHP in een

heterogeen CTA-panel.

In hoofdstuk 5 wordt de nieuwe CTA-methode uitgewerkt voor een toepassing tijdens

de opstartfase van een ontwikkelingsproject. Tijdens deze fase ondersteunt de assessment het

definiëren van de doelstellingen voor het nieuwe product. Deze definiëring is een

besluitvormingsactiviteit die van kritiek belang is voor het ontwikkelen van een succesvol

nieuw product. Om de waarde van onze CTA-methode voor deze activiteit te illustreren,

pasten wij haar toe in een project ter ontwikkeling van een leverperfusiepomp voor de
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preservatie van donorlevers. Het AHP ondersteunde de discussies tussen de technologische

ontwikkelaars en de clinici. Deze discussies richtten zich op de na te streven kwaliteit van het

perfusiesysteem en van een concurrerend systeem ten aanzien van producteisen gerelateerd

aan hun functie, veiligheid, gebruiksvriendelijkheid en marktwaarde. Tijdens de discussies

over deze onderwerpen die de doelstellingen van het nieuwe product weerspiegelen werden

de meningsverschillen tussen de deelnemers significant gereduceerd. Vervolgens bepaalden

de deelnemers de activiteiten die van belang waren voor het realiseren van deze

doelstellingen. De deelnemers gaven aan tevreden met de kwaliteit van de uitkomsten te zijn

en toonden betrokkenheid bij de uit te voeren activiteiten.

In hoofdstuk 6 wordt onze methode beschreven voor een toepassing halverwege het

productontwikkelingproces. Rondom het ingaan van de tweede helft van een

productontwikkelingsproject besluiten de interorganisationele actoren doorgaans significante

veranderingen aan te brengen in het productontwerp. We pasten onze CTA-methode toe op

het aansturen en op één lijn brengen van de bijbehorende ontwerpactiviteiten van deze

actoren. Ditmaal ondersteunde AHP de discussies tussen onderzoekers, engineers,

producenten, artsen en een voorziene gebruiker van een stemvormende prothese. Deze

discussies richtten zich op de productdoelstellingen, ontwerpveranderingen en de

bijbehorende ontwerpactiviteiten. De kwaliteit van een concurrerend prototype, van het

huidige prototype en van het na te streven prototype werden vergeleken ten opzichte van eisen

te stellen aan de functie, veiligheid, gebruiksvriendelijkheid, produceerbaarheid en klinische

toepasbaarheid. De discussies over deze productdoelstellingen hadden tot gevolg dat de

perspectieven van de deelnemers verschoven en de aanvankelijke meningsverschillen

significant werden gereduceerd. Vervolgens werden de verbeteringen aan het ontwerp bepaald

om het kwaliteitsverschil tussen het huidige en gewenste prototype te overbruggen. Deze

productmodificaties werden geanalyseerd op basis van de benodigde kosten, tijd en middelen.

Ontwerpactiviteiten om de goedgekeurde productmodificaties uit te werken werden

toegewezen aan de deelnemers met de geschikte competenties en middelen. De deelnemers

waren tevreden met de kwaliteit van de uitkomsten, en waren toegewijd aan het uitwerken van

de productmodificaties.

In hoofdstuk 7 is een toepassing van onze CTA-methode tijdens de afronding van een

productontwikkelingsproject. De afrondende activiteiten van een productontwikkelingsproject

behoren gericht te zijn op het afleveren van een technologie met een kwaliteit ten minste

acceptabel voor klinische testen. Voor het welslagen van deze activiteiten is het essentieel dat
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de multidisciplinaire groepen die in het project betrokken zijn hun informatie delen over de

kwaliteit van de technologie. Deze informatie behoort te worden gebruikt voor het bepalen of

de technologie acceptabel of onacceptabel is voor patiënttesten, dan wel gemodificeerd moet

worden. Onze CTA-methode ondersteunde de informatieoverdracht en –implementatie tussen

de verschillende actoren betrokken in de ontwikkeling van een hartondersteunende bloed

pomp. Ten aanzien van producteisen te stellen aan de functie, veiligheid,

gebruiksvriendelijkheid en toepasbaarheid van de pomp vergeleken deze actoren de kwaliteit

van de pomp met alternatieve producten toegepast in de klinische praktijk. De

informatieoverdracht veranderde de perspectieven van de evaluatoren en reduceerde hun

onenigheden aanzienlijk. Dit resulteerde volgens hen in een evaluatie-uitkomsten van

redelijke hoge kwaliteit. Deze uitkomsten stuurden de technologische ontwikkelaars aan bij

het optimaliseren van het ontwerp van de pomp en het aanpassen van de medische indicaties

voor de toepassing van de pomp.

Het besluitvormingsondersteunende systeem Team Expert Choice heeft de drie

constructive technology assessments ondersteund. In hoofdstuk 8 wordt beschreven dat de

sterkte cognitieve effecten van de toepassing van Team Expert Choice waren dat deze het

gemeenschappelijk perspectief op de te evalueren factoren versterkte. Ook droeg het systeem

eraan bij dat in deze set van factoren alle relevante producteisen werden opgenomen.

Daarnaast verhoogde het gebruik van het systeem de efficiëntie en de rationaliteit van het

evalueren van deze factoren, het wederzijdse begrip over de perspectieven van de deelnemers,

en de synergie in de informatieoverdracht ten aanzien van de factoren. De sterkste sociale

invloeden versterkten de gedrevenheid van de deelnemers om een contributie te leveren, hun

openheid om te leren, en hun inzet om conflicten constructief op te lossen. Als gevolg

daarvan heeft Team Expert Choice volgens hen overtuigend bijgedragen aan het verhogen van

de kwaliteit van de uitkomsten van de assessments en de tevredenheid van de deelnemers over

de groepsprocessen.

Deze ondersteuning van Team Expert Choice aan de informatie-overdracht,

consensusformatie, en de kwaliteit van de uitkomsten draagt bij aan de geschiktheid van onze

methode voor de evaluatie van de kwaliteit van een technologie voor haar klinische

introductie. De methode is gericht op het incorporeren van de producteisen die relevant zijn

vanuit het perspectief van de grote verscheidenheid aan actoren die de technologie

daadwerkelijk vormgeven. Uit de toepassingen blijkt dat deze producteisen naast de

medische, ook technische, sociale en economische eisen omvatten. Hieruit blijkt dat de
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technologie wordt geëvalueerd ten aanzien van meer eisen dan de efficacy-studies doen.

Verder ondersteunt onze methode de actoren bij het constructief oplossen van hun

meningsverschillen over de kwaliteit van de technologie ten aanzien van deze eisen. Bij de

drie toepassingen leidde dit tot het bereiken van een mate van consensus die geen weerstand

opriep bij de actoren. Tenslotte ondersteunt de CTA-methode het behalen van kwalitatief

hoogwaardige uitkomsten van de constructive technology assessments. De uitkomsten van de

evaluaties waren van redelijk hoge kwaliteit volgens de betrokken actoren. Hun tevredenheid

over de bereikte mate van consensus en de kwaliteit van de uitkomsten, alsmede een timing

van de assessments die aansluit bij de dynamiek van technologische veranderingen, dragen bij

aan het creëren van een draagvlak voor de uit de assessments voortvloeiende richtlijnen, een

draagvlak dat veelvuldig gemist wordt bij de toepassing van bestaande methodes van zowel

MTA als CTA. De technologische richtlijnen voortvloeiende uit de toepassingen van onze

CTA-methode stuurden de actoren dan ook daadwerkelijk aan bij het maken van keuzes in de

verschillende stadia van het technologische ontwikkelingsproces. Deze keuzes zijn relevant

voor het ontwikkelen en op de markt zetten van een medische technologie met een

hoogwaardige kwaliteit. Voor de generalisatie van de geschikte timing van de toepassing van

onze CTA-methode, de kwaliteit en de invloed van de bijbehorende uitkomsten wordt

longitudinaal veldonderzoek aangeraden.
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APPENDIX A. THE ANALYTIC HIERARCHY PROCESS

1 Introduction

A decision is the choice for a decision alternative in order to attain an objective. Saaty’s

analytic hierarchy process (AHP) is a technique for multi-criteria decision analysis. This

technique aims to support the analysis of complex decisions. It facilitates a quantitative

comparison of how effective decision alternatives are in fulfilling multiple criteria relevant to

the objective. These criteria can be both quantitative and qualitative. By means of an

example, this appendix illustrates the methodology underlying the AHP.

2 The analytic hierarchy process

2.1 Structuring the decision

The AHP structures a decision into a hierarchy of factors. In essence, the hierarchical levels

comprehend the objective of the decision, the criteria and the alternatives. A simple example

will illustrate the methodology of the AHP. In this example, the objective is to choose out of

two alternative voice prostheses the prosthesis with the higher quality. The main criteria for

this objective are assumed to be: safety (criterion1), influence on quality of the voice

(criterion2), and endurance (criterion3). Two voice prostheses (alternative1,2) will be compared

according to these criteria.

Figure 1. Hierarchical structure of the decision

Choose voice prosthesis

safety voice quality endurance

voice prosthesis 1 voice prosthesis 2
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3 Quantifying the decision factors

The AHP offers an approach to estimate the weights of the criteria and the priorities of the

alternatives. This quantification is derived from a matrix of pairwise comparisons of two

criteria or alternatives. The pairwise comparisons of the criteria indicate the relative

importances of the criteria with respect to the objective, the comparisons of the alternatives

the relative preference for the alternatives with regard to a criterion. They are based upon an

ordinal scale. This scale ranges from the numerical value 1 reflecting equal importance or

preference up to and including 9 reflecting extremely greater importance or preference. An

example of a pairwise comparison of the importance of two criteria is:

With respect to comparing the quality of the voice prostheses,

1 equally

3 moderately

safety is a 5 strongly more important criterion than voice quality.

7 very strongly

9 extremely

2, 4, 6, 8. Intermediate values

The two criteria can be reversed, if voice quality is a more important criterion than safety.

Table 1 provides the matrix of pairwise comparisons of n criteria: A = ( aij).

Acriteria criterion1 Criterion2 … criterionn

Criterion1 a11 a12 … a1n

Criterion2 a21 a22 … a2n

… … … … …

Criterionn an1 an2 … ann

Table 1. Matrix A

Both reflexivity (aij = 1 along the diagonal) and reciprocity (aij = 1/aji) are assumed in this

matrix. Therefore, only values above the diagonal must be entered. This means that for n

criteria, one needs n(n-1)/2 distinct comparison judgements.
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When the AHP supports a group of x (x = 2,3…) decision-makers, the cells of the

matrix can be filled with aggregated pairwise comparisons as computed by the geometric

mean of the individuals’ comparisons:

aij = (aij(1) * aij(2) * … * aij(x))
(1/x) for all i,j = 1,2,…,n.

In choosing the best voice prosthesis, the following comparisons are assumed: safety is

considered slightly (a12 = 3) more important than the influence on the quality of the voice, and

very strongly (a13 = 7) more important than endurance. The influence on voice quality is

taken into account as being strongly (a23 = 5) more important than the endurance of the

prostheses.

If each pairwise comparison is in perfect consistence with the remainder of the

comparisons, the following formula holds:

aik * akj = aij for all i,j,k = 1,2,…,n.

This means for example that a12 * a23 = a13. The comparisons in our example are not

perfectly consistent since 3 * 5 ≠ 7. The AHP provides a measure of inconsistency in order to

create awareness of such inconsistencies. This measure is based on the λmax , which is the

maximum eigenvalue of the matrix of pairwise comparisons. This eigenvalue is always

greater than or equal to n for positive, reciprocal matrices, and is equal to n if the matrix of

pairwise comparisons is consistent. Normalising this measure by the size of the matrix, Saaty

defines the consistency index (C.I.) as:

C.I. = (λmax – 1)/ (n-1).

For each size of matrix n, 500 random matrices were generated and their mean C.I. value,

called the random index (R.I) was computed. The consistency ratio (C.R.) indicates how far

the pairwise judgements deviate from a purely random matrix of pairwise comparisons, and

is defined as:

C.R. = C.I./R.I.

Saaty’s rule of thumb is that 10 per cent of the inconsistency of the random matrix is allowed.

This implies that a value of the C.R ≤ 0.1 can be considered acceptable.
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The same eigenvalue of the matrix of pairwise comparisons is used to estimate the

weights of the criteria:

wi = (∑n
j=1 aij * wj) / λmax for all i = 1,2,…,n.

This eigenvector method can be interpreted as being a simple averaging process by which

the final weights are the average of all possible ways of comparing the importance of the

criteria. Table 1 shows the pairwise comparisons (aij), weights of the criteria (wn) and the ratio

of inconsistency (C.R.).

compare voice prostheses

Criteria Safety Voice quality Endurance relative priority

Safety 1 (a11) 3 7 0.65 ( w1)

Voice quality 1/3 1 5 0.28

Endurance 1/7 1/5 1 0.07

0.06 C.R.

Table 2. Comparison of criteria with respect to the objective

Table 2 indicates that no perfect consistency exists, but sufficient consistency does.

On the basis of the same approach, the priorities of the alternatives are computed. This

time they are derived from the pairwise comparisons of the preferences for the alternatives

with regard to each criterion. An example of such a pairwise comparison is:

With respect to safety,

1. equally

3. moderately

voice prosthesis 1 is 5. strongly more preferable than voice prosthesis 2.

7. very strongly

9. extremely

2, 4, 6, 8. Intermediate values

Again, the voice prostheses can be reversed, if voice prosthesis 2 is more preferable than

voice prosthesis 1.
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With respect to safety, the first voice prosthesis is slightly to strongly more preferable

than the second voice prosthesis. On the other hand, the second voice prosthesis is slightly

more preferable than the first voice prosthesis with respect to its influence on the quality of

the voice. Finally, the voice prostheses are equally preferable with respect to endurance.

Tables 2 a, b, and c give the matrices for these pairwise comparisons, the resulting

priorities of the alternatives and the ratios of inconsistency.

a. safety

Alternatives voice prosthesis 1 voice prosthesis 2 Priority

voice prosthesis 1 1 4 0.80 (p1)

voice prosthesis 2 1/4 1 0.20

C.R.= 0.00

b. voice quality

Alternatives voice prosthesis 1 voice prosthesis 2 Priority

voice prosthesis 1 1 1/3 0.25

voice prosthesis 2 3 1 0.75

C.R.= 0.00

c. endurance

Alternatives voice prosthesis 1 voice prosthesis 2 Priority

voice prosthesis 1 1 1 0.50

voice prosthesis 2 1 1 0.50

C.R.= 0.00

Tables 3 a, b, c. Comparison of alternatives with respect to the criteria

When the priority of each alternative under the varying criteria is known, the weighting factor

of each criterion is known, and the consistency of each matrix is satisfactory, the overall

priority of the alternatives is computed. It is the summation of all products of the priority of an

alternative and the weight of the corresponding criterionn:

∑(pn * wn) for n = 1,2,3.
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The overall priorities of the voice prostheses are calculated as follows:

The overall priority of voice prosthesis 1 = (0.80 * 0.65) + (0.25 * 0.28) + (0.50 * 0.072) = 0.63

The overall priority of voice prosthesis 2 = (0.20 * 0.65) + (0.75 * 0.28) + (0.50 * 0.072) = 0.38.

These results support the decision to choose voice prosthesis 1, since it is considered to be

of higher quality than voice prosthesis 2.

4 Discussion

The AHP is meant to support the decision process. The decision structure systematically

reflects those factors that are perceived to be relevant to a decision. The pairwise

comparisons support the decision makers to judge the impact of these factors on the

decision. The inconsistency ratios guide the decision makers towards the revision of

judgements that are at odd with the remainder of their judgments. The weighting factors

derived from the pairwise comparisons help them to build the logical foundation of choosing

the best decision solution. Accordingly, the AHP provides them with a relatively easy

approach to formulate and analyse a decision.
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APPENDIX B. QUESTIONNAIRE TO SELECT THE PANEL MEMBERS

1 Knowledge

Place, in order of decreasing value, five letters (see table 1) that represent the persons with

the most valuable knowledge regarding the development of the liver perfusion system.

2.

3.

4.

5.

2 Resources

Place, in order of decreasing importance, five letters (see table 1) that represent the persons

that are most important to the development of the liver perfusion system, regarding:

a) the financial grants these persons can obtain.

2.

3.

4.

5.

b) the researchers these persons can hire or involve in the project.

2.

3.

4.

5.

c) the facilities these persons have access to, including testing and production facilities.

2.

3.

4.

5.

1.

1.

1.

1.
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3 Contacts

Place, in order of decreasing importance, five letters (see table 1) that represent the most

important persons regarding:

a) the degree to which you have established a motivating and enjoyable working relation.

2.

3.

4.

5.

b) the degree to which you are, besides the work-related contact, in contact on a friendly

basis.

2.

3.

4.

5.

c) Place, in order of reducing frequency, the names of five persons that you are most often in

contact with regarding the development of the liver perfusion system. The persons are not

limited to the ones listed in table 1.

2.

3.

4.

5.

Name: ______________________

1.

1.

1.
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LETTER PERSON ORGANIZATION

A. Name A Organization A

B. Name B Organization B

C. Name C Organization C

D. etc.

E.

F.

G.

H.

I.

J.

K.

L.

M.

N.

O.

P.

Q.

Table 1. Letters that represent the persons that are involved in the project focused on the

development of the liver perfusion system.
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APPENDIX C. PROGRAM OF THE CTA

9.00 - 9.15 ARRIVAL AND COFFEE;

9.15 - 10.00 INTRODUCTION AND BACKGROUNDS;

9.15 - 9.30 Introduction about Team Expert Choice;

9.30 - 10.00 introduction about liver perfusion;

10.00 - 11.30 DEVELOPMENT OF THE EVALUATION STRUCTURE;

10.00 - 11.00 brainstorming about the goal of the evaluation, the alternative

perfusion systems, and product requirements;

11.00 - 11.30 Hierarchical ordering of these factors;

12.00 - 12.45 LUNCH;

12.45 - 13.15 INDIVIDUAL EVALUATION OF THE PURSUED LIVER PERFUSION

SYSTEM BY MEANS OF A QUESTIONNAIRE;

13.15 - 16.00 DISCUSSION ABOUT THE EVALUATION OF THE PURSUED LIVER

PERFUSION SYSTEM, SUPPORTED BY TEAM EXPERT CHOICE;

13.15 - 14.30 Discussion about the importances of the product requirements;

14.30 - 15.45 Discussion about the pursued quality of the liver perfusion

system;

15.45 - 16.00 Discussion of the results generated by Team Expert Choice;

16.00 - 16.30 COFFEE AND CAKE;

16.30 – 18.00 DISCUSSION ABOUT THE TECHNOLOGICAL CHALLENGES IN

DEVELOPING THE PURSUED LIVER PERFUSION SYSTEM,

SUPPORTED BY TEAM EXPERT CHOICE;

16.30 - 17.00 Division of the liver perfusion system in technological

components;

17.00 - 18.00 Discussion about the pursued quality of these components;

18.00 – 19.30 PLANNING OF THE RESEARCH ACTIVITIES;

18.00 - 19.00 discussion about the required research related to the

technological components;

19.00 - 19.30 Planning of the activities;

19.30 – 20.00 GENERAL DISCUSSION;

20.0 DINER.
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APPENDIX D. QUESTIONNAIRE: EXAMPLES OF PAIRWISE COMPARISONS

1. Which category of requirements is more important for the comparison of the quality of the

liver perfusion systems, and to what degree?

A.

B.

C.

D.

E.

F.

NUMERICAL
VALUES

DEFINITION

1 Equally important or preferred

3 Moderately more important or preferred

5 Strongly more important or preferred

7 Very strongly more important or preferred

9 Extremely more important or preferred

2,4,6,8 Intermediate values

CONTROL &
MEASURE-
MENT

PRESER-
VATION

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9
� � � � � � � � � � � � � � � � �

PRESER-
VATION

SAFETY 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9
� � � � � � � � � � � � � � � � �

EASE OF USEPRESER-
VATION

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9
� � � � � � � � � � � � � � � � �

SAFETYCONTROL &
MEASURE-
MENT

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9
� � � � � � � � � � � � � � � � �

CONTROL &
MEASURE-
MENT

EASE OF
USE

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9
� � � � � � � � � � � � � � � � �

EASE OF USESAFETY 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9
� � � � � � � � � � � � � � � � �
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APPENDIX E. QUESTIONNAIRE TO EVALUATE THE CTA

1. Enough attention has been paid to social interactions……..………..
2. There was a high degree of group cohesion…………………………..
3. The discussions took place in an atmosphere of trust……………....
4. The participants managed to understand each other’s points of view
5. I felt completely free to disagree or to make extreme judgements…
6. There was a fair distribution of influence on the decision…………...
7. The participants were driven to give high quality inputs………………
8. The participants were open to learn from diverse viewpoints……….
9. Disagreements were constructively managed…………………………
10. I got enough opportunities to mention my ideas, arguments and

judgements…………………………………………………..……………

11. Creative thinking was promoted during the development of the
decision structure……………………………………………………...…

12. The decision structure provided an adequate common basis for the
rest of the evaluation………………………………………………..…..

13. All criteria of significant importance were included in the evaluation
14. The evaluation was based on relevant information……………..……
15. Much previously unshared information was discussed………..…….
16. The voice-producing prosthesis was evaluated based on rational,

objective reasoning………………………………………………….……
17. The depth of analysis for such an evaluation was sufficient…………
18. The communication was highly focused on the evaluation………….
19. The evaluation processes were efficient……………………………….

20. I am satisfied with my role in the group during the evaluation……….
21. I am satisfied with the group composition………………………..……
22. I am satisfied with the group processes…………………………..……
23. My informal relations intensified during the evaluation……………….
24. My perception of the partners’ competences changed during the

evaluation……………………………………………………………..…..
25. The discussions resulted in more than a summation of information.
26. My commitment to the project grew during the evaluation………..…

27. I am satisfied with the quality of the outcomes………………………..
28. I have confidence in the correctness of the outcomes…….……..….
29. I feel commitment to the evaluation outcomes…………………..……
30. The outcomes reflect my judgements sufficiently………………..…..
31. The evaluation is a good basis for a common goal setting for the

coming stage of the project………………………………………..……

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

1 2 3 4 5 6 7 -2 -1 0 1 2

(1) (2) (3) (4) (5) (6) (7)
strongly mostly somewhat neutral somewhat mostly strongly
disagree disagree disagree agree agree agree

(-2) (-1) (0) (1) (2)
much worse slightly worse equal slightly better much better

to standard meeting
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32. The procedures reduce the cognitive load of the evaluation…..…...
33. The procedures are comprehensible….……………………………….
34. The procedures provide a satisfactory support for this type of

decision..………………………………………………………………….
35. The procedures are user-friendly.………………………………..……
36. I would be willing to use the procedures for other similar decisions
37. I am satisfied with the sequence of the different modules of the

evaluation….………..…………………………………………………….
38. I am satisfied with the time allocation to the different modules…….
39. In general, I consider a systematic evaluation of the new product

important in this stage of the project……..……………………………

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

1 2 3 4 5 6 7

Feel free to make here any other remark about the new product evaluation:

(1) (2) (3) (4) (5) (6) (7)
strongly mostly somewhat neutral somewhat mostly strongly
disagree disagree disagree agree agree agree

THE FOLLOWING STATEMENTS DEAL WITH THE PROCEDURES OF THE EVALUATION. THESE
PROCEDURES ARE THE DIVISION OF THE DECISION PROCESS IN DIFFERENT MODULES AND THE
COMPUTER SUPPORT.



Stellingen

Behorende bij het proefschrift

Supporting medical technology development with the analytic hierarchy process

Marjan Hummel

1. Dankzij de ontwikkelingen in de transplantatiekunde, verlaagt de kwetsbaarheid van de
mensen de kwetsbaarheid van de mensheid.

2. De verzakelijking van de zorg leidt tot een meer volwaardige behandeling van patiënten door
de medische professie.

3. De verzakelijking van de zorg zal de behoefte binnen de zorgsector aan medische
bedrijfskundigen doen groeien.

4. De methode voor constructive technology assessment zoals beschreven in dit proefschrift
levert een proactieve bijdrage aan het reactieve domein van medical technology assessment
(dit proefschrift).

5. Productontwikkeling is te beschrijven als een combinatie van revolutionaire en evolutionaire
probleemoplossing (dit proefschrift).

6. Zoals de mid-life crisis in een mensenleven, vindt de mid-project crisis zoals beschreven door
Gersick niet noodzakelijkerwijze plaats halverwege de levensduur van een project (dit
proefschrift).

7. De ondersteuning die Team Expert Choice biedt aan groepsbesluitvorming is met name van
belang voor multidisciplinaire groepen (dit proefschrift).

8. Multidisciplinaire samenwerking staat aan de basis van succesvolle medische
technologieontwikkeling (dit proefschrift).

9. Het gebruik van Team Expert Choice tijdens groepsbesluitvorming garandeert geen
hoogkwalitatieve besluiten.

10. De integratie van groepsleden, afdelingen of organisaties komt niet tot stand door het praten
over doelstellingen alleen.

11. Het analytic hierarchy process ondersteunt de falsificatie van een schijnbare waarheid (dit
proefschrift).


