The cost-benefit approach tomedical information systemsevaluationPekka TurunenTurku School of Economics and Business Administration,Institute of Information Systems Science, MIRCITP.O.Box 110, FIN-20521 Turku, FinlandHannu SalmelaTurku School of Economics and Business Administration,Institute of Information Systems Science, MIRCITP.O.Box 110, FIN-20521 Turku, FinlandTurku Centre for Computer ScienceTUCS Technical Report No 195September 1998ISBN 952-12-0252-1ISSN 1239-1891

AbstractIn this paper previous cost-benefit type of evaluation studies, theories andframeworks are widely reviewed. Different frameworks and theories ofinformation systems science, health economics and medical informaticshave been mixed and brought into area of medical information systemsscience where they have been lacking. The objective of this study is toclarify the rationale behind analysing the costs and benefits in thesedifferent research areas, and to present cost-benefit approach in the contextof evaluation framework of medical information system.Keywords: medical information systems, cost-benefit type of analysis,evaluationTUCS Research GroupStrategic Information Systems Planning

11. IntroductionAccording to Henderson et al. (1992) information technology (IT) expenditure inhospitals is increasing (Menon et al. 1996). The effects of IT investments on health careservices have not, however, been extensively studied (see the reviews of Ingasoll et al.1990 and van der Loo et al. 1995; Mediline 1966-1997). Van der Loo et al. (1995)analysed 76 health care information system (IS) evaluative studies and only 10 of thestudies covered both costs and benefits of information system. Van der Loo et al. (1995)conclude that:"In the context of rising health care costs it is astonishing that only few studieshave tried to demonstrate the cost-effectiveness of automated informationsystems."Although individual studies have found a positive relationship between the level of ISinvestments and the overall productivity of health care services (c.f. Menon et al.,1996), the overall results of IT investment profitability studies have been inconclusive(Mitra et al., 1996 p. 29-31). Hence, although the importance of economic evaluation ofinformation system in medicine has increased, little is known about how evaluationcould be done.The objectives of this paper are to formulate concepts for evaluation of medicalinformation systems, deliberate rationale behind cost-benefit type of analysis and viewcost-benefit analysis in the context of medical information systems framework. This isbased on a study of different disciplines, such as information systems, medicalinformatics, and health economics. The study tries to also find best practises from thosedifferent research areas. This paper also describes the results of the literature review,where the objective was to identify previous studies reporting cost-benefit analysis ofmedical information systems.2 . A p p r o a c h e s t o t h e e v a l u a t i o n o f m e d i c a l i n f o r m a t i o n systemsPrior research has applied a number of different approaches to the evaluation of medicalinformation systems, and information systems in general. Research has also providedtaxonomies of different evaluation approaches (DeLone et al. 1992; Fineberg et al.1977; Grover et al. 1997; Guyatt et al. 1986; van der Loo et al. 1992). Taxonomiessuggest that there is an effect between different levels (see figure 1 and 2). For example,with the help of better diagnostic information physicians might do better therapeuticdecisions. However, these researchers do not claim that the relation between levelswould be causal.

2Figure 1. Levels of clinical efficacy related to use of diagnostic technology (Fineberg etal. 1977)Figure 2. I/S success model (DeLone et al. 1992)Unfortunately, it seems that frameworks of clinical efficacy related to use of clinicaltechnology (see Fineberg et al. 1974 and Guyatt et al. 1986) are not covering all impactsof medical information systems and thus should be expanded for reliable evaluation.According to these very similar taxonomies we have ended up that the evaluation ofmedical information systems can be based on the levels of1) user satisfaction (and use)2) individual impact3) organisational and patient outcomes.Technical outputPatient outcomeDiagnostic informationTherapeutic impact

System Quality andInformation QualityOrganizational ImpactUse and User satisfactionIndividual Impact

3User satisfaction indicates users’ satisfaction with information and system. Individualimpact can be seen as impact on physician’s diagnostic decision but also as otherimpacts, for example on time reduction or increase. Patient outcome means change inpatient’s health and organisational outcome for example changes in personnel time,overhead costs, and interest costs.While this article concentrates on cost-benefit analysis, other evaluation approaches arealso shortly reviewed in order to provide an overall view of the best practises indifferent research areas and to place cost-benefit analysis into right context.Many researchers in information systems and medical information systems science haveended up that the best way to evaluate information systems is to measure organisationalor patient outcome (van der Loo et al. 1995; Hamilton et al. 1981; Ives et al. 1983).Such assessment applies economic evaluation, especially cost-benefit analysis. Becauseinformation systems may have organisation-wide, intangible and long lasting effectsand costs, economic evaluation of information system is considered difficult (Saarinen1993 p. 49; see also Ives et al. 1983). The difficulty in evaluating costs and benefits isoften seen as a motivation to develop other methods to evaluate information systems(Saarinen 1993 p. 49). On the other hand, cost-benefit analysis focuses on outcomes orends. Other evaluation approaches focus more on the implementation process, whichproduces the outcomes.It appears that a comprehensive evaluation of an information system requires multiplem e a s u r e s ( D e L o n e e t a l . 1 9 9 2 ; S a a r i n e n 1 9 9 3 p . 5 1 ) . B o t h i m p r o v e m e n t s i n information, improvements in individual decisions or actions, as well as improvementsin organisation level can indicate IS effectiveness and success. The selection betweenthese measures is to a wide degree dependent on the values and objectives driving theevaluation. The type of the systems and the economic considerations of gathering theevaluation data need to be considered as well.2.1 User satisfactionIn information systems research, measures based on user satisfaction are frequentlyused instead of cost-benefit analysis. Their use is argumented on the basis that full cost-benefit analysis is considered as problematic and difficult to use. Users’ satisfactionmight reflect as a better organisational outcome, which is seen as the ultimate objective.In the user satisfaction measure, overall satisfaction is sum of several questions, whichrelate to satisfaction. Some researchers have suggested that user satisfaction may bepreferable to system usage as indicating IS effectivenes (see Grover et al. 1996).Whereas user satisfaction measure has become common in the information systemsscience (DeLone et al. 1992), it has not been widely used in evaluating informationsystems in health care. In the classification done by Grover et al. (1996) 20% ofinformation system assessments were user satisfaction ones. In health care context,about 4% of the studies used user satisfaction as an effect measure (van der Loo et al.1992 fig. 5). Although user satisfaction could be considered as a surrogate measure ofpatient outcomes, it might overemphasise users’ views.

4Interestingly, user satisfaction has not been used in the evaluation of administrativehospital information systems, even if such systems could more naturally be evaluatedthrough user satisfaction. In those few studies where user satisfaction has been appliedin health care context, the objective has been to evaluate systems used directly inmedical care process (see van der Loo et al. 1994 fig. 5; for example Dupuits et al.1995).2.2 Individual impactResearchers have also used more direct measures to evaluate the impact of an IS.Although questionnaires can be used to measure individual impact as well (for exampleWolfe 1986; Sanders et al.), many studies have relied on laboratory tests where theimpact of IS on decision processes can be directly observed (see O’Keefe 1989; Dicksonet al. 1977). Unfortunately, a limitation of laboratory tests with information systems isthat they fail to take into account the real world environment where the system will beused (O’Keefe 1989; Nyk�nen et al. 1991, Shortliffe 1986; Guimares et al. 1996). Inmedical informatics and medical information systems science, those studies areparticularly connected to diagnostic and treatment decisions (for example Bernard et al.1994; Wagner et al 1995). A typical evaluation design is based on two groups whereone group uses the information system while the other doesn’t. The approach used inevaluating decision aid systems is the same as that used in evaluating medical devices.2.3 Organisational and patient outcomesIn many cases, a demonstrated impact on treatment effectiveness is considered as asufficient criteria for IS success. It is seen as an adequate justification for widespreadsystems implementation and use. The value of health outcomes would be useful toassessed in order to ensure economic use of hospital resources and optimal health careservices for patients. For these reasons both health economics and information systemsscience analysis are needed to recognise outcomes and benefits. The common type ofanalysis in the both areas is cost-benefit analyse which so can be easily used into thispurpose.The three main types of cost and utility measures used in health economics are: cost-effectiveness, cost-utility and cost-benefit analysis. In cost-effectiveness analysis thepatient outcomes are measured in the most appropriate natural or physical units such as:life years gained, disability days saved, points of blood pressure reduction. Analysis isappropriate when a treatment has only one effect on patient’s health. Such analysis canbe supported with ratios such as cost per life-year gained or reverse life-years gainedper dollar spent (Drummond et al. 1987).In cost-utility analysis the patient’s health effects are expressed as quality adjusted life-years. In cost-utility analysis even multiple health effects of treatment, not necessarilycommon to both treatments, can be compared. In cost-benefit analysis both the costsand health outcomes are estimated in monetary units (Drummond et al. 1987).

52.3.1 The rationale behind cost-benefit thinking of informationsystems in companies and in the health careAccording to Grover et al. (1996) 6,5 % of evaluation studies were cost-benefit -type ofanalysis and according to classification of van der Loo et al. (1995) 13 % of health careinformation systems were done by cost-benefit approach.Valtonen (1992 p. 29) writes that the need for cost-benefit thinking in general, andpossibly also in health care, is claimed to be related into different kinds of marketfailure situations. Generally speaking, the public health service is in a market failuresituation whereas private companies are in competitive market situation. Hence, it canbe assumed that there would be no need for doing cost-benefit analysis for informationsystems of companies. The reason for cost-benefit analysis is that information systemsare often used in the internal functions of a company. The majority for the systems iscustomised for the individual use of the company and there is a need to cost-benefitthinking. To show that cost-benefit analysis is necessary, the researcher must show thatwhen left alone, the (health care) system for some reason does not converge to anoptimum or that market forces alone cannot be allowed to determine the allocation ofrecourses (Valtonen 1992 p. 29).The issues mentioned above do not explain the difference between the proportion ofcost-benefit analyses compared with in different research areas. One explanation for thedifference may be that in information systems science, other evaluation methods havereplaced economic assessment of information systems because of beforementionedproblems in economic evaluation. Furthermore, cost-benefit analysis is considered as anexpensive evaluation method. In medicine the long follow-up time raises the costs ofthe economic analysis. In medical information systems, the problems can be as seriousas in information system research. Because of the advantages of the cost-benefitthinking in health economics the problems are considered small compared with theadvantages obtained from use of the cost-benefit analysis.Measures developed in health economics could be more exploited in IS research. Inhealth economics the benefits can be measured in non-monetary units (in cost-effectiveness and cost-utility analysis) and different kinds of advantages can beconverted into same scale (for example the quality of life-years gained and improvedfunctional ability). In information systems science there are only some attempts toconvert different types of benefits into same scale. This kind of study has beenconducted by Money, Tromp and Wegner (1988). They have build a method forquantifying the intangible benefits of the decision support system and translating theminto measurable values. The method has much equivalence to cost-utility analysis.One reason for the use of other methods than the cost-benefit analyses is theinformation throughout implementation process. For example user satisfaction measuregives information about the process which has led to cost-effectiveness or the failure ofthe information system. This can afterwards help to clarify what factors failured orsucceeded, and what can be still improved.

6In the cost-benefit approach the focus is at the outcome, at the cost-benefit ratio, not atthe process. However, in the quality of life analyses, it is possible according to thepatients’ answers, to start clearing up how the system could be improved. Problemsstudying are more a medical problem than a health economic problem. In informationsystems science and in most of the cases also in medical information systems sciencethe problems can be explained from the information research point of view.A major difference between the cost-benefit approach in companies and in public healthsector (also in health economics) is the timing of the analyses. The companies aim whenconducting cost-benefit analyses is to get fast information about the effects of theinformation systems. Enterprises usually make cost-benefit analyses already prior tolarge acquisitions. They can not to wait many years and see which investments wereprofitable and which were not.This feature may be connected to the differences in information in the academic and thebusiness world. In the academic areas mentioned in this text, it is interesting to studyafterwards, what kind of systems are cost-effective (see Parker et al. 1988). Thisinformation is further useful for companies and societies that are planning to implementinformation systems.I n t h e p u b l i c h e a l t h s e c t o r , c o s t - b e n e f i t a n a l y s e s a r e o f t e n d o n e d u r i n g t h e implementation or as ex-post analyses. The physicians often want to secure thefinancing at the disposal of the best possible care. They may think about the cost-effectiveness of the different alternatives afterwards. One reason for ex-ante analysesare that cost-benefit analyses of health care products and services are often done byresearchers when the cost benefit analyses of information systems are often done bypractitioners. In the future, the economic evaluation can become more often ex-ante,because of tightened financial situation.If the medical information systems would not be sold in market failure situation, but ina perfectly competitive markets cost-benefit analyses would maybe still be done. In thatcase, however, the analyses would be more often ex-ante than ex-post by nature.2.3.2 Prior studies reporting cost-benefit evaluation of medicalinformation systemsDocumented cost-benefit analyses of medical information systems are still rare. Onlytwo information systems have been assessed so that both the costs and benefits of thesystem were evaluated in monetary terms. One study evaluated the costs and benefits ofa diagnostic and treatment information system called HELP (Gardner et al. 1990).Another study evaluated the economic impacts of a Maternal and Child Health System,which reduced the dropouts from immunisation programs and thus reduced health carecosts (Singh et al. 1992).The evaluation of HELP (Gardener et al. 1990) was based on the alarms of patients’drug adverse and on the estimates of five pharmacologies about 1) what would have

7been the incidence of reaction, 2) what would have been the severity of the reaction, and3) how much the treatment would have cost. The system was found to be cost-effective,but writers also notice that evaluation has much uncertainty in many places. Accordingto them better methods need to be developed to prove the actual benefit of druginteraction system (Gardner et al. 1990).The number of documented cost-effectiveness analyses of medical information systemsis also small. The economic evaluation of medical information systems have used cost-effectiveness analysis in evaluating a support system in radiology (Arenson et al. 1989)and a support and diagnostic system in hospital laboratory (Wolfe 1986). Two goode x a m p l e s o f c o s t - e f f e c t i v e n e s s a n a l y s i s w e r e t h e e v a l u a t i o n o f a u t o m a t i o n i n bacteriology (Sailly et al. 1985) and the replacement automated technology in ahaematology laboratory (Szczepura et al. 1988). In these studies, the costs of the systemare compared with different organisational outcomes.The study by Arenson et al. evaluated the cost effectiveness of a Radiology OperationsManagement Computer System (Arenson et al. 1989). With the use of time-serieanalysis, researchers were able to demonstrate a significant improvement in scheduling,patient waiting, retrieval of radiographs and report delivery.The study by Wolfe evaluated a support and diagnostic system in a hospital laboratorycontext (Wolfe 1986). The costs and effects of the system were evaluated on the basisof the time spent by laboratory and medical staff in information-handling activities,turnaround time for laboratory results, and staff perceptions of performance.The Sailly’s et al. (1985) study concerned the automation in a bacteriology laboratory tor e d u c e t h e t i m e d e l a y i n o b t a i n i n g l a b o r a t o r y i n f o r m a t i o n . C o n t r a r y t o t h e i r expectations, the researchers found that the reduction in time delay did not alter eitherthe prescribing behaviour of physicians or the welfare of patients. Even the gain in timewas significantly lower than expected. In this case researchers have found that iftreatments are good developed, benefit from fastened diagnosis may not be achievedbecause of preventive actions done by physicians.The Szczepura et al. (1988) study concerned the costs and effects of a replacementautomated technology in a hospital haematology laboratory. In this study costs andeffects of new information has solved. Physicians, in charge of each case, were asked tofill up a data collection sheet 4-6 weeks after the diagnosis. The data collection sheetwas aimed to capture the effects of the new diagnostic information on the diagnosis,therapy and workload. The clinicians were asked to assess on whether they felt the newinformation had been beneficial to the patient. Hospital medical records were given tothe use of physicians for evaluation.Out of these studies, patients’ health outcome is particularly emphasised in Sailly et al.(1985) study. Cost and benefits through health effects is emphasised in Gardner’s et al.(1990) study and in Singh’s et al. (1992) study. Wolfe (1986) and Arenson et al. (1989)studies use effects of information systems like labour savings and reduction oftelephone calls to estimate cost-benefit ratio. In these two studies, the evaluation ismade from the perspective of systems developers rather than from that of patients’

8health. Hence, the approach is similar to the perspective adopted in information systemresearch (see also Zielstroff 1985). According to this it seems that the cost-benefitanalysis of medical information systems system could be divided into two classes.Those classes of cost-benefit analysis are:1) health economics approach2) information system approachThe studies are diveded based on research approach of studies. The first group coversall the studies that have used health economics research approach. The rest of thestudies can be included in the second group. Theoretically there would be need of mixedclass but so far we have not met any studies of this kind. It is important to recognise andname the difference between analyses because otherwise it is easily causing confusionsand unconsciousness in which way the evaluations have been done and which are theresults.Generally, the evaluation studies are not growing old very fast. The earliest cost-benefitanalyses of medical information systems concentrated on clarifying the benefits, likelabour cost savings, obtained with automation of office routines. At present, this kind ofroutine tasks have already been computerised in many hospitals and the advantages ofcomputerisation must be looked for from elsewhere. Cost-benefit studies concerningbenefits of automating office information processing tasks are no longer very useful inhelping recognise cost and benefits of information systems.3. ConclusionIn this paper we have reviewed previous studies, theories and frameworks fromdifferent refere n c e a r e a s o f m e d i c a l i n f o r m a t i o n s y s t e m s . W e a s s u m e t h a t o u r taxonomies and concepts, presented in this paper, benefit researchers and practitionersin the evaluation of medical information systems. The main results are the following.According taxonomies and frameworks of reference area of medical informationsystems we have formed our own taxonomy for evaluation of medical informationsystems: 1) user satisfaction 2) individual impact 3) organisational and patient outcome.Taxonomy considers all the special features both information systems and the healthcare. We have also tried to place its use in the context of taxonomy.There are two types of cost-benefit evaluations, which are actually not named before.Those classes are health economics and information systems science approach. It isimportant to notice the difference between studies to avoid misunderstandings andunconsciousness about way of act, and to improve comparatible of between studies.There are differences between cost-benefit analyses done by practitioners and academic,and between cost-benefit analysis of information systems (both medical and non-medical) and other health care products. According to these differences we are concludethat, if the medical information systems would not be sold in market failure situation,

9but in a competitive markets cost-benefit analyses would maybe still be done. In thatcase the analyses would be more often ex-ante than ex-post by nature.ReferencesArenson, Ronald L. - London, Jack W. (1979) Comprehensive Analysis of a RadiologyOperations Management Computer System. Radiology. 1979:2 355-362.Bernard, Maria L. - Lambay, Ferose A. - Dankel II, Douglas - Chakravarthy, Sharma -Tufekci, Suleyman - Marcus, Robert -Kedar, Amos (1994) XNEOr: Development andEvaluation of an Expert System to Improve the quality and Cost of Decision-Making inN e u r o - O n c o l o g y . P r o c e e d i n g s E i g h t e e n t h A n n u a l S y m p o s i u m o n C o m p u t e r Applications in Medical Care. JAMIA 1994, 678-683. Washington, DC.DeLone, William H. - McLean, Ephraim R. (1992) Information Systems Success: TheQuest for the Dependent Variable. Information Systems Research 1992:1, 60-95.D i c k s o n , G . N . - C h e r v a n y - S e n n J . ( 1 9 7 7 ) R e s e a r c h i n M I S : T h e M i n n e s o t a Experiments. Management Science. 1977:5, 913-923.Drummond, Michael F. - Stoddart, Greg L. - Torrance, George W. (1987) Methods forthe Economic Evaluation of Health Care Programmes. Oxford University Press:Oxford.Dupuits, F.M.H.M - Hasman, A. (1995) User satisfaction of general practioners withHIOS+, a medical decision support system. Computer Methods and Programs inBiomedicine. 1995:2, 183-188.Fineberg, Harvey V - Bauan, Roger - Sosman, Martha (1977) Computerized CranialTomography - Effect on Diagnostic and Therapeutic Plans. JAMA. 1977:3, 244-227.Gardner, Reed M. - Hulse, Russel K. - Larsen, Keith G. (1990) Assessing thee f f e c t i v e n e s s o f a c o m p u t e r i z e d p h a r m a c y s y s t e m . S y m p o s i u m o n C o m p u t e r Applications in Medical Care. 1990, 668-672.Gardner, Reed M. - Lundsgaarde, Henry P. (1994) Evaluation of User acceptance of aClinical Expert System. JAMIA. 1994:6, 428-437.Grover, Varun - Jeong, Seung Ryul - Segars, Albert H. (1996) Information systemseffective n e s s : T h e c o n s t r u c t s p a c e a n d p a tt e r n s o f a p p l i c a t i o n . I n f o r m a t i o n & Management. 1996:4, 117-191.Guimaraes, Tor - Yoon, Youngohc - Clevenson, Aaron (1996) Factors important toexpert system success - A field test. Information & Management. 1996, 119-130.

10Guyatt GH. Tugwell PX. Feeny DH. Drummond MF. Haynes RB. The role of before-after studies of therapeutic impact in the evaluation of diagnostic technologies. Journalof Chronic Diseases. 39(4):295-304, 198Hamilton, Scott - Chervany, Norman L. (1981) Evaluating Information SystemEffectiveness - Part I: Comparing Evaluation Approaches. MIS Quarterly. 1981, 55-69.Ingasol, G. L. - Hoffart, N. -Schultz, A. W. (1990) Health services research in nursing:current status and future directions. Nursing Economics. 1990:8, 229-238.Ives, Black - Olson, Margrethe H. - Baroudi, Jack J. (1983) The Measurement of UserInformation Satisfaction. Communications of the ACM. 1983:10, 785-793.O�Keefe, Robert M. (1989) The Evaluation of Decision-Aiding Systems: Guidelinesand Methods. Information & Management. 1989:17, 217-226.van der Loo, R.P. - van Gennip, E.M.S.J. - Baker, A.R. (1995) Evaluation of automatedinformation systems in health care: an approach to classifying evaluative studies.Computer Methods and Programs in Biomedicine 1995:1-2, 45-52.Mediline 1966-1997.Menon, Nirup M - Lee, Byungtee - Eldenberg, Leslie (1996) Information TechnologyProductivity in the Health Care Industry. Proceedings of he Seventeenth InternationalConference on Information Systems. 1996, 477. Cleveland.M i t r a , S a b y a s a c h i - K a r i m , C h a y a A . ( 1 9 9 6 ) A n a l y z i n g C o s t - e f f e c t i v e n e s s o f o r g a n i z a t i o n s : T h e I m p a c t o f I n f o r m a t i o n T e c h n o l o g y S p e n d i n g . J o u r n a l o f Management Information Systems. 1996:2, 29-57.Money Arthur - Tromp David - Wegner Trevor. The Quantification of Decision SupportBenefits Within The Context of Value Analysis. MIS Quarterly 1988:2, 223-236.Nyk�nen P. - Chowdhury S. - Wigertz O. (1991) Evaluation of decision support systemsin medicine. Computer Methods and Programs in Biomedicine. 1991:2-3, 229-238.Saarinen Timo (1993) Success of information systems - Evaluation of DevelopmentP r o j e c t s a n d t h e C h o i c e o f P r o c u r e m e n t a n d I m p l e m e n t a t i o n S t r a t e g i e s . A c t a Academiae Oeconomicae Helsingiensis. A:88:1993. HelsinkiSailly, J.C. - Lebrun, Th. - Vincent, P. - Eeckhoudt, L. - Izard, D. - Leclerc, H. - Arbon,G. - Hassoun, A. (1985) The Medical and Economic Consequences of automation inBacteriology: A Case Study in a French University Hospital. Social Science &Medicine. 1985:10, 1163-1166.Sanders, Lawrence G. - Courtney, James F. (1985) A Field Study of OrganizatinalFactors Influencing DSS Success. MIS Quarterly.1985:1, 77-93.

11Shortliffe Edward H. (1987) Computer Programs to Support Clinical Decision Making.JAMA. 1987:1, 61-66.Singh, A.K. - Moidu, K. - Trell, E. -Witgertz, O. (1992) Impact on the management anddelivery of primary health care by a computer-based information system — Section III.Experices with systems and programs. Computer Methods and Programs Biomedicine.1992, 55-64.Szczepura, A.K.- Stilwell, J.A. (1988) Information for decision makers at hospitallaboratory level: an example of a graphical method of representing costs and effects fora replacement automated technology in a haematology laboratory. Social Science &Medicine. 1988:7, 715-725.Valtonen, Hannu (1993) Application of Cost-Benefit Thinking in Health Care. ActaWasaensia No 30 Economics No 4:1993. Vaasa.Wagner, Michael M. - Cooper, Gregory F. (1995) Evaluation of a Belief-Network-Based Reminder System that Learns from Utility Feedback. Proceedings NighteenthAnnual Symposium on Computer Applications in Medical Care. JAMIA 1995, 666-672. Lousiana.Wolfe, Harry B. (1986) Cost-Benefit of Laboratory Computer Systems. Journal ofMedical Systems. 1986:1, 1-9.Zielstroff Rita D. (1985) Cost Effectiveness of Computerization in Nursing Practice andAdministration. The Journal of Nursing Administration. 1985:2, 22-26.

Turku Centre for Computer ScienceLemmink�isenkatu 14FIN-20520 TurkuFinlandhttp://www.tucs.abo.fi/ University of Turku¥ Department of Mathematical Sciences�bo Akademi University¥ Department of Computer Science¥ Institute for Advanced Management Systems ResearchTurku School of Economics and Business Administration¥ Institute of Information Systems Science