CONTEXT-SENSITIVE DECISION SUPPORT SYSTEMS:SUPPLEMENT PAPERSP. Br�zillon and V. RajkovicAbstract:These Proceedings contains a complement of papers to selected contributions to the conferenceon Context sensitive Decision Support Systems, held in Bled, Slovenia, in July 1998. Theconference was organised by the International Federation of Information Processing�s WorkingGroup 8.3 on Decision Support Systems, the Faculty of Organizational Sciences at theUniversity of Maribor, Slovenjia, and the Slovene Society Informatika. The ProgrammeCommittee for the Conference (George Widmeyer, University of Michigan Business School,USA, chair; Dina Berkeley, London School of Economics, UK; Patrick Br�zillon, Paris 6,France; Vladislav Rajkovic, University of Maribor, Slovenia) served also as the editors of abook published by Chapman & Hall. Vladislav Rajkovic was also the chairperson of theorganising committee. R�sum�:Ces actes contiennent un compl�ment de papiers contributions s�lectionn�es pour la conf�rencesur les Syst�mes d’Aide � la D�cision Bas� sur le Contexte qui s’est tenue � Bled (Slov�nie) enjuillet 1998. La conf�rence �tait organis�e par la International Federation of InformationProcessing�s Working Group 8.3 on Decision Support Systems, la Facult� des Sciences del’Organisation de l’Universit� de Maribor (Slov�nie) et la Soci�t� Slov�ne d’Informatique. Lesmembres du Comit� de Programme de cette conf�rence (George Widmeyer, Universit� deMichigan Business School, USA, chair; Dina Berkeley, London School of Economics, UK;Patrick Br�zillon, Universit� Paris 6, France; Vladislav Rajkovic, University of Maribor,Slovenia) sont aussi les �diteurs d’un livre publi� chez Chapman & Hall. Vladislav Rajkovic�tait le responsable du Comit� d’Organisation.

PREFACEThese Proceedings presents a complement of papers to selected contributions to the conferenceon Context sensitive Decision Support Systems, held in Bled, Slovenia, in July 1998. Theconference was organised by the International Federation of Information Processing�s WorkingGroup 8.3 on Decision Support Systems, the Faculty of Organizational Sciences at theUniversity of Maribor, Slovenjia, and the Slovene Society Informatika. The ProgrammeCommittee for the Conference (George Widmeyer, University of Michigan Business School,USA, chair; Dina Berkeley, London School of Economics, UK; Patrick Br�zillon, Paris 6,France; Vladislav Rajkovic, University of Maribor, Slovenia) served also as the editors of abook published by Chapman & Hall. Vladislav Rajkovic was also the chairperson of theorganising committee. Each contribution for the book and as supplement paper was selected bythe editors after peer review and was developed by its authors specifically for inclusion in thevolumes.Working group 8.3 was formally established in 1981 on the recommendation of IFIP�sTechnical Committee on Information Systems (TC8). The scope of the working group covers:�Development of approaches for applying information systems technology to increase theeffectiveness of decision makers in situations where the computer system can supportand enhance human judgment in the performance of tasks that have elements that cannotbe specified in advance.�The principal aim of the working group is:�To improve ways of synthesising and applying relevant work from reference disciplines topractical implementations of systems that enhance decision support capability.�The group holds working conferences like this bi-annually. We are indebted to a variety ofacademic and industrial sponsors who contribute towards the conference expenses. Inparticular, for this 1998 conference, we are thankful to: the Ministry of Science and Technologyof the Republic of Slovenija,, Jozef Stefan Institute, SAS Institute Slovenija, Mercator, d.d.and Temida, d.o.o.in Slovenija, and Entreprise LSE (ELSE) of the London School ofEconomics and Political Science, London, UK

SUMMARYEugenia M.W. Ng & Bob HurrionDoes the liberty of choosing visual display modes affect the quality and time of decisionmakings?Anton CizmanDecision support systems in the integrated production management context.Peter B. KeenanSpatial decision support systems: Extending the technology to a borader user community.D. Cecez-Kecmanovic, A. Busuttil, D. Moodie and F. PlesmanContextual determinants of the use of an organisational support system in Academia.G.Marzano, M.F.Norese and E. SilliInformation management and multicriteria methods in a context-sensitive decision aidToma_ Banovec, Niko SchlambergerUtilization of data of national statistics in the process of decisionM. KleinTaking context into account when transfering a knowledge-based application from oneorganization to another. A case study with FINSIM Expert.

1DOES THE LIBERTY OF CHOOSING VISUAL DISPLAY MODESAFFECT THE QUALITY AND TIME OF DECISION MAKINGS?Eugenia M. W. NgDepartment of ScienceThe Hong Kong Institute of Education10 Lo Ping Road, Tai Po, N.T.Hong KongTel: (852) 2948-7645Fax: (852) 2948-7676E-mail: eung@sci.ied.edu.hkBob HurrionDepartment of Operational Research and SystemsWarwick Business SchoolUniversity of WarwickCoventryUnited Kingdom CV4 7ALTel: (44) 1203-522-087Fax: (44) 1203-524-539E-mail:

orsrh@wbs.warwick.ac.uk

AbstractBuilding an effective and adaptable decision support system (DSS) has long been thedream of both practitioners and researchers. There are numerous factors which affect thesuccess of DSSs: one of them is having the right context. The right context could mean thedesigners of DSSs have taken tasks, time, individual differences, and organisational andcultural differences into considerations. In this study, the researchers attempted to examinethe context in the area of visual displays and the liberty of choosing and changing them.One hundred and sixty six participants used a computer-based decision support system tofind the optimal number of employees to be employed in a canteen to maximise profit.Unlike most studies, participants in this study had the liberty to choose and change thevisual display modes, namely, dynamic, static and text whenever they liked. This paperdiscusses the process of changing display modes more than the effect of visual displaymodes to the solution of the problem alone.KeywordsDynamic visual displays, visual interactive modelling, decision quality, decision time, graphs.1. INTRODUCTIONDecision making is a complex process which is affected by various factors. ADecision SupportSystem (DSS) is meant to aid decision makers to make better decisions when having to solvesemi-structured or ill-structured problems. The right context has been one of the main concernsin building an effective DSS as many authors (such as Jarvenpaa and Dickson, 1988; Liang1986, Vessey, 1994) attempted to discover the factors affecting the success of DSSs. However,none of them have identified the key element as contexts such as cultural, organisational, tasksand individual differences could interact and change over time. The authors do not regardcontexts as restricted to the presentation in words but also include other modes of presentationsuch as static and dynamic visual displays and the liberty of choosing them. The saying goes �a

2picture is worth a thousand words�. According to Liang (1986), the representation format is themost critical factor affecting a user�s attitude for any decision support system (DSS) to beimplemented successfully. When there is a large amount of data, a manager must reduce thevolume to a manageable size and focus on those data points that are crucial. Graphics fit in thisrequirement as they help managers to "visualise" relationships and to summarise data.Various disciplines, such as psychology and statistics, have hosted a considerable amount ofresearch work into graphical displays. Information systems (IS) researchers started to doresearch in this area in the 1970s (DeSanctis 1984). �Primitive" graphs are static, representativegraphs include bar charts and pie charts, whilst the "advanced" graphics involve dynamic,iconic and model running graphs. Static graphs summarise and display data from a mathematicalmodel whilst dynamic visual displays evolve over time during processing. The evolution isrepresented by "flicker" or by animation. The flicker technique uses programmed colourchanges to depict changing states of the system. The animation effect is created by having theimages or icons that represent moving objects move around on the display screen (Bell et al.1984).The earlier research in IS mainly concerned the effectiveness of tables and graphs. Some studiesfound that graphical representations were better than tables (Benbasat and Schroeder 1977,Tullis 1981) while others found the opposite (Grace 1966, Remus 1984, Wainer and Reiser1976). Some studies showed that there was no difference or that results were mixed (DeSanctis1984, Dickson et al. 1986, Ives 1982, Lucas 1981, Lucas and Neilson 1980). However,Jarvenpaa and Dickson (1989) proposed that graphs were more effective for summarising largevolumes of data and good for tasks which required identification of patterns such as forecastingand trend analysis. Various congruencies between display and task affect both decision time andquality (Bettman & Zins 1979, Jarvenpaa 1989).Research has recently been conducted in the area of dynamic graphics. Some used object-oriented software (Angehrn and L�thi, 1990; Pracht and Courtney, 1990) to model dynamicsystems whilst others used Visual Interactive Modelling (VIM) tools. VIM is not only dynamic,but also allows users to intervene in the visual displays and see a new set of results afterintervening. In fact, VIM has been popular in the field of operational research for more thantwenty years but only in the past ten years have DSS researchers used this technique to presentdata. Bell (1988), Belton and Elder (1994), Hurrion (1985), Miller (1969) and Smith and Platt(1987) strongly support the role of dynamic graphics in supporting decision making.Vessey (1991,1994) summed up the results of published studies on the performance ofgraphical and tabular representations in decision making. Most of the empirical results could beexplained by the theory of �cognitive fit� which matches the type of tasks with informationpresentation. Vessey suggests that the process or strategy problem solvers used could beclassified as perceptual and analytical. The processes were the crucial elements of cognitive fitsince they provided the link between representation and task. When there is a fit between therepresentation, process and task type, it would lead to quicker and more accurate problemsolving. Lastly, she concluded that decision makers were willing to forego some accuracy for asubstantial reduction in effort (Vessey 1994).2. RESEARCH OBJECTIVESDespite the vast interest in finding the most appropriate visual display methods in DSS, therehas not been any conclusive proof of whether the presentation format, the use of colour, and theimpact of different graphic capabilities influence decision making. Keen and Scott Morton(1978) argued that the success of a decision aid was ultimately measured in terms of its ability toimprove decision quality or speed. The advantages of using dynamic graphs were mainlygathered by survey (such as Kirkpatrick and Bell 1989) and case studies (such as Chau andBell, 1994). Little experimental research has been done on dynamic visual displays. In thisrespect, the researchers were interested to find out if dynamic visual display modes improve thequality of decisions.

3Funk and Miller (1997) suggested that one of the three elements to support effective contextsensitive interfaces was the ability to modify the control and display configuration accordingly.However, most of the participants were randomly assigned to different visual displays inexperimental research, for example, Benbasat and Dexter (1985), Chau (1995), Lucas, (1981),O’Keefe and Pitt (1991). It was neither clear if a user had visual display mode preferences to aidthe understanding of a problem, nor evident whether the liberty of changing display modesaffected decisions or not.Since timeliness is crucial for decision making in a fast paced business world, shorter decisionmaking time was also thought to be an important factor for using decision support systems(Benbasat and Dexter, 1981). Therefore, the researchers were interested to know if:1.Participants had any preferences of visual display modes to aid the understanding ofa problem.2.There is any difference in terms of the quality of decision making and decisionmaking time when participants use a particular type of visual display which could betext, static or dynamic.3.There is any difference in terms of the quality of decision making and decisionmaking time when participants use one or more visual display modes.3. EXPERIMENTAL DESIGNThe Experimental TaskThe participants were asked to solve a fictitious case of a canteen operating in a university. Theywere asked to decide on the optimal number of servers serving at the food counter, the drinkcounter and the cash register so as to maximise net profit per unit time. Assuming that there wasno rental cost nor other costs incurred, the net profit would be gross profit minus pay for allservers (servers at drink, food counters and cash register). The arrival rate of students/staffduring lunch time was between 3 to 7 per minute. The customers would not enter the canteenwhen any counter/cash register had 30 customers queuing up.The average serving time at the food counter was 1.2 minutes, at the drink counter was 0.7minutes whilst at the cash register was 1.5 minutes. In general, about half of the customerswould request drinks. On average, the canteen could make a gross profit of $5 per customerregardless of whether the customers had ordered drinks or not. The canteen could only make aprofit when the customers paid at the cash register. The servers who worked at the canteen werepaid hourly. The servers at the food and drink counters earned $20 per hour and the cashiersearned $25 per hour.Table 1 - Education Level of ParticipantsHighest Education Level NumberPercentageA_Level11167.3%Diploma63.6%Bachelor3420.6%Post_Dip42.4%Masters95.5%Ph.D.10.6%Total:165100.0%

4Experimental ProcedureThe data was collected over a period of 5 months, from February to June 1997. Participantswere students recruited in the United Kingdom and in Hong Kong from three different tertiaryinstitutions. A total of 166 students, 52 (31.3%) females and 114 (68.7%) males, participated inthe experiments. 61.4% of the participants were studying in HK and 38.6% were studying inthe UK. The level they studied ranged from certificate course to Ph.D. The majority ofparticipants were undergraduate/certificate full-time students whose highest educational levelwas A-Level which is shown in Table 1 below (one did not answer this question). Basically theparticipants were either studying a module or a program in the business school or studying in ateacher training program.The ExperimentParticipants were given a case, instructions for operating the software, a recommendation sheetand scrap paper in a computer laboratory. They were asked to solve a queuing problem of acanteen as described above. They were asked to read the case before using the software. After 5minutes, the participants were shown how to use a computerised decision support system.Pencils, scrap paper and calculators were allowed to perform any necessary analysis. Theparticipants were told that they were expected to finish the experiment within about 45 minutesbut they could leave at any time they felt like.The participants were asked to give some demographic information like their sex, age and theireducational level after logging in to the system. They were also asked to choose theirpreferences of visual displays, i.e. text, static or dynamic displays (appearing in that order in thelist box), to input the number of cashiers and servers employed in the drink counter and foodcounter in the canteen in order to maximise profit in the second screen. The participants had fullliberty to switch between different visual display modes so as to experience the different outputformats. The output formats for the three display modes were almost the same. The differencebetween text and static display modes was that the static one had iconic representations besidethe counters� names. The difference between static and dynamic visual display modes were themovements of �faces� in the queues.When the participants felt they had found the optimal number of servers, they could put downtheir recommendations on a recommendation sheet and leave. The participants were remindedabout the time after 40 minutes but they were not compelled to follow the time constraints if thelaboratory was available. They would be thanked and reminded not to disclose any informationto other fellow students. The case, instructions for operating the software, recommendationsheets and scrap papers were collected after the experiment.4. RESULT FINDINGSThe Decision ProcessAs shown in Table 2, most of the participants (74.1%) chose dynamic visual display modes astheir preferred visual display modes at the start followed by text and static visual display mode.About half of the participants (56.6%) were comfortable with their first chosen visual displaymodes and continued using them for the whole experiment. Figure 1 shows that fewer andfewer participants tried out different visual display modes as time went by. 72.8% of theparticipants did not make changes after changing to another mode of visual displays once and86.8% did not change after changing twice. All except 3 participants who tried out all threevisual display modes and settled on their �preferred� visual display modes. One participantsettled after trying different visual displays mode for 4 times and settled on the fifth try. Theother two settled after trying out different visual display modes for 5 times and settled on thesixth try.Figure 2 shows how the percentage of participants who used dynamic visual displays rosegradually. Since the dynamic visual display mode was the most chosen first visual displaymode, the number of participants who chose dynamic visual display mode dropped naturally asthey tried out other visual display modes later. 62.0 % of the participants used dynamic visual

5displays as their second chosen visual display mode, 67.5% as their third chosen visual displaymode, and 75.3% as their fourth chosen visual display mode. Figure 3 shows a consistentchange from other display modes to dynamic visual display mode. It was interesting to note that2 participants finally chose dynamic visual display after changing display mode for 5 times.Table 3 shows that 10 out of 18 participants who chose static and text visual displaysrespectively changed to dynamic visual displays as their second chosen visual display mode.Incidentally, the percentage of using dynamic visual displays as the final visual displays(75.3%) were almost the same as initially (74.1%).Table 2 - 1st Chosen Visual Display ModesMode of DisplayNumberPercentageDynamic 12374.1%Static 1810.8%Text 2515.1%Total166100.0%Figure 1 - The Trend of Not Changing Visual Displays Mode

83941081231246151921215121719190204060801001201401601802nd3rd4th 5th6thChosen Visual DisplaysNo. of ParticipantsTextStaticDynamicTable 2 shows static was the least favourite visual display at the beginning. 15.1% of theparticipants chose text at the start versus 10.8% chose static. Static became more favourablethan text visual displays from the second try onwards even though the differences were notgreat (Figure 2). Table 3 shows about one third of the participants who chose static were happywith their first chosen visual displays. Most of those who made changes tried dynamic visualdisplay as their second visual display mode. This phenomenon remained true for other attempts(Table 4 and Table 5). The number of participants selected static visual displays initially(10.8%) were slightly lower than using it as the final visual display mode (13.3%).The participants who chose text visual display mode appeared to be the least satisfied as only 5(20%) participants remained using text display for the whole experiment (Table 3). Half ofthose who changed to another visual displays chose dynamic whereas the other half chose staticas their second try. However, for those who had switched to using text mode as their thirdchoice, more tried static visual display mode. This phenomenon reversed almost to an extremeas only one participant changed from text mode to static mode but 7 changed to dynamic visualdisplay mode as their final chosen visual display mode (Table 5). Contrary to some researchers�beliefs that participants would shift to text mode or turned off the dynamic visual displays oncethey had grasped the information (Bell, 1989; Bookbinder and Kotwa, 1987; Ives 1982), the

6number of participants who selected text visual displays at the start (15.1%) was in fact slightlyhigher than those selecting it as the final visual display mode (11.4%).Figure 2 - The Trend of Visual Display Modes Chosen

0204060801001201401st2nd3rd4th5th6thChosen Visual DisplaysNo. of Participants

Dynamic

Static

TextFigure 3 - Participants Using Dynamic Visual Displays Mode

8394108123124101110111077000204060801001201402nd3rd4th5th6thChosen Visual DisplaysNo.ofParticipantsTextStaticDynamicTable 3 - 2nd Chosen Visual Display ModesFrom\ToDynamic StaticTextTotalDynamic83 (67.4%) No Change20 (16.3%)20 (16.3%)123Static10 (55.6%)6 (33.3%) No Change2 (11.1%)18Text10 (40.0%)10 (40.0%)5 (20.0%) No Change 25

7Table 4 - 3rd Chosen Visual Display ModesFrom\ToDynamic StaticTextTotalDynamic94 (91.2%) No Change5 (4.9%)4 (3.9%)103Static12 (33.3%)15 (41.7%) No Change9 (25.0%)36Text6 (22.2%)9 (33.3%)12 (44.5%) No Change27Table 5 - 4th Chosen Visual Display ModeFrom\ToDynamic StaticTextTotalDynamic108 (96.4%) No Change2 (1.8%)2 (1.8%)112Static10 (34.5%)19 (65.5%) No Change0 (0.0%)29Text7 (28.0%)1 (4.0%)17 (68.0%) No Change25As more than half of the participants changed the visual display modes more than once, thelongest time the participants used a particular visual display mode was considered as thepreferred visual display mode. Table 6 shows that more than 86% of the participants preferreddynamic visual displays. This finding suggests that participants had a preference for visualdisplays to aid the understanding of the problem and therefore the first research question thatthere is no preference of visual displays to aid the understanding of the problem is notsupported.Decision Quality and Decision TimeIn this study, profit earned per unit time was used as a surrogate of decision quality since this isthe objective of the problem. Table 6 shows the decision quality (profit/time) for dynamic visualdisplays was better than text and static visual displays. Due to the exceedingly large proportionof participants using dynamic visual displays, quantitative statistics might not be veryappropriate. Nevertheless, ANOVA was used to analyse but there was no statistical significancebetween the decision quality and the preferred visual display mode (p= .234, level ofsignificance 0.05).Table 7 shows the participants took a longer time to make decisions when using dynamic visualdisplays than using static and text visual displays. ANOVA was used to analyse but thedifference between different preferred visual display modes and decision making time was notsignificantly different (p= .113, level of significance 0.05). Therefore, the second researchquestion that there is no difference in terms of the quality of decision making and decisionmaking time when participants use a particular type of visual displays is not rejected.Table 6 - Visual Display versus Decision Quality (Profit/time)Visual DisplaysNo of ParticipantsMean Profit/TimeStandard DeviationDynamic143 (86.2%)$17.53.4Static16 (9.6%)$16.24.9Text7 (4.2%)$16.84.0

8Table 7 - Visual Display versus Decision TimeVisual DisplaysNo of ParticipantsMean Time(mins)Standard DeviationDynamic143 (86.2%)49.7 18.2Static16 (9.6%)44.8 16.9Text7 (4.2%)40.6 19.4Table 8 shows that the mean profit/time increased when more than one display mode was used.ANOVA was used to analyse if there was any statistically significant difference between thequality of decision making and decision making time when participants used one or more visualdisplay modes. The number of display mode changed and the decision making quality was notsignificantly different (p= .056, level of significance 0.05). Therefore, the research questionthat there is no difference in terms of the quality of decision making when participants use morethan a particular type of visual displays is not rejected.Table 9 shows the mean time participants spent on making decisions was similar regardless ofthe number of display modes attempted. Nevertheless, the participants took much longer time tomake decisions when they changed display modes three times. The number of display modestried and the decision making time was significantly different (p= .03, level of significance0.05). Thus, the research question that there is no difference in terms of the decision makingtime when participants use more than a particular type of visual displays is rejected.Table 8 - Change of Visual Display Mode versus Decision Quality (Profit/time)No. of ChangesNo. of ParticipantsMean Profit/TimeStandard DeviationNo change94 (56.6%)$16.8 3.9One27 (16.3%)$18.43.2Two23 (13.9%)$17.6 2.9Three19 (11.5%)$17.93.5Table 9 - Change of Visual Display Mode versus Decision TimeNo. of ChangesNo. of ParticipantsMean Time(mins)Standard DeviationNo change94 (56.6%)46.9 17.2One27 (16.3%)47.718.8Two23 (13.9%)46.4 17.6Three19 (11.5%)63.917.35. CONCLUSION AND FUTURE RESEARCHFrom this experimental study, it was found about half of the participants were not too surewhich visual display mode could aid decision making so they tried out other display modes butthe other half of them were happy to use the first chosen visual display mode throughout theexperiment. This suggested any decision support systems software should be context sensitive,i.e. giving the users the liberty of using different modes of visual display to cater for thedifferent needs of the users. It would be to have more experiments of a similar nature to find outif there is any �optimal� number of display modes which an user can choose from so as to buildan effective DSS visual display framework. Another area for further research is to compare theusers� satisfaction of having and not having the choice of different visual display modes.

9Contrary to some beliefs, it was found that the favourite visual displays at all times weredynamic. This clearly suggested that �a picture� is worth more than words. The second most�preferred� display mode was static, followed by text. The percentage of participants who usedthe dynamic visual display mode at the beginning was almost identical to the final chosendisplay mode. However, slightly more participants used text mode initially than static mode butthe preferences reversed afterwards. More analysis could be done to see if the participants aftertrying different display modes choose to return to their first visual display mode . Furthermore,it would also be interesting to find out if there is any national cultural difference between thepreference of visual display modes and the effects of it.Since the number of participants who chose dynamic visual displays was so out-of-proportionwith the other two modes, it was not very clear whether dynamic visual displays aided decisionquality and accelerated decision time or not. More participants could be asked to participate inthe experiments. Alternatively, a longitudinal research could be conducted to find out if theirbehaviour would change when they are more experienced.The number of display modes tried had little effect on the decision quality but obviously madethe decision makers more inefficient if they changed display mode more than three times. Sincethere were only three visual display modes, participants should be able to find the mostcomfortable one after trying all three out. Those who tried the same display mode more thanonce could indicate that they did not find any visual display mode which could help decisionmaking. Again, more experiments could be conducted to see if users behave similarly whengiven more or less than three display modes. It is very likely that there is a correlation betweenthe number of visual display modes and the decision time. From this research we can tentativelydraw the conclusion that the type of visual display mode does not affect the quality and the timeof decision making significantly, but when the number of changes of display mode exceeds thegiven number of choices, the decision making time is slowed down significantly.ACKNOWLEDGMENTSWe would like to thank P. Brezillon, P. Y. K. Chau, R. M. Davison and anonymous reviewersfor comments on previous versions of this paper. We would also like to thank R. M. Davisonfor editing and the Hong Kong Institute of Education for sponsoring the first author to attendthe conference.REFERENCESAngehrn, A. A., and L�thi, H. J. (1990) Intelligent Decision Support Systems: Avisualinteractive approach, Interfaces, Vol. 20, No. 6, 17-28.Bell, P. C., Parker, D. C., and Kirkpatrick, P. F. (1984) Visual Interactive ProblemSolving - A New Look at Management Problems, Business Quarterly, Vol. 49, 14-18.Bell, P. C. (1988) Visual Interactive Modelling: The Methodological Issues, in OperationalResearch�87, Rand, G. K. (Ed.), 91-110, Elsevier Science Publishers B. V. (North-Holland).Bell, P. C. (1989) Stochastic Visual Interactive Simulation Models, Journal of OperationalResearch Society, Vol. 40, 615-624.Belton, V., and Elder, M. (1994) Decision Support Systems: Learning from VisualInteractive Modelling, Decision Support Systems, Vol. 12, 355-364.Benbasat, I., and Schroeder, R. (1977) An Experimental Investigation of Some MISDesign Variables, MIS Quarterly, Vol. 1, No. 1, (March), 37-49.Benbasat, I., and Dexter, A. S . (1981) An Experimental Study of the Human/ComputerInterface, Communications of the ACM, Vol. 24, No. 11, 752-762.Benbasat, I., and Dexter, A. S . (1985) An Experimental Evaluation of Graphical andColour-Enhanced Information Presentation, Management Science, Vol. 31, No. 11, 1348-1364.

10Bettman, J. R., and Zins, M. A. (1979) Information Format and Choice Task Effects inDecision Making, Journal of Consumer Research, Vol. 6, 141-153.Bookbinder, J. H., and Kotwa, T. R. (1987) Modelling an AGV Automobile Body-framing System, Interfaces, Vol. 17, No. 6, 41-50.Chau, P. Y. K., and Bell, P.C. (1994) Decision Support for the Design of a NewProduction Plant using Visual Interactive Simulation, Journal of Operational Research Society,Vol. 45, No. 11, 1273-1284.Chau, P.Y.K. (1995) An empirical study on evaluating the usefulness of dynamic graphicaldisplay in decision support, Journal of Information Science, Vol. 21, No. 3, 201-208.DeSanctis, G. (1984) Computer Graphics and Decision Aids: Directions for Research,Decision Science, Vol. 15, No. 4, 463-487.Dickson, G. W., DeSanctis, G., and McBride, D. J. (1986) Understanding theeffectiveness of computer graphics for decision support: Acumulative experimental approach,Communications of the ACM, Vol. 29, No. 1, 40-47.Grace, G. L. (1966) Application of Empirical Methods to Computer-based System Design,Journal of Applied Psychology, Vol. 50, 442-450.Funk H.B. and Miller C.A. (1997) "Context Sensitive" Interface Design, Proceedings ofthe International and Interdisciplinary Conference on Modeling and Using Context (CONTEXT-97), 303-318.Hurrion, R. D. (1985) Implementation of a Visual Interactive Consensus Decision SupportSystem, European Journal of Operational Research, Vol. 20, 138-144.Ives, B. (1982) Graphical User Interface for Business Information Systems, MIS Quarterly,Special Issue, 15-47.Jarvenpaa, S., and Dickson, G. W. (1988) Graphics and Managerial Decision Making:Research-Based Guidelines, Communications of the ACM, Vol. 31, No. 6, 764-774, June.Jarvenpaa, S . (1989) The Effect of Task and Graphical Format on Information ProcessingStrategies, Management Science, Vol. 35, No. 3, 285-303.Keen, P. G. W., and Scott Morton, M. (1978) Decision Support Systems: AnOrganizational Perspective, Reading, Mass., Addison-Wesley.Kirkpatrick, P., and Bell, P. C. (1989) Visual Interactive Modelling in Industry: Resultsfrom a Survey of Visual Interactive Model Builders, Interfaces, Vol. 19, No. 5, 71-79,September-October.Liang, T. P. (1986) Critical Success Factors of Decision Support Systems: An EmpiricalStudy, Data Base, Vol. 17, No. 2, 3-16.Lucas, H. C, and Neilson, N. R. (1980) The Impact of the Mode of InformationPresentation on Learning and Performance, Management Science, Vol. 26, No. 10, 982-993.Lucas, H. C (1981) An Experimental Investigation of the Use of Computer-based Graphicsin Decision Making, Management Science, Vol. 27, No. 7, 757-768.Miller, I. M. (1969) Computer Graphics for Decision Making, Harvard Business Review,Vol. 47, No. 6, 121-132.O’Keefe, R. M., and Pitt, I. L (1991) Interaction with a Visual Interactive Simulation,and the Effect of Cognitive Style, European Journal of Operational Research, Vol. 54, 339-348.Pracht, W. E., and Courtney, J. F. (1990) Model Visualization: Graphical Support forDSS Problem Structuring and Knowledge Organization, Decision Support Systems, Vol. 6,13-27.Remus, W. (1984) An Empirical Investigation of the Impact of Graphical and Tabular DataPresentations on Decision making, Management Science, Vol. 30, No. 5, 533-542.Smith, R. L., and Platt, L. (1987) Benefits of Animation in The Simulation of AMachining and Assembly Line, Simulation, Vol. 48, No. 1, 28-30.Tullis, T. S . (1981) An Evaluation of Alphanumeric, Graphic, and Colour InformationDisplays, Human Factors, Vol. 23, 541-550.

11Vessey, I. (1991) Cognitive Fit: ATheory-Based Analysis of the Graphs Versus TablesLiterature, Decision Sciences, Vol. 22, 219-240.Vessey, I. (1994) The Effect of Information Presentation on Decision Making: ACost-benefitAnalysis, Information & Management, Vol. 27, 103-119.Wainer, H., and Reiser, M. (1976) Assessing the Efficacy of Visual Displays,Proceedings of the American Statistical Association, Social Statistics Section, 89-92.

12

13DECISION SUPPORT SYSTEMS INTHE INTEGRATED PRODUCTION MANAGEMENT CONTEXTAnton CizmanUniversity of Maribor, Faculty of Organizational sciencesKidri�eva 55a, 4000 Kranj, SloveniaPhone: +386 64 374200Fax number: +386 64 221424E-mail: anton.cizman@guest.arnes.siAbstractMany Slovene manufacturers face increasing competition which demands continuousimprovements in products and productivity. The well-known methodology of ComputerIntegrated Manufacturing (CIM) allows manufacturing companies to remain competitive.Effective CIM systems require integrated information systems along with Decision SupportSystems (DSSs) to improve business decision making. This paper proposes BusinessIntelligence Software (BIS) tools of the SAS System as the framework for the developmentof decision support systems (DSSs), which incorporate operations research modelingtechniques, for an integrated production management. The application of DSSs includingfriendly Graphical User Interface (GUI) for the solving of linear programming problemsdecomposed from CIM architecture is shown as well.KeywordsInformation systems, operations management, decision making, computer-integratedmanufacturing, linear programming.1. INTRODUCTIONThe transformation of the former Slovene economy, known as self-management or agreementeconomy, to a free-market economy creates new demands for the Slovene manufacturingcompanies. Many firms are just beginning to be faced with the problem of the increasedcompetition. Manufacturing organizations operate in a difficult environment which is desperatelyshort of capital and increasingly competitive. Therefore, acceptance of changes in manufacturingmethods and manufacturing philosophy is a vital prerequisite for continued progress. Anincreasing number of the Slovene managers are quite aware that they need a strategic programalong with the requisite knowledge to effectively use new information technology. They realizethat this change is necessary to improve manufacturing efficiency which will then make itpossible to respond in time to market demands.Computer Integrated Manufacturing (CIM) technology helps to meet strategic businessobjectives, such as: fast response to market demands; better product quality; reduced productioncosts; enhanced performance; shorter lead times; reduced inventories; minimum work-in-progressand market flexibility. Effective CIM requires computer software to control automated processes,regulate production facilities, and generate information to support operational, tactical, andstrategic decision making.In order to contribute to solutions being able to cover the above needs, some initial results wereobtained in working on a new research project called "Methodology for specifying computer-aided production control". The aim of the project is to develop an advanced methodology forperforming the analysis of requirements and definition of specifications for comprehensivecomputer-integrated production control systems. The methodology of the project proposes thesolving of several types of problems, such as Computer Aided Decisions Support on differentlevels of the organizational structure, Production Planning and Control, etc.In line with the objectives of the mentioned project, the paper shows on the main decision-making problems derived from a CIM architecture (from a strategic decisions to production

14constraints). Each one should find solution thanks to many models and methods of OperationalResearch which can be adapted for industrial applications. Askillful solution of this situationrepresents the SAS System for the information delivery with BIS that can be applied fordeveloping various types of the user-friendly DSSs which incorporate the traditional operationsresearch modeling technique.In addition, the paper presents the usefulness of DSS utilizing linear models for solving someof operations management problems (middle management) in the context of the multilevelorganizational structure. Finally, a simple theoretical example of an operations managementproblem (product-mix problem) is represented, and its solution is discussed to illustrate thepurpose of such DSS, which employs the capabilities of BIS, from the aspect of better decisionmaking.2. INTEGRATED PRODUCTION MANAGEMENT ASPECT OF DSSs.The decision-making requirement is an important component of organizational links. Decisionsbeing a predominant result of managers’ task define the management as a decision-makingprocess. The efficiency of decision making is conditioned by the quality of information thatconstitutes the basis for the numerical and logical part of the decision-making process. Much ofmanager�s time is spent in gathering and evaluating information so that he or she will know ifdecision is needed, and the necessary background information will be available if it is. Makingand implementing decisions are a crucial part of management. The success of business and nonprofit organizations hinges on their ability of to make good decisions and to implement theirdecisions well. Managers must reach decisions on objectives and plans for their organizationalunits. They must decide how to: (1) direct, (2) organize and (3) control. They must not onlymake many decisions, but also guide subordinates in reaching decisions of their own.In a production enterprise several types of decisions are possible such as decision making onthe production function, or decision making on the entire enterprise. Decisions on theproduction function such as planning and control are known as the operational decision making,decisions on business are defined as the business decision making. Thus, we can talk aboutoperations (middle) management and general (top) management. We consider the operationsfunction (also called the production function) an integrated system that obtains the necessaryinputs, transforms them to be desirable to the customer (adds value to them), so as the customerwishes to purchase them, and gets the product (goods or services) to the customer. Figure 1 is ascheme that summarizes this view.

15inventory management, distribution management and invoicing module that are illustrated in Fig.2.These modular notions, which appear in every production system, independently of the size or ofthe factory functionality, involve a set of operational decision-making problems at various levelsthroughout the organization, which require the implementation of DSSs utilizing OR models andmethods (management science tools) to improve the effectiveness of business decision making.

ORDER MANAGEMENT PRODUCT DESIGN PLANNING SCHEDULING RELEASE

PRODUCTION REPORTING SHOP FLOOR C O N T R O L

MANUFACTURING SYSTEM

INVENTORY

SUPPLYING LOGISTICS

DISTRIBUTION LOGISTICSPRODUCTION CONTROL

LOGISTICSFigure 2 The model of Integrated Production Management

16data (data warehousing), easy-to-use data exploitation tools, and capabilities for presenting usefulinformation. Only the SAS System provides a complete end-to-end data warehousing solution. Inthis case the decision support data are derived from the operational data, but are continuallyrefreshed and readily accessible to managers.Diverse business goals such as improving productivity, reducing costs, increasing return ofinvestment, maintaining quality, maximizing profitability can be achieved by the SAS datawarehouse exploitation including a large range of powerful tools (BIS) such as the operations ofresearch, query, graphics, data visualization, EIS (executive information system), OLAP(online analytical processing), forecasting, and so on. Operations research (managementscience) tools handle everything from the decision analysis, and project management tomathematical programming. These comprehensive tools can be used for strategic planning,production and operations management, project management, distribution planning and more.3. IMPLEMENTATION ISSUES OF DSSs UTILIZING MATHEMATICAL MODELSlar notions of CIM architecture show a wide variety of mathematical programming problemswhich can be solved by linear, integer, mixed-integer, nonlinear, quadratic, and network flowprogramming. Some of these problems that can be modeled as linear or mixed-integer programsare listed bellow. In practice, models often contain several types of problems.¥Product-mix problems which find the mix that generates the largest return when there areseveral products that compete for limited resources.¥Blending problems which find the mix of ingredients to be used in a product so that it meetsminimum standards and minimum costs.¥Network flow problems which find the optimal flow of material through a network --networks have to provide supply and demand at nodes, cost and capacities on arcs, andmultiple products flowing through the arcs.¥Transportation problems which find the optimal assignment of source nodes to demand nodes.¥Time-staged problems are models whose structure repeats as a function of time. Productionand inventory models are classic examples of these problems. In each period, production plusinventory carried minus current demand equals inventory carried to the next period.¥Scheduling problems which assign people to times and places so as to optimize peoples’preferences while satisfying the demands of the schedule.¥Capital budgeting and project selection problems which ask for the project or set of projectsthat will yield the greatest return.¥Cutting stock problems which find the partition of row material that minimizes waste andsatisfies demand.In this paper, the main point is in tailoring the DSSs to these class of the above mentionedapplication areas (specific situations). In this case the BIS capabilities were used as theframework for the development of a flexible computer-based DSS which incorporates linearmodeling technique. To support an easy to use and effective exploitation of the linearprogramming capabilities, the graphical user interface (GUI) was designed and developed at theKranj faculty last year. With this GUI - this Windows application is based on object-orientedprogramming - managers navigate through a linear programming application by pointing andclicking with a mouse on appropriate selections. GUI menu choices are icons that users canselect instead of typing numbers and letters (see Fig. 4).Thus, this prototype of DSS provides data management and modeling capabilities to assist usersin making effective operational management decisions, such as: planning for operations andcapacity, plant sizing and location, distribution logistics, inventory management, etc. It alsoenables managers to access all data in a manufacturing organization, from flat files to databasemanagement systems, such as DB2, ORACLE, SAP/R3, etc. which is an important advantage ofsuch a DSS.

17The following example of a simple product-mix problem (see Table 1) want to show the usageof DSS including a friendly graphical user interface (GUI, see Fig. 3), which provides aneffective application of BIS tools, such as mathematical programming software. This examplealso illustrates how DSS can be adapted to different environment and circumstances - in thiscase linear and integer programming in the CIM environment.Table 1 Input data and the structure of a simple product-mixed problemProduct-mix problem: maximize the profitZ = 5X + 4YItems------------P1 P2Inventoryconstraints the components:ABC132321XYXYXY+++£££212416Price CoefficientsDecision (structural) variables5 4------------X YTable 1 shows that a firm produces two items, P1 and P2, that are assembled by threecomponents: A, B, and C. The first item (P1) consists of 1 unit of the component A, 2 units ofthe component B and 2 units of the component C. The second item is composed of 3 units ofthe component A, 3 units of the component B and 1 unit of the component C. The objective is todetermine the product mix (decision variables X and Y) that maximizes the profit of the firm (Z)while not exceeding available inventory of the components in the warehouse. Each of bothitems P1 and P2 contributes C1=$5 and C2=$4 to profit.Figure 3 represents the input/output screen of GUI which shows the input data of the problemand it�s solution in the form of numerical results (output data) that represents optimal values ofthe production i.e. the number of items P1 and P2 that maximize the profit. The results are latergenerated of the ¨Primal˙ icon selection and show that the maximum profit (return) Z of amanufacturing company will be $46 if an operations manager decides to produce 6 articles ofthe item P1(X=6) and 4 articles of the item P2 (Y=4), which represent the optimal solution(production program) in this circumstances.Moreover, if the manager needs to evaluate how sensitive is a solution to change assumptions(what if or sensitivity analysis), he can simply select the ¨RangePrice˙ or ¨RangeRhs˙ icons(see Fig. 4). This option enables managers to examine the size of a perturbation to the price(objective) coefficients or right-hand-side constants (limited resources, production time,minimum standards, etc.). For example, in the supposed product-mix problem each objectivefunction coefficient (C1) and (C2) can vary (separately) in the range from 2.66$ (C1-2.3$) to8$ (C1+3$) or from 2.5$ (C2-1.5$) to 7.5$ (C2+3.5$), without changes of the optimalproduction program (decision variables remain unchanged). Therefore, four additionalmaximum values of the profit (Z) can be calculated (see Table 2).Table 2 The results of the range price analysisC1($)C2($)Z($)2,66432845652,54057,560

18

19An effective application of DSS for solving linear programming problems derived from a CIMarchitecture is achieved by the user-friendly GUI. Rather than requiring users (i.e. managers) toremember a series of commands and options, this interface prompts apply for the next choice oraction. As a result, managers are productive sooner because they can master the application bylittle training and documentation. The what-if analysis capability provides a comfortable learningexperience for managers. The resistance to the use of quantitative models for the decision makingby managers can be reduced by the decision support environment which provides an easy accessto models and model management and presents the opportunity to experiment with models(modelling and simulation).In the Republic of Slovenia, as well as in other countries, a need for building up newinformation systems increases each year to help organizations to achieve business objectives(CIM strategy) through the improved production efficiency. One solution for this situation is theSAS System which is one of the best representatives of the Enterprise-wide Information DeliverySystems (IDS). Some other competitive representatives of such standard packages (systems) are:SAP R/3, BAAN4, SSA, JBA, ICL MAX, IBM Mapics etc. Thus, the need to investigate theadvantages, preconditions and limitations of such standard application packages for use in theSlovene manufacturing organizations has become important.5. REFERENCESBullets WI, Jr. and R.A. Rid (1990). Toward a Comprehensive Conceptual Framework forComputer Integrated Manufacturing. Information & Management J.,18, 57-67. North-Holland.Cizman, A. and J. Cerneti� (1995). Relations between Organization and InformationSystems. 5th IFAC Symposium on Automated Systems Based on Human Skill - Joint Design ofTechnology and Organization, Berlin, Germany, Preprints. pp. 230-234.Cizman, A. (1996). Application of the Information Delivery Software to Production Enterprise.Systems Integration �96, 4th International Conference, Prague, Proceedings. pp. 209-220.Dilworth James B. (1996). Operations management, Second edition. McGraw-Hill, NewYork, Tokyo.Kochan A. and Cowan D (1986). Implementing CIM. Springer-Verlag, Berlin- Heidelberg-New York-Tokyo.Loos P. (1995). Information management for integrated systems in process industries. 5thIFAC Symposium on Automated Systems Based on Human Skill - Joint Design of Technologyand Organization, Berlin, Germany, Preprints. pp. 79-84.Sheer A.-W. (1991). Principles of Efficient Information Management, Second edition.Springer-Verlag, Berlin, Heidelberg.Smirnov M. I. (1996). System Integration: System Analysis and Integration Agents. SystemsIntegration �96, 4th International Conference, Prague, Proceedings. pp. 33-46.SAS/OR User�s Guide (1990), Version 6, First Edition, SAS Institute Inc.The SAS System for Information Delivery (1994). Scientific and Technical Applications.SAS Institute Inc., Cary, NC, U.S.A.Widmer M. (1995). Operational Research Models and Methods in CIM. InformationManagement in Computer Integrated Manufacturing. Springer-Verlag Berlin Heidelberg.

20

21SPATIAL DECISION SUPPORT SYSTEMS : EXTENDING THETECHNOLOGY TO A BROADER USER COMMUNITYPeter B. Keenan,University College Dublin,Department of Management Information Systems, Belfield, Dublin 4, Ireland.Email:Peter.Keenan@ucd.ie Tel: +353 1 706-8130 Fax: +353 1 706-1120AbstractDecision support systems (DSS) make use of a variety of information technologies and newtechnologies are playing an increasingly important role in decision support. One such fieldwhere new techniques have been developed is Geographic Information Systems (GIS).Spatial Decision Support Systems (SDSS) may be built using GIS techniques. Such systemsare relevant to many important areas of previous DSS application, such as routing andmarketing, which make use of spatial information. The widespread application of SDSStechnology means that it can be used in many different situations, by many differentcategories of users. For this diverse group of users, some of the features of the SDSS aredirectly relevant, while others provide contextual information for the decision being made.This paper reviews the role of SDSS and the implications of its use in such a broad range ofdifferent contexts.Keywords : Decision Support Systems, Geographic Information Systems.1. INTRODUCTIONDecision Support Systems (DSS) are recognised as being an important category of theinformation systems (IS) research, for example surveys of IS research have shown DSS to bean important theme (Teng and Galletta 1990). In almost three decades since the publication ofearly work in the field (Gorry and Scott-Morton 1971), the DSS field has built up aconsiderable body of academic research and practical applications. While there is somedisagreement as whether this work has provided a cumulative research tradition (Eom, Lee et al.1993) there is nevertheless a recognisable DSS field. This is reflected in publications andconferences associated with DSS. While there are many definitions of a DSS, there is generalagreement that these systems focus on specific decisions and on supporting rather than replacingthe user’s decision-making processes. Definitions of DSS also emphasise the need to supportsemi-structured and unstructured decisions. There is a consensus in the generally accepteddefinitions of DSS that identifies interface, database and model components, as being requiredto support decisions. These components must be integrated into a comprehensive system; acollection of discrete software tools may assist in decision making, but do not constitute a DSS.As technology changes, the potential for decision support increases and the effectiveemployment of new technologies allows the DSS field advance.The traditional DSS field largely evolved from business data processing and general purposemanagement information systems (MIS), which were used to process relatively straightforwardnumeric and text data. Such systems produce many different types of standard report byprocessing data using relatively simple models, which were pre-programmed into the systemand not easily controlled by the user. DSS was seen as providing a system more focused on onespecific problem area where the user had greater control over the operation of the system. TheDSS user was expected to have sufficient expertise, in their own domain, to interact effectivelywith the DSS. Historically the greatest complexity in such systems usually lay in the problemspecific models; the typical skilled user would be expected to be familiar with these. Many ofthe systems described as being DSS were in fact management science models with relativelysimplistic database and interface components. Systems developed in the past, given thelimitations of the available technology, were economical in the degree of the decision support

22provided. Many of the indirect influences on decision making were not supported by thecomputerised system. Such systems concentrated on the direct information needs of the decisionmaker, but lacked the capacity to represent fully the broader information needed to representfully the context in which decisions were made. The restricted range of decision criteriamodelled by such systems posed problems for their acceptance, as users were unwilling toaccommodate the gaps in the decision support provided by the DSS.Alter (1980) proposed an influential taxonomy for DSS which describes a number of systemswhich differ in the relative importance of the database and solver components. This approachrecognises that different uses have different decision needs, with consequent differences in therequirements of a system designed to support their decision making. The modelling componentof DSS, the solver, directly exploits the powerful computational ability of the computer. Thiscomputational ability may be utilised for the calculation of values that directly affect thedecision. In many examples of model driven DSS, this computational ability greatly extends thecapabilities of the decision maker. However, the quantitative data generated by the solver mayalso be indirectly used to facilitate decision making. This information may be used to providethe decision maker with information that can then be integrated with other non quantitativeinformation to help the system user reach a better quality decision. The database component ofthe DSS provides data for use by the modelling components of the system. In a fully integratedDSS, the solver routines will be closely linked to the database, allowing their operation withoutunnecessary user intervention. The database component plays an important role in allowing theuser a direct opportunity to explore the data relevant to the problem. For those systems fallinginto the data driven DSS category identified by Alter (1980), this is the most importantcontribution of the system to decision making. The interface component has a role to play inallowing control of the database and the modelling components of the system. However, it alsoprovides a representation of the problem, allowing the user easily assimilate the informationcontained in the database and more easily to understand the output of the quantitativeprocedures.In order to provide comprehensive decision support, a DSS must fully integrate thesecomponents and allow the user easily direct their use towards a specific decision makingsituation. For a given decision there will be essential data of direct interest to the decision makerand transformations of this data that are directly relevant to the decision making process.However, other elements in the DSS will provide indirect support, providing data that isindirectly used to calculate variables of interest. The absence of such tangentially relevantinformation may not prevent an adequate decision being made, but its presence will improve thequality of the decision. In a sophisticated DSS, there exists database information, modellingtransformations and interface representations that make a partial contribution to the decisionmaking process. It is desirable that these be included in a DSS, although a useful system couldexist without them. For instance, in a production planning DSS the variables of direct interest tothe decision maker might be the quantities produced and the costs of production. Avariety ofinterim calculations would be needed to derive these final values. Aproduction planner mightnot be very interested in the detail of these interim calculations, but a management accountantmight value detailed access to this information. Information about the pattern of production,provided by the DSS, would be of interest to the production planner and might be used toimprove the quality of the decision. In a problem solving situation, specific variables aremanipulated within a more general context, a comprehensive DSS should allow thisenvironmental context inform all of the components of the DSS. Data on the context should becontained in the database, it should be processed where appropriate by the models and it shouldbe represented in the user interface to the extent required by the user. Different users of a givenclass of DSS will favour different problem representations and will perceive differently thedegree to which information is directly or indirectly relevant.2. USING GIS FOR DECISION SUPPORTDevelopments in other fields are relevant to the growth of DSS. One such influence is theconsiderable growth in the importance of geographic information systems (GIS). GIS has its

23origins in the fragmented use of computer technology in the 1960s for automated cartographyand address matching software. The original GIS applications were of interest to geographersand those in related disciplines. While this represents quite a different constituency to that of thetypical users of information systems in that period, both groups had a need to process largeamounts of comparatively routine data. However, geographic data is much more complex thanthe routine accounting data typically found in early information systems applications. Therefore,the development of comprehensive GIS software required improvements in graphics anddatabase techniques. By the 1980s a number of different forms of commercial GIS softwarebecame available generally based on the use of UNIX workstations. At the end of the 1980s,PC based GIS software become available; reflecting the increase in PC performance to levelspreviously associated with workstations.Many areas of DSS application are concerned with geographic data, including one influentialearly example of a DSS, the GADS system(Grace 1977). The display of maps has been afeature of DSS and researchers have noted that computer technology can greatly facilitate the useof mapping data (Ives 1982). However, the technical limitations imposed on early systemsmeant a restricted use of spatial information which falls far short of the potential of modernGIS. There has been limited impact by mainstream GIS techniques on DSS research. GIStechniques are beginning to have an impact on DSS applications. Surveys of DSS applications(Eom, Lee et al. 1993; Eom, Lee et al. 1998) identified marketing and routing as important areasof DSS application. These fields are also recognised as areas of GIS application (Maguire1991). In the area of routing Bodin, identified in the survey by Eom, Lee and Kim (1993) as animportant author in routing DSS, has argued for incorporation of GIS in routing (Bodin andLevy 1994). Keenan (1998a) has argued for the use of SDSS for routing problems.Demographic data is widely available in a suitable format for use in GIS software. This has leadto the development of a number of specialised GIS products, for example the marketing GISproducts from Tactician Corp., or the TransCad GIS that is aimed at routing and transportationapplications.Within the GIS field there is increasing interest in the use of GIS software to provide decisionsupport. This is reflected in the increasing appearance of papers referring to spatial decisionsupport systems (SDSS) at GIS conferences. While an increasing number of GIS basedapplications are described as being DSS, these descriptions suffer from a lack of agreement onwhat exactly a DSS actually constitutes. As Maguire (1991) points out, some authors haveargued that a GIS is a DSS. In some cases, GIS applications are described as being DSSwithout reference to the DSS literature. Many GIS based systems are described as being DSSon the basis that the GIS assisted in the collection or organisation of data used by the decision-maker. This may be a reflection of the trend identified by Keen (1986) for the use of anycomputer system, by people who make decisions, to be defined as a DSS. However, otherauthors justify GIS being regarded as DSS in terms of the definition of DSS. Mennecke (1997)sees SDSS as being an easy to use subset of GIS, which incorporates facilities for manipulatingand analysing spatial data. These differences of definition reflect the differing needs of decision-makers that use spatial information. For many of the current SDSS applications, the maininformation requirement of the decision-makers is for relatively structured spatial information.This group may indeed find that standard GIS software provides for their decision-makingneeds.The DSS literature incorporates many definitions of DSS (Mallach 1994 pages 5-7). Manywidely accepted definitions of DSS identify the need for a combination of database, interfaceand model components directed at a specific problem. In terms of these definitions a GIS wouldnot be regarded as a DSS as it lacks support for the use of problem specific models. However,the view of GIS as a DSS is not entirely without support in the existing definitions of DSS.Alter (1980) proposed an influential framework for DSS which includes data driven DSS thatdo not have a substantial model component. Standard GIS software could be regarded as ananalysis information system in Alter’s framework, the critical component of such a systembeing the database component. Common to all definitions of DSS is a sense that these systemsmust support a particular type of decision. This characteristic distinguishes DSS from generalpurpose management information systems (MIS). While GIS applications may contain the

24information relevant to a decision, they are usually general purpose systems, not focused on aparticular decision. For some decisions, where the standard features of a GIS provide theinformation essential to the decision maker, a GIS may indeed be a DSS. However, for thewider user community of potential SDSS users, a GIS can be regarded as the starting point forbuilding a DSS.3. BUILDING SDSS FROMSDSS can therefore be seen as an important subset of DSS, incorporating GIS techniques withother modelling approaches, whose potential for rapid growth has been facilitated by technicaldevelopments. The availability of appropriate inexpensive technology for manipulating spatialdata enables the creation of SDSS applications. The benefits of using GIS based systems fordecision making are increasingly recognised. In a review of GIS, Muller (1993) identifiedSDSS as a growth area in the application of GIS technology. However, the value of SDSS isnot determined by its innovative use of technology. Instead, the contribution of theseapplications will be determined by how well they support the need for a spatial component indecision making.Because of the variety of decision-making situations where spatial information is of importance,clearly SDSS will be an increasingly important subset of DSS in the future. It is useful toexamine the relationship of GIS software to such systems. Densham (1991) discusses thedevelopment of DSS in the context of the framework proposed by Sprague (1980)(Figure 1). InSprague’s framework, a DSS may be built from tools, individual software components that canbe combined to form a DSS. These would include programming languages, programminglibraries and small specialised applications. At a higher level in Sprague’s framework are DSSgenerators, from which a specific DSS can be quickly built. Generators may be built from lowerlevel tools. Sprague envisioned that different specific DSS applications would require differentcombinations of the generator and tools. Sprague used GADS (Grace 1977), which can beregarded as a form of GIS, as an example of a DSS generator.In building DSS, specific generators have been designed for certain classes of problem. In othersituations general-purpose software such as spreadsheets or DBMS packages have beenregarded as generators. In modern DBMS and spreadsheet software, the use of macro andprogramming languages facilitates the creation of specific applications. Various generators havestrengths and weaknesses in terms of their provision of the essential components of a DSS: aninterface, a database, and models. In the case of a spreadsheet, modelling is the basic functionof the software; various interface features such as graphs are provided, but the databaseorganisation is simplistic. DBMS software, such as Access or Paradox, has good databasesupport, provision for interface design using forms, report and charts, but almost no modellingsupport. In this case, the modelling support has to be added to the specific DSS built from sucha system.In Sprague�s framework, the SDSS builder may make use of tools, which provide some, lowerlevel data processing. In software design these might include operations such as sorting orsearching which are important algorithms in their own right but which are not of direct interestto the decision maker. The decision regarding the appropriate mix of DSS tools and the use of agenerator is an important component of the process of building a DSS. However, the design ofa DSS is likely to be strongly influenced by the availability of DSS generators for that class ofproblem. The DSS solutions actually constructed are strongly influenced by the perceivedavailability of suitable generators. Consequently, the effective application of DSS technologycan benefit from additional generator software becoming available. Awareness of the potentialof the use of GIS based systems as DSS generators will lead to problems, currently beingsolved in other ways, being approached by using a SDSS.

25DSSGeneratorSpecific Applications - Spatial Decision Support SystemsDSS ToolsSpatial and non-spatial

DSSGenerator(GIS)

Figure 1 : Technology Levels of SDSS (adapted from Sprague, 1980)GIS can be distinguished from other forms of information system by the distinctive data storedand processed by such systems. Geographic data comprises three fundamental spatialstructures, points, arcs and polygons. Each of these can have conventional non spatial orattribute data associated with it. The characteristic nature of SDSS is determined by componentsthat store and allow manipulation of these forms of spatial data. Many problems of interest todecision makers use spatial data. For SDSS techniques to be of interest, real world problemsneed only have a spatial component in one aspect of the decision making. While importantelements of the decision process may use only non-spatial (attribute) data in the SDSS, thespatial operations may have an important role to play. For example, the data set to be used forthe non spatially based modelling process may be identified by spatial operations. For example,spatial analysis may determine the number of potential customers for a new retail outlet; thiscould provide data for use in a financial model. The decision maker is concerned with financialdata; the spatial component of the system provides a model of the real world context in whichthe financial planning is taking place. Conversely, the outcome of a non-spatial model mayidentify spatial operations that need to be performed. For instance, a vehicle routing algorithmmay produce truck routes; spatial techniques could then identify the areas affected by noiseresulting from the increased traffic. Vehicle routing, a well-established area of DSS research, isa good example of the potential for SDSS. Routing problems routinely employ data on pointsand arcs and SDSS would facilitate an extension of these problems to more advanced oneswhich also consider polygon data (Keenan 1997). Users of systems such as routing DSS,unlike more traditional GIS users, have no direct interest in the basic spatial processingtechniques. This type of user is focused on the information needs of the routing process andrequires that the system facilitate the provision of this information, by automating much of thespatial processing required.In DSS applications, the focus of the decision-maker is on the decision being made. The outputfrom the DSS is of interest only to the extent that it facilitates decision making. The DSS userwants to make use of the DSS to explore aspects of the decision. This should not require theuser to go through long sequences of commands, to enable data move between differentmodules of the system. It is central to the design of DSS that the modelling routines canautomatically extract the relevant data from the database component of the system. In a DSS, the

26user should only need to intervene in the system to direct the modelling process; not to conductthe basic operations needed for modelling. In a SDSS the models must be able to make use ofthe spatial database tools as appropriate. This requires that the SDSS be built with modellingtools that allow the model designer access to the database and interface components of theSDSS. In order to be used as a DSS generator, GIS software must allow easy automaticinterchange of data between the GIS modules and modelling techniques operating on non-spatialelements of the data. This may entail a departure from traditional assumptions in GIS design ofthe user operating the system by direct manipulation of interface commands. If it is to be used asa SDSS generator, then GIS software must make data available in a format that is appropriatefor modelling techniques drawn from other disciplines. This lack of integration hinderscomprehensive use of GIS as a SDSS generator for a variety of problems that use geographicdata.As standard GIS software may lack the problem specific models needed for SDSS applications,its role can be seen as a software component, which may be used to build a SDSS. In assessingthe suitability of GIS software for building SDSS, two major issues arise. Firstly, can GIS beeffectively integrated with other software to build a complete system? GIS used in conjunctionwith other software may aid decision-making, but not constitute a DSS. Acomplete systemproviding full decision support requires that models and data can interact within the system.User intervention is needed to alter modelling parameters that affect the decision; suchintervention should not be needed to link the modelling and data components of the system. Thesecond issue is whether systems can be built more easily using GIS as a DSS generator ratherthan by using alternative approaches. The use of software that simplifies system development,enables a DSS system builder spend time designing features which directly support the decisionbeing made, rather than having to spend a lot of time attempting to understand the tools orgenerators being used. Current trends in software development allow the integration of distinctsoftware components and facilitate the use of modelling components with GIS software(Keenan 1998b). These features allow data to pass between the modelling, interface and datacomponents of the GIS. More importantly, they also allow control over the operation of theseelements.An important group of SDSS users is those in the traditional areas of application of GIS, indisciplines such as geology, forestry, and land planning. In these fields GIS was initially usedas a means of speeding up the processing of spatial data, for the completion of activities thatcontribute directly to productivity. In this context, the automated production of maps, in thesedisciplines, has a role similar to that of data processing in business. In these subject areas, therewill be growth of decision-making applications in much the same way as data processingapplications evolved into DSS in traditional business applications. An example of this type ofapplication is the DSS for the assessment of geological risk by Mejia-Navarro (1995). Thisgroup is distinguished by a direct interest in the spatial operations provided by the SDSS andconsiderable background knowledge of the spatial techniques used. For this category of users,the spatial data and the spatial processing techniques are of direct interest rather than simplyproviding the context in which other variables are being manipulated.The greater complexity of spatial information processing and its greater demands on informationtechnology have lead to the ten to fifteen year time lag identified by Densham (1991). Asinformation technology costs decline, inexpensive personal computers can now cope with thedemands imposed by the manipulation of spatial data. The rapid increase in the 1980�s in theuse of database managers, led by Dbase II, is being emulated by the increase in the use ofspatial database tools at present. In the context of decision support we are now seeing themovement towards the widespread use of PC based GIS systems that reflects the move towardsPC based DSS in the 1980�s.The second group of decision-makers, for whom SDSS can make an important contribution, isin fields such as routing or location analysis. Although the spatial component of such decisionsis clear, in the past DSS design has been driven predominantly by the management sciencemodels used. There model driven systems often had very limited database or interfacecomponents and the DSS provided little contextual information to the user. In the future these

27models will be incorporated into GIS based SDSS, providing superior interface and databasecomponents to work with the models (Keenan 1998b). The role of the superior GIS datahandling facilities will be to provide a richer context for the use of the specific models and fordisplay on the user interface. For this class of problems the variables of direct interest might bedistance travelled, the number of vehicles used and the loads on each vehicle. Early routing DSSwould only have stored data related to these directly relevant variables. However, the use ofGIS technology allows the inclusion of other indirectly important information. For example theinclusion of elevation data would allow more realistic travel times be used in quantitativemodelling of routes. The display of distinctive natural features such as rivers or mountains onthe interface can make it much easier for the user to understand the representation of the routesgenerated. This synthesis of management science and GIS techniques will provide moreeffective decision-making. Keenan (1997) has argued that the use of GIS techniques can extendthe range of decision support for vehicle routing problems, allowing consideration of pathconstraints that have not been comprehensively modelled in the past. This group of potentialSDSS users has limited experience of using manual spatial techniques. Such users are notusually directly interested in the spatial processing techniques provided by the SDSS but only inthe interaction of these techniques with the management science models. However, thesecondary use of spatial data by the models and the display of spatial information on theinterface can greatly enrich the decision making process. This group can benefit from thegeographic context being fully reflected in the problem representations used.The third group of decision-makers who will find SDSS important include those where theimportance of both spatial data and modelling is somewhat neglected at present. In disciplinessuch as marketing, additional possibilities for analysis are provided by the availability ofincreasing amounts of spatially correlated information, for example demographic data(Mennecke 1997). Furthermore, the geographic convenience of product supply relative tocustomers’ locations is an important tool of market driven competition. The availability of userfriendly SDSS to manipulate this type of data will lead to additional decision possibilities beingexamined which are difficult to evaluate without the use of such technology (Grimshaw 1994).The group of potential SDSS users have little background in spatial processing and are notusually experienced users of DSS technology of any type. This category of users are notaccustomed to the restrictions on model realism and the interface limitations that many users ofmanagement science based DSS have been willing to put up with in the past. Such users willtherefore require systems that are straightforward to use and which do not require the user toaccommodate artificial restrictions on the problem representation. Such users will benefit fromthe more realistic modelling and interface representations facilitated by the inclusion ofadditional contextual information provided by SDSS and other sophisticated technologies.4. MULTIPLE DECISION CONTEXTS FOR SDSSThe increasing suitability of GIS software for use as the basis of a SDSS reflects these trendstowards integration. However, it also reflects the greater awareness of the need to extend theuse of spatial techniques to a wider range of applications. SDSS represents a form of �secondorder� DSS where complex and mature technology acts as a basis for systems to support ageneral class of problems. This general technology is synthesised with more specialisedelements, for example models, to form a problem specific DSS. This wider set of applicationsinevitably involves many potential users of the SDSS who are not drawn from the traditionalgeoscience disciplines. The extension of SDSS use to such a broader cross section of usersoffers great potential benefits but also raises a number of interesting issues. How should thedesign of a SDSS for a business user differ from a system designed for a geologist? Can usersmake good use of such systems, without substantial training in the use of spatial processingtechniques? While some of these issues arise only in the context of SDSS, the issues arisingfrom the design of these more advanced systems are also of interest to DSS designers generally.SDSS applications, on the other hand, contain relatively complex spatial database structures andpowerful tools for manipulating the data stored in these structures. Acommon feature of allsuch systems is the use of spatial data, points, lines and polygons, but a wide variety of models

28may be applied to this basic data. GIS based DSS applications can make use of the spatial dataprocessing provided by the GIS; these techniques would be supplemented by problem specificmodels for a given application. However, the wide range of areas of SDSS application impliesthe existence of a broad spectrum of potential users of SDSS. These users will not be interestedin the full range of spatial processing techniques but only in those relevant to a givenapplication. The trend in the future is likely to be for a growth in the use of SDSS by businessusers without formal training in disciplines such as geography or cartography (Mennecke1997). This poses a challenge for SDSS builders to cater for this diverse user group usingsystems built on a similar basic spatial processing platformThis user diversity can largely be catered for if there is a clear focus on the specific problem,rather than on the technology used. For ease of system building a DSS generator may be used,such as a GIS, that has multiple functions. However, for any one problem or one user many ofthese facilities may not be need. Existing design frameworks such as the ROMC (therepresentations, operations, memory aids and controls) approach (Sprague and Carlson 1982)should be used to identify the system features of interest to the specific user. The generalpurpose features of the generator can then be customised by the system builder to provide therepresentations, operations, memory aids and controls appropriate to the problem. These maydiffer substantially from user to user. It is an important characteristic of successful informationsystems that they provide information in a format appropriate to the user. Different users of agiven type of information may be accustomed to quite different presentation formats for theinformation. Distinctive nomenclature may be used in different disciplines. This poses aproblem in the context of SDSS where the language used by geographers, which underliesdocumentation and interface design for GIS software, may be quite different than that used bypotential users of SDSS. A successful system must provide system builders with the flexibilityto accommodate user preferences. The DSS components can be configured to provide directusers access to information of interest, while other features of the DSS provide contextualinformation to enrich the decision making process. Contextual information can be found in thedatabase, processed by spatial models and displayed in an appropriate representation on theinterface (Table 1).Table 1 : Contextual Information in SDSSDirectly RelevantContextual InformationSolvercustomised business models e.g.marketing, routing, locationgeneral spatial processing tools e.g.bufferingDatabasedata on planning units, e.g. routes,administrative regionselevation data, base geographic entities,points, arcs, polygonsInterfacedecision outcomes, e.g. routes, areas ofinfluencegeographic features, e.g. lakes rivers,mountainsIf GIS software is seen as a DSS generator, rather than as an end in itself, different strategiesfor interface design might present themselves. The aim of the system builder must be to cater forthe problem representation of the user, the logical view of the problem, rather than provide asystem too closely related to the physical geographic data. Different users might have differentsystem representations and operations, in similar way to the concept of subschemas providing adistinctive presentation of a database to a user. Not all the data in the system need be madedirectly available to every user. Even if limited access to information is provided, the full rangeof GIS operations need not be made available. Simplified information representations, thatmight be appropriate for users who only indirectly employ that information, might be inadequatefor other users directly interested in that data. Unlike earlier systems modern DSS can be muchmore complex, for example GIS based SDSS, this implies multiple features at a level of detailthat goes beyond that needed by any one user.Auser based design will not impose unfamiliar control concepts on the user. For example, atypical operation in GIS might involve selecting a procedure from several levels of submenu.The spatial data to be used for this operation might be then identified by drawing a box on thescreen with the mouse. This approach presents problems for the SDSS user who is not familiar

29with many of the operations provided by the GIS. A more user centric approach might allow theuser draw the box on screen with the mouse and then a menu would appear offering only thatsubset of operations appropriate to that set of data.Artificial intelligence (AI) techniques might be used to facilitate this interface simplification.Two existing interesting examples of DSS prototype which use AI techniques, Tolomeo(Angehrn and L�thi 1990) and Alto (Potvin, Lapalme et al. 1994) can be regarded as a form ofsimplified GIS. Tolomeo allows the users describe the problem visually and the interfaceincludes a map that includes the representation of visual features other than those that can bedirectly manipulated by the user. These features provide the geographic context within whichthe user specifies the problem in terms of the cities to be visited, etc. This type of intelligentDSS interface could usefully be incorporated in a fully fledged SDSS to increase its acceptanceto a broader user community.5. CONCLUSIONGiven the advances in information technology, modern DSS can incorporate a more extensivedirectly and indirectly relevant information for a given class of decisions. The designers of thesesystems must aim to provide maximum user control over those aspects of the decision where theuser has specific expertise, while providing the user with maximum support for areas where theuser is less expert. This may require that DSS generator software, such as GIS, be designedwith flexibility in mind so that different types of user can make use of the intelligence in thesystem for less critical parts of the decision.We suggest, therefore, that much DSS development in the future will take place using relativelycomplex combination of DSS generators and tools. Asubstantial variation in the type ofproblem and user will exist within the general group of systems built from such generators.Spatial decision support systems are a good example of a class of sophisticated DSS. Suchsystems have largely been used in the past for problems where the manipulation of spatial datawas the key or only information component of the decision to be taken. Such users required fullcontrol over the spatial operations in the system in order to improve the quality of the decision.In the future, the use of SDSS will be extended to applications where the spatial information isonly an interim stage or a subset of the information required for the decision. Such informationprovides the geographic context within which specific decisions are taken. Users dealing withthis broader set of applications need to be given control over the important variables in thedecision while other processing is performed without the need for extensive user interaction.With the development of such systems, new classes of decision and new types of user can beeffectively supported. 6. REFERENCESAlter, S . (1980). Decision Support Systems: Current Practice and Continuing Challenges.Reading, USA, Addison-Wesley.Angehrn, A. A. and H.-J. L�thi (1990). "Intelligent Decision Support Systems: AVisualInteractive Approach." Interfaces 20(6): 17-28.Bodin, L. and L. Levy (1994). "Visualization in Vehicle Routing and SchedulingProblems." ORSA Journal on Computing 6(3): 261-268.Densham, P. J. (1991). "Spatial Decision Support Systems". Geographical InformationSystems, Volume 1 :Principles. D. J. Maguire, M. F. Goodchild and D. W. Rhind,Longman,. 1: 403-412.Eom, S., S. Lee, et al. (1993). "The intellectual structure of Decision Support Systems(1971-1989)." Decision Support Systems 10(1): 19-35.Eom, S. B., S. M. Lee, et al. (1998). "A survey of decision support applications (1988-1994)." Journal of the Operational Research Society 49: 109-120.

30Gorry, A. and M. Scott-Morton (1971). "A Framework for Information Systems." SloanManagement Review 13(Fall 1971): 56-79.Grace, B. F. (1977). "Training Users of a Decision Support System." DataBase 8(3): 30-36.Grimshaw, D. J. (1994). Bringing Geographical Information Systems in Business,Longman.Ives, B. (1982). "Graphical user interfaces for business information systems." MISQuarterly(Dec. (special issue)): 15-47.Keen, P. (1986). "Decision Support Systems: The Next Decade". Decision Support Systems:a decade in perspective. E. McLean and H. G. Sol, North-Holland.Keenan, P. B. (1997). "Modelling routing problems in GIS". Working Paper MIS 97/4.Dublin, Ireland, Graduate School of Business, University College Dublin.Keenan, P. B. (1998a). "Spatial Decision Support Systems for Vehicle Routing." DecisionSupport Systems 22(1): 65-71.Keenan, P. B. (1998b). "When the Question is ’Where’? Integrating geographic informationsystems and management science." OR Insight 11(1): 23-28.Maguire, D. J. (1991). "An Overview and definition of GIS". Geographical InformationSystems, Volume 1 : Principles. D. J. Maguire, M. F. Goodchild and D. W. Rhind, Longman.1: 9-20.Mallach, E. G. (1994). Understanding Decision Support Systems and Expert Systems,Irwin.Mejia-Navarro, M. and L. A. Garcia (1995). "Integrated Planning Decision SupportSystem (IPDSS)". R. Report, Integrated Decision Support Group, Colorado State University.Mennecke, B. E. (1997). "Understanding the Role of Geographic Information Technologiesin Business: Applications and Research Directions." Journal of Geographic Information andDecision Analysis 1(1): 44-68.Muller, J.-C. (1993). "Latest developments in GIS/LIS." International Journal ofGeographical Information Systems 7(4): 293-303.Potvin, J.-Y., G. Lapalme, et al. (1994). "A microcomputer assistant for thedevelopment of vehicle routing and scheduling heuristics." Decision Support Systems 12: 41-56.Sprague, R. (1980). "A Framework for the development of Decision Support Systems." MISQuarterly 4(1).Sprague, R. H. and E. D. Carlson (1982). Building Effective Decision SupportSystems, Prentice Hall International.Teng, J. T. C. and D. F. Galletta (1990). "MIS research directions: Asurvey ofResearchers’ Views." Data Base 21(3-4): 1-10.

31CONTEXTUAL DETERMINANTS OF THE USE OF ANORGANIZATIONAL SUPPORT SYSTEM IND. Cecez-KecmanovicUniversity of Western Sydney HawkesburyFaculty of ManagementLocked Bag #1 Richmond NSW 2753AustraliaPh 612-9852-4157Fax 612-9852-4185E-mail Dubravka@uws.edu.auA. BusuttilUniversity of Western Sydney HawkesburyStaff DevelopmentLocked Bag #1 Richmond NSW 2753AustraliaPh 612-4570-1572 Fax 612-4570-1681E-mail A.Busuttil@uws.edu.auD. MoodieUniversity of Western Sydney HawkesburyFaculty of Environmental Management andAgriculture, Locked Bag #1 RichmondNSW 2753, AustraliaPh 612-4570-1626 Fax 612-4570-1383E-mail D.Moodie@uws.edu.auF. PlesmanUniversity of Western Sydney HawkesburyStaff DevelopmentLocked Bag #1 Richmond NSW 2753AustraliaPh 612-4570-1572Fax 612-4570-1681E-mail F.Plesman@uws.edu.auAbstractThe literature review provides contradictory evidence regarding the social effects ofcollaborative technologies such as groupware and electronically mediated communicationsin support of organisation-wide decision-making processes. Due to their inherentcharacteristics, these technologies are believed to contribute to freedom of speech, equalityof access, and the lowering of social barriers, and thus are considered to advanceparticipatory, democratic decision making (a technological deterministic approach).However, many recent studies challenged these views and provided evidence to the contrary.This paper attempts to address the core problem in understanding the social effects oftechnologies on organisational decision making processes which is the complex interactionsamong the actors and these technology as contingent upon a social and cultural context.This paper reports research results from a case study of an Organisational Support System(OSS) in a consultative organisational change process in an Australian University. Throughthe provision of a �virtual discussion forum�, the OSS based on e-mail and intranet wasdeployed to enable equal participation of all University members, and freedom ofexpression (�everybody will have their say and will be heard�) and to contribute to moreparticipative and consensus based decision making. The data collected in this research(messages, documents, interviews, notes) provide mixed evidence regarding the attainmentof these objectives. We identified significantly different modes of use of the OSS across theinstitution, by departments, groups and individuals. We found that contextual determinantssuch as management traditions, the use of power, and the possible existence of a culture ofconsultation, conditioned the modes of use and consequently the role the OSS played in theprocess. On the other hand, we also observed how the OSS and the Consultative process inturn impacted upon these contextual factors.1. INTRODUCTIONThe use of information technologies (IT) to support organisation wide decision-making hasbecome commonplace. Information sharing and problem identification, discussions aboutproblem situations, alternative actions and expected outcomes, selection and coordination ofactions, to name just a few, are performed not only in face-to-face but also in any-time-any-place interactions. Organisation wide participation in decision-making has become significantlyenhanced through the deployment of a variety of collaborative technologies such as groupdecision support systems (GDSS), computer-supported cooperative work (CSCW),groupware, e-mail, computer-mediated-communications (CMC), computer conferencing andtheir different combinations. The ideals of open communication and equality access, freedom ofspeech and participatory, democratic decision making, seem to be consistent with theassumptions behind the design of these technologies. They are, as Sproull and Kiesler wrote,

32�surprisingly consistent with Western images of democracy� (1991b, p13). They found CMCand especially e-mail instrumental in fostering democracy in organisations. One important assumption behind these technologies is the equality of access which means thatall the participants have an equal opportunity to access the communication network andinformation in the system, to contribute to the discussion, and affect the opinion of others.Equality also means an equal time span for the communicative performance of participants withno regard to their status differences (Mantovani, 1994). This equality of access is particularlyemphasised when contrasted to some of the limitation of access and status related barriers inface-to-face interactions. Mantovani found this aspect of CMC and other electroniccommunications really important for increasing democracy in organisations.In a series of controlled experiments with groups of students using CMC Dubrovsky et al.(1991), Sproull and Kiesler (1991b), Kiesler and Sproull (1992) provide evidence that high-status members spoke less and low-status members spoke more, thus reducing the impact ofstatus differences. This equalising effect however has not been confirmed by Adrianson andHjelmquist�s (1991) study of CMC in everyday work situations. These differences may bepartially explained by the different populations involved in these research studies: students vs.real employees. The impact of the organisation wide electronic communications on the equalityof access still remains a controversial issue.Neilson (1997) for instance found that Lotus Notes �democratises information access renderingtraditional structures meaningless. In Taylor-like organisations, Notes implementation wreakshavoc with command and control Weberian hierarchies. In information heterarchies, Notesprovides a means for any-time and any-place access to information.� (p41). Sproull and Kiesler(1991a, 1991b) provide evidence that electronically mediated communications affect socialinequalities by softening the status related barriers and decreasing the informational andemotional distance between the center and peripheral employees. Rice (1990) on the other handfound quite the opposite - that computer—mediated communication systems tend to enforcerather than reduce status related differences. Child and Loveridge (1990) found that becausethese systems are designed to support existing power structures and hierarchies they facilitateexisting relationships and interaction patterns, and maintain status barriers and power distance.�Electronic links primarily enhance existing interaction patterns rather than creating new ones�(Bikson et al., 1989, p102).Technological determinism, which views various groupware and electronically mediatedcommunications as inherently apt to support democracy, has been widely challenged. �It isapparent that some degree of technological determinism is implicit in searching first for thesocial effects of the new communication technology rather than the multiple ways in whichindividuals, social groups, and organisations control cognitive artefacts, so as to adapt them tothe uniqueness of social contexts.� (Mantovani, 1994, p47). The controversial evidence fromresearch on the social effects of these technologies indicates the necessity for deeperunderstanding of social contexts and their subtle ways of determining the use of technology.A significant body of research has contributed to the understanding of the context within whichthe information systems operate. Technology does not operate as a technical tool outside asocial context, but rather as part of socio-technical �webs� that generate and use it (Kling, 1980,Kling and Scacchi, 1982, Kling and Iacono, 1989). In studying the context of informationsystems, Walsham (1993) focuses on �the various social structures which are present in theminds of the human participants involved with the system�Their interpretations of reality, theirshared and contested sense of the world, create complex interacting contexts within which theinformation system, as a human artefact, is drawn on and used to create or reinforce meaning�(p4-5). This in turn may lead to a reinforcing existing power structures or creating new systemsof authority and meaning. The literature review shows that the expectations that the use of groupware and electronicallymediated communications in support of organisation-wide decision-making will contribute tofreedom of speech, equality of access, and the lowering of social barriers, and thus advancing

33participatory, democratic decision making, have some substance but still remain highlycontroversial. The major problem is the deep understanding of technology�s intervention into afabric of organisational processes or, in Zmud�s words, of �complex interactions among theintentions of key actors, attributes of the technology involved, and dynamic organisationalprocesses�. (Zmud, 1990, p95)..The issues of �complex interactions� are addressed by an exploratory case study of anOrganisational Support System in the Sygma University (a pseudo name of an AustralianUniversity). Sygma went through an organisational change process (carried out as anConsultative Process) during 1997. The process involved the whole management structure andall the staff members of the University. The Organisational Support System based on E-mailand Intranet, was designed to be an integral part of the Consultative Process. The purpose ofthe Organisational Support System was to provide equal access to information to all staff, toenable a university-wide electronic forum for discussion, and to support the coordination oftasks and activities of the many individuals and groups involved in the process. The objective ofour case study was to advance the understanding of complex interactions of individuals, groupsand the organisation with the Organisational Support System, within specific social andorganisational conditions. The qualitative nature of this research approach enabled us to uncoverand examine contextual determinants of how the Organisational Support System wasinterpreted, appropriated and used by actors across the institution.The purpose of this paper is to present the segment of this study which observed the interactionpatterns, use and impacts of the Organisational Support System in different stages of theConsultative Process. To this end we first present a brief description of the case study in thenext section. In section 3 we present a summary of research findings: characteristics ofparticular social and cultural contexts and patterns of social interactions mediated byOrganisational Support System. The contextual determinants of the use of the OrganisationalSupport System and its effects are interpreted within democratic vs authoritarian managementtraditions. In section 4 Concluding Remarks we summarised the findings and majorimplications of this study.2. CASE STUDYThe purpose of this case study was to explore, document and interpret:• the nature of the organisational, social and cultural contexts governing Sygma Universitywithin which the consultative decision making process (referred to as the ConsultativeProcess) was undertaken• the way the Organisational Support System (OSS) was used by individuals, groups and theinstitution• the interaction of individuals, groups and the institution with the Organisational SupportSystem within the context, during the Process.The authors were involved in the study as participants in the Consultative Process. Each of theauthors played an established role prior to the study. Data were collected partially using theparticipant as observer technique (Gold, 1958, Junker, 1960, Atkinson, and Hammersley,1994) and partially as participants engaging in reflective practice after the event (Schon,1987).Being participants in different parts of the Consultative Process the authors also receivedmessages, memos, discussions, documents and other materials created during the ConsultativeProcess, including a summary of the survey administered in Sygma. The research team wasalso interested in collecting experiences of and insights about individuals� interaction with OSS.To this end semi-structured interviews were conducted with thirty staff members from a broadcross section of the University. The interviews were crucial not only in helping to recognise thedifferent patterns in the use of OSS but also to understand the contextual underpinnings. Thefieldwork occurred in the second half of 1997, and interviews were conducted in the last quarterof 1997 and the beginning of 1998. In the analysis both manual records and the computersupport for qualitative data analysis, NUD*IST (Richards and Richards, 1993) were used.

342.1 SYGMA UNIVERSITYThe Sygma University is situated in a semi rural area on the outskirts of a large metropolitancentre. It was originally established in 1891 as a single purpose college and evolved over theensuing years to become, upon the destruction of the binary higher education system in 1989, apart of a greater university network. It has an enrolment of more than 5500 students, and canthus be regarded as a small university. The staff body comprises of approximately 250academic staff distributed over five faculties and approximately 420 general staff membersincluding administrative staff, technical and scientific officers, field and maintenance staff, etc.This University has undergone a number of restructures over the past ten years, which havebeen instituted on the basis of greatly varying management practices. Confronted with long termbudget cuts, increased competition and other economic, political and social uncertainties, Sygmaembarked on another strategic change process in 1997. This organisation-wide restructure wasthe first carried out as an explicitly designed consultative process . Everyone was invited toparticipate on equal terms. Union representatives were included in the official decision-making.An Organisational Support System based on e-mail and Intranet, was designed to enableorganisation-wide communication, equal access, and broad participation.2 . 2 SYGMA CONSULTATIVE PROCESSThe objectives of this Process as defined by the President of Sygma were:• �Greater capacity to function as an integrated scholarly community with a shared sense ofbelonging to a common academy,• Maximisation of our competitive capacity to pursue our academic mission with success,flexibility, and integrity,• Improvement in our quality and quality assurance processes,• Increase in our potential and capacity for income generation,• Achievement of essential savings and efficiency gains.�The Consultative Process spanned three phases:Phase 1 Pre-Planning ConferenceAt the beginning of 1997 the Sygma Executive issued five strategic papers which addressed:teaching and learning, research and consulting, funding and income generating, the structureand management of Sygma, and the organisational culture of Sygma. The papers weredistributed widely by email and as hard copy to every staff member with an invitation torespond. Responses were distributed initially through an email discussion forum andsubsequently were collated by a Consultative Process Coordinator and lodged on the Intranet,an internal website. At this stage the design of the OSS was finalised and subsequentdiscussions, papers written by the Executive and other staff contributions were presented,distributed and stored via the OSS (managed by the Coordinator). A survey called: CriticalIssues — Staff survey was formed from the data arising in the discussions and sent to each staffmember. Two forums open to all staff were held on each of the two campuses leading up to thePlanning Conference.Phase 2: Sygma Planning Conference and the development of The Blueprint1998 — 2001 PrinciplesThe Planning Conference, attended by approximately 10% of the total staff group, was held midyear to discuss and explore the major issues as raised during Phase 1 to do with the structureand function of Sygma and make recommendations to the President. The Report from theConference was made available to the staff body through email, the Intranet and hard copy.After a short post Conference discussion the President wrote the document entitled Blueprint1998 — 2001 Principles, which was first discussed by the Executive and then circulated to thetotal staff of Sygma for comment. The document was widely discussed by academic and

35administrative units, discussion groups and public forums. 60 submissions were published onthee-mail and intranet by the Coordinator.Phase 3: The Blueprint Principles — Implementation and PlanningThe final version of the Blueprint was released. The changes to the earlier draft, some of whichwere significant, were based on the outcomes of Phase 2. An Implementation Plan wasattached detailing the process of implementing the Blueprint, including the formation of anImplementation Coordination Team chaired by the President; the formation of four smallerteams to design the four new divisions as defined by the Blueprint; and the Joint Union-University Consultative Committee was created to oversee the Process. During this phase anincreasing proportion of staff took part in the implementation teams and special purpose groups.Through keeping an accurate record of the latest team outcomes, and by enabling coordinationof their activities the OSS played a vital role in the functioning of the complex web of teams andgroups. The implementation phase which was intended to end in 1997 has continued into thefirst quarter of 1998.2 . 3 ORGANISATIONAL SUPPORT SYSTEMAn integral part of the Consultative Process was a computerised Organisational SupportSystem, based on e-mail and the Intranet. This system performs functions of anOrganisation Decision Support System by supporting organisation-wide processes, enablingcommunication and coordinating decision-making across functional areas and levels.Considering a wide range of definitions of Organisation Decision Support Systems (ODSS),from Hackathorn and Keen (1981), to Watson (1990), Swanson and Zmud (1990), King andStar (1990), George (1990), to Carter, et al. (1992) and Turban (1993), Sygma�s OSS can beseen as an embryonic version of ODSS. In the classification of Fedorowicz and Konsynski(1989) Sygma�s OSS would belong to Type 2, Structure Independent ODSS, that �spans theorganisation�, and is �used by individuals outside functional or hierarchical boundaries�.However, in its present version, it must be noted that the OSS does not conform to thetraditional model of ODSS such as the one presented by Carter, et al. (1992) and Turban(1993).The OSS was designed along with the overall Consultative Process with the objectives to:• enable organisation-wide communication, discussion and sharing of informationindependent of time and space limitations• maintain the repository of messages and documents created in the process• enable effective and efficient coordination among different individuals and groups involvedin the Consultative Process.The OSS was based on the University wide communication network and included an e-mailsystem with �Sygma-All� facility (enabling 1:n communication) controlled by a Coordinator, arepository of e-mail messages published on the Intranet, and a structured set of documentsregularly updated on the Intranet. The design of the OSS was based on the assumptions that Sygma embodied a democraticacademic tradition and espoused broad based consultation in making strategic decisions, as wellas open dialog in a non-threatening, friendly discussion climate. Various forms of publicdiscussions, such as forums, consultative committees and conferences, had previously beenpractised whenever the circumstances or issues required an organisational response. An elementpreviously missing, it was believed, was an appropriate electronic support system that wouldprovide a virtual forum in which all members of the Sygma University could participate. Theunderlying assumption was that if such an OSS was available to everybody then SygmaUniversity would use its full potential for democratic decision making. Almost all Sygmamembers had access to the University network and therefore were potential users of the OSS.The OSS communicated intensively with its users: it sent all the messages and documentscreated in the Consultative Process, prompted or requested a response from the users onparticular issues (survey, discussion papers, etc.), alerted users about important events,deadlines, new documents etc. The OSS also provided a full set of accumulated messages and

36documents (including different versions) which could be searched and downloaded at any time.Due to these properties, the designers assumed, the OSS would empower both academic andgeneral staff members of Sygma to participate in the Consultative Process and activelycontribute to the innovation of their own work processes. Consequently, they believed, staffwould not only be consulted but would feel ownership of the outcomes.3 RESEARCH FINDINGS: A CONTEXT AND THE MODES OFUSE OF OSSThe nature of the Consultative Process was such that we have to distinguish first between twolevels of use of the OSS:• group level: interaction of individuals among themselves, within a group and the group�sinteraction with others• organisational level: institution wide, public interaction between individuals and groups.The research findings at each level will be summarised here with an emphasis on the social andcultural context and the patterns of use of OSS, schematically presented in figures 1 through 5.3 . 1 GROUP LEVEL3 . 1 . 1 Authoritarian and Bureaucratic Group ContextCharacteristics of the local context• rigid hierarchical structure and authority of power,• authoritarian and bureaucratic style of management: group leader (manager) directs andcontrols the work of members (subordinates)• members� dependence on their leader• subordination and obedience to the leader demanded• controlled access to informationFig 1 Authoritarian and bureaucratic local context and the modes of use of OSSSeveral groups in the Sygma University exhibited an authoritarian, hierarchical and bureaucraticmanagement model and undemocratic local culture. During the Consultative Process membersof these groups were typically asked to meet with their leader or manager to discuss proposals,issues and concerns. The manager would then feel responsible to interpret and represent the OSS

GroupLeader

Members

GroupsubmissionOSS

Groupsubmission

Group Mode 1ARepresentation-by-ManagerGroup Mode 1B Sidestepping-the-Manager

37group�s position. He/she would for example submit the proposal or response to �higherlevels�, via OSS. The characteristics of the local context and the modes of use of the OSS foundin this type of context are presented in Fig 1.Due to his/her power position, a manager of this type would appropriate OSS to fit his/hermanagement model and values (Mode 1A). Despite open access to all information in theConsultative Process and repeated invitation by the Executive to all staff to participate, membersof such groups tended to feel disempowered and voiceless. Their perception of status relatedconstraints and pressure to conform to their manager�s views appeared to make them feelperipheralised in the Consultative Process. They perceived the role of OSS as assisting existinginteraction patterns and social inequalities, as well as reinforcing their manager�s powerposition, something �that is for him/her not for them�.In a few cases, however, some members of a group got together without their manager andsubmitted their contribution by e-mail. They perceived OSS as an opportunity toavoid theirmanager and escape the inhibiting forces within their unit (Mode 1B). Although these examplesdemonstrate a potentially emancipatory use of OSS, the fact that the members acted outside the�accepted� interaction patterns and did not basically change the local culture, indicates that theprovision of an open communication platform, like OSS, may not have been enough to changethe local culture.3.1.2 Close Knit Group ContextSome academic groups revealed a very strong local culture (see Fig 2) characterised by aparticular value system and professional standards, believed to be distinct from the rest of theUniversity. Members of such groups felt a strong identification with their group (oftencoinciding with profession identification) and were committed to the betterment of their groupwellbeing and the protection of their interests. Members of the smaller close knit groups openlydiscussed all the relevant issues (often using their group e-mail) and submitted their groupposition or response to the Consultative Process (Group Mode 2A, Fig 2).Characteristics of the local context• democratic and participative management style and consensus based decision making• a strong sense of community, collective responsibility, and high commitment and loyaltyto the group in contrast to the alienation from and mistrust towards the University• mutual interdependence within the group; feeling of physical and emotional closeness• the University perceived as the �bureaucracy�, constraining their autonomy, academicfreedom and creativity.Fig 2 Close Knit Group local context and the modes of use of OSS Group Mode 2A Group Mode 2B Close Knit Group Interaction Larger Closed Group Interaction

GroupLeader

OSSGroupe-mail

GroupsubmissionMembers OSS Sub-groupsGroupLeader

Consolidatedgroup submission

38Larger groups, often consisting of several factions or sub-groups (Group Mode 2B, Fig 2),also submitted a consolidated group response, but spent more time and effort in negotiations.Irrespective of the size though, close knit groups tended to perceive the Consultative Process asa new threat to their autonomy, as an intrusion into their own business and their professionalresponsibility. They perceived the OSS not as an opportunity for a University-wide debate andengagement with the broader community, but as a means to more effectively promote theirvalues and protect their group interests.3.1.3 Open, Democratic Group CultureAlot of groups exhibited an open, democratic and participative local culture (Fig 3),encouragingloyalties toward both the group and the University. They not only engaged in the consensualprocesses within the group but also actively promoted and battled for participative anddemocratic ideals within the University. Most of the active participants (apart from theExecutive) in the Consultative Process came from these groups. The availability of informationand the transparency of the Consultative Process achieved through the OSS made them feelempowered and better prepared to take a critical approach.Characteristics of the local context• open, democratic, and participative local culture encouraging both loyalties toward thegroup and the University• active engagement in the consensual decision making and collaboration within the groupas well as in the promotion and affirmation of participative and democratic ideals withinthe University• information and knowledge shared within the group and a broader UniversitycommunityFig 3 Open, democratic local context and the mode of use of OSSThese groups used the OSS according to their ideals of an open and democratic process. Theyused the full potential of electronically mediated communications to engage in the Universitydebate, to hear from others and to be heard. They experienced many benefits reported in theliterature: equality of access, softening of status related barriers, and decrease in their physicaland emotional distance from the Executive and from other fellow members. OSS GroupLeader

Sub-group submissionGroupe-mailGroupsubmissionGroup Mode 3Open Communication Within and Without

Individualsubmissions

393 . 2 ORGANISATIONAL LEVEL3 . 2 . 1 Top-Down and Bottom-Up Hierarchical Interaction ProcessCharacteristics of the organisational context• top Executive acting as brain and mind of the organisation, responsible for itsperformance• top down, hierarchical process; information flow from the Executive at the topdownwards to the members• legitimation of organisational knowledge based on the authority of power Fig 4 Hierarchical, two-way interaction context and the mode of use of OSS At the very beginning, the Consultative Process was conducted as a top down, hierarchicalprocess, characterised by vertical flow of information from the Executive to the members (Fig4). This use of the electronic media by the Executive to disseminate information was perceived bysome interviewees as an exercise of the authority of power. The feedback from the communitywas nevertheless triggered as each member of the University and all the departments, units,groups were invited to respond. A public two-way vertical communication had been established(Organisational Mode 1, Fig 4) and towards the end of Phase 2 intensified. The OSS wasinstrumental in achieving the two-way communication between the Executive and the membersof Sygma. Some interviewees found it democratising and contributing to the more participativedecision making. Others, less enthusiastic, found the interactions �controlled and carefullymanaged by the centre�, �diminishing the origins of potential resistance and taking control ofthem, appropriating them�. Although technically enabling an n:m interaction, the OSS wasperceived as a means for two-way communication, between them and the Executive, not as adialogue among the members. This mode of use of the OSS reiterated vertical flow ofinformation typical of bureaucratic and hierarchical organisations. 3 . 2 . 2 Collaborative Interaction Context The turning point in the use of the OSS, and in particular the Intranet, was an agreement at thebeginning of the implementation planning process that documents might be publishedelectronically in draft form as they were created or changed, without necessarily being officiallyapproved. Despite the strict policy that required Presidential approval of any official document,consistently applied prior to this point, the major Implementation team (chaired by the President)admitted that the sheer volume of documents in circulation and the dynamics of their creationand refinement made the policy unrealistic. Instead, divisional teams were encouraged to sharetheir draft documents via OSS, so that others could learn about them and check if there were anyproblems (inaccurate assumptions about another division, its tasks or responsibilities, possible Implementation team Organisational Mode 1: Two-Way Flow of Information group unit

Executive

Individuals

Implementation team

O S S

40inconsistencies of solutions, proposed policies, procedures, etc.). The culture of sharing ideaswith others and collaborating on the critical issues was gradually developing (Fig 5). Characteristics of the organisational context• more flexible, less hierarchical structures and relationships in the Phase 3 of theConsultative Process• authority of power positions in establishing organisational knowledge declining;increasing sharing of information and knowledge across the University• development of collaborative culture among members of the UniversityFig 5 Collaborative interaction context and the mode of use of OSSCompared to the previous phase, the mode of use of OSS has changed: various teams andgroups used OSS more and more for lateral communications, knowledge sharing, andcollaboration. The process of creation and refinement of documents within an implementationteam and interaction with other teams, groups and individuals via OSS was accepted as a

knowledge legitimation process

. Interestingly the participants in this process found themselvesin control of what was established as organisational knowledge despite the fact that it wascontingent upon the President�s final approval. 4. CONCLUDING REMARKSFrom a technological point of view the OSS provided equal opportunities for access andcontribution to organisation-wide decision making, as well as equal chances to interact with andinfluence others. These same technologically enabled opportunities have been perceived,interpreted, and used in many different ways across the institution. OSS was used as aninstrument to reinforce the existing interaction patterns, the authority of power, and statusrelated differences, thus reproducing the existing value system and management structures.These findings are in line with the research results by Birkson et al., 1989, Rice (1990), Childand Loveridge (1990), mentioned earlier. On the other hand, the OSS helped some individualsand groups escape existing hierarchical structures and bureaucratic relationships and have theirvoice heard. Many also used the OSS to interact with others and engage in a discussionirrespective of their status and rank. This is consistent with findings of Sproull and Kiesler�s(19911, 19911b) that electronically mediated communications foster democracy.The vast difference in use reported in the literature and also found in our research, can beexplained by significant differences in the social, cultural and organisational environmentswithin which the technology was embedded. The deep analysis of the local contexts (units,departments, groups, teams) on one hand, and the organisational context, on the other, revealedan essential role of the following contextual features:Implementationteamgroupunit

Executive

Individuals

Organisational Mode 2: Collaborative Interaction

Implementationteam

O S S

41• Subordination and obedience to superiors, lack of trust, dependence on authority, autocraticmanagement style using monitoring, control and reporting, typical of hierarchical andbureaucratic systems, produce a climate in which superiors legitimately use the technology(as any other means) to reinforce their power position and in which subordinates suspectthat this might be the case. We do agree here with Mantovani (1994) that the technology isadapted to the �uniqueness of the social context�. In other words, the mere opportunity forequal access and freedom of speech (technologically feasible) is not sufficient to change anon-democratic, authoritarian context to become a more democratic and participative one.• Questioning, disapproval and rejection of existing power structures and the legitimacy ofpower motivated some members to use the technology as an instrument to escape theestablished bureaucratic constraints and voice their opposing ideals, values, and norms.They used the technology strategically to influence others, particularly top management,with the aim to change either their local context or the broader organisational context. Thismay be interpreted as having a democratising impact on the interaction patterns. Notehowever that the technology in these cases did not affect the established power structure nordid it affect the role of the authority in legitimating organisational knowledge.• A high level of trust, mutual interdependence, the authority of knowledge and the climate ofcollaboration and cooperation, information and knowledge sharing, characteristic ofdemocratic and participative management systems, seem to ideally match the technology likethe OSS. Although this management model was rarely present in its full colours, or at bestis found in pockets (groups, teams), we still learned a great deal from the changes realisedby the use of the OSS. The OSS helped those individuals and groups that were committed tothe democratic management values and a participative decision making. Essentially the useof OSS enabled them to actively participate in the creation, sharing, and legitimation oforganisational knowledge. In such a subtle way the OSS contributed to the fundamentalchanges in the control of communication channels and mechanisms by which organisationalknowledge is established. These changes, we believe, are potentially extremely powerful inaffecting the painful transition from the bureaucratic, authoritarian type of organisation to amore democratic and participative one.Our case study demonstrates how qualitative research can contribute to the understanding ofparticular social, cultural and organisational contexts that conditioned complex interactionsamong the actors and the technology (an Organisational Support System in our case). It enablesus to uncover and understand multiple contextual factors that affected different perceptions andinterpretations of the OSS�s purpose and role, different ways of appropriation of the OSSrelative to the individual or group needs, interests, and position, as well as different implicationson the particular contextual conditions at the group and organisational level. The lessonslearned should be of interest to both the designers of technologies to support organisation-widedecision making processes and organisations that implement them.5. REFERENCESAdrianson, L. and Hjelmquist, E. (1991) Group Processes in Face-To-Face andComputer-Mediated Communication, Behaviour and Information Technology, 10, 4, 281-296.Atkinson, P. and Hammersley, M. (1994) Ethnography and Participant Observation, inHandbook of Qualitative Research (eds. N.K. Denzin and Y.S. Linkoln), Sage, London, 248-272.Birkson, T.K., Eveland, J.D. and Gutek, B.A. (1989) Flexible InteractiveTechnologies for Multi Person Tasks: Current Problems and Future Prospects, in TechnologicalSupport for Work Group Collaboaration (ed. M.H. Olson), Hillsdale, NJ: Erlboum.Carter, G.M. et al. (1992) Building Organisational Support Systems. Cambridge, MA:Academic Press.Child, J. and Loveridge, R. (1990) Information Technology in European Services —Towards a Microelectronic Future, Oxford, Blackwell.

42Dubrovsky, V.J., Kiesler, S. and Sethna, B . N . (1991) The EqualisationPhenomenon: Status Effects in Computer-Mediated and Face-To-Face Decision-MakingGroups, Human-Computer Interaction, 6, 119-146.Fedorowicz, J., and Konsynski, B. (1989) Organisational Support Systems,Proceedings, The Information Systems and Decision Processes Workshop, University ofArizona, Tucson, AZ.George, J.F. (1990) The Conceptualisation and Development of Organisational DecisionSupport Systems, Working Paper, Dept. of MIS, University of Arizona, Tucson, AZ.Gold, R. (1958) Roles in Sociological Field Observations. Social Forces, 36, 217-223.Hackathorn, R.D., and Keen, P.G.W. (1981) Organisational Strategies for PersonalComputing in Decision Support Systems. MIS Quarterly, 5, No. 3.Junker, B. (1960) Fieldwork. University of Chicago Press, Chicago.Kiesler, S. and Sproull, L. (1992) Group Decision Making and CommunicationTechnology, Organisational Behaviour and Human Decision Making Processes, 52, 96-123.King, J.L., and Star, S.L. (1990) Conceptual Foundations for the Development ofOrganisational Decision Support Systems. Proceeding of the Twenty-third Annual HawaiiInternational Conference on System Sciences, Vol III, Los Alamitos, CA: IEEE ComputerSociety Press, 143-151.Kling, R. (1980) Social Analysis of Computing: Theoretical Perspectives in Recent EmpiricalReserch, Computing Surveys, 12, 61-110.Kling, R. (1991) Defining the Boundaries of Computing across Complex Organisations, inCritical Issues in Information Systems Research (eds. R. Bolland and R. Hirschheim), Wiley,New York, 307-362.Kling, R. and Iacono, S. (1989) The Institutional Character of Computerised InformationSystems. Office, Technology and People, 5,1, 7-28.Kling, R. and Scacchi, W. (1982) The Web of Computing: Computer Technology asSocial Organisation. Advances in Computers, 21, 1-90.Mantovani, G. (1994) Is Computer-Mediated Communication Intrinsically Apt to EnhanceDemocracy in Organisations?, Human Relations, 47, 1, p45-62.Neilson, R. (1997) Collaborative Technologies, IDEA Group Publishing, Hershey.Rice, R.E. (1990) Computer-Mediated Communication Systems Network Data: TheoreticalConcerns and Empirical Examples, International Journal of Man-Machine Studies, 32, 627-647.Rice, R.E. (1992) Context of Research on Organisational Computer-MediatedCommunication, in Context of Computer-Mediated Communication, (ed. M. Lee), HarvesterWheatsheaf, 113-144.Richards, T.J. and Richards, L. (1993) Using Computers in Qualitative Research, inHandbook of Qualitative Research (eds. N.K. Denzin and Y.S. Linkoln), Sage, London, 445-462.Schon, D. (1987) Educating the Reflective Practicioner. Toward a New Design for Teachingand Learning in the Professions. San Francisco: Jossey-Bass.Sproull, L. and Kiesler, S . (1991a) Computers, Networks and Work, ScientificAmerican, 265, 3, 84-91.Sproull, L. and Kiesler, S . (1991b) Connections: New Ways of Working in theNetworked Organisation. Cambridge, MA, MIT Press.Swanson, E.B., and Zmud, R. (1990) Distributed Decision Support Systems: APerspective. Proceeding of the Twenty-third Annual Hawaii International Conference onSystem Sciences, Vol III, Los Alamitos, CA: IEEE Computer Society Press, 129-136.Turban, E. (1993) Decision Support and Expert System: Management Support Systems.Macmillan, Third edition.Walsham, G. (1993) Interpreting Information Systems in Organisations. Wiley, New York.

43Watson, R.T. (1990) ADesign for Infrastructure to Support Organisational DecisionMaking, Proceeding of the Twenty-third Annual Hawaii International Conference on SystemSciences, Vol III, Los Alamitos, CA: IEEE Computer Society Press.Zmud, R. (1990) Opportunities for Strategic Information Manipulation Through NewInformation Technology, in Organisations and Communication Technology (J. Fulk and C.Steinfeld), Newburry Park, CA, Sage.

44

45INFORMATION MANAGEMENT AND MULTICRITERIAMETHODSIN A CONTEXT-SENSITIVE DECISION AIDG.Marzano�, M.F.Norese*and E. Silli�*Dip. Sistemi di Produzione ed Economia dell’Azienda - Politecnico di TorinoC.so Duca degli Abruzzi, 24 - 10129 Torino, Italytel. 011-5647279, fax 011-5647299, E-mail norese@athena.polito.it�Insiel S.p.A. Lab. Progetti Speciali, P.za Sant�Antonio, 2 - 34170 Gorizia, ItalyTel. 0481-596611, fax 0481-596600, E-mail gilberto.marzano@relay.insiel.itAbstractOperational tools can be introduced into a real decision process to support its different phases if aclear understanding of the multiple complexity elements that can characterise the problemsituation allows an intelligent and integrated use of valid tec hniques. The mainelements thatcharacterise the context complexity are presented and put in relation with some typical decisionsituations which can be faced by a technical approach. Some technical possibilities of consistentlyproviding decision support with the context complexity are discussed.KeywordsContext complexity dimensions, multicriteria evaluation, technology support.1. INTRODUCTIONThe understanding of which context an analyst is working in is essential for a correctintervention. Reasoning about co ntext is essential for the choice of a consistent approach, theidentification of a usable method and the correct use of this method, mainly in terms ofdecisional parameter modelling and choice of interactivity and sensitivity analysis procedures.Problem formulation and structuring is an essential action that should precede each technicalchoice, in the analyst�s technical intervention and also in the structuring and developing of aneffective DSS. The context understanding, in the initial analysis and testing of the informationsystem related to the problem situation, can have a strong influence on the two technicalcontexts. This information system is constituted by elements of a different nature and fromdifferent sources and it is strategic to unde rstand the situation and then to support each technicalaction in the intervention process. The same structured knowledge can improve the effectivenessof a consistent DSS.Asystem which includes and makes all these different information elements usable m aysupport problem and context understanding and may orient the definition of a specific course ofaction and the correct integration of different tools, to reduce uncertainty and context criticality.Asystem, which can use all these different informatio n elements, may be more flexible, interms of technical integration with different environments, orientation to the user and the user�sproblem, analysis of the market and its tendencies.An analysis on the relationships between context, knowledge organisat ion and definition ofdecision situations is presented in this paper in which the second section describes a scheme ofcontext analysis, key element modelling and main situation identification. The decisionsituations that can be faced by a technical appr oach (and more precisely by a multicriteriaapproach) are presented in detail in the third section and the relationships between thesesituations, their main factors and the different technical actions is analysed in the last section.

462. CONTEXT ANALYSISContext understanding is essential for a correct intervention and this activity, in the initialanalysis and testing of the information system related to the problem situation, is oriented torecognising the specific organisational, process and operation al context and the multiplecomplexity elements which can characterise the problem situation. The main elements proposedin literature and here recognised as significant and sufficient to elaborate an operativeframework, are synthesised in a scheme an d are related to three dimensions:organisationalcontext, process contextand technical and operational complexity. Flood andJackson (1991) using the organisational and the complexity dimensions propose a categorisationof problem contexts with the aim of grouping the different systems methodologies andsuggesting when a situation favours the use of one rather then another. Here the twodimensions and the third processual dimension are presented with a similar aim of recognisingand grouping situations in which a specific technical approach can be used and preciselyoriented to the situation.2.1 Organisational and process contextThe first micro-dimension is related to the organisationalcontext which influences the decisionalsituation and the technical action. Some methodological approaches have been proposed inliterature to distinguish the different situations and adopt consistent courses of action (see forinstance Bowen, 1983; Osta nelloand Tsoukias, 1993). In a real synthetic way three typicalsituations are recognised and indicated as a stable and unitarianstate, a stable and pluralistic stateand an evolving and pluralisticstate.The first state identifies the most advantageous situation for the analyst, in which the problem isseen from the only and stable decision maker�s point of view and, if the solution derived by amethod is accepted, implementation is assumed to follow. The second state is related to asituation in which several groups of people or stakeholders are involved with differen t rolesand each of them proposes a different way of viewing and interpreting the problem situationbased on his or her background, experience, training and values. The situation can present adifferent complexity (in terms of conflict level and number of the involved stakeholders and oftheir perspectives and objectives), the only positive aspect is the relative stability of thissituation, which implies time margins to analyse and face the problem. The last state proposes apluralistic and evolving orga nisational context which implies clear difficulties for the analyst.The second macro-dimension is related to the processcontext that characterises a situation inwhich problem formulation, involved actors, �means� , data, information, knowledge andpreferences evolve continuously. Atechnical action should evolve during the intervention interms of the main purpose, method ological approach, choice and use of appropriate tools; aDSS should memorise these evolving situations and allow an easy passage from an informationand decision state to a new one, from old to new problem formulation, possible courses ofaction and decision criteria.Three different states are defined as pre-decisional, decisionaland post-decisional context inorder to synthesise the different elements which can characterise the technical actions in relationto a decision process. In the first state the intervention is mainly oriented to understanding,analysis and problem structuring; time limits ar e not so restricted because each decision is notimminent. In the second state the problem situation should be sufficiently clear and wellstructured, or it still has to be analysed but the technical action is defined and may be urgent. Inthe last situation at least one decision have alread y been made, but the resources have to beidentified and mobilised and the decision implementation has to be supported and managed.2.2 Technical and operational complexityThe third and last micro-dimension is defined as technical and operational complexityandincludes a multiplicity of elements that characterise and limit the operational context in which

47every technical course of action develops. They can be distinguished as information, actors�andenvironment characteristics, which are articulated in five criteria, each of which joins to differentqualification states (Roy, 1985; Vincke, 1992). Combinations of these states (one for eachcriterion or attribute) identify different technical and operational complexitysituations.Information characteristicsTwo main complexity forms (orientation and understanding complexity) characterise theinformation situation. Elements of a reference system (points, co-ordinates and categories)allow the course of action to be oriented; the nature and conditions of this reference system canbe different and the possible analysed states are: Total absence of a reference system (ARS),Presence of a restrictive reference system (RRS) and Presence of a limited reference system(LRS) which is not restrictive and can b e improved or modified by a technical action. The firststate is especially critical because there is no particular idea of how the problem has to be faced;the second state (RRS) proposes the opposite situation in which a clear reference systemimposes g reat constraints and sometimes limits the view. The last state (LRS) is the mostfavourable because the reference system can guide the action without a strong restriction.Information elements on the organisation and the specific problem situation can be globally orpartially lacking and may require specific inquiry activities. Three main situations are analysedin terms of Total lack of information (LI), Constraints in the use of previously acquiredinformation (CI) and Imperfect information (II). As in the previous situation the first state isespecially critical, the second proposes a differently critical situation and the third represents anormal situation.Actors�characteristicsDecision complexityis related to the nature of the decision system. Th ree states characterise thissystem as a conflict or coercive (Flood and Jackson, 1991) situation (C), a scarcely relationalsituation (SR) and a co-operative situation (CO). The first situation is the most critical, becauseconflict views reduce the mar gins of a technical action. The second, in which a lack ofcommunication can be technically solved, but it may be the sign of latent conflicts, is relativelyless critical. The third situation is the most favourable, because a co-operative approach impli esdifferent points of view, but also an inclination to debate and negotiation.The perspectives on actionin an organisation characterise the problem and impact the technicalapproach. External and internal critical factors can generate a crisis situation; positive stimuli andinternal interests can generate opportunities (Mintzberg, 1976; Pettigrew, 1990). In the "rationalactor" perspective, people and organisations evaluate alternative courses of action and exercisefree rational choices; in the "situ ational control" perspective external factors or events constrainor force people and organisations to behave in certain ways. In the "emergent" perspective onaction, the behaviour of people and organisations emerges from a dynamic interaction of external circumstances and internal motives of interests (Pfeffer, 1982; Markus and Robey, 1988). Theadoption of the first approach (RA) implies that the problem is well structured and informationis available, complete and usable. This approach becomes dangero us if the situation isdifferent. The second state (SC) implies an organisational passive attitude towards each risksituation and a very attentive technical intervention. The third state is the most favourable foreach technical course of action.Environment characteristicsThe nature of the environmental stimuli to the problem situation characterises and limits theoperational context. They can be critical factors which are external to the organisation (CEF),internal critical factors (ICF) and internal stimuli and advantages (ISA).The first two statespropose critical situations, the last state is completely different.2.3 Classification schemesThe combinations of all the different qualification states, for the five criteria, identify 243different technical and operational complexitysituations, but not all these are possible andsignificant. In (Norese and Macci�, 1997) all the situations were analysed and ten sets were

48excluded because they were impossible (3 sets), improbable or without any mea ning (7). Theremaining 67 possible situations were classified into nine typologies, in relation to the maincritical factors or simple constraints, and then ranked in four macro-levels, in terms of criticalityand complexity (simple, difficult but under control, very complex and critical situation ), whichcharacterise the operational dimension (fig.1). These four states must be connected to the threesituations (stable and unitarian , stable and pluralisticand evolving and pluralistic) which areindicated in relation to the organisationalcontexts and the other states (defined as pre-decisional,decisionaland post-decisional) which characterise the processcontext. Twelve differentcontextual situations are recognised (fig.2), in relation to the organisational and operationaldimensions, and these acquire more detailed distinctions when they are related to the decisionprocess evolution and the operational finalities and time limits which characterise each phase.If attention is concentrated on evaluation, the context analysis can underline specific elementswhich condition the evaluation development. In some situations the definition of an evaluationprocedure is quite impossible; in others, when the recognised complexity is acceptable andclearly charac terised, the support of specific techniques is required to reduce the criticalconditions and allow the evaluation development; the content of an evaluation, that is, the valuesand criteria to be considered and what should be measured, changes with the specific contextsituation. In the next section the different evaluation conditions in the various decision contextsare examined, mainly in relation to the multicriteria approach and to its methods and procedures.The relationships between these situations, their main factors and the different technical actionsare analysed in the last section and connected to a new generation window-based environmentwhich allows the processing of structured data, images, documen ts, graphics and voice).Macro-levelsTypologies67 possiblesituationsCritical situationsUrgency, conflict and innovation (crisis)Urgency and conflictConflict346Very complex situationsUrgent and without any reference situationUrgencyInconsistent decision approachRestrictive reference or information system41464Difficult but under controlInformation and decision constraints24Simple situationsStructured problem, without information anddecision system limits2Figure 1: Operational dimension macro-levels.3. EVALUATION AND MULTICRITERIA AID FOR DECISIONEvaluation is a complex and elusive notion that has a number of overlapping interpretations. It isan on-going activity, which is always present in a decision process; the contents and form of theevaluation change in relation to the specific phase of th e decision process, to its nature and to itsmain purpose. Evaluation can be seen as a process and at the same time as an important decisionsupport function; it may be defined as a collective learning pro cess which links evaluationcontents (that is the values and criteria to be considered and what should be measured) with theevaluation context (Serafeimidis and Smithson, 1996). The evaluation can be considered as aprocess for diagnosing malfunctions an d suggesting appropriate remedies as well ascontributing to the planning of organisational activities. From a system�s perspective, evaluationis the crucial feedback function, which helps the organisation learn and which helps managers toplan and control their investments. From a management point of view, evaluation is a processoriented to establishing the value of an object (or a project, a candidate, an idea, a course ofaction and so on) for the organisation.

49This last interpretation is the core of methodological approaches which focus on values andalternatives to solve decision problems (see for instance Keeney, 1992) or on the multipleconsequences of the possible actions-decisions, seen as application poin ts for decision aid(Roy, 1996). This las t, the Multicriteria Aid for Decision, is a discipline oriented to supportdecision processes in different organisation contexts, using a multicriteria approach andevaluation multicriteria methods. These methods are flexible enough (and numerous enough) tobe used in different contexts, but the choice of a specific method and the correct use of a method(mainly in terms of decisional parameter modelling and choice of interactivity and sensitivityanalysis procedures) are closely related to the context.Theevaluation process develops and assumes different roles and meanings in relation to theorganisational and operational peculiarities of its context. In the classification scheme of fig.2twelve different contextual situations are recognised in relation t o the context organisational andoperational dimensions. Situations II, III, IV and VIII cannot be faced by a multicriteriaapproach and evaluation multicriteria methods because of their great conflict or evolutive nature.Situations I and XII are not rea listic or not significant. The other situations, which may befaced by a multicriteria approach, are defined as:Æ multiplicity of homogenous point of view (situations IX, X and XI);Æ multiplicity of non homogenous points of view in a general attitude to co-operation andnegotiation (situation V);Æ multiplicity of non homogenous points of view from non collaborative involved actors(situations VI and VII).These three macro-classes acquire more detailed distinctions when they are put in relation to thedecision process evolution (and then to the operational finalities and resource/time limits whichcharacterise each phase) and to some important elements that characterise the decision processand impact the evaluation content, such as the structuring level of th e problem situation, themultiplicity and interdependency level of the problem situation issues, the initial definition levelof decision alternatives and criteria and the information state. Some different global contextsmay be proposed, three of these a re here described because of their great influence on the wayof thinking and developing an effective DSS.A formal multicriteria model and a multicriteria methodWhen the problem situation, the model (in terms of decision alternatives and criteria) and theinformation state are at least partially structured, the decision process state is generallydecisional. In the presence of homogenous points of view, the operational dimension firstmacro-class identifies the contextual situation which can globally be defined as relatively easy(situations IX and X) or rather complex, but only in terms of urgency or information restriction(situation XI). Several evaluation multicriteria methods can be used and the choice of a methodis mainly related to the problem s tatement definition (choice, sortingand ranking problems(Roy, 1985) to determine a subset of actions considered to be the best with respect to the familyof criteria, to divide a set of actions into subsets according to some norms, to rank the actions from best to worst) and to the specific information state (accuracy or uncertainty of the data). Thepresence of homogenous points of view means that each decisional parameter is easily modelledand a plurality of parameters are defined with the aim of a s ensitivity analysis.If information is not partially but completely structured and binding (RRS and CI as Informationcharacteristics, cf. 2.2),the situation can become difficult when the information structure andquality are not consistent with the method requirements easy (situations X and XI).If the context situation is characterised by a multiplicity of non homogenous points of view(situations V, VI and VII), even when a general attitude to co-operation and negotiation isshown, the deci sion process requires a collective validation of both the conceptual model of theproblem situation and the formal model (Landry et al., 1983) and then, if they are globallyacceptable, passage to a method. The collective validation of a partially struc tured model shouldbe supported by a very flexible system, such as those proposed in (Belton, 1985 and Friend,1989).

50_Operational_dim.OrganisationaldimensionSimple situation(Well structuredproblem withoutinformation limits)Difficult butunder control(Information anddecision constraints)Very complex(Urgency, decisionand informationsystem restriction)Criticalsituation(Urgency, conflictand innovation)Evolving andpluralistic state_Conflict(I) Not realisticand_evolving(II) No MCsituations(III) No MC_(IV) No MCStable andpluralistic stateNon homogenous(V)_points_of(VI)view(VII)(VIII) No MC Stable andunitarian state_Homogenous(IX)_points_of(X)view(XI)(XII) Not realisticFigure 2 Contextual situations.A formal multicriteria model as an "evolutive� systemWhen the problem situation, the model and the information state are ill-structured, the decisionprocess state is generally pre-decisional and the intervention is mainly oriented tounderstanding, analysis and problem definition and structuring. The contextual situation isfrequently related to the stable and pluralistic state and, when it is identified by the first or thesecond macro-class of the operational dimension (situations Vand VI), specific techniquesshould be activated for each class to reduce critical conditions and uncertainties and allow moredetailed characterisations. Different approaches and tools have been proposed in recent years(see for instance Lendaris, 1980; Bowen, 1983; Kling, 1987; Rosenhead, 1989; Rohrbaughand Eden, 1990; Basadur et al.,1994; Buffa et al., 1996). Some of these have been oriented tospecif ic aims, such as problem identification, formulation and structuring, while others havebeen more concerned with the global management of problems and models (for a critical reviewsee Baldwin et al., 1991). Some of these tools are proposed as Decision S upport Systems ( seefor instance Eden and Radford, 1990; Jelassi et al., 1992), others are rather methodological andtechnical tools. The initial perception of the situation complexity should orient in adopting acorrect approach and a specific technique. The integration of some key tools in a context-sensitive system could be a useful answer to the multiplicity of ill-structured situations and theonly possibility of supporting a formal modelling phase.Aformal multicriteria model has to be developed for t his situation as an "evolutive system"(Ozernoy and Gaft, 1977; Schneeweiss, 1987; Ostanello, 1990) which is based on differentelements, such as the problem statement, the set of actions and the family of criteria, whichchange during the process. Often none of these elements are known at the outset of themodelling process and different analysis and modelling steps have the main task of elementidentification or elaboration and making these elements operational. It rarely happens that theactions and c riteria of a decision problem are objective realities which are easy to grasp andmodel. Multicriteria aid to decisions implies that the scientist, before attempting to apply amethod, should help the decision-maker to define these elements, and the latter may be one ofhis most arduous tasks (Vincke, 1992).Innovative situation and collective action on the modelsWhen the problem situation and the model are ill-structured and any information element isabsent (ARS or LI as Information characteristics, cf.2. 2), the decision process state is generallypre-decisional (post-decisional when the decision implementation is difficult, new for theorganisation and object to structuring and planning) and the contextual situation can be identifiedin relation to different situations, with a growing level of difficulty (situations X,VI, XI andVII); the situation can be defined as innovative and the intervention is oriented to themanagement of new ideas and procedures, but mainly to acquiring information elements. Thisimplies an individual and/or collective work on the possible model elements, which aredeveloped by interacting with different logics of action and the several representations of theinvolved actors, exploring each possible information element, acquiring information andredefining it until an acceptable level of stability is obtained. This implies the employment oftechniques and tools which can facilitate discussion and explicit negotiation of the significant

51problem elements, enabling the structuring o fdifferent courses of action and their assessmentand control. Effective and efficient modelling requires a great deal of expertise and is generallynot supported by well structured tools. A model should include all the significant points of viewon the pr oblem and a clear specification of each element; its structure should be simple, easilyunderstandable and rigorous.Each situation needs specific capabilities, of non homogenous data handling in interconnecteddatabases, significant information selection, graphic display of the results and direct use ofselected data as input for a method, without any specific interface program. The growing levelof difficulty of the identified macro-situations implies other possibilities such as use ofhypothetical infor mation elements in addition to the others, combination of hypothetical and realinformation elements to determine possible scenarios; complex searches in the database withranking of the results, management of complex element classes where reliability, sa tisfaction,sharing, etc., are connected to information; data analysis by hypertextual navigation, similarityanalysis on the database information.The possibilities for providing decision support, consistently with the context complexity, arenow almost a reality. Some of these are discussed in the next section.4. SUPPORTING TECHNIQUESThe need of translating facts, proposals, points of view and preferences into formal models,where mental, written and numerical data, from different sources, are orga nically synthesised,is common to each of the analysed situations. This is not a novelty. In the 1980�s researchmainly focused attention on the hypothesis that data, knowledge and inferential capacity werethe basis of a DSS. In this context there were t wo most important aids the system would haveto provide: analytical capability and data management. The advantages of non proceduralmanipulation and inferential retrieval (Bonczek et al.,1981) were emphasised versus thelimitations of procedural manipula tion. The use of graphical user interface and facilities (suchas report generation and graphic production) were overvalued. Acorrespondence between therelational view of data and models were also hypothesised (Blanning, 1987).The 1980�s approach was also characterised by an attempt to directly find decision problemsolutions by means of the tools and the opportunities that the market supplied (windowinterfaces, expert systems, hypertexts, information retrieval and so on). Whe n, for example,conventionalDBMS were only able to handle facts in the form of relations and tuples or in theform of files and records, the expert system approach attempted to overcome this limitationbecause the essential knowledge in a DSS could no longer be described only with facts.In the opposite position and over the same years, the ideas and requirements of the DSSresearchers were acquired in the context of design and development of information managementsystems. An example is QuerySys (cf. Marzano et al., 1993; INSI EL, 1993), a datamanagement system which was developed in the early 1990�s for the purpose of full textmanagement, but was then experimented in a multi-actor context as a Decision Support System.Texts are not the only information type in a DSS, theref ore QuerySys evolved towards themanagement of other data, such as structured data, images, graphics and voice. From adocument management system it became an information management system. The QuerySysenvironment now integrates three different paradigm s of data management: DBMS forprocessing structured data, information retrieval for processing full text data and hypertext forbrowsing and linking different chunksof information. QuerySys manages unidirectional and bi-directional links between data objects belonging to the same or different databases. Alabel canalso be associated to a link and can be used to retrieve and browse over the data objects whichshare the same label. This feature was used in ( Buffa et al., 1996) where the main databaseconta ins complex data objects formed by full text data, structured data and links and each dataobject corresponds to the stereotyped representation of a single main problem or a specific sub-problem of an unstructured and multi-actor problem situation. QueryS ys link managementfunction was used to build the Actor Structure Network and to link the items of the main

52database to chunksof information stored in the support databases. The Actor Structure Networkdescribes the relationships between each individual or collective actor who is recognised asbeing an information source and/or a key stakeholder in the past, present or future decisionprocesses and is quoted in the main database in terms of main elements that characterise theactor’s position in relation t o the problem situation and the decision context and process. Therelationships can be made explicit in a logic and graphic way.The external links, which are posed between the main database data objects and the itemsbelonging to the support database are also very useful, and make it possible to obtaininformation from other specific databases by means of the reference contained in an item of themain database. An unlimited number of support databases can be used. Since the programadopts a multi-document approach, it is possible to open various search sessions on the screenat the same time and simultaneously visualise information from different databases. Asearchsession is a window containing information retrieved by means of a sequence of queries. Th esystem also offers the opportunity of collecting, storing and saving the outcomes selected fromseveral search sessions.The full text search is also an important facility used in ( Buffa et al, 1996). It is easy to obtainaccess to the data objects by using the keywords contained in the full text fields. Each word ofthe text is a keyword, with the exception of those that appear in the stopword list. The user canspecify topics of interest through a query so that the system can find data objects that dea l withthe same topics. Keywords are also combined using Boolean operators to specify topics for aquery. Links can then be established between the data objects that satisfy a given query.In relation to this last opportunity, the system should again develop to connect the actors in adecision process and manage different knowledge forms, in relation to the pre-decisional staterequirements. The new query form, in addition to the others in use, is characterised by adialogue window where the user can indic ate whether the full text search has to be made on aspecific field or on all the full texts (fig.3). The query words can be filtered by the elimination of: stopwords, less then three character words, ciphers and words that are characterised by a lessor greater

53

54in the global course of action. This criticality implies choices (of a communication language, amethodological approach, a class of acceptable methods, etc.) which are similar to the choice ofan Information System environment for an effective DSS.Technology continuously progresses and the technical possibilities for providing decisionsupport more consistently with the context complexity are now almost a reality. The growingcomplexity of situations, which t he analysts wish to face, induces new complexity in asupporting system and this system risks becoming so complex (and lost in an ocean of details)that it cannot be managed. Astrong control on the nature of the effective Decision SupportSystems main r equirements should reduce this risk.6. REFERENCESBaldwin, A.A., Baldwin, D., Sen, T.K. (1991), The evolution and problems of modelmanagement research,Omega, 19/6, 511-528.Basadur, M., Ellspermann, S.J., Evans, G.W. (1994), Anew methodology forformulating ill-structured problems, Omega, 22/6, 627-645.Belton, V. (1985) The use of a simple multiple criteria model to assist in selection from ashortlist, Journal of Operational Research Society , 36, 265-274.Blanning, R.W. (1987) Arelational theory of model management, in Decision SupportSystems: Theory and Applications(eds. C.W. Holsapple and A.B. Whinston), Springer-Verlag,Berlin, 19-53.Bonczek, R.H., Holsapple, C.W. and Whinston, A.B. (1981) Foundations ofDecision Support Systems, Academic Press, New York.Bowen, K. (1983) An experiment in problem formulation,Journal of Operational ResearchSociety, 34, 685-694.Buffa, F., Marzano, G. and Norese, M.F. (1996) MACRAME: a modellingmethodology in multiactor context, Decision Support Systems, 17/4, 331-344.Eden,C. and Radford, J.(eds.) (1990)Tackling strategic problems. The role of GroupDecision Support,SAGE, London.Flood, R.L., Jackson, M.C. (1991) Creative problem solving: total systemsintervention,Wiley, Chichester.Friend, J. (1989) The strategic choice approach, in Rational analysis for aproblematic world:problem structuring methods for complexity, uncertainty and conflict(ed. J. Rosenhead), Wiley,Chichester.INSIEL (1993) Querysys Document Retrieval System - Manuale operativo, Extralito, Pasiandi Prato.Jelassi, T., Klein, M.R., Mayon-White, W.M. (1992)Decision Support Systems:experiences and expectations, North-Holland, Amsterdam.Kling, R. (1987) Defining the boundaries of computing across complex organizations, inCritical issues in Information Systems Research (eds. R. Boland and R. Hirschheim), Wiley,Chichester, 307-362.Keeney, R.L. (1992) Value-focused thinking, Harvard University Press, Cambridge.Landry, M., Malouin, J.L., and Oral, M. (1983) Model Validation in OperationsResearch, Eur.J.Opl. Res., 17, 207-220.Lendaris, G. (1980) Structural Modeling - Atutorial guide, IEEE Trans. Syst., Man,Cybern., 10/12, 807-830.Markus, M. and Robey, D. (1988) Information technology and organizational change:casual structure in theory and research, Management Science , 34, 5, 583-598.

55Marzano, G., Franzin, S., Gregori, G., Silli, E. (1993) Visual Information Retrieval:verso la definizione generale di un approccio operativo, in Informatica e Diritto, EdizioniScientifiche Italiane, Firenze, 83-105.Mintzberg, H., Raisinghani, D. and Theoret, A. (1976) The structure of theunstructured decision process, Administrative Science Quarterly, 21, 246-276 .Norese, M.F. and Macci�, R. (1997)Multicriteria modelling in complex and ill-structuredcontexts, Working paper 97/12, DISPEA, Politecnico di Torino.Ostanello, A. (1990) Metodi multicriteri per l’Aiuto alla decisione, CELID, Torino.Ostanello, A. and Tsoukias, A. (1993) An explicative model of�public�interorganizational interactions, Eur.J.Opl. Res., 70, 67-82.Ozernoy, V.M. and Gaft, M.G. (1977) Multicriterion Decision Problems, in Conflictingobjectives in decisions(eds. D.E.Bell, R.L.Keeney and H.Raiffa), Wiley, Chichester, 17-39.Pettigrew, A.M. (1990) Longitudinal field research on change: theory and practice,Organization Science, 1, 3, 267-292.Pfeffer, J. (1982) Organizations and Organization Theory, Pitman, Marshfield.Rohrbaugh, J. and Eden, C. (1990) Using the Competing Values Approach to explore�ways of working�, inTackling strategic problems. The role of Group Decision Support(eds. C.Eden and J. Radford ), SAGE, London, 40-47.Rosenhead, J. (ed.) (1989) Rational analysis for aproblematic world: problem structuringmethods for complexity, uncertainty and conflict , Wiley, Chichester.Roy, B. (1985) Methodologie Multicrit�re d’Aide a la Decision, Economica, Paris.Roy, B. (1996) Multicriteria Methodology for Decision Aiding,Kluwer, Dordrecht.Schneeweiss, Ch. (1987) On a formalization of the process of quantitative model building,European Journal of Operational Research, 29, 24-41Vincke, P. (1992) Multicriteria Decision-Aid, Wiley, Chichester.

56

57UTILIZATION OF DATA OF NATIONAL STATISTICSIN THE PROCESS OF DECISION MAKINGToma_ Banovec, Niko SchlambergerAbstractThe paper deals with general problems of decision making. For a decision to be made, thereare three entities involved. Data is generally recognized as a necessary prerequisite to cometo a decision. Next to data, an adequate model to deploy the data is needed, and both dataand model must be considered within a relevant time interval. All of the three put togetherprovide grounds for a correct decision. As the present methods allow to decide upon thecorrectness of a decision only afterwards, the authors propose that instead of the term "acorrect decision", the term "a probability of a correct decision" be used. Further, they alsointroduce a concept of a provably correct decision. To this end an impartial method shouldbe devised to help extract relevant information, relevant knowledge, and relevant time frameto construct a particular decision function for a particular situation.State and political decision making is treated further in the paper. Decision making isprobably one of the few generic functions of every government. For its impact on all of thesubjects and very often also international consequences, it would be desirable to have amethod for producing provably correct decisions. For this, impartial, nationally normalizedand internationally harmonized data is required. In most cases it is provided by nationalstatistical offices. Categories, use, and importance of statistical data are presented, and it isproposed that for state decisions, impartial and transparent methods be used. The authorsbelieve that semi-quantitative models would greatly improve the process.1. INTRODUCTIONOne of myths of information sciences is that of the correctness of decisions based onappropriate information. Yet, in history, not to speak about personal experience of everyindividual person, the authors included, there is plenty of examples of wrong decisions even athaving all the necessary information at hand. More rare and more surprising are cases wheredecisions were correct although based on irrelevant information. Probably the most illustrativeexample of such decisions is the life story of an American millionaire Timothy Dexter, wholived at the beginning of this century. The story deserved to be told in more detail, but just tosummarize -- he was a joke to the business world of the New England of his time, and most ofhis moves were laughed at. Surprisingly, by each one of them he became all the more rich [1].How can this be? An obvious answer to the question is that besides the relevant information,something else is required for a correct decision. For this reason, the statement about relevantinformation as a basis for correct decision is an oversimplification and thus deceptive.Information (or data) is a necessary, but not sufficient condition for a correct decision.The categories dealt with in the paper are known, but nevertheless let us define some of themthat are used further in this paper, knowing at the same time that for every one of them, eventens of definitions have been offered and used.Asystem is a hierarchical aggregation or assemblage of objects joined in some regularinteraction or interdependence in order to perform afunction1. They are composed of entitieswhich are described by attributes and which execute activities. For the purpose of the paper, it isconvenient also to offer a classification of models2 (Diagram 1).Amodel is a body of information about a system or a process, gathered for the purpose ofstudying [2]. The body of information may be formalized and structured, or unformalized and

1 Definition as found in [2] and extended; extensions are shown in italics.2 Classification as found in [2] and extended; extensions are shown in italics.

58unstructured, or a combination of both. Strictly speaking a model is only present if it is beingstructured and formalized. In this case a model of a system is a valid functional simplification ofa part of a system or of a system as a whole. Amodel is context-dependent as it depends onwhat part or a property of a system or a process is examined. To test a system, various methodsare available. In most cases it is more convenient to test a model of a system rather than thesystem itself, so a model has to be set up to simulate the real system. Amodel is tested for itsvalidity by entering data into the model, by observing the data that is the result of operationsrequired by the model, and by comparing the results against the required or desired values [2].Normally this is done by iterations whereby during the process the model itself may change too.MODELREALABSTRACTPHYSICALMATHEMATICALSTATIC DYNAMIC STATIC DYNAMICNUMERICANALYTICNUMERICQUALITATIVE SEMI-QUANTITATIVEQUANTITATIVEDiagram 1: Taxonomy of models2. ON MODELS, THINKING, AND DECISIONS2 . 1 Correctness of a decisionWhen studying decisions we are dealing with real situations in real systems and with realconsequences. In professional as well as in everyday life decisions are made daily.Undoubtedly, the concept of decision is common and familiar. Also it is commonly agreed uponthat

59(1) for decisions, information is needed, and(2) it cannot be certain in advance whether a decision is to be a correct one.Aquestion is whether it is possible to discuss decisions in general without testing them onspecial cases. In particular, there is a need to define when is a decision a correct one. Togeneralize this question, we need first to define a correct decision. As a decision is required toreach a goal, let us offer the following definition:A correct decision is such that has produced the required or desired results in such a manner thatgoals need not be changed subsequently or that the decision itself does not have to be changedsubsequently.The definition implies that the correctness of a decision can be proved only subsequently, i.e.after the decision has had its effects. Instead of the expression �a correct decision� and�correctness of a decision� it is therefore more appropriate to deal with a probability of acorrectdecision, which may be decided only afterwards. Let the decision function D be a function ofthree variables: of a model (m), of data (d), and of time (t):D = D(m, d, t).The model itself is depends on goals (g), limitations (l), and rules (r), thusm = m (g,l,r).Generally, the goals are agreed upon, the limitations are known and recognized, so that thecontextual dependency of a model is brought about by the rules. These vary with the propertiesof a system that are the subject of study. As generalized problems do not exist, there also cannotexist generalized models. Let it only be noted that models must be somehow formalized, be it inform of a diagram, of an algorithm, of a function, of a structure, or otherwise. The decision function may be assigned any value from including 0 (a certainly wrong decision)to inclusive 1 (a certainly correct decision). It is rather easy to see the dependency of a decisionupon the model and data. Time is the third variable for an obvious reason that the more distantthe future, the harder is a correct decision to come by, all other conditions being equal. Aprobability of a correct decision is more likely whenan abstract model (m) is simple,relevant data (d) is available, andthe time in question (t) is short.Knowing this, we now also know the answer to the question asked in the introductory chapter,namely how can this be. Let us propose a matrix containing data and model (for the same timeframe, Table 1): data model + - + + - - - ?Table 1: Model, data, and decisionIn the above matrix, let + represent relevant data and relevant model, and let - representirrelevant data and irrelevant model, respectively. The four possible combinations are (+ +), (+ -), (- +), and (- -). Provided that time is the same for all the off them, the combination (+ +) willyield a correct decision, the (+ -) and the (- +) will yield incorrect decisions, and the

60combination (- -) will yield an uncertain result; in particular, it may, surprisingly, also yield acorrect decision.It is commonly accepted that decision making should be studied in depth and that decisionmaking may be improved by using computers. However, there does not seem to be a commonlyaccepted rationale behind the extensive study of decision making processes and theirenhancement with or without a help of software tools. The authors believe that the ultimate goalof studying of decision making should be devising of methods and tools that will enableprovably correct decisions. To put it simply -- a correct decision is just not good enough. Againthere arises the question of a definition, and let us offer the following.A provably correct decision is such one to which any person, given the same knowledge,information, and time span, would come regardless of the person’s individual preferences.An example of a class of provably correct decisions are proofs in mathematics. Obviously, if wewant to even try to come to provably correct decisions, there must first exist a method. Aschematic representation is given in the Diagram 2. In any particular situation for a decision tobe reached, there exists a body of knowledge from which appropriate subset must be extractedto create a model simple enough to be considered as a relevant simplification of the situation.From the body of information, the relevant subset of data must be extracted to be used in theparticular model. From the time continuum, a particular time or a time span must be chosen forwhich the decision function D will be valid. Provided there existed a method to help produce theabove, and that there existed a decision function, the decision should be a provably correct one.Unfortunately, as yet there is not a method available to be employed for the purpose. Nor isthere a general decision function available, for that matter. Computer programs are notnecessarily needed to carry out the scheme into real life. They are useful only inasmuch as toenable us to produce models easier, to extract relevant data easier, and to test models faster.body of knowledgebody of informationtimecontinuummethodrelevant knowledgerelevant informationrelevant time model information time decision function decisionDiagram 2: Elaboration of decision function

612 . 2 . Making decisionsIt is common that decisions are reached irrationally and that only afterwards decision makersrationalize, i.e. look after the arguments to support the decision. It is also known that, in orderfor decisions to be made, there must normally exist motives. No decisions will be made withoutmotive, and many times decisions have to be made under pressure, of which the time is themost known general constraint. All of the above present an environment in which decisions areto be made. To be able to study the process of decision making we shall therefore try not toconsider the environment.We speak of making decisions when there is a task to be accomplished or a goal to be reached.It is not important whether a task is an easy or a difficult one, or whether a goal is near orremote, or whether ways to solution of the problem are known or not. The decision is a final actof a mental process -- of thinking. Act (or acts) follow decision (or decisions). The process isrepresented in the Diagram 3.thinking decision actionDiagram 3: Thinking to a purposeIn the above diagram, thinking is understood as a process of developing abstract models andtheir testing by means of data and information. The decision is the choice of a model, and finallyan action follows by utilizing real resources. In the above diagram, all three quantities must bepresent in order to be able to consider a true decision making process. It may happen that one ormore of them do not occur. In such a case we are not dealing with a real decision makingprocess. The possibilities are shown in the Table 2:thinkingdecisionaction1 . +++2 . ++-3 . +--4 . -++5 . --+6 . ---Table 2: Thinking, decision, and actionIn Table 2, + and - indicate whether a quantity is in the scheme present or not. Only in the case1. we may speak about a real decision making process. Case 2. is a case of a useless decisionsince it is not followed by an action. Case 3. represents a needless thinking as it is not followedneither by a decision nor by an action. Case 4. is an intuitive decision as it is not preceded bythinking. Case 5 is an example of a reflex action that is not preceded neither by thinking nor bya decision, and the last case is void. Only the first case may be considered as complete and thusthe matter to be dealt with further. In the scheme, the process of thinking implies that there is anabstract model to be tested. The more appropriate the model and the data, the more likely is thatthe decision will be the correct one.

623. DATA OF STATE STATISTICS AND DECISION MAKINGState statistics is a very specific case of statistics. It employs recognized statistical methods forpurposes of measurement, comparison, and presentation of phenomena in three domains ofobservation: population, territory, business, and combinations thereof. Methods ofdetermination and saturation of information needs in administration3 seemingly differ very muchfrom country to country. Still, in market oriented democratic countries rules are quite similarand methods are internationally harmonized through efforts of international institutions (UnitedNations, International Monetary Fund, OECD, Eurostat), and decision making process issometimes next to a ritual. Information utilized is mainly resembling, related, and comparablealso in terms of methods employed to provide the data. International institutions are normallyready to help to accomplish reconciliation and comparability of common statistical platforms. It is often so that a considerable portion of information needs of a state sooner or sometimeslater becomes represented in programs of collecting of statistical data. The result of this is thatnational statistical offices (NSO’s) support most of traditional collection of national data that is aplatform and of importance for domestic users (state and civil services in complete, privatesector, household and natural persons, non-government institutions) and for purpose of foreignuse and international comparability (international and state obligations such as United Nationsand its institutions and others mentioned before; international analysts’ groups, forecasters, andrelated; stock brokers, finance markets, commodity markets, financial institutions, stockexchanges; and other users such as neighbour states, predominant partners, intelligence, and thelike).Government and related institutions are to be understood as responsible holders of commonstate and civil services for their subjects: businesses, citizens, and their associations. Likewiseare to be understood roles of NSO’s as those of information services institutions. However,there is a difference between the two in the political power of the state, which may be andindeed should be professional, but is periodically questioned by means of elections and is forthat reason in a specific position. To the contrast, the NSO’’s normally have an emphasizedprofessional function and a position that is professionally independent of the state and thegovernment. In particular it may come about that statistical measurement of success or failure ofthe actual government are understood as an arbitratory function and may, although belatedly,even influence elections. Divers ranking of accomplishments of state, their stability, security ofinvestment and similar criteria, introduced by the IMF after the Mexican crisis, are a proof thatstatistical data and activities of official state statistics are used as a main platform for decisions inthose categories.Most of decision makers on government and other executive levels understand importance ofstate decisions. In European environment. are extremely important obligations of the EUcountries as stated in the proposed compendia. Their volume is huge and virtuallymisapprehended to most. Each new government tends to begin by creating of a model ofmetadata bases, so hoping to understand macro data, micro data, and their sources. Some basicstatistics and accounts that are of interest to domestic and foreign governments alike are thefollowing:- growth and expenditure of the gross domestic product and their sectorial distribution,- interest rates and cost of capital,- unit of measure of inflation and indices,- variations of employment and unemployment,- migrations of population,- health statistics and social policies,- balance of payment and related data on international commerce,- savings in households, intended spending, condition of funds,

3 as stated by Abraham Lincoln in the Gettisburg Address -- elected by people in service of people.

63- immediate foreign investments,- births, deaths, life expectancy,- agricultural production,- data on the environment,- taxes and tax policies,- development of information society.There are also other statistics that are departmentally oriented and hence horizontally not readilycomparable. Their administrative content is a consequence of particular departmental regulationsand does never consider a phenomenon in complete. It is crucial that decision makers faced witha abundance of data and contradictions, have to decide upon the future of a country andtherefore about their political destiny. Correctness of decisions -- whether they will be liked ornot by users of state services, i.e. voters -- is periodically decided upon at elections. There arevery few political projects that extend over more than one mandate period, and there are veryfew voters -- or citizens, for that matter -- that are prepared to believe into necessity of beingdeprived themselves in order to so provide their offspring a better life. Resembling is thesituation in various sectors and parts of the society that are because of their monopoly positionsin situation to price their services uncommonly high as compared to the rest.The new wave of globalization that was started by development of information technology,information highways, and better communication, has opened new problems of general andstatistical comparability. The state of today is extremely dependent on global economical andsocial environment. Countries are looking after more safety and they create new alliances andpartnerships (such as EU, North American Free Trade Association). International comparabilityof statistical data has become the prerequisite for subjects in power to begin cross borderdialogue at all. For some countries ratings are extremely important for their present and futuredestiny. At the same time new financial tycoons (legal and natural persons alike) are more andmore driving and global.4. MODELING FOR STATE DECISIONSDecisions that are made on the government or political level are normally in one way or anotherof importance to all the subjects in a country. Consequently, as much neutral and impartialsource of data is needed to be sure that the information used in the decision making process wasas much relevant as possible. Typical of those decisions is also that they require complexmodels that are hard to build, that estimates and information are often used rather than precisedata, and that time span is normally rather long. All of these provide for that the solution of thedecision function in terms of high probability of a provably correct solution is rather difficult.But let us suppose that there is a method as proposed in chapter 2. What a strength for anygovernment it would be if it were able to produce provably correct decisions!In political decision making, it is often that goals are vaguely defined (but not necessarilyvaguely decided upon at the same time), that limitations are neglected, that the actual data isunimportant, and therefore a model is hardly possible to be spoken of. An example of a politicaldecision par excellence would be the answer to the following question: is Slovenia at the timebeing already fit to join the European Union? Let us keep in mind that there are two aspects tobe considered when answering the question: that of Slovenia and that of the European Union. Isit possible to predict the decisions of one and the other? All relevant data is known as Sloveniahides nothing in this respect. Time is the same for both -- now. But, as we know, decisions aredifferent. So there must be a difference and, according to the process as defined in chapter 2,the difference must be in the models used. Otherwise the result ought to be the same, whetherpositive or negative, but the same. Another possibility is that goals of one or another are otherthan declared.The above example has been used just to illustrate the issue. Internally, political decisions arenormally much more evident in terms of models for two reasons: one is that it is so required by

64democratic parliamentary, legal, and other procedures where transparency is the commondenominator. The other is that every government must deliver measurable results. Therefore,data is the same and equal for everybody, and models are hopefully agreed upon beforehand.However, as there is as yet no means to provide for provably correct decisions, there is alwaysa danger of forcing models to fit decisions or vice versa.5. THE STATE, DECISION MAKING, AND THE STATE STATISTICSThere is quite a lot of study of decision making at the government and departmental levels. Alsoknown are various methods to build or provide platforms for decisions. Many of them areprepared by ministries, government departments, and are proposed by ministers. Importantdecisions-- in the domain of legislation, for example -- are also proposed by other branches ofadministration such as parliament, and ministries or cabinet must consider the decisions and takean attitude also to proposals of others. Data, and not only statistical, is often used as anargument to support a decision. Authors have a relatively long term experience in administrationand must have of necessity read many law based decisions on projects. The conclusion theyhave come to is that normalization of data that is collected at present, and strategic decisionabout the information to be needed in the future (and by that requirements for statistical data) areof utmost importance.To define information needs here are several methods known, but not discussed in detailfurther. They may be divided in two categories: inductive methods (interview, analysis ofexisting documents, mirror image), and deductive methods ( information required for futuredecisions, goal oriented methods). As all of them have their strengths and weaknesses, it isconvenient to combine the both categories. It is important to understand present and futuredecision processes. To support this objective, the Republic of Slovenia has successfullyaccomplished a project Data Model of the Republic of Slovenia. State Statistical Office hasplayed an important role in the project and has also proposed new categories of data and newsources of collection thereof. As it has not executive power strong enough and cannot influencemethods of work in ministries, the proposals were not always successful.Whereas sources of data and information are quite formalized and available, less importance isnormally given to the first element in the decision making matrix - the thinking. This is not tosay that the decisions made have not been thought over many times and in many ways. It onlymeans that the process is not as formalized in terms of an abstract model as it could be-- andindeed should be. There are many possible approaches to the building of models, which are allvalid and legitimate. It is the challenge of optimizing the effort of model building that leads tothe conclusion that a relatively easy method should be used. Rather lately, besides quantitativemodels, described in [2], and qualitative models, semi-quantitative models have been proposed.They seem to be very appropriate in describing continuous systems. Detailed description andsome examples are given in [4] and [5].5 . 1 Semi-quantitative modeling4Systems can be studied in different ways: by observation, by experimenting with real-life and/orreal-size situations, or by observation of models. In the case of state and statistical data it ispractically impossible to experiment with real life situations. Areal economic system cannot bestudied by arbitrarily changing of needs, requirements, and by changes in providing aneconomy or a population with commodities and services. In such cases models are of utmostimportance. A model is not merely a substitute of a system for purposes of study and it is also avalid functional simplification thereof. In this respect it is worth mentioning that differentstudents will probably produce different models of a system inasmuch as they are interested in

4 The method is described in detail in [5].

65different aspects of the same system, but -- if the body of knowledge and the information athand is the same -- if they are studying the same aspect, the model should be the same. Asdifferent aspects of study yield different models we may conclude that models are context-dependent.Semi-quantitative modeling seems to be favourable to be used in case of complex situations asthey offer models, testing of which is near to the way of human thinking. Normally, peopletend to think in qualitative terms, and the beauty of semi-quantitative modeling is in that it offersa necessary impartiality which is needed if decisions are to be provably correct ones. The belowdiagram presents a semi-quantitative model of a queue before a motor way toll station.Incoming vehicles is an independent variable, + and - in circles denote influence of variables onone another, and the vertical line in the variables denotes increasing or decreasing of a value of avariable. The more vehicles are coming in, the longer the queue, the more active the toll stationwill be and the more of the capacity of the toll station will be used. The above diagram is but apale picture of a real situation as it is static. The computer program for semi-quantitativemodeling however gives an incomparably more illustrative picture as it has also a dynamiccomponent in that models may be animated and so tested -- relations may changed, if need be --and proved. Consequently, we believe that the method is able to deliver provable correctdecisions. The above example is not particularly related to state decision making; its value is inthat the toll station queue can be dealt with also analytically. The results obtained by the semiquantitative model can be proved, and indeed are proved, by an analytical, i.e. quantitativemodel activity of toll station queue - + + <> toll station incoming - average no. of capacity vehicles vehicles + - -unused capacity of the toll stationDiagram 4: Semi-quantitative model of a queue before a toll station5It is obvious that state decisions deal with immeasurably more complex situations and thereforewith incomparably more complex potential models. Nevertheless the method itself is such thatmakes possible building and testing of models where exact values of variables are not required,but solutions are still valid and applicable in real situations.The advantage of semi-quantitative models is in that they utilize entities, relations andinteractions among them rather than exact values of variables. They are rather simple to buildand much more easy to test as compared to the quantitative ones. At the same time, they offermuch more insight into the behaviour of the system that they describe as compared to qualitativemodels. For those reasons, authors believe that semi-quantitative models may be usedsuccessfully in cases where complex situations are to be evaluated and decided upon, and mostof the government situations follow that paradigm. May we finally add that semi-quantitative

5 The reproduction of the diagram was kindly allowed by Mr Radovan J Slanc.

66modeling is a rather young area of study, and that also the concept provably correct decisions is,however promising, rather new. Nevertheless we believe that the two combined will proveextremely useful: statistical data deal with probabilities rather than exact values, and statedecisions deal with relations among entities rather than variables. We also believe that there is aneed to deliver provably correct decisions at the state level; the real issue is that of the politicalwill to do so.6. CONCLUSIONIn the paper the authors tried to introduce a concept of a new class of decisions - that ofprovably correct decisions. For this purpose -- and not to even try to introduce novel conceptsof systems and models -- it seemed to be appropriate to comment shortly on the two categoriesas well. Next is that they tried to propose a relatively new method of modeling, namely thesemi-quantitative one. Statistical data has been discussed in the context of the state decisionsrather than in the context of methods, sampling techniques, and mathematical tools that layunderneath. May it at this be noted point that statistical data may indeed be regarded as impartialfor two important reasons. The first is that it does not serve any particular political party or anyparticular government, but rather it serves the state itself. As the state is immensely more stablethan its infrastructures, political or other, the statistical data has to observe needs of the state.The next is that statistical methods have to be rather stable over time or else they wouldjeopardize carrying out longitudinal studies and probably also the comparability of data inwider, e.g. international context.Related to statistical data as used for decisions at the state level may it be noted that there are sofar no decision support systems that yield provably correct decisions. For now it is basically aquestion of attitude whether a decision produced by a decision support system is regarded as acorrect one. The fact that a decision is a result of a formal procedure is by itself not enough togrant it a property of a proved correctness. It is to be hoped that a study of a new group ofdecision support systems will be initiated, possibly based on semi-quantitative modeling andthis, combined with provably correct decisions, would without any doubt greatly improvedecisions making processes and help the decision makers on all levels of decisions -- the higherthe level, the more the help.7. REFERENCES [1] Margaret Nicholas: The World’s Greatest Cranks and Crackpots, Octopus BooksLimited, London, 1982[2] Meehan, Eugene J.: The Thinking Game (Chatham House Publishers, Inc.), Chatham,New Jersey 07928, 1988, ISBN 0-934540-64-0[2] Gordon, Geoffrey: System Simulation (Prentice-Hall, Inc.), Englewood Cliffs, NewJersey, 1969, 13-881805-3, LC 77-87262[4] Slanc, Radovan J.: Polkvantitativno modeliranje kot podpora u�enja z ra�unalnikom,(Slovensko dru_tvo INFORMATIKA), Uporabna informatika 4/1996, ISSN 1318-1882[5] Slanc, Radovan J.: Polkvantitativno modeliranje, (Slovensko dru_tvoINFORMATIKA), Zbornik, Dnevi slovenske informatike ’97, Portoro_ 1997[6] Osbourne, R., Gilbert, J.: The Use of Models in Science Teaching., School Sci. Rev.No. 62 (1982)[7] Meehan, E. J.: The Thinking Game (A Guide to Effective Study), Chatham HousePublishers, Inc. Chatham, New Jersey (1988)[8] Riley, D.: Learning About Systems by Making Models, Computers and Education 15, pp.255-262 (1990)[9] Schlamberger, N.: Ra�unalnik in pomo� pri odlo�anju, uporabna informatika, 1994 No.2, (Str. 36 - 38), ISSN 1318-1882

67Prototyping tool for development of semi-quantitative computer models EdusPKVN (� Korakd.o.o)Prototyping Tool - Ideas And Development:[10] Kuipers, B.: Commonsense Reasoning about Causality: Deriving Behaviour fromStructure, Tufts University Working Papers. Cognitive Science, No. 18 (1982)[11] Forbus, K. D.: Qualitative Reasoning about Space and Motion, Mental Models (GentnerD./Stevens A.), pp. 53-74. Erlbaum, Hillsdale, N.Y. (1983)[13] De Kleer, J., Brown, J. S.: Assumptions and Ambiguities in Mechanistic MentalModels, Mental Models(Gentner, D./Stevens, A.), pp. 155-190. Erlbaum, Hillsdale, N.Y. (1983)[14] Roberts, N., Anderson, D., Deal, R., Garet, M., Shaffer, W.: Introduction toComputer Simulation, Addison-Wesley, New York (1983)[15] Barstow, D. R., Shrobe, H. E., Sandewall, E.: Interactive ProgrammingEnvironments, McGraw-Hill Book Company (1986)Other[16] Toma_ Banovec, Niko Schlamberger: Informatika v dr_avnih organih, Zbornikreferatov, Brdo pri Kranju, 1993 (str. 5 - 18), ISBN 86-81141-32-5[17] Niko Schlamberger: Re-Engineering in Administration, Re-Technologies forInformation Systems, (Conference Proceedings ReTIS ’95, pp. 153 - 160), 4th InternationalConference on Re-Technologies for Information Systems, Bled, Slovenia, 19 - 20 June, 1995,ISBN 3-7029-0404-2, R. Oldenbourg Wien Munchen 1995

68

69TAKING CONTEXT INTO ACCOUNT WHEN TRANSFERING AKNOWLEDGE BASED APPLICATION FROM ONEORGANIZATION TO ANOTHER.A CASE STUDY WITH FINSIM EXPERT(extended abstract)Michel R. Klein HEC Group78350 Jouy-en-JosasFRANCEkleinm@ hec.frFinsim represents a family of knowledge-based DSS applications used for financial analysis andplanning in banks. The goal of the system has not changed since the first version described inKlein ( 1989)� FINSIM was designed to provide the user with:-an in-depth analysis of the financial history of a company.-a reporting system on the economic and financial performance of a company.-a tool to simulate the consequences of the main financial decisions and of the evolution of theenvironment of the companyIn our 1989 paper we pointed out that the main objective of the system was to enable the user tomake the system evolves according to his needs. Since that time we have observed that theseneeds have evolved in the following directions:-the need to take into account a wider range of sources of data which can be used with thesystem,-the necessity of using a graphical interface to improve the ease of use and comfort,-the need to improve further the capacity of the system to evolve by implementing a betterindependance between the interface and global logic of the system and its resources (models,reports, knowledge bases, etc.),-the need to adapt the system more easily to various contexts,-assistance of the financial diagnosis process using a knowledge based function.Concerning the first point we use the term "family of models" because three standard versionsof this model are in use in French companies and banks. Each version corresponds to thestandard lay-out of balance sheets and income statements in the different tax categories used forreporting to the French fiscal authorities. Each of these standard lay-outs is defined by a list ofaccounting variables. The existence of this standard lay-out also makes it possible to developapplications using data readily available in French companies. Industry specific versions of thisDSS application have also been developed and are currently in use for road transport companiesKlein ( 1987) and for large farms.Concerning the second point the new version of FINSIM, described for the first time in thispaper, has now a graphical user interface. This version of FINSIM was first used in 1995. Thisversion is developed using the object version of OPTRANS. The use of this object versionimplies several fundamental consequences for the application:- the interface is separated from the models,- the modeling formalism has been improved in clarity and power,- the capacity to evolve has been extended.Since the introduction of this new version the system as been transfered to new organiations anda strategy has been defined to adapt it more easily to new contexts.

70In the paper,we first give a general presentation of FINSIM with the nature of the data that areused, the report edition, the way in which graphics are defined and stored, the formulation fo ascenario, and financing. Section 3 introduces the problem of transfering FINSIM from oneorganization to another. Section 4 describes the development of the environment that is used,and Section 5 the architecture of FINSIM. Section 6 presents the way in which context is takeninto account.