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COLLABORATIVE PAPER SERIES ON COMPARATIVE ANALYSIS ON 
APPLICATION OF DECISION SUPPORT SYSTEMS IN R & D DECISIONS 

This series of papers are a product of collaborative research coordi- 
nated through IIASA's Management and Technology Area. The collaborat- 
ing institutions are Hungarian State Office of Technical Development (per- 
sonnel: Anna Vari, Janos Vecsenyi, Laszlo David); Decision Analysis Unit, 
Brunel University, England (Personnel: Patrick Humphreys, Lawrence D. 
Phillips); All-Union Research Institute of Systems Studies, USSR (Person- 
nel: Oleg. I Larichev). 

The papers report case studies prepared by the personnel from the 
collaborating institutions based on their own, and their colleagues' work 
in their own institutions. They worked together as a team in developing 
the methods for the analysis of these case studies which are described in 
the first paper in the series. 

. IlASA provided support for this work through its telecenter for com- 
munication between the investigations, and provided facilities for short 
term meetings between the investigations at IIASA for development of 
case studies and their comparative analysis. Particular MMT staff were 
Ronald M. Lee, Nora Avedisians, and Miyoko Yamada, who is the editor of 
this series. 

A summary of this comparative analysis, based on the first four case 
studies in this series was presented at the IFIP/IIASA Conference on 
Processes and Tools for Decision Support, Laxenburg, Austria, July, 1982. 
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METHODS FOR ANALYZING THE EFFECTS OF 
APPLICATION OF DEISION SUPPORT SYSTEMS 
IN R & D DECISIONS 

Patrick C. Humphreys, Anna Vari and Janos Vecsenyi 

I. INTRODUCTION 

' h s  paper describes the methods for evaluating the effects of the 

application of decision support systems used in a series of case studies 

prepared through a collaborative project within IIASA's Management and 

Technology Area. The case studies describe R & D decision-malnng activi- 

ties at various organizational level in United Kingdom, Hungary, and the 

U.S.S.R. The authors of the case studies are members of the institutions 

which developed the decision support systems used in the cases analyzed, 

and were themselves participants in the decision-making process. How- 

ever, a measure of objectivity has been introduced into the reports 

through the use of a common analytical framework in their preparation, 

discussed in each case between members of the team from all three 

countries participating in the project. Here we discuss the nature of t h s  



common analytic framework, and its application to the case studies. 

In recent years much effort has been spent developing and applying 

decision support systems in the field of R & D planning (technology 

assessment, product mix planni~g, governmental policy making, etc.,  c . f . ,  

Boichenko et  al. 1978, Mansfield 1978, Seo and Sakawa 1979, Souder 

1978). While successful implementations have been documented it is 

more common to find that the role actually for the DSS in the overall 

decision-making process was much more hmited, and quite often at  vari- 

ance with that anticipated by its designers, or by the personnel who intro- 

duced the DSS into the decision-making process (von Winterfeldt 1982). 

Some of these limitations have been due to 

(a) the adequacy of the applied tool and methods with respect to 

the goals of the analysis. 

(b) the readiness of the individuals and organizations involved to 

understand and accept the DSS. 

Another difficulty stems from confusion about how exactly DSS 

should be defined. There is as yet no formal theory of decision support 

and "Decision Support Systems" (DSS) is partly a rallying cry (Keen and 

Hackathorn 1979). Here we adopt a very general view of what might con- 

stitute a DSS using the provision definition of a set of procedures involv- 

ing the systematic use of tools, techniques, methods, etc.,  which support 

the generation of decision alternatives 

the elicitation of models, values, premises, etc. 



the estimation of consequences of possible decisions 

the ranking of the alternatives in order of acceptability 

In the case studies reported in this series, some elements of these 

procedures were computer-based, but the "system" as a whole involved 

procedures carried out by individuals, in interaction with others withn an 

organizational context. 

Most published research has emphasized the methodological prob- 

lems related to the use of R & D decision aids (e.g., inappropriateness of 

the models, c.f. Humphreys 1981), and underlined the need for the better 

understanding of the R & D planning process itself. The R & D planning 

process varies greatly from organization to organization. In some organi- 

zations it is a Black Art unable to be understood by anyone while in others 

it is itself both a scientific process and a process subject to scientific 

enquiry. As Ojdana and Weyant (1976) point out: 

I t  is far more important that organizations have systematic pro- 
cedures and logical organizational structures to assure that the 
major R & D planning tasks are effectively accomplished .... 
Quantitative techniques and computerized models are not likely 
to improve the effectiveness of a poorly implemented R & D 
planning process. 

Reasons why it is important to make systematic investigation of the 

effects of application of DSS in t h s  context include: 

(a) Decisions concerning the allocation of R & D resources are of 

great importance in all developed countries, with regard to the 

relatively high ratio of R & D expenses withn GNP. 



(b) R & D decisions are usually connected with complex resource 

allocation problems which require a multiple criteria approach 

taking into consideration the h g h  degree of uncertainty of suc- 

cessful research and implementation. Because the number of 

alternatives, the complexity of the problem and the involvement 

of a number of different interested parties, DSS should play an 

increasing role in this field. There is a pressing need, which this 

project is designed to meet, to understand how this role can be 

optimized. 

(c) Cross-national investigation of the use of DSS could explore the 

general methodological problems and promote joint research 

and should also be usefd in researchng situations involving 

several national perspectives. 

(d) Culture-dependent differences in thnking and behavior - 

explored by cross-cultural studies (e.g., Hofstede 1980) as well 

as by studies reporting on the pitfalls of transfer of decision 

analytic tools from one country to the other (Vari and Vecsenyi 

1982) -have profound consequences for the development of DSS 

tools for supporting R & D decision m a u  a t  the national as 

well as a t  the international level. 

lIASA has already initiated cross-national studies in other fields like 

decision mahng for low probability events (Kunreuther 1982a) and gam- 

ing (Stahl et  al. 1981). The analysis of DSS use in the field of R & D plan- 

ning carried out in this project complements these studies. 



11. OBJECTIVES AND SCOPE OF THE RESEARCH 

The main objectives of the research reported in t h s  collaborative 

paper series were: 

(a) to develop a methodology for describing the process of DSS 

implementation and application in R & I) planning for evaluating 

its effectiveness. 

(b) to describe typical patterns of DSS usage in R & D planning and 

to identify the factors which mainly influence its effectiveness 

under different circumstances. 

(c) to define a conceptual basis for proposals for the development 

and introduction of DSS in different R & D environments. 

The starting point of our research was the selection of the cases to 

be analyzed. From the point of view of comparability it.was necessary to 

develop a taxonomy of R & D planning tasks in terms of: 

institutional background of the decision making (governmental, 

corporate, etc.); 

level and perspective of the decision (macro or micro level, stra- 

tegic, tactic or operative); 

type of the problem (e.g., budget allocation, selection among R 

& D alternatives, etc.). 

We decided to analyze cases which had common features on these 

criteria, limiting our study to cases connected with the planning of 

directed and applied R & D in three countries (United Kingdom, Hungary, 

the USSR) in which the personnel, or their colleagues in the participating 



institutions were directly involved at  a consultancy level. The nature of 

the five cases selected for comparison is summarized in Table 1. 

The cases include a wide variety of decision aiding tools, although our 

analysis was restricted to cases wbch were centered on the application of 

methods  which  support  the generation of decision a l t e rna t i ves ,  the est i-  

m a t i o n  of their  consequences and selection of the best  a l t e rna t i ves .  

III. DEXYLOPING THE METHODOLOGY POR THE DESCRIPTION AND 
EYA1,UATION OF DSS USAGE IN R & D 

R & D planning in real life is a continuous process with sequential 

variety in the pattern of activities and participants involved. The concep- 

tual framework used here requires that we first divided up the process 

into interconnected segments which can be separately modeled, together 

with the specific ation of linkages between these segments. Th~s involves 

Table 1 .  Characteristics of cases selected for comparison. 

Case Type of the Level and Institutional 
No. problem Country perspective background 

1. Introductionof microlevel, company 
a new product strategic 

2. Product mix micro level, company 
development strategic 
strategy maklng 

3. Budgetalloca- branch level, state 
tion between strategic authority 
R & D projects 

4. Evaluation of top level, state 
R & D proposals strategic authority 

Hungary 

Hungary 

USSR 

5. Evaluation of top level, collaboration UK 
R & D projects strategic between government 

departments 



identifying a sequence of rounds, and stages within each round in the 

planning process, as well as specifying the level (or levels) of the 

decision-making activities within the round. 

A. Rounds and Stages 

Our definition of a "round" follows that proposed by Kunreuther 

(1902b) for the multiattribute, multiparty model of choice developed at 

IlASA for examining the decision process involved in siting liquid energy 

gas facilities (Kunreuther et  al. 1901). Kunreuther states 

A round is simply a convenient device to illustrate a change in 
the focus of discussion either because (1) a key decision was 
taken (or a stalemate reached due to conflicts among parties) 
or (2) a change occurred in the context of the discussions due to 
an exogenous event, entrance of a new party or new evidence to 
the debate ... no matter how a round is initiated it is character- 
ized by a uniqce problem formulation whch is presented in the 
form of a set of attribute. 

Within our models of R & D decision making we identify a set of 

"stages" within each round. A stage should be clearly located in terms of 

those stages which precede and follow it, and should have well defined 

inputs and outputs. The outputs from a stage may serve as inputs to the 

immediately following stage in the round, or to any defined subsequent 

stage in the round. The converse holds for inputs to a stage. Inputs and 

outputs between rounds are generally less well defined as a boundary 

between rounds generally represents an untheorized discontinuity in the 

planning process. At the start of a new round outputs from previous 

rounds tend to be picked up and interpreted as inputs in ways unantici- 

pated during the previous round. 



We have sharpened Kunreuther's point (2) in the definition of a round 

to imply that the exogenous change whch marks the end of the round 

must be such that the anticipated pattern of input-output relations 

between the stage currently activated in the round and subsequent 

stages is disrupted or abandoned. Hence there must be a radical re- 

conceptualization of the stage sequence in the R & D decision process 

before it can continue, and the effect of doing this is to start a new round. 

At each stage the "unique problem formulation" to which the round is 

addressed will be represented in a different form. Where a DSS is 

employed will be addressed, in theory a t  least, to structuring, gaining 

inputs to and/or manipulating content within the current form of the 

problem representation. Here it will be important to examine whether 

the problem representation to which the DSS is addressed is "requisite." 

Phillips (1982) describes what is ideally involved here: 

To develop a requisite model, it is necessary to involve all those 
who are in some way responsible for aspects of the decision in 
the development of the requisite model. The process of building 
the model is iterative and consultative, and when no new intui- 
tions emerge about the problem, the model is considered to be 
"requisite." In requisite modeling, it is expected that people will 
change their view of the problem during the development of the 
model; that  is why the process has to  be iterative. 

It is necessary to invoke the criterion of "requisiteness," as there is 

no external criterion against whch we can gauge the model. Phillips 

points out that concerning R & D problem solving there is (without hnd- 

sight) no external reahty to be modeled: the model is the reality. The 

ideal described by Phillips is rarely met in practice, but i t  gives us some 

clues about questions to ask in examining the degree of "requisiteness" 

extant in actual applications, viz: Are all those who are in some way 



responsible for currently modeled aspects of the decision involved in the 

development of the model? Are intuitions emerging about the decision in 

personnel currently involved or responsible for subsequent actions whch 

are not incorporated in the model? Is the modeling process iterative in a 

way that dan encompass changing or different views? 

B. Levels 

R & D policy making usually progresses at several levels. These may 

be bureaucratically determined, where &fferent strata are charged with 

policies with different scopes and time horizons (e.g., a department 

management stratum dealing with the evaluation of the characteristics of 

a particular product; a general enterprise management stratum deallng 

with problems of introduction of positively evaluated new products; a cor- 

porate or sector management stratum dealing with the future of the 

enterprise within a wider plan, and so forth). However, while relations 

may be determined between classes of problem structure which may be 

"requisite" and the level management stratum considering those prob- 

lems in an organizational hierarchy (Jaques 1976), these relations do not 

fully determine the nature of the problem representation which should be 

supported by a DSS designed for use a t  any particular level. l h s  will 

depend also on the nature of the task, the available input and outputs 

from other rounds and levels in the process, the structure of the organi- 

zation (Phillips 1980) and the training roles and motivations of the parti- 

cipants. Within any one round of the decision process, "officially" located 

at  the level of a defined stratum we may find participants operating a t  

different levels of problem conceptualization. In these cases some 



parkicipants mav find the DSS addressing their conceptualization of the 

problem, but others will not. 

C. Participants in the Round 

Within any round, a large number of participants may be involved, 

acting variously as decision makers (defined as those who have the execu- 

tive power to define the use of outputs from the round); proposers (those 

who have power only to make recommendations on this); ezperts  (those 

whose primary function is to supply inputs to the currently modeled 

problem structure); consultants or decision analysts (those who advise on 

methods of problem representation) and making process, but who are in 

a position to facilitate the collaboration of experts, the transmission of 

the results within and between rounds, and so on). A "communication 

analysis" of interactions between participants in the round, if conducted 

using traditional methodology (c.f. Handy 1981:chapter 6) is likely to 

reveal confused polygons of relationships. However, clarity can be greatly 

improved by examining the pattern of interactions within each stage 

within the round where only certain channels will be open, and where the 

roles of participants may be defined in relation to the state of problem 

representation and DSS in use at  that stage. Participants may also serve 

as links between stages, or rounds, carrying certain information with 

them, but this is a process which can be studied separately. 








































