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Introduction 

The study proposes a Feedback Learning methodology for the design of information systems 

which are applied in organizational and administrative decision context (Decision Support 

Systems, DSS). The study consists of the following papers: 

Paper 1. Guohua  Bai  (1992) Contradiction Approach to IS Design and Use Activity. Proceedings 

of Thel5th  TRIS,  Norway, Pp.171-188. 

Paper 2. Guohua  Bai  &  Åke Grönlund  (1992) Adaptive Decision Support Systems: A Feedback 

Learning Strategy as a New Way of Designing DSS. DSS-92 Transactions, Chicago, 

Pp.66-80. 

Paper 3. L-Å.,  Lindberg & Guohua  Bai  (1993) Feedback Learning As Strategy Of Dss Design. 

Proceedings of 2nd International Conference of Systems Science And System 

Engineering, Beijing, Pp 219-226 

Paper 4.  Åke Grönlund  & Guohua  Bai  (1993) Participatory Information Systems: Hypermedia 

Systems as Venues for Mutual Learning. Proceedings of Hypermedia in Vaasa'93, 

Pp103-111. 

Learning Activity Theory (Engeström, 1987) and cybernetic feedback principle are applied as 

the theoretical base, and prototyping approach as a practical platform in carrying out the study. 

The point of departure of the study is to view design as a dialectical learning and feedback process 

between designers' activities and users' activities, instead of a product-oriented (life cycle or 

waterfall) design aiming at a static product (software or hardware). The shift from product-

oriented approach, which is traditionally applied in information systems design, to the process-

oriented approach, will need both theoretical models as dialectics, contradictions, learning (paper 

1, paper 4), decision theories (paper 2, paper 3) and practical tools for systems adaptiveness, 

systems flexibility, communication and feedback (paper 2, paper 3). To make the study concrete 

and practical, three prototypes are supplied in each paper ( Livebetter prototype in paper 2, paper 

4; a Universe prototype in paper 1; and Home-service prototype in paper 3). 



SUMMARY 

Paper 1: Contradiction Approach to IS Design and Use Activities 

The focus of the paper is on contradiction from the Activity Theory point of view (Engeström, 

1987), especially, I approach the dialectical relationship between IS design and use. 

In the first part of the paper, I build a mental model on contradictions. The Activity Theory is 

introduced as a theoretical source for the approach. I argue that while people are pursuing 

democratic participation and system harmony in IS development, its counterparts - conflict, 

competition, etc. - are also becoming a crucial issue. The twins - harmony and conflict, democracy 

and centralization - are tied together. No doubt, democracy, harmony, cooperation, and so on, are 

beautiful and pleasant, but centralization, conflict, competition, and so on, have power. My 

assumption is that if we want to develop our system, we have to be serious about both of them; I 

even suggest that in order to reach the stage of democracy, harmony, cooperation, etc., we'd better 

be amenable to the unpleasant side of conflict, centralization, competition, etc. 

In the second part of the paper, I present an empirical prototype "Universe" to demonstrate 

how an IS is developed by taking Design and Use activity as a main contradiction. 

The conclusion is that contradictions are not debilitating factors in need of suppression in the 

IS development. In fact they are the mechanism for facilitating learning between IS Design and 

use activities, and the energy for the systems development. 

Paper 2: Adaptive Decision Support Systems 

The focus of this paper is on the adaptivness of Decision Support Systems (DSS). One major 

problem with Decision Support Systems is recognized as inflexibility in dealing with changes in 

use activities. Feedback Learning Strategy (FLS) is proposed to resolve the problem by (1) 

carrying out a feedback learning process between user and designer in both design and redesign, 

and (2) providing instrumental support within the designed system for this learning activity. 

This paper is subdivided into three sections. In the first, we identify some major problems with 

DSS such as inflexibility, lack of user trust in the systems, and too narrow a scope of the DSS 

concept. Those problems are results of copying a traditional design approach, which were 

originally applied in settings of laboratory or hard systems engineering (well defined context, 

relatively stable environment, structured problems, etc.) to the setting of DSS real world which is 

very dynamic and unstructured. 

To deal with the above problems, in section two, we propose an expanded scope by shifting 

the focus to the end users. By regarding these people as decision-makers, we involve the DSS 

directly with the real world problems of the business. We believe that many small changes in the 

real world of use can quickly erode the credibility and usability of DSS. Within the expanding 

context those small changes can be taken care of and thus substantially prolong the period of 
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usefulness of a DSS. Feedback Learning Strategy is proposed as a way to conduct design activity 

in such a broad context. 

In section three, we demonstrate our effort by an example from a prototype (LiveBetter) in 

public service system developed at  Umeå  University. We provide some practical instruments 

within the system for taking care of changes in use/re-design process. 

Paper 3: Feedback Learning As Strategy of DSS Design. 

This paper approaches the issue of human decision making and the design of Decision Support 

Systems (DSS). The goal of this paper is to find out how computerized information systems 

should be developed in order to support dynamic decision making in developmental work 

environments. By way of a systemic examination of human decision making theories 

(Churchman, Ackoff,  Checkland,  and Brehmer), in the first part of the paper, we propose to 

expand the decision context by sweeping in both categorized/structured information and non-

categorized/unstructured factors into the designed information system. In the second part of the 

paper, we apply Activity Theory an expanding base for conducting design of DSS in 

developmental work. Feedback learning categorized by means of the Activity Theory is defined 

as a way to conduct this expanding activity and design methodology. Design process is seen as 

a mutually on-line learning and adaptive co-constructing process among systems designers, 

systems users, and other systems actors. 

At the end of this paper, a concrete project, Home Care Service Decision Support System, 

developed at  Luleå  University and in local communities, is introduced to demonstrate concretely 

how design activities should be conducted in a dynamic social context. 

Paper 4: Participatory Information Systems: Hypermedia Systems as Venues for Mutual 
Learning 

In this paper we focus on the role of participation as a way to efficient learning in the processes of 

IS design and use activities. We review from the traditional view of learning perspectives of 

conditioning processes to more complex matters of social learning of some educationalists' view 

(Piaget, Montessori,  Freire  and Freinet). We denote a "Participatory Paradigm", which takes the 

users' real needs as the starting point for the design of information systems. We argue that parti-

cipation in IS development has to be conducted all through the life of the system, for reasons of 

users-designers' mutual learning as well as systems redesign. We use the term "Participatory In-

formation Systems"  (PARTIS)  to denominate systems that are designed to support participation 

integrated with system use. The prototype "LiveBetter" is designed to meet some of the commu-

nication and self-service demands raised by the  PARTIS  approach. Some tools for supporting 

mutual learning are included in the prototype. 
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Paper 1 

Contradiction Approach 
To IS Design And Use Activity 

by 

Guohua, Bai 

Proceedings of Thel5th IRIS (1992), Norway, Pp.J 71-188. 



Proceedings of 15th IRIS (1992) 'pp  171-188  
GID  Bjerknes, Tone Bratteteig, and  Karlheinz  Kautz  (eds.)  
University of Oslo 
Norway 

Contradiction Approach 
to IS Design and Use Activities 

Guohua,  Bai  
Dept of  Information Processing  ‚Umeå  University  

S-901 87  Umeå,  Sweden 

Abstract 

While people in IS research are eager to propose democratic participation and systems harmony (e.g, Computer 

Supported Cooperative Work, Soft System Methodology, Co-constructive, etc.), it seems to me there is a critical 

oversight of its counterpart - conflict. In the 1991 ISSS Conference, I even heard people report their strategy of 

development work as "If you do not agree with us,  ok,  go and find your friends elsewhere." No doubt harmony is a 

good thing; but is this the way to organize participants in developing a system? I am even asking what is the force 

behind systems development; harmony or what ? In this paper, an contradiction approach to systems development 

based on activity theory will reach the following: 

1. An epistemological appreciation that contradictions are the force behind systems development, while 

harmony is the stage which provides the condition for systems stability. 

2. A prototype named "Universe" for a tentative application of this contradiction approach. 

Key words: 

Contradiction, opposite, practice, activity theory, object and subject, systems development, IS Design and 

Use activity. 
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Introduction 

The background for the following contradiction approach is based on Activity Theory (Engeström, 

1987). But the very rich and complex concepts of Activity Theory are beyond the scope of this 

paper. I will just focus on one important concept -"Contradiction" -as my main theme of this paper, 

even though this theme sounds not a pleasant one. 

It seems to me that while CSCW, SSM  (Checkland,  1981, 1990), Co-constructive (Forsgren 

1989, 1990), etc., are pursuing democratic participation and system harmony in IS development, 

its counterpart - conflict, competition, etc. - are also becoming crucial issues. The twins - harmony 

and conflict, democracy and centralization' - are tied together. No doubt democracy, harmony, 

cooperation, and so on, are beautiful and pleasant, but centralization, conflict, competition, and so 

on, have power. My assumption is that if you want to develop your systems, you have to be 

serious towards both of them; I even suggest that before you reach the stage of democracy, 

harmony, cooperation, etc., you'd better be amenable to the unpleasant conflict, centralization, 

competition, etc. (Boisot, 1990). Under such a motivation, I will develop this paper as follows: 

1. A contradiction approach will reach the statement that contradictions are the force behind 

systems development, while harmony is the stage which provides the precondition for systems 

existence. 

2. An empirical prototype "Universe" will demonstrate how an IS is developed by taking 

Design and Use activity as a main contradiction. 

1. Contradictions -  The Force Behind Systems Development 

According to Activity Theory, contradictions are the forces behind any development of 

activity. Before we apply this thinking to describe the process of systems development, we need to 

build a conceptual model of contradiction. 

1.1 Model of a Contradiction 

A contradiction is a minimum system by which an even larger system is build. This means that a 

contradiction is the basic node that preserves its essential identity behind any complex and large 

systems. This characteristic of contradiction allows us to use systems analysis and deductive 

methodology to approach very complex systems no matter whether they are hierarchically 

organized or not. 

1  Centralization is different from Dictatorship. The opposite of dictatorship is non-goverment. 



Perhaps a story could help us get the basic idea of a contradiction. It is about a man who was 

selling a spear and a shield. He picked up his spear and said "this is the sharpest weapon and it can 

puncture anything"; then he picked up his shield and said "this is the hardest board and nothing can 

make a hole on it." But when he was asked "what will happen if your spear fights with your 

shield", he was puzzled. What he experienced is a "contradiction". Chinese has even translated the 

word "Contradiction" into Mao(spear) Dun(shield) based on this story. Now with this metaphor, 

we can describe the contradiction as follows: 

(1) A contradiction consists of two entities A and  B.  They are not necessarily two objects; they 

could be two kinds of subjective ideas, thoughts, methodologies, knowledges, etc. 

The two entities A and  B  must share the same context defined by the specific studied topic. A 

spear and a shield consists of a contradiction only if they are discussed in relation to attacking and 

protecting in a war or fighting. If they are discussed in view of relation to Weapon and Human in 

general, both spear and shield will probably be considered as one entity of the Weapon. We can 

have endless lists of contradictions in a general sense of our daily life: man and woman, man and 

nature, friend and enemy, good and bad, quality and quantity, war and peace, conflict and 

harmony, democracy and centralization, etc. 

(2) The two entities A and  B  are united; that is, no A neither  B.  This means that each of them 

take the other as the precondition for its own existence. Without the counterpart, either will lose its 

identity in the world, e.g., both men and women could not exist without each counterpart. This 

mutual dependence (coexistence) provides a shared context for each of them to be "opposite" 

defined as follows. 

(3) The two entities A and  B  are opposite; i.s, either A or  B,  but not "A and  B".  This definition 

of "opposite" seems very similar to the term "mutually exclusive" in logic. The difference is that 

"opposite" has a latent meaning of coexistence and shared context; while "mutually exclusive" 

maybe not. Water and fire are mutually exclusive; they can exist independently. If we consider their 

existence in the same place and same time, they become opposite. In the story above, either the 

spear is the best or the shield, but not both of them in the shared context of fighting. We also need 

to distinguish the term "opposite" from "conflict". We say two parts are opposite it only means they 

are as different as possible from each other, and they could not absorb each other; but not 

necessarily means they are enemies of each other. Conflict is only one of the possible situations of 

a contradiction, e.g., man and woman do not often fight even though they are opposite; if the 

contradiction between a married couple becomes conflict, this usually leads to divorce. 

(4) The two entities A and  B  are not equal in determining the properties of a contradiction 

under some specific conditions. It means there must be one of them which dominates the properties 
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of the contradiction. We call this one "Main Side" of the contradiction. But the so called Main Side 

is not given and never to change. It will dynamically be replaced by other if one or more conditions 

originally favouring this Main Side have significantly changed. 

(5) Activities usually consist of many contradictions, but there must be one of them which 

determines the main characteristics of the given activity. We call this contradiction the "Main 

Contradiction". Just as Main Side of contradiction, the Main Contradiction is also dynamic. When 

the Main Contradiction has been replaced by another, the characteristics of the activity will also 

change. 

The many contradictions are formulated by many entities which could have very complex 

relationships among each other. But the contradiction approach assumes that those entities could be 

decomposed into a binary relationship under some proper conditions or constraints. In this way, 

one entity could join in many contradictions and play different roles according to each 

contradiction. To study the relationship between contradictions is defined in the activity as to study 

their transformation process under some specific conditions. 

(6) Contradictions are universal. This has two meanings: one is to say contradiction exists in 

every activity; no activity without contradictions. The other is that contradictions run through the 

whole process of an activity. In short, contradictions exist anywhere and any time throughout any 

activity. 

(7) Each contradiction has its own individuality or specific characteristics. This means there 

exists no "royal recipe" or "panacea" which could cure all "diseases" of contradictions. We must 

use specific methodologies to attack specific contradictions. 

The concept of contradiction has very rich connotations. It provides a group of self-enclosed 

terminology which enables us to describe very complex phenomena. My purpose is not only to 

provide a group of ideas, terms, and descriptions; but also to use these ontological terms to show 

how contradictions dominate systems development and how we apply them in our systems 

developmental activities from an epistemological view point. 

1.2 Development as Products of Mediating Contradictions 

In this part, I am going to approach systems development in terms of the contradiction model 

described above. First I will describe the development of human research activitiy in general, and 

then focus on IS Design and Use activity in specific. 
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1.2.1 Human Research Activity in General 

The main contradiction in Activity Theory (Engeström, 1987) is the contradiction between the 

Subject and Object. It is believed that this main contradiction is culturally mediated by a 

(psychological) tool into which the historical development of the relationship between the Subject 

and Object thus far is condensed (Figure 1.1). 

—4017 	
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( Outcome ) 

  

     

Figure 1.1: Structure model of individual activity 

Furthermore, in order to extend this model to include the contradictions between the individual 

and his social and collective environment, Engeström has developed the model into three mutual 

relationships between Subject, Object, and Community (Figure 1.2). By introducing Rules and 

Division of Labour, the contradictions between Subject (collective or individual) and Community 

are mediated by Rules; while the contradictions between Object and Community are mediated by 

Division of Labour. 

Figure 1.2 	Structure model of social activity 

However, this model only provides a structure of contradictions involved in an activity; it does 

not depict the dynamic process of systems development and how those contradictions dominate the 

process of systems development. What I am suggesting for human research work is a process of 

an iterative closed cycle (Figure 1.3) 
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What? 

How? 

Figure 1.3 Developmental model of activity 

In Figure 1.3, the main contradiction in research activity is between Object and Subject which 

are defined individually or collectively. There are two main activities related to Object and Subject, 

i.s., Internalization and Externalization (Berger,1966). The process of Internalization is defined as 

the process through which the objectivated world is penetrated into consciousness of our subjective 

understanding about WHAT is the studied objects. Those activities are usually classified as 

Science. Human build disciplines, models in the subjective world to describe the studied objective 

world. The basic force here is the contradiction between Object and Subject in the sense that our 

Subject could never reach full understanding of the Object; we can never get one hundred percent of 

the reality of the Object. It is this contradiction that keeps science activities continuing 2. But 

science manifests its power through the process of Externalization. This means that based on those 

subjective models, "WHAT", understanding, etc., we take action by using tools, materials,etc., in 

the objective world to control, design, and reform the objective world according to our human 

goals. "Human being must ongoingly externalize itself in activity (Berger, 1966, p52)." Those 

activities usually are classified as "Technology". It is the contradiction between the subjective goals 

(what human's subjects want) and the objective given (what are given by objects) that drives 

technology developing 3. It is important to emphasize that the relationship between Internalization 

2. Naturally there is a question here why we humans are created into such curious beings that we 
always want to know more about the objective world. The discussion of psychological motivation of 
human beings is beyond this paper, so, humans curiosity is given in this paper. 
3  It is important to stress that Externalization as such is an anthropological necessity. The question that 
why we humans are created in such a greedy beings that we are never satisfied with what we have 
already got is also beyond the scope of this paper. Readers may see Berger, 1966, p52, p60-p61,and 
p104-p109 . So humans' greedy is given in this paper. 
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and Externalization is a dialectical one. The Externalization process has an important position both 

in satisfying our temporary goals and in locating the next starting point for the iterative cycle of 

research activities. While to externalize successfully in the objective world (according to human's 

goals), we have to truly (as much as possible) internalize the objectivated "WHAT" . Any arbitrary 

action without properly understanding the law or the reality of the objects will certainly get 

punished. 

Readers may notice that in Figure 1.3 Practice is the mediator between Object and Subject, 

instead of Tool as in the Engeström's model. This shift has significantly changed the view of 

activity from structural model to dynamic development process. The point is to use tools in doing, 

acting, learning, and experimenting. 

Practices are defined in the participation of production activity, social political activity, and 

scientific experiment. Practices are the main way to gain knowledge, learn, and understand in 

science activities; they are also the main way to get know-how, experience and techniques in 

technology activity. Furthermore, practice is perhaps the only way to testify a truth. "Practice 

proves to be the source of knowledge both of nature and of society, the basis of the development of 

knowledge, and the criterion of the truth of the knowledge obtained (Rakitov 1989, p311)." So 

practice is a very important concept in this approach. 

The contradiction between Object and Subject is only one of the contradictions involved in 

research activity, and it is the Main Contradiction only in the general sense and epistemological 

view. However, if we intend to organize a concrete research activity, perhaps a hierarchical model 

is more practical. Engeström has proposed three levels of hierarchical model of an activity (Figure 

1.4) in which object and subject are respectively decomposed into three levels counterparts, i.e., 

Activity with Motive, Action with Goal, Operation with Conditions (Engeström, 1987). The 

relationships among them are as such: when we participate in an objective Activity, there must be 

some subjective Motives behind it to explain why this Activity happened; an Activity is collectively 

implemented by a chain of Actions directly dominated by a group of subjectively defined Goals; 

whether those Goals are feasible and the Action practical will depend on whether those Actions 

could be structured into a set of well defined routine Operations under the subjective Conditions 

such as operator's knowledge, skill, capability, intuition, etc.. 

This hierarchical analysis of activity provides its a clear layout of research structure. Based on 

this structure, we are suggested to choose specific methodologies to study specific problems in 

each level. For instance, we can apply general systems theory ( Cybernetic control and 

communication theory) and machine metaphor to study the problem in Action and Operation level; 
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Figure 1.4 	Hierarchical model of activity 

while we maybe choose social systems theory to approach the problem in Activity and Action level. 

Of course the boundaries between levels are dynamic and also ambiguous. A problem treated as 

"Operation" by one group could be treated as "Action" by another group. Also the environment 

which correlates with operational Conditions is also dynamic so as to cause problem to be 

transferred from one level to another (Kuutti, 1990). The point here is that when a specific group of 

subjects handles a specific problem during a specific period, they should dynamically map their 

problem onto the specific level so as to choose the right methodology to attack it. 

1.2.2 Design and Use Activity - The Main Contradiction Behind IS Development 

Based on the general research model described above, I am going to discuss the specific kind 

of human research activities named IS Design and Use. 

The conclusion in this section is that as soon as we take IS as a mediator of human Subject and 

Object, we will naturally find that the Design and Use activity which is separated by many 

traditional IS approaches should be tied together to form the main contradiction behind the IS 

development throughout the research cycle in Figure 1.3; and as soon as we realize that IS is a kind 

of production material which is condensed and objectified in human historical and cultural heritage, 

4  Added by author of this paper. 
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we will soon find that we are never developing only IS as a technical products, but rather the whole 

activity throughout the Internalization and Externalization in Figure 1.3 and also throughout the 

whole levels from activity motivating to operational conditioning in Figure 1.4. 

The concept of what we normally call "Design" is historically separated from what we 

normally call "Use" simply because we humans need tools to mediate the contradiction between 

human subjective goals with the objective given5. But when the new tools like IS are introduced 

into the objective world, they naturally introduce new contradictions, trigger new desires of goals, 

cause new conditions for changing productive activities, etc., thus new activity cycles will always 

iteratively continue. This view of IS suggests that we ought to think of design as re-design and to 

bring the Design and Use back together as one tight coupling of the contradiction behind IS 

development. 

Looking at IS Design and Use as the main contradiction allows us to use the model described 

in section 1.1 to approach the process of IS development. First we can see that design and use 

activities are opposite in the sense that they are different in the shared context; each has its own 

specific characteristics which could not vanish however they might be tied together. But "opposite" 

does not mean conflict. Conflict is only one possible state of a contradiction. " Conflict, such as 

those caused by overlapping goal areas, may be important to organizations in stimulating creativity 

and achievement. On the other hand, conflicts must be kept below the critical level at which they 

would get out of control (Börse,L. 1975)." If IS design and use activities become in absolutely 

conflict, this means that the state of this IS is beyond the control of the designer and user, and it 

will either be killed or mediated by a higher level activity (political, economical, authoritative, 

religious, etc.). 

"Opposite" does not mean harmony, either. Harmony which is also one possible state of a 

contradiction, provides the basic ground for systems to manifest their utilities . Without this 

harmony, the system will become capricious, chaotic, and unstable; no one can identify its basic 

properties and usefulness. Perhaps this is the main reason why people like harmony and feel easy 

with it much more than conflict. But harmony is always being shaken by disturbances both from 

the subject and the object world; therefore harmony should be understood as dynamic and relative 

to conflict. There is no absolute harmony and there is no harmony without being through conflict. I 

have pointed out above that the contradiction between Subject (goals) and Object (given) is the 

force behind systems development, so a system in harmony means the presented subjective minds 

are content with the objective given. Because contented subjects do not often fight, argue, inquire 

or learn, they become lazy and insensitive. Therefore it is a dangerous state for developing systems 

5  Human separated himself from animals first by using tools provided by nature like stone, stick, etc., 
later on those nature-provided tools could not satisfy human subjective goals, human began to design 
tools. 
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before we reach the mature stage of the developed systems. This is why I propose that to develop 

IS we should be amenable to the side of conflict, instead of harmony. 6. 

My suggestion that design and use activity should be tied together does not mean I believe they 

will equally determine the process of IS development. Instead I am proposing the concept of "Main 

Side" of a contradiction. During the process of IS development, it is very important to bear in mind 

that which side is in the position of main side and when it should change. Any arbitrary 

arrangement regardless of being conditions, environment, context, etc., will increase the chance of 

destructive conflict. Generally speaking, Use activity is the goal of Design activity, i.s., to carry 

out a Design activity without some utilitarian goals seems unacceptable. So Use activity should 

dominate the process of IS development. But it is only through the Design activity that the goal can 

be realized. Taking a metaphor, if we want to produce chickens, we must have qualified eggs. The 

properties of an egg determine "WHAT" it will be under the given conditions. This property is 

called "Inner Essence". But if an egg will become a chicken, we must provide it with the desired 

conditions (temperature, moisture, light, etc.). These desired conditions are called the "Outer 

Reason". The Inner Essence explains why things change into a "WHAT"; but the Outer Reason 

tells "HOW" they change. To IS the Inner Essence is embedded in the designed concrete products 

(software, hardware) - it must have the properties of the wanted "WHAT" (an egg not a stone). The 

Outer Reason is the use context, use condition, use environment, etc.. The relationship between 

Inner Essence and Outer Reason provides us with a clear category to organize IS development 

activities. It tells us the relationship between the Design and Use, and how to lead systems 

changing during the development process. Any IS will first involve Design activity, i.s., Design 

activity is the Main Side at the beginning. But when the IS is becoming mature, Use activity will 

increasingly dominate the development process. So the image of a so called "Designer" in fact is 

someone who is trying to create desired conditions for changing the Main Side of the contradiction, 

as soon as possible, from Design activity to Use activity. 

Design versus use is only one of the many contradictions in IS development; in some 

situations it may not be the main one. Some contradictions, like the one between different 

participants, may become crucial under some specific conditions. Participants from different 

backgrounds have different reactions towards IS. Designers, social actors, clients, decision makers 

etc., they see IS in different ways. This could arise out of very complex relationship of 

contradictions. Also, if we introduce an advanced IS into an organization which has neither 

competence nor technology, then we will introduce new contradictions between that organization 

and its production tools instead of resolving out the original one. All contradictions are dynamically 

manifested under some specific situations. The concept of Main Contradiction tells us the basic 

6  Perhaps you will spoil an ambitious kid if you satisfy him anywhere and any time.  

lo 



principle of how to play piano: you should not push all your fingers on the keyboard at the same 

time; instead, you should regulate your fingers on one key at a time and meanwhile keep following 

the next notation. Any attempt to catch everything eventually will get nothing; sweeping in 

everything is worse than sweeping in nothing. 

The contradiction of Design and Use activity is universal in IS development. This means any 

IS development will definitely involve this contradiction, and this contradiction will run through the 

whole process of any IS development period. But this universal contradiction does not show the 

same characteristics according to different contexts of IS. To realize the specific individuality of a 

contradiction is a crucial issue to develop any IS. For instance, to develop an Electrical Data 

Processing systems (EDP) like bank automats, automatic control systems, or accounting systems 

will have very different perspectives from developing a Decision Support Systems (DSS) 

(Sprague, 1980). If research does not analyse this crucial difference and hope to use some royal 

methodologies to attack the very individual contradictions, the result will be very doubtful. Take an 

example with regard to Figure 1.4, historically the basic motivation for humans developing IS 

activity was to replace human operation and reduce labour cost. But nowadays the basic motivation 

for developing many IS (at least in research work) has most significantly shifted from replacing 

routine operation to supporting human decision making. If we do not recognize this upper-level 

change (per Figure 1.4) and still unreflectively follow the old track of action in lower-level and 

using the same methodology as people did in developing EDP, we will definitely be in a dilemma 

either developing a wrong system (not wanted WHAT) or developing a right system in a wrong 

context (not desired HOW). 

After this epistemological appreciation of contradiction as the force of developing systems, 

next I am going to demonstrate an example in which IS development is seen as result of mediating 

the main contradiction between Design and Use activity. 

2. "Universe" Prototype -  An Empirical Approach 

To my knowledge the above dialectical approach on contradictions has not been directly applied to 

IS design activity, although there has been some theoretical approach in Danish school (Kuutti, 

1990 & Susanne, 1990). Perhaps this needs both groundwork and deep reflection in relation with 

current social theory and IS study. The best environment for doing both is a project in which IS 

development occupies a central role. The prototype of "Universe" launched recently at  Umeå  

University is such an attempt. It is not my intention to argue in detail the crucial issues mentioned 

above. Instead I will stress the most basic theme: how an IS is developed in view of coupling 

Design and Use activity as a contradiction. 
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Personal Info. Universities Info. 

2.1 Introduction of Universe 

The basic motive of Universe project is to test and improve the integrated approach around  
Umeå  University including Inquiring systems (Churchman 1971, Ivanov 1991, 1990),  
Hypersystem  structuring (Forsgren & Ivanov 1990, Ivanov 1990), Co-constructive (Forsgren 

1989), and Feedback Learning Design Strategy  (Bai  &  Grönlund  1992). The utilitarian goal of 

Universe is to provide information support for people who are majoring in IS research. 

Temporarily, the provided information is classified into four blocks: Universities Information, 

Projects information, Personal Information, and Conferences Information (Figure 2.1). 

Welcome 
to the World of Universe 

Co-constructiv 
Center 

,. ... zr.. 
rrr 

Projects Info. Conferences Info. 

Figure 2.1 	Universe Home 

After Motive analysis and Goal definition, the next step to develop Universe is to build flexible 

function blocks, structures, and fundamental categories and sub-categories, sets and sub-sets  (Bai,  

1991). In Universe, all of them are open intently for inquiry based on some changeable built-in 

structure. We further define the roles of designers and users in a broad sense that they include 

Browser, Administrator, Designer and Actor. A Browser (defined as client in general) is the 

originator of the purpose and should be directly served by Universe. An Administrator is defined as 

the one who takes charge of managing resources such as systems hardware, software, systems 

security, privacy, etc.. A Designer is defined as technically initiating the Universe structure and 

later on, even more important, dynamically monitoring and implementing requirements throughout 

the process of collective usage of all other roles including himself. A (social) Actor is someone 

who, in some sense as the enemy of the system, will question the fundamental motivation of the 
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whole activity and provide methodological suggestions for Universe development. All of them are 

supported by a set of tools built-in "Co-constructive Center" in Universe. In turn all of them will 

Co-construct (Forsgren, 1989, 1990) Universe through this "Co-constructive Center". In this 

sense, all of them are defined both as Universe's users and designers. 

In order to focus our discussion on the view that how the contradiction between design and 

use drives Universe developing, I will describe the situation limited within a Browser and a 

Designer supposedly named  Inger  and  Bai  respectively. Nevertheless the idea is suitable to other 

roles. 

You Can Freely Click Any Button 
to Go Where You Want 

University Info. 1 Active Area(s) 
(Black  B  uttons) 	1 

Name L ul  e@  University Al 
Dept. Human Work Science 

Hurr-Cürüputer I  rite racti ci  ri  
Country SWEDEN 

Data base 
City Lulea 

Cybernetics 	1 Phone 46 920 91413 

E-mail Bai.gueltua@arl.luth.se  Multi media 

DeCtfilün Sup po rt S witen-i.3 Fax 46 920 91030 

More info., click here! Other 

, Home 

41, , 

Go Lib. 

• e  rso  nal 	ni ve  rsi ties 
I nfo. 	 I nfo. 

 	0- 

Center 

UPütli Search 

age, 4 
oi 	12 
/2 I* 

Projects. 
Info. 

onference 

\. 	Info. 	j  

Figure 2.2 	University Info 

2.2 View of Usage 

Now let us go into Universe and see the view of use first. Suppose  Inger  as a Browser who wants 

to find some information about the Department of Human Work Science in  Luleå  University and is 

recommended to use computer supported IS - Universe. After providing necessary passwords, she 

steps into the Home of Universe (Figure 2.1). The Home is the top node of the hierarchical 

structure which is linked to five sub-nodes as Universities info, Personal info, Conferences info, 
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Projects info, and Co-constructive Center. No matter where she is, she can get Home just in one 

step. 

You Can Freely Click Any Button 
to Go Where You Want 

Personal Info. I Active Area(s) 
- 	(Black Buttons) I 

Name Guohue,  Bei  Al 	 I 
Dept.  Forskarv.  54 A  

H  u  rna  n  - Co  ro p  liter I  n te  raüti o  ri  
Country SWEDEN 

Date base 	I City  Luleå  

Cg  tier net  i  cz; Phone 46 920 91397  

E-mail Bai.guolunearl lith.5« M  Ui  ti media 	I 
Fax 46 920 91030 DeCi:jori Support S pte,  rirr.: 

More info., click here ! Other 

icle 

 .11whe  e 
 i
rs

f
o nel 	niv

i
er

f
si ties 

Center 1, 

F

> 

 re -A a is  g  4  
ei 	12 Projects. 

I nfo. 
onference 

\. 	Info. 	j  Irp data Scruml. <> 

Figure 2.3 	Personal Info 

In order to find some information about a university, from the Home node  Inger  goes into the 

node of "Universities Info" by clicking on the named button in Figure 2.1. and get a world map 

which shows the location of universities or a name list of universities. She can either click on the 

map or click on the name list to choose the university in which she is interested, e.g.  Luleå  

University, getting an information form about the university shown in Figure 2.2. Now she could 

click on the button located in the Control Panel down and to the left in Figure 2.2 to search, 

browse, join in, update etc.. The area 'Home' located down and to the right in Figure 2.2 is a 

global link throughout the whole system. It is the direct link to Home and also the link to other part 

of Universe. For example, when  Inger  browses Universities Info about on-going projects, she find 

Guohua  Bai  has participated in most of them, and she wants to know something about him. By 

clicking on the button Personal Info in Figure 2.2  Inger  can go to the node Personal Info directly 

and get the information about Guohua  Bai  in Figure 2.3. Of course she could go to Home if she 

feels lost. The same principle is also applied to other nodes except the node of Co-constructive 

Center. 
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2.3 View of Design versus Use as a Contradiction 

Even though it is important to provide some initial utilities at present, the most interesting part 

of Universe is not whether we have satisfied the required information for  Inger  as above . Instead, 

it is how to develop the system dynamically following her requirements. These requirements are 

always changing, so no final satisfaction could be reached (according to Figure 1.3). This makes 

the node "Co-constructive Center" most significant. 

Comment Topics Comment Rule (0 - 9) 
Click here to cute topic 

Guidance 
Operational Simplicity 
Usefulness 

NM 
I Very Bad 	> V

i
g

g
y Good 121 

1 I Very Bad 	> Very Good 1 
m 	BIN 

1 Ve1}
1
3ad 	> Very Good  LI 

Cl  i  GI ti:'  c  reat a new topic 

Your Control Paiiel Communication Center  

Actors  
..,e.  
lig•  

Browsers 

.. ,. utstrittors rA.  e  
.1111K 
'Ter' <;..) 	1.))) («->  

iliß 
e"  

Write 	Comment 	Read Mail 
. 	.. • 4}  

Go Home 	Send Out 	Help  Designe  
is. 

Figure 2.4 	Comment on a topic 

Now suppose  Inger  wants to know the courses offered and course materials used in a university, 

but she can not find this information in present Universe. This is a typical contradiction manifested 

between Design and Use mentioned above, and if the Designer  Bai  could catch this contradiction 

between the Goal of Use by  Inger  and the Given of Design by him, this becomes a very good 

chance for developing the Universe. Here is the turn of the Co-constructive Center. Owing to the 

dissatisfaction (subjective feeling of the contradiction between the "Goal" and the "Given"),  Inger  

goes into the "Co-constructive Center" to have her say. By clicking at the button named Co- 
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Constructive Center (located in global link "Your Home" or in the top node), she gets a comment 

card (Figure 2.4). At the top of the card is the area arguing the system quality. Down to the left is 

the control panel for Inger's control of her operation. Down to the right is the Co-Channel through 

which  Inger  can define her communication receivers by clicking on the button "broadcast speaker" 

(all other roles are defined as her communication receivers) or selected roles' buttons. The comment 

topics can either be given by Universe through clicking at the line of the comment topics in figure 

2.5, or by user definition. All comment topics are linked to a Scale (Figure 2.4) and an Argument 

(Figure 2.6) . A Scale is the quantitative description about the topics simply by clicking at the 

location of the bar on top right of Figure 2.4. An Argument is the qualitative description of the 

topic. 

Comment Topics  	 , •i 	
- ....... ':.( 	.7. 	• 

Define a comment topic 
B y  the List 

or 
By youself ? 

1.711171:12'.lie  tol  cli.t. ;3. topic. 
Learning Capability  
Accessibility  
Comprehension 
Guidance 
Adaptability 
Se nce of Control 
Operational flexibility 
Operational Simplicity 
System Behaviour 
Responsiveness 
Humanization  

Q  

.11kt  • 

.. Nert 
By Youself By the List 

Your Control Panel Communication Center 

Actors 

.10.„. 
IV 

Browsers  

• ... instrators ra  1  
rri-fr 

Iii7  

,,-;,. .4.. ...e.,..  ,..:, 	te  ,...:.> ...e:  .iii& 
Write 	Comment 	Read Mail  ei  

Go Home 	Send Out 	Help 

.a., „. 
Desigiiers 

 

Figure 2.5 	Create a new comment topic 

To write an Argument linked to a comment topic  Inger  only needs to click at the line of the 

topic which she wants to argue about. In Figure 2.6, she wants to comment the topic of 

Usefulness and enters her comment. After she finishes, she can send her comments (including 

Topics, Scales, and Arguments) to her communication receivers by simply clicking on the button 

"Send out" in Control Panel. 
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Comment Topics • •b.Ruk: 	•+- 	 

ingument Topic: Usefulness 
Speaker: Browser 
Receiver: Designer 
Date: 92-02-29 
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tr,  
.._ 	. 

Write 	Comment 	Read Mail 
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Go Home 	Send Out 	Help  Designe  
..,. 
.W.... 

Figure 2.6 	Write an argument 

Now let us see her communication receiver,  Bai  defined as Universe Designer. As a Designer  Bai  

is more interested in his received comments about the quality of Universe from collective usage. By 

clicking on the button "Read your mail" in Figure 2.4,  Bai  gets his mail, e.g., from a Browser 

shown in Figure 2.7. If he wants to read the argument linked to a topic, he needs only click on the 

topic line. For example, he finds the comment about "Usefulness" is exceptional, i.e., extremely 

lower comment, so he clicks on the line "Usefulness" and gets Figure 2.8. This exceptional 

argument (at least it is exceptional according to Bai's assumption) will make a contribution for 

developing Universe if  Bai  take it seriously. It is precisely this kind of a contradiction, manifested 

through exceptional phenomena, that initiates successive research cycle mentioned in Figure 1.3 

and drives the system developing. In this case,  Bai  will probably start a new re-design activity to 

improve Universe. 
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Figure 2.7 Get Conunents 

So far we have described the perspective of developing the Universe viewed from coupling the 

Browser and Designer (Use activity and Design activity). It is obvious that the principle is the same 

for other participants even for the case that one person plays different roles (e.g., a person designs 

his/her own IS). The difference is that they contribute to the development of Universe on different 

levels in Figure 1.4. and via different processes of the research cycle in Figure 1.3. All of them 

together will dynamically co-construct a better Universe. 

Future Work 

There are many crucial issues which I could not approach in this paper, especially 1) the 

perspectives of conflict, and 2) how to filter out misinformation (what are the criteria for 

information filters). Here I only propose the questions. 
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Figure 2.8 Read Argument of a topic 

Conflict, as I said before, is one extreme state of a contradiction 7. Throughout this paper I 

have proposed that the contradictions, not conflicts, are the forces behind the systems development. 

Conflicts sometimes (if it is out of control of participants) could destroy a system instead of 

developing a system. (e.g., war, revolution). But a contradiction developed into conflict is not a 

sudden transformation; there will be a process allowing participants to identify the tendency. 

Through a well organized and categorized structure we can identify the tendency toward conflict as 

soon as it is manifested, and this will allow participants to mediate between them and to avoid 

conflict. It is very important for systems development to control the process of contradiction 

transformation. To mediate a contradiction that has become absolutely conflict will involve upper 

level activity, e.g., economic, political, military, religious, or even revolutionary acts. 

How to filter out misinformation will become an important issue when we further develop the 

system. Here will arise social ethical problems such as the criteria for constructive or destructive 

communications. Certainly each participants will have his/her own judgement about what is a good 

7  The very different ideas of Conflict and Contradiction are often found misused. 
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suggestion (Information), and so probably each of them will have his/her own criteria of 

information filter. Generally, such criteria could be in dimensions like (1) Time criterion where 

valid information only exists a limited period; (2) Economic Criterion where information is judged 

on how much it costs, and (3) Power criterion where information has different power according to 

the providers social position. 
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Abstract 

We discuss the problem of adapting DSS to changing conditions. We suggest that the 

ability to assimilate peripheral data is most important for adaptiveness. We also propose a 

user-centered design strategy, "Feedback Learning Strategy", and some tools supporting 

this approach. Our examples come from a prototype public service system developed at  

Umeå  University. 

Keywords: Adaptiveness, System redesign, Customer orientation, Decision support 

system, Feedback Learning Strategy, Human learning process, Tacit knowledge, User-

centered design. 

Introduction 

This paper is subdivided into three sections. In the first section, the major problems with 

Decision Support Systems (DSS) are recognized as inflexibility, lack of user trust in the 

systems, and too narrow a scope of the DSS concept. In section two, we propose a wider 

scope by shifting the focus to the end users. By regarding these people as decision-

makers, we involve the DSS directly with the real-world problems of the business. The 

simple idea is that by starting there, the chances of providing a solid foundation for sound 

decisions at a higher organizational level will get better. The track from real-world events 

to management decisions is followed up by a design strategy and some computerized 

tools supporting this strategy. In section three, we demonstrate this by examples from a 

prototype public service system developed at  Umeå  University. 
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1. The need for adaptiveness 

Some evidence (SOrgaard, 1991, van de  Riet,  1987) suggests that not just "a", but in fact 

the major problem concerning DSS is the failure of such systems to adapt to changing 

environmental conditions. This is evidenced not only by the large number of DSS that 

never get beyond the prototype stage, but also by the characteristics of the areas in which 

the very few systems actually used in practice are used. These areas are usually very 

stable over time, like the one described in LeBlanc (1990), and problems can be quite 

well-defined. When it comes to more loosely structured or changing decision situations, 

DSS more often than not seem to fail (SOrgaard, 1991, pp 4-6). Since DSS are usually 

developed within a narrow framework — few, dedicated users and well-defined tasks — 

the probability for encountering unanticipated events when systems are put into regular 

use is high. Since at the same time several laboratory tests indicate that DSS seem to 

work rather well, at least as acceptance is concerned, as long as the original conditions 

prevail (LeBlanc, 1990,  Aldag,  1986), there seems to be great need to address the issue 

of adaptiveness. 

It also appears that use of DSS is very much a question of confidence, or credibility  

(Aldag,  1986;  Grönlund,  1990); that is, the users must believe that the system is worth 

using and, not least important, be aware of the limitations. In other words, they should 

be able to judge when they should not use the system. This confidence is generally in IS 

development considered an important part of the development process, mentioned in 

every textbook on system development. Designers are supposed to learn about the users 

and the use conditions, users are supposed to learn about the computer system in order to 

gain skill and confidence. However, regarding DSS, confidence may also be dangerous — 

namely when trust in the system is not equalled by good system performance as 

measured in relation to the task, not just as user acceptance. Improved performance by 

decision-makers using DSS is never proved. "Successful" DSS usually score well in 

"user acceptance", but not (if tested at all) in "decision quality" or even in "decision 

speed" (Goslar, Green & Hughes, 1986). This is recognized by  Aldag  (1986), who 

concludes that this "overconfidence" may well be dangerous. 

Recognizing the dangers of overconfidence, we nevertheless mean that confidence is of 

utmost importance for system use. We believe that in order to enhance user confidence, 

the notion of DSS has to be broadened. This is also noted by Jones & McLeod (1986), 

who claim that the traditional way of viewing decision-makers' work styles and 

information requirements is generally wrong. They find that decision-makers retrieve data 

from many sources, many of them informal. Those sources often contain "low quality 

data", that is data on particularities, as opposed to the highly aggregated data usually 
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considered the only concern of decision-makers. Furthermore, these information sources 

are often used in a seemingly random way, or perhaps it is better to say "non-modelled". 

It seems that the use of these sources has the very specific purpose to find the unex-

pected. The authors conclude that the concept of DSS has to be conceived in the 

"broadest possible" sense, and, more specifically, that a DSS has to 

• be able to tap the proper sources, and 

• match the information sources, including informal ones 

We suggest that when it comes to DSS, which by definition deal with uncertain and 

changing conditions, a learning process has to go on through the entire life of the system. 

As SOrgaard puts it: "Knowledge and inference are not enough" (SOrgaard, 1991,  p.  9). 

There is also use, especially skilled use. There are also alternative ways of looking at 

knowledge acquisition. The concept of tacit knowledge is nowadays widely recognized. 

From that discussion we have learned that there is a gap between knowledge and 

language, humans are sometimes unable to express what they know. Thus, some 

knowledge can be achieved only in the process of "doing", which may be interacting with 

other people or using artifacts. This calls for new approaches to system development. 

Sandewall et al. (Sandewall, Hägglund,  Gustafsson,  Jonesjö, &  Strömfors,  1983) 

suggest the "strategy of stepwise structuring" as an approach to evolutionary 

development. In the light of the discussions about tacit knowledge, such evolutionary 

approaches seem to be the only possible way to get to know about how users actually 

think about their work. If one accepts this epistemology, it becomes necessary to include 

the users not only in systems design, but also in redesign. In today's approaches to 

systems development, the users are certainly considered very important, but primarily as 

objects of study and teaching. This, though, seems to be a  besserwisser'  - attitude which 

has to be changed. Users are more than objects of study, in at least three respects: 

• First, there is a human point: systems development should have the purpose of 

supporting humans in their activities, therefore developers should regard the 

users as the most important persons. 

• Second, as a more selfish motive, when it comes to DSS, user knowledge and 

skill is absolutely crucial not only for system development, but also for system 

adaptation/redesign. Not only should they be consulted at the development 

stage, their expertise and skill acquired in everyday use should somehow be 

1  German for the one who knows best and knows that he knows best". Quite an insufferable person, 
that is. 
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continuously solicited and used for redesigning the system. To provide adaptive 

features and redesign tools at different user levels then becomes a key issue. 

• A third reason for shifting the focus more towards the system users is that in fact 

they are the ones legally responsible for system use. DSS use thus becomes an 

issue not only of credibility, but also of liability (Mykytyn, 1990). We will not 

here dig into the liability aspects, the point we want to make is only that since 

users are responsible for use, DSS development has to take this into account. 

The smallest grain of uncertainty about a system's reliability will make users 

hesitate to use it. This must mean focusing more on users and use. 

In this paper, we will discuss the problem of adapting DSS to changing conditions. van 

de  Riet  (1987) concludes that the knowledge structure in DSS very quickly gets 

demolished by the addition of too much unstructured data until a point is reached where 

no one really knows anymore what the system does. On the other hand, as the Jones et 

al. (1986) study mentioned above concludes, such unstructured data cannot be left out 

since it seems to be most important for decision-makers work. We suggest that the ability 

to deal with unstructured feedback is most important, and we propose ways of dealing 

with such data. Our examples come from a prototype public service system developed at  

Umeå  University. This means, of course, that we can not as yet submit any empirical evi-

dence to demonstrate the efficiency of our method. We just want to present these ideas, 

and hope that within the two year time scope of our project we will be able to provide at 

least some empirical fmdings. 

2. Redesign based on use 

The traditional way of developing a DSS normally looks something like this: 

analysis — modelling — prototyping — interface refinement — use 

Once the system is in use, there is little possibility to change it. The assumptions behind 

such a development strategy are: 

• The features of the use context that are captured at the development stage are 

stable for a long period (in fact all the use period), and 

• The users can formulate their knowledge in a way that can be understood by the 

designers prior to system design. 

Assuming this may well be true for many of the conditions built into the system, and 

admitting that rapid major environmental changes may well make any system obsolete, 

we believe many small changes that today quickly erode the credibility and usability of 
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DSS could be taken care of within the system framework, and thus substantially prolong 

its period of usefulness. 

There is also the problem of completeness. Sorgaard (1991) refers to this problem as "the 

95% syndrome", that is, prototypes may work rather well with many of the problems 

faced, but not all of them. In a laboratory this may be a good score, but in business life 

you have to learn about the remaining 5% too. It may be that those 5% are in fact the 

most important cases, since they may be those indicating changes in the use situation or 

designer misperceptions of the users or the use situation. One may suspect so, because if 

those "5%-problems" are not in some sense very different why can't they be dealt with? 

Even if they can never be taken care of within the computer system, there has to be means 

of at least recognizing them and realizing that they have to be taken care of otherwise. 

What we propose is a model for continous redesign of the organization by adapting a 

customer-oriented view of business. Customer orientation, as we interpret it, means: 

• Consider the end-users the most important decision-makers, 

• try to support the decisions they have to make, 

• try to learn from their activity, and 

• use the solicited knowledge to redesign the business. 

In that context, we also propose a model for continous redesign of the computer system 

as a way to implement this view. Our approach to system redesign is based on: 

• decentralisation of some (re)design activities to users, 

• tools for collecting peripheral data, and 

• tools for interpreting and structuring such data. 

We name this model "Feedback Learning Strategy" (FLS). Before proceeding, let us 

interpret the meaning of these three foundations: 

Peripheral data 

Normally, data collection is performed such that anything that does not fit into the 

predefined categories is ignored and never considered again. This could be called an  anti-
adaptive  strategy. If the purpose is adapting to changing conditions, it appears to be a 

good idea not to throw away such data, but rather keep it until you know what to do with 

it. Of course, since you can't keep everything, you need a way to discriminate "possibly 
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useful data" from crap. We call such possibly useful data "peripheral", since it is not — 

yet — at the core of the activities, it may, however, affect them, now or later. 

The only persons that can tell about such peripheral data are the users. So, how can we 

deduct useful information from the everyday use of the system? One way is, of course, 

statistics. We can collect data on system use from within the system (how often certain 

functions were used, etc.), or from without (like questionnaires on utilization and user 

appreciation of the system). But the problem still remains: we will only be able to collect 

data based on predefined categories. In our prototype system, we have integrated mail 

and bulletin board features with the core system (housing brokerage) in order to be able 

to collect data that does not — yet — fall into any defined category. The purpose is to 

exploit the advantage of "beeing there" in situations when things happen, as opposed to 

making inquiry afterwards, in order to: 

• spot unanticipated situations, and 

• trace new trends. 

But this is only the first step. If we manage to "grab the data at the scene of the crime", 

we need to take some action based on what we have found. We need to organize redesign 

activities. 

Redesign activities & tools 

Although major system changes may certainly require traditional "development projects", 

adaptiveness ideally should mean that at least minor changes can be carried out by the 

users. This means that the users should not only "operate" the system, but also have 

some tools and some authority to: 

• identify critical situations, and 

• react to such situations. 

This is recognized by Heng (1987), who claims that evolutionary approaches to DSS 

development, though already the most successful approach, must be improved by 

incremental features of prototypes and easy-to-use updating facilities. In our prototype 

system, such tools are integrated mail and bulletin board functions, which can be used to: 

• notify on situations that the system cannot cope with, 

• communicate on system use, thus improving user competence, 

• propose new features or functions, and 
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• discuss such proposals. 

However, it is obvious that redesign activities at user level mainly concern system use. At 

the designer level, redesign activities in the FLS context include: 

• scanning redesign activity among users, 

• participating in discussions, and 

• implementing changes judged necessary. 

The first two points are motivated twofold. First, there is the generally recognized need 

for user education all through the systems life. Second, if the importance of "low quality" 

data and more random or personal search activities is such as concluded by Jones et al. 

(1986), then these activities must be supported by computerized tools. Tools for such 

activities can be relatively simple, like task-adapted mail and bulletin boards. The third 

point is motivated by the obvious reflection that if the evolutionary approach is to work 

the time span from notification to reaction can not be too long (Heng, 1987). Tools for 

such activities are not yet commonly available. However, much activity is going on. 

Recently developed tools relevant to the above mentioned tasks include: 

• discussion structuring (Eherer & Jarke, 1991), 

• semantic enhancement of searching in free text databases (Wendlandt & Driscoll, 

1991), and 

• maintenance of rule-bases (Coenen & Bench-Capon, 1991). 

In our prototype system, we have so far only experimented with discussion structuring 

and traditional keyword searching, i.e. tools supporting the first two redesign activities 

(see section 3). 

2. Flexibility and adaptiveness. 

In order to implement an adaptive DSS in the sense that users could control the system 

development and change the system behaviour according to change in the application 

context, the system must be flexible enough to allow this change economically and 

practically. So flexibility becomes the main objective in designing an adaptive DSS. 

However, most design strategies are based on the assumption that the requirements of the 

application context can be determined prior to the start of design process and will keep 

virtually unchanged over a long period. The natural consequence of this design strategy is 

a solid and fixed procedural system, not an adaptive system. The FLS strategy we 
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A problem 
and a set of 
applicable 
tools 

propose is a design strategy based on a view of the DSS context as one in which the 

requirements and applied targets are not clear and need to be refined and redesigned 

throughout the DSS lifetime. 

Before we outline the strategy, let us define the concept "flexibility". Within the 

framework of FLS, we are talking about two kinds, or two levels, of flexibility: "user-

level flexibility" and "designer-level flexibility". While user-level flexibility aims at 

providing a user environment that is able to meet various use styles and aspects of the 

target area, the purpose of the designer-level flexibility is to technically facilitate and 

support the user-level flexibility. 

User-level flexibility. 

User-level flexibility gives the users the ability to work within the defined problem 

domain in several ways. When faced with a specific (non-trivial) task, there should be 

more than one tool to use, or more than one way to use the tool provided. This obviously 

becomes more important the less well-defined the task is. To visualize this activity, 

imagine a "problem space" in which each point represents a particular problem or 

subproblem and a set of applicable tools, in the context of user decision. A set of 

problems that can be handled by a specific DSS is the "problem domain". User-level 

flexibility refers to the ability of a specific DSS to handle a group of related or similar 

problems within the problem domain under direct control of the user (Figure 1). 

Figure 1: User-level flexibility 
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Designer-level flexibility. 

Designer-level flexibility refers to the possibilities on the part of the designers to modify 

the configuration of a specific DSS so that it can handle a different or extended set of 

problems or knowledge, i.e: 

• adapt to a changed problem domain, or 

• adapt to changed ways of working within the same problem domain. 

This is implemented by modification of a set of functions and structures so as to form a 

new specific DSS. There are two kinds of modification capabilities, first is the ability to 

add, delete, or change an instance of a capability, e.g., an item in a menu, a field in a 

database, and so on; another is the ability to add, delete or change the type of a capability, 

e.g., a new dialogue style, new structure in a database, and so on (Figure 2). 

Figure 2: Designer-level flexibility 

In order to obtain these two levels of flexibility, we must design the DSS on a base of 

functional blocks. Those functional blocks should provide general capabilities which 

could be easily integrated into some specific function to support some specific decision 

problem. Sprague (1982) proposed a categorization of these functional blocks by a set of 

four user-oriented entities: 
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• Representation, 

• Operations, 

• Memory aids, and 

• Control mechanism. 

The capabilities of "representations" intend to help conceptualize and communicate the 

problem or decision situation; "operations" to analyze and manipulate those 

representations; "memory aids" to assist the user in linking the representations and 

operations, and "control mechanisms" to handle and use the entire system. Starting with 

these four basic functional blocks, we can subdivide them into a hierarchical structure to 

get the specific functional components which satisfy the requirements of specific problem 

solving. 

Adaptiveness: The Feedback Learning Strategy 

Flexibility as described above provides the means for changing the system. There is, 

however, another ingredient to it, namely the communication between users and 

designers2. Incentives to change pop up in the everyday use of the system, and it is a 

good strategy for collecting data to get as close to the source as possible. Applied to this 

context, this would mean that if the user is given some means of immediately noting 

and/or forwarding information about events or situations that are important for use but 

somehow go beyond the current system domain, then this information very likely is the 

best available as feedback on the system status. In fact, it is this information that provides 

motivation and energy for the system adaptiveness, and it is also this information that 

guides the direction of adaptation. However, we can find this information and implement 

relevant changes only by exploiting the use process. This is what the FLS attempts to do. 

The FLS is a system development methodology which is based on the cybernetic 

feedback control theory and a concept of the human learning process as not only an 

intellectual process. Recent work, not least in the Scandinavian system development 

tradition, has focused much on the human process of learning. Even though the 

2 This is the way systems development is usually viewed, as a act of interaction between a "user" and a 
"designee (or some similar term). In fact, at a more general level of system analysis there are more than 
two characters in this play. In any business, someone is owning it and someone is running it. So we 
could identify the owner's system and the actor's system. Somebody is also regulating it legally, so we 
could talk about the regulator's system. One attempt to make such a categorization coherent can be found 
in Ivanov (1991). In our prototype system, we also try to implement one more of these systems, 
namely the owner's system. For simplicity and practicality we will here keep to designer and user. We 
believe that this is enough to make the point.  
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3. System use 

' • 	• 	. 	. 	. •  

theoretical foundations for this seem somewhat ambigous, this work sheds a new light on 

systems design. In this tradition, the suggestion is that humans learn not only by 

analyzing data, but also by using artifacts 3  and by interacting with other humans in 

language-games4. The FLS suggests that user and designer must work together in both 

these ways to construct a dynamic feedback system which could absorb energy from the 

environment as to keep the system adaptive to changes. This relationship between user 

and designer as described from a cybernetic viewpoint is illustrated in Figure 3. 

DESIGNERS SYSTEM 

1. System redesign 

Designer 
input 

7 
2. Functional 

evaluation 

5 Global 
feedback 

• 

•N 	• 
4. Evaluation of 

• task support 
.  	 J 	• 

• USER'S SYSTEM 	• 	• 

	) Feedback unit 

Learning unit 

"Out-
put 

.:::•• 

Figure 3: Feedback Learning Strategy from a cybernetic viewpoint. 

In the FLS, we view a system as composed of two subsystems5; users subsystem and 

designers subsystem. For each subsystem there is a local feedback unit by which the user 

and designer can evaluate their own subsystems. For example, "system use" (box 3 in 

3  This can be examplified by the way little children learn to ride a bike. They just sit on the bike and 
"try to manage". They do that for a week or so, and suddenly they do manage. When asked how they do 
it, they can only answer things like "I just pedal". They know, but they cannot articulate their 
knowledge. Knowledge comes first, interpretation and intellectualization later, in this case much later. In 
the Scandinavian tradition, this is often referred to as "The Heideggerian approach" (Ehn, 1988). Winograd 
84 Flores refer to  Heidegger  (Winograd 84 Flores, 1986, chapter 3), but also to Gadamer  (ibid,  for instance  
p.  29) when discussing this way of learning by "being-in-the-world", to use the Heideggerian term. 
4  This can be examplified by the way you interact with your son or daughter when you try to teach 
him/her how to ride a bike. You don't talk about gravitational pull, centre of gravity, friction etc. Instead 
you say thing like "Pedal faster and keep the balance". And the child will understand. It is thus not a 
matter of what you say, but of what it means to the receiver. In the Scandinavian tradition, this is often 
referred to as "The Wittgensteinian approach" (Ehn, 1988); Winograd & Flores (1986) refer to Gadamer 
(at  p.  29) when discussing the historicality of language and its importance for cognition. They also refer 
to Austin  (ibid,  chapter 5) when discussing the relativity of language. 

5  According to what has just been said (at page 8), there should be more than two systems. For 
simplicity, we'll keep to two. 
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Figure 3) means that users will work in the problem domain (see Figure 1) and use 

available information models and tools provided by the system to solve their decision 

problems. Through the local feedback unit, the users will compare their output with the 

input to find the deviation from their expectancy in order to be able to adjust next input 

until they get satisfactory, or at least best possible, output. 

The designers will implement preliminary tools and evaluate the system based on 

performance. Through their local feedback unit (box 2 in Figure 3), the designers will 

compare the performance (speed, screen layout etc) of the system output with the input 

(hardware, software, and design methodology) so as to find out how to redesign the 

system. 

The most important unit when trying to implement system adaptiveness is the "global 

feedback unit" (box 5 in Figure 3), because this unit provides the means by which the 

requirements of changes proposed by the users can be located, communicated, and 

debated. During use process, a user will sooner or later find the limitations of the original 

system. He may then need some information, models or functions which the present sys-

tem can not provide. These requirements are just the motivation or "energy" for system 

adaptiveness. To capture these requirements then becomes a most vital issue for system 

development. The global feedback unit will play a key part here. In next section, we will 

discuss some tools to implement this feedback. 

However, the concept of feedback in its traditional meaning is not sufficient to cover the 

requirements of a human learning process. As mentioned above, humans learn through 

use of artifact and interhuman communication. We will thus have to support this in some 

way. In our strategy we do this by introducing the concepts latent feedback, manifest 

feedback and communication. In Figure 4 "manifest" feedback refers to such data that can 

be used immediately in system updating, while "latent" is the label for data that is 

considered important at least by somebody but cannot be immediately integrated in the 

DSS. Therefore, such data has to spend some time being treated in the "communication" 

box before it can possibly be used in system redesign. 

12 



:.USERS SYSTEM •,••,.. :••• 

DESIGNERS SYSTEM 

T
O1 Redesign 

Designer 

Structured, 
	 manifest 

V feedback . 

f 
Unstructured, 

manifest 	4 	  
feedback 

/
Unstructured, 

latent 
feedback 

".' 

Decision 
support 

. 	. 	•  

Communication 

Figure 4. Latent and manifest feedback. 

3. Some tools for communication and collaboration. 

In this chapter, we will discuss some tools for communication and feedback, that is tools 

facilitating interaction between users and designers. The examples are selected from 

"LiveBetter", a prototype system for housing brokerage developed at  Umeå  University in 

cooperation with the municipal housing agency. 

Communication is conceived in three categories: (1) user-user, (2) designer-designer and 

(3) user-designer. There are obvious differences among the three: while the first two 

concern communication among peers, the third concerns actors at two different levels. To 

support communication in these categories, the LiveBetter system provides three types of 

tools: "message", "notice-board", and "letter". Let us now briefly describe them. 

Message 

A "message" (Figure 5) is a communication means between users. The addressee is 

known and specified. The topic is not specified. The purpose is to sort out simple issues 

concerning few people (usually two). 
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Notice-board 

The notice-board (Figure 6) is a means for communication among users, among 

designers or cross-category. The purpose is to encourage and support discussions about 

issues that cannot be sorted out immediately because they are complex or they concern 

several people. 

At the notice-board, no individual adressee is specified. Messages are open to public 

access. Communication is set up as follows: A subject has to be specified by some 

originator (a user at any level), who then can state something about that subject. Other 

users can respond under one of the labels "agreements" and "disagreements". Thus, a 

discussion can take place, which in time can provide some semi-structured information 

about user views of that subject. Similar ideas has been developed elsewhere, for 

instance in co-authoring systems (Karagiannis, 1991). 

Letter 

A letter (Figure 7) is a communication means between users and designers. The ad-

dressee is known and specified. Users can mail letters to designers, which have 

predefined mailboxes. Answers to these letters can be sent as a private letter to a public 
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mailbox, if required. The topic of a letter is not specified. The purpose is to provide 

notification on special events or situations that are not cared for. 

fig 6. Notice-board 

fig 7. Letter 
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An example: From peripheral to central data 

We will now try to illustrate the way the above-mentioned tools might be used to improve 

the knowledge structure in the system. 

When we set up the search model that was supposed to help the users find suitable 

apartments, it some data seemed indipensable. We decided that (1) apartment area, (2) 

number of rooms, (3) construction year, (4) price, (5) rent, and (6) location were the es-

sential variables. As obvious, the first five can easily be measured by a number, whereas 

the sixth can not. The search model was implemented such that if no exact match can be 

found, it is possible to search for apartments "close" to the preferences stated. "Close" 

was defined by the users by assigning relative weights to each variable by pointing at a 

linear scale from "not important" to "important", indicating weights from 0 to 1. 

For the sixth variable, no "better" was defined, since we had only vague ideas about how 

to determine what it would mean. This means if the variable "location" is set to 

"important" and there is no exact match, no apartment at all can be found. Similarly, if 

"location" is set to "not important" by the user, it is not considered at all. Any residential 

area will do. This is not satisfying, since it seems clear that in many cases an apartment in 

residential area  x  may be as suitable as one in area  y,  whereas area z is definitely 

disqualified. In fact, area  x  may even be better, only the user did not know about that area 

when he set "location" to  "y".  It seems that we need some criteria to judge residential 

areas by. The problem is how to find the right criteria. 

Use may help here. There are a number of possible scales by which we could attach 

numbers to the variable "location": Geographical proximity to the "best" area, number of 

residents, kind of residents (average income, profession, social status....), area design 

(green areas, playgrounds...), facilities (schools, shops, communications...), area 

location (distance to city center, to recreation areas...), area age, and so on. 

The LiveB  etter  tools described in previous section can be used in the following way to 

acquire and/or distribute knowledge on this topic: 

1. A user who gets annoyed at the systems limitation can send a letter to a system 

designer, stating that she is looking for a "children-friendly" area and needs a 

way to tell the system what she means by that (for instance nice playgrounds, 

not so much traffic, shool and nursery school nearby). 

16 



2. A system designer reacting to this message could set up a discussion at the 

notice-board on this topic, thus drawing other users attention to the problem. He 

could also suggest a few possible criteria, for instance those mentioned above, 

and encourage users to comment on these or suggest other. After some time 

there may be sufficient comments available to at least preliminary interpret ge-

neral user opinions on the topic. The designer could then refine the search mo-

del, e.g. by introducing the concepts "Children-friendly area", "Retirement area" 

and "Student/yuppie area" as area categories, each concept reflecting some 

values on the scales suggested above. 

3. If no changes are judged necessary by the designer, there is still a means 

available to the users to communicate on the topic. Using the message facility, 

they can describe their residential areas and their requirements in whatever terms 

they find suitable, thus enabling at least free text search. This message 

communication may then, if it after some time becomes voluminous and 

unstructured, lead to a new attack on the system designers. 

The scenario described above could of course be reversed, i.e., incentives to change may 

origin at the designer level. 

What has been described here is a kind of intelligence phase in knowledge acquisition. 

The aim is first to detect a potentially critical situation (the search model does not match 

use situation), then to react to this situation. The first is very much in line with the 

findings of Jones, et al. (1986), the second match at least some of the requirements 

mentioned by Heng (1987). 

As should be obvious by now, this strategy is not only a strategy for developing better 

DSS, In fact, it is a strategy for business redesign, because if you take adaptation to 

changing conditions as the major problem of DSS and if you take a pragmatic view to 

what is feasible action, then the FLS fits in well as a survival strategy. If, on the other 

hand, you see business as a matter of implementation, then traditional DSS approaches 

seem more feasible. History seem to speak against the second alternative. The first is as 

yet only a proposal, we believe a fruitful one. 

Conclusions 

Decision support systems seem to lack confidence among users, and are thus seldom 

transferred from the lab into business life. This seems to be because of lack of 

adaptiveness. The systems cannot cope with the fact that the carefully set-up lab 
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situations do not sufficiently match real life situations. The most important difference is 

change, life always changes. We propose a widening of the concept of decision support 

system in three ways: 

• to encompass the end users as decision-makers, 

• to encompass communication among users and between users and designers, and 

• to encompass also unstructured or seemingly peripheral data. 

This calls for a new approach to system design. Since changes never stop popping up, 

neither can design activities stop. Design has to go on all through the systems lifetime. 

We have proposed the "Feedback Learning Strategy", which includes 

• decentralization of some (re)design activities to users, and 

• tools for collecting peripheral data. 

At an embryonic stage of development, to be further developed in the near future, it also 

includes 

• tools for interpreting and structuring such data. 

The FLS is not only a strategy for systems redesign, but also for business redesign, since 

it changes the focus of who are decision-makers and what are important decisions from 

manager level to end user level. 

Further work 

We have proposed some ideas for DSS, both as design and development are concerned. 

The next step should be some testing and evaluation of our prototypes. One problem with 

new tools is that it takes a long time for users to find out how to use them. This is not a 

matter of "user education", it is much more than that. Work practices have to change, and 

this takes a long time. Thus the best we can hope for in a perspective of only a few years 

is indication of such changes — what potential is there, which directions seem most 

fruitful practically, etc. 
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ABSTRACT 

By way of a systemic examination of human decision making theories (Churchman, Ackoff,  

Checkland,  and Brehmer), we propose feedback learning as design methodology for Decision 

Support Systems (DSS). Design process is seen as a mutually on-line learning and adaptive co-

constructing process among systems designers, system users, and other system actors. Attempt to 

expand such design context as to involve multidimensional participation in design process is 

conceptualized by activity theory. A concrete project, Home Care Service Decision Support 

System at  Luleå  University and local communities is introduced to demonstrate concretely how 

design activity should be conducted in a dynamic social context. 

APPROACHES TO HUMAN DECISION MAKING 

1. Synthesizing the Dichotomy 

Studies on human decision making have, so far, been dominated by two seemingly exclusive 

approaches, namely the "algorithmic" or rationalized approach and the "enculturational" 

approach26. The "algorithmic" approach is typically represented by Simons decision model in 

which decision is seen as a well-structured procedure25. The great success in world 

industrialization, in economics, material production, and so on, certainly must be attributed to the 

wide application of such a kind of rationality. Science is the result of accumulated efforts of 

rational thinking. Without this rationality, we humans may not be able to live as a society. 

Therefore, human thinking is basically assumed to be rational. Since we all profit from rationality, 

attempts to promote human rationality are worthy to pursue further. 

The "enculturational" approach is represented by non-cognitive psychologists, social and 

political schools in which decision making is studied as determined by non-cognitive sources as 

emotions, feelings, motives, etC.27,24. The Three mile Island accident and the Chernobyl 



catastrophe have provided striking examples of the crucial influence of irrational effects in human 

decision making*. Studies by  Sjöberg  et al26  have also indicated effects of emotions on 

information processing. Under stress, people get a more narrow perspective, and they become 

rigid, stick too long to early guesses, and deal successfully only with a small amount of 

simultaneous information16. With modern computer technology, people may be likely to flood 

themselves and others with a surplus of information28, and it is quite easy to fall into a trap: If 

more information is provided, better decisions will be made. 

Practices in decision making have shown that both approaches above are necessary, but neither 

is sufficient. Therefore many efforts have also been made to unite the two poles into a single 

theoretical framework. In this section we will examine these efforts to crystallize and nourish our 

contribution. We will propose a dialectical and dynamic approach to this issue. We argue that there 

is a process in which rationality is expanding continually. To grasp this expanding process is a 

crucial issue in understanding human decision making. Within this process, we believe in the 

rational bases for decision making, but we also have to consider the crucial influences of irrational 

factors, such as emotional stress, politics, inefficient communication, incomplete knowledge, and 

SO on. we  grasp this by first sweeping in a set of categorized and broad enough decision 

dimensions into the design context as an "embryo", and then develop this "embryo" throughout an 

expanding and learning process in real work environment. Our effort at such expanding follows 

the theoretical examination of some system thinkers' work, as presented by C.W. 

Churchman9,10,  R.  Ackoffl, Checkland6,7,8, and Brehmer4,5. 

2. Decision Making as Dialectical Inquiring 

We will first examine Churchman's "The Systems Approach"10  and "Design of Inquiring 

Systems"9. The very rich philosophical dialectics of his work is beyond what can be summarized 

here. The main contribution is that he expands the decision domain to a very broad scope, by 

trying to sweep all related components into a decision context. 

When we do so, we question whether the set  D  (decisions) really contains all the alternative 

decisions you could make, or whether the set S (states of the world) is adequately specified. We 

also question whether V (the value) of 0 (the outcomes) is defensible in terms of the larger system 

of human values. 

The process of questioning the above sets  (D,  S, V. 0) is described as a process of dialectical 

inquiring, by sweeping in the enemies of rationalism, such as politics, religion, morality, ethics, 

For a detailed discussion of non-cognitive effectors in nuclear power risks, see  Linston  (1989). 



etc., into the decision context. The strategy for doing this is to stand in the enemies position to see 

how rationality could be improved. By doing this, rationality will absorb nutrition from its 

enemies, and reach the level of a humanistic rationality. 

Churchman's approach, however, assumes that the designer of such an inquiring system is an 

ideal-seeking designer, not an ordinary designer, and not even a practitioner. The ideal-seeking 

designer does not, as Simon's scientific designer, solve given problems, but tries first to identify 

the problems to be solved in the humanistic spirit. The systems approach works in the world of 

ideas, with breakdowns and transcendence, but not with practice and understanding. Furthermore, 

the design process is reduced to ideal-inquiring, and to reflection upon such inquiring by the 

designers, while the decision makers as system users are not actively involved. Their creativity 

and knowledge are not considered as resources for systems development. How could this 

humanistic spirit be applied in practical work, without wasting the users' creativity and 

knowledge? This is the topic for another rational thinker, Ackoff, who like Churchman has made a 

major contribution to the effort of expanding rationality. 

3. Decision Making as Participation 

While Churchman emphasizes the subjective ideas, Ackoff argues the crucial role of subjective 

participation'. If we say that the designer in Churchman's system acts as a doctor who diagnoses 

the problem for decision makers, then the designer in Ackoff's system is more like a teacher who 

through encouragement and facilitation enables the participants and stake-holders to deal more 

effectively with their decision problems. To Ackoff, the design process is a social interaction 

involving a wide variety of individual subjects. It involves all those participants who can directly 

affect or be affected by the system. He also points out that the objective of such practice is to 

increase the development of the client system, its stake-holders, and the practitioners engaged in 

that effort. 

According to Ackoff, there are three conditions that make voluntary participation of the stake-

holders most likely to be obtained: (a) their participation can make a difference in the results 

obtained;  (b)  participation is fun; and  (c)  implementation of the results is likely. The first condition 

is held if each participant is assured that he will have an equal voice in decision making, and 

decision will be made by consensus. To make the participation fun, Ackoff propose the concept 

"idealized redesign". An "idealized redesign" is a design of that system with which its designers 

would replace an existing system right now, if they were free to replace it with whatever they 

wanted. Such a design is subject to only a few constraints, e.g., technologically feasible; legally, 

socially, economically survivable; learning capable and change adaptable. However, there is no 



requirement that the system designed be capable of being implemented. It is only an ideal-seeking 

system its designers can imagine. Finally, to make an implementation of a project's result appears 

likely to the stake-holders, Ackoff argues that (a) the responsible decision makers have to pay for 

the work,  (b)  there has to be a widespread commitment to the design work being done, and  (c)  the 

responsible decision makers trust the practitioners who guide the process. He recommends the 

"idealized redesign" to achieve these results. 

No doubt, Ackoff's designers have moved torward real practice from Churchman's idealized 

world, and we share many perspectives with this approach. However, Ackoff's practice is not the 

one in the real world. In terms of EngeströmI3, Ackoff's designers learn from school-going, not 

from practical or historical expanding. Even Ackoff himself admits that the conditions assumed in 

his approach are so unrealistic as like to play  Godl.  First, in the real world, the assumption of 

consensus decision is seldom held; instead we often find practical decision making embedded in a 

contradictory or even conflict situation. Second, to use "idealized redesign" in a real work 

environment is difficult; instead we often start redesign activity with an "embryo"19, not with a 

game of "play-God". Therefore, our third alternative should focus on the issue of contradictory 

approach and real world learning. This will be contributed by  Checklands  soft system 

methodology (SSM). 

4. Decision Making as Learning and Debating. 

Peter Checkland's6,7,8  contribution to expanding rationality is that he sweeps in the many 

contradictory world views involved as another important factor in rational decision making. He 

suggests that decision making is a debating and learning process between participants with 

different world views (Weltanschaungen). This process is iterative; rather than a final solution to 

the original problem situation, it creates new problem situations in a never ending learning 

process. His approach can be summarized as follows: 

First, a rich picture is taken to represent the different aspects which different participants may 

perceive in the problematic situation. Second, a root definition is made about the basic elements 

that should be clearly defined. A well-formed root definition should include six elements: (T) 

transformation of process - the means by which defined inputs are transformed into defined 

outputs; (0) ownership of the system - some agencies having a prime concern for the system and 

the ultimate power to cause the system to cease to exist; (A) actors - the agents who carry out, or 

cause to be carried out, the main activities of the system;  (C)  customers - beneficiaries or victims 

affected by the system's activities,  (E)  environmental constraints - features of the system which 

has to be taken as "given"; (W) world view-an outlook, framework or image that makes the above 



definitions meaningful. Third, based on the root definition, we now build the model which will 

accomplish what is defined in the root definition. Fourth, the conceptual models are then compared 

with the rich picture, and used to structure the debate about change. The debate is viewed as the 

way to explore the conflicts and desired changes by different world views involved. In this debate 

process, the designer helps the participants to find possible changes that are both systematically 

desirable and culturally feasible. This never ending learning process will involve a power struggle, 

a political process8. Therefore, we should question who will be powerful enough to create his 

benefit changes. To answer this question, we will need a theoretical understanding of the social, 

cultural and historical context of human activity. Later on in this paper we propose activity theory 

to approach this important aspect in the decision making system. Now we still have to condense 

another important aspect, the dynamic decision making represented by Brehmer's work. 

5. Decision Making as Dynamic Control 

Brehmer's contribution is to view the decision making as a dynamic control process4,5. 

Cybernetic control theory is deeply involved. By considering practical work in dynamic 

environments as a form of decision making, his work brings about important new insight in 

understanding how an information system should be designed to support dynamic decision 

making or work. Since decision making is seen as a form of control activity, control theory 

provides the general preconditions for efficient decision making: (a) there must be a clear goal,  (b)  

states of the system must be observable,  (c)  there must be ways to actually change the system,  (d)  

there must be a model of the system. 

This set of conditions also tells us how modem information technology can help the decision 

maker in dynamic work environments, i.e., to provide information to clarify the goal sets, to 

increase system observability, to create tools for changing the system, and to help develop better 

mental models. 

The view of decision making as a control process provides possibilities to apply fruitful 

cybernetic knowledge in practice, especially the feedback principle. According to Brehmer, 

feedback delay plays an important part in decision errors. Decentralization is taken as a powerful 

mean for handling feedback delay. Following this dynamic perspective, we have also conducted 

studies of Distributed Decision Making in Sweden*.  Distributed Decision Making arises where a 

system is too complex to be handled by a single subject. In this case, a valid mental model can not 

be achieved, and the control task has to be socially distributed. The goal for such distribution is to 

* Cf Rasmussen,  B.,  Brenner,  B.,  St Leplat,  J.  (1991) "Distributed Decision Making" Cognitive Models for Cooperative Work. New York: 
Wiley. 



achieve control of the total system through cooperation of numbers of actors, each one with a less 

than perfect model of the system. 

6. Conclusion 

It is quite clear that people often make decision errors, and that such errors are partly cognitive in 

nature and partly depend on the influence of other factors in human performance. The general 

picture is that people seem to neglect some vital aspects of the decision task. However, which 

elements in the task, and what aspects of the decision making process that should be considered, 

will depend on which normative model we finally adopt The efforts to expand the domain of such 

normative models have been found along the way from the work of Churchman to Brehmer. There 

is no preference, however, for ranking the different approaches according to their merits and 

weaknesses. Instead, they are presented here as alternatives and mutually complementary theories, 

each adding a unique and useful angle to our understanding of the issues at hand. We will try to 

weave together some of these ideas, in order to identify promising directions for further research. 

EXPANDING THE CONTEXT OF DSS DESIGN 

1. Challenge by Expanding. 

If any rational inference is required in a decision, it is quite natural that people turn to the aid of 

information tools, e.g., to design a computerized and decision oriented information system. 

However since the computer is most prominent in dealing with well-structured models and 

procedures, the design context of computerized information systems is traditionally limited to 

purely rational and static thinking. As pointed out above, a static model will not suffice, because 

relevant elements can not all be accounted for, owing to unpredictable changes in the decision task, 

time constraints, costs, and lack of relevant information support. Even if the designed system does 

correspond to what is already well known, it will soon be corroded by the real world dynamics12. 

Therefore, the challenge to DSS designers is: how can DSS contribute to the task of enriching the 

decision context and organizing the information flow under such an expanding environment? 

DSS designers are being challenged by practice also. Until 15 years ago, most computer 

systems were used by engineers and programmers. Computer systems designers were designing 

systems for their own use or for other technically proficient users". Accordingly, they felt no 

need to seek other participants in design. Now, however, computer use has spread to workplaces 



that are very unlike engineering laboratories. Information systems are going public, and the same 

holds true for the development of these systems19. Traditional methods of design, including 

procedures such as installation, acceptance, delivery, etc., do not specify the decision makers' 

involvement in design. Rather, they even work against user participation17. 

To overcome this challenge, the so called "Scandinavian approach", or the "participatory design 
14,15,17,19 approach"* 	suggests that the role of the designer is expanded by soliciting all actors in 

the social system surrounding the decision making.° The process of participation is seen as 

approaching some ultimate ideal of Churchman's democratically autonomous "unified decision 

maker, client, and designer"9  

However, the decision maker's involvement in the design process also requires some prior 

knowledge, on part of the system's manager, about the basic social context which makes the 

participant's actions understandable as purposeful contributions in a collectively mastered, 

systemic whole. Without a model of such a broad, and yet nonredundent context, expanding the 

design context by means of user involvement can very well lead to information flood and chaos. 

Evidence from experimental studies26  clearly indicates that people, experts as well as novices, try 

to reduce the complexity of the decision task by means of different heuristics26,28. They use much 

less information than they believe they do, and they are unaware of how they make their 

inferences. From this perspective, the task for designers is not to provide the decision makers with 

as much information as possible, rather it is more important to build a capable contextual structure 

into the system to help decision makers integrate and handle the otherwise too complex 

information flow. This contextual structure must be based on social systems theory in relation to 

human judgment and learning. In the section to follow, we will propose Activity Theory as our 

basic category that should be build into our decision support system. 

2. "Activity" as the Basic Category 

Inspired by Engeström12,13, Kuutti22, and Bodker3, in this part we argue that the concept of 

activity, as developed within the so-called cultural-historical tradition in psychology, should be 

the basic category of DSS design. Activity theory, rooted in Marx's dialectics and developed by 

the Soviet psychologists Vygotsky and his followers A.  N.  Leontev and A.R. Luria, has a long 

historical and philosophical motivation, especially in striving for the solution of human behavior in 

* The tradition of Scandinavian approach can be found in the annual Nordic research seminars called IRIS (Information systems 
research in scandinavia). The sprit of this approach is edited in "Scandinavian Journal of Information System". 



relation to society. Following Engeström's work12,13, we will describe some major features of 

this theory as follows. 

A. An activity is a basic process that a human being or a collective carries on or participates in 

by virtue of being alive, and it is also the most basic unit for any human or collective performing a 

specific function or duty. "Activity is a non additive, molar unit of life for the material, corporeal 

subject"23.  

B. An activity is structured and analyzed at various levels. Activities can be first distinguished 

on the basis of their motives, and the objects toward which the activities are oriented; then actions 

are taken on the basis of their goals; finally operation is carried out under the limit of the 

conditions. This is demonstrated in Fig. 1 

Activity --11. Motive 

Action -11> Goal 

Operation --11> Condition 

Fig. 1 The Layers of Activity  

C. Activity involves goal directedness. The ability to formulate and carry out conscious goals is 

a crucial trait that distinguishes human beings from lower animals. This indicates a misleading 

thinking in many IS design models, in which investigators are concerned with structural features 

common to many forms of behavior, while ignoring differences in goals.  

D. A socially distributed activity system comprises the subject (individual or collective) 

which is to handle a shared object with the aid of tools in order to achieve perceived outcomes. 

The subject has to cooperate with (other subjects in) the community, i.e., the broader social 

context of which the activity is an integrated part. Culture, law, social norms etc., make up the 

rules, considered as mediators between the subject and community. Finally, the division of labour 

mediates the tensions between object and community. This systemic whole is presented in Fig. 2.  

E. Activity implies development and dynamics. Human activity is generated by inner 

contradictions within, as well as between the elements of the activity system. Contradictions 

between the primary activity and adjacent activities in the environment are transformed into internal 

factors to drive system development. The evolution and change of activity systems may be 

depicted as cycles of expansive reorganization. (Fig. 3). 



Implementation of the 
new model in practice; 
the created new replaces 

	 Aggravation of 

the riven new. 	(4) 
	 contradictions; double 

bind; analysis. 	(2) 

Design of a new model for the 
activity; new instruments and 

patterns of interaction. 	(3) 

Fig. 2 Socially Distributed Activity System 

Consolidation and 

proliferation of the new model; 
reflection. 	(5) 
	

Activity moving from 
'business as usual to 
a need state. 	(1) 

	e (6)  

Fig. 3 The Expansive Cycle of Activity Development 

In this expansive cycle, the activity system moves from "business as usual" to an unarticulated 

"need state" (block 1 in Fig. 3) and then to a stage of increasingly aggravated inner tensions 

which eventually threaten the very continuity of the activity (2). Efforts to release the uneasy 

situation will trigger out the emergence of a germ-cell idea for reorganization of the activity. Such 

an idea gains momentum and is turned into a model. The model is enriched by designing 

corresponding tools (3). The model is then implemented in practice, producing new conflicts 

between the designed new ways and customary old ways of working (4). By working through 

these conflicts, the designed or the given new model is replaced by the created new model, firmly 

grounded in practice (5). This process will be iteratively updated throughout the whole life of the 

activity system. 



There have been several attempts to apply this framework to information system studies22,13. 

However, to apply it concretely in DSS design work is really an exploratory and novel approach. 

In next section, we will address this topic based on the above theoretical work. 

FEEDBACK LEARNING - DSS DESIGN STRATEGY 

1. Learning and Feedback 

The effort of expanding the design context will require a multiple learning process. The question 

is how we can facilitate this learning process in real work. The way that we propose here is 

feedback learning. Feedback is of central importance if we are approaching the real work in social 

expanding context. Feedback enables a person to approach a goal more effectively, even if only 

coarse and inefficient judgments are made at any time. The limits of achievement are dependent on 

the availability of feedback. There seem to be many problems with outcome feedback in applied 

settings*. It is often delayed and ambiguous, resulting in less than optimal performance, and even 

"blind knowledge"20. Nevertheless, the dominating role of feedback in human learning is widely 

accepted. Considering design of DSS as a learning process means that we need to further exploit 

it.  

2. Assumptions 

Feedback learning strategy is based on a group of condensed assumptions. These assumptions 

reflect our theoretical understanding of human decision making, as elaborated in the first part of 

the present paper, as well as practical observations of the trend in the system design discipline. 

These assumptions are described as follows. 

A. The category and structure built into the system must reflect the social context, and be able to 

absorb sufficiently diverse, non-rational dimensions (Churchman's systems approach).  

B. The design of DSS must be a social interaction (Ackoff's participation) of a wide variety of 

different Weltanschaungen  (Checklands  debating and politics); it is not possible to be carried out 

by means of traditional systems design, no matter how skillful the designers might be.  

C. The design of DSS must be involved in real work dynamics (Brehmer's "dynamic decision 

making"); design activity and use activity should not be separated2. 

* Evidence from Hammond (1971), Wickens (1992), and Brehmer (1989), show that in laboratory settings, pure outcome feedback 
is not always effective for learning. Help from, e.g, standard procedures of operation, or other types of feedback, e.g., "Lens Model 
Feedback", can greatly improve learning. 

10 



D. The design process should be viewed as a never ending learning process, not only to learn 

what is there, but more importantly to learn the new features of developmental reality 

(Engeström's learning activity). 

3. Categorizing Feedback 

Based on Engeström's model (Fig. 2), we will categorize feedback in an activity system at three 

levels. 

A. Outcome-Feedback (Global): This feedback will regulate the goal deviation of the activity 

outcome and induce the subject to adjust input such as to re-distribute resources, to change control 

strategy, or to expand (reconstruct) the object.  

B. Inter-Feedback (Local): This feedback is between the components inside the system, e.g., 

feedback between tool and subject when the subject meets problems in dealing with new features 

of the object. When the problems are beyond the capability of the designed tools, a feedback 

process will enter between tool design and the subject2. Similar feedback processes could also 

occur among other elements.  

C. Inner-Feedback (Latent): This is reflective feedback to the subject about his mental model. It 

implies judging the hypotheses and increasing the understanding of the problem being studied. 

Since people may easily construct oversimplified explanations of their successes (or failures), the 

inner feedback will help the subject to find those insufficiencies when some un-noticed conditions 

no longer prevail. 

The general feedback category allows us to grasp the wider social totality while meaningfully 

maintaining the identities of each sub-activity (actions and operations). Accordingly, the DSS 

should provide support for all levels of feedback learning. In the next chapter, our main concern is 

how to implement this thinking in practice. 

FEEDBACK LEARNING IN PRACTICE 

Typical judgment studies have been heavily dominated by laboratory work with students, using 

"non important" decision tasks. One reason for this state of affairs is the difficulty in getting access 

to more important decisions for study. Furthermore, it could be added that real life decisions 

typically involve complex situations including many factors, which are hard to analyze in a 

laboratory setting. Hogarth21  argued that research on judgment errors has been concerned with 

static situations whereas real world judgments and decisions occur in dynamic interplay with the 

environment. Tetlock's concept of "decision making as politics" comes up with a similar 

argument27. 
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In our research project, CODE (Continuous Organic Development) developed at  Luleå  

university, Sweden, we use a real work activity system - home care services (HS), as our research 

object. In Sweden, HS is conducted by a special department of the  Kommun,  i.e, the local 

government, paid by taxes and politically governed, created as part of the national social insurance 

system. Old people and/or disabled people are supposed to receive home services from the  

Kommun  according to their needs, e.g., special housing (institutional care), help with cleaning the 

house, cooking, shopping, personal care, and transportation. The decision of what kind of 

assistance that should be provided, is based on a "need assessment" procedure, a form of dynamic 

decision making on part of a local HS director. The government is supposed to pay most of the 

costs. However, the  Kommuns  in Sweden are now facing problems both from economic pressure 

and a public demand for higher quality of service. They have more scarce resources and more 

service requirements. The challenge is to deliver service of high quality and efficiency, and 

meanwhile to keep the resources under control. To create the new tools for this is not a topic that 

can be taken as a laboratory study. It is a real world problem. The authorities also propose to 

conduct a joint project, where social researchers and practitioners cooperate to resolve the stress. 

Based on this practical demand, an Activity Group*, including researchers, practitioners, 

managers and tool designers is formed as the collective subject to carry out the reconstruction of 

the activity system. 

Primarily, the object will focus on the decision making in the need assessment The goals of the 

project are twofold; practically, it is to improve the situation in HS services, especially to improve 

the rational judgment of service needs; theoretically, the objective is to further explore (a) the zone 

of proximal development for HS**, and  (b)  the possibilities of the Feedback Learning 

methodology as a tool for DSS design. 

Focusing on the topic of this paper, we will just briefly indicate our view of how a DSS should 

be developed in the present context, according to a participatory, continuous redesign strategy. 

The first question is how design activity should be conducted. DSS is an element of the tool in 

the activity theory model (Fig. 2). Therefore, its design process should be viewed as one step in 

the whole activity development shown as block 3 In Fig. 3. The type of feedback learning 

involved here concerns the relation between the tool and the subject We first view the collective 

subject as "designer" and "user", respectively*. The DSS as tool should be developed in an 

For a discussion of the Activity Group as a learning device at the developing work place, see Sutter.B. 84 Lindberg, L-Å  (1993) "Developmental Work 
Activity Within the Social Sector", to appear in Activity Theory, 15/16. 

44 
Engeström (1987) defines the zone of proximal development as "the distance between the present everyday actions of the individuals and the historically 

new form of the societal activity that can be collectively generated as a solution to the double bind potentially embedded in the everyday actions."  P  174. 

* In our activity group, the term "designer" refers to those who contribute to tool development. This may include more than 
technical or computer experts per se, while "user" always refers to those practitioners, whose object is to deliver home care services. 
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evolutionary way, starting from an "embryo" (similar to Ackoff's idealized redesign). This means 

that the designer will implement preliminary tools and continuously evaluate the system based on 

their performance. Due to the expanding nature of the object, and the learning process of system 

use, a user will eventually find the !imitation of the original tools to deal with the object. He may 

then need some information, models or functions that the present tools can not provide. 

Requirements as such are just the motivation or "energy'' for tools' adaptiveness. To capture these 

requirements, then, becomes a vital issue for tool development. Feedback learning as such is to be 

supported. At Umeå University, Sweden, a prototype "Livebetter" focuses on this point and has 

incorporated some tools to support feedback between user-user, designer-designer and user

designer. Tools such as Letter, Message, and Notice Board are designed within the prototype. It 

seems to be a quite fruitful framework in our developmental approach**. 

The second question is what should be first considered in the "embryo". The core of our 

"embryo" is an "umbrella" structure closely following Engeström's Activity Model in Fig. 2. This 

is shown in Fig. 4. Under this structure, some subcategories with respect to the need assessment 

activity are provided, based on a model developed by Lindberg for the HS case ***. 

Three levels of feedback learning as defined above, will be conducted. We use Hyper Card as 

our platform to implement the tool functions. An example of one type of feedback - inter-feedback 

in the designing process between User, named Lasse, and the designer, named Bai is given at the 

bottom of Fig. 4. Since the system currently is still an "embryo", we are not able to provide 

concrete examples of the other two types of feedback. Nevertheless, we are quite convinced from 

our experiences so far, that feedback learning strategy as proposed in our paper is worthy to be 

further developed. 

SUMMARY 

The dichotomy of human decision making studies has invited us to propose a dialectical and 

dynamic approach to this issue. We do this by sweeping in categorized information, as well as 

absorbing non-rational factors into a rationalized model. Prior relevant work has been reviewed 

from Churchman to Engeström. Activity theory provides one alternative for building a system 

which is broad enough, yet non-redundant, to cope with a changing and dynamic decision context. 

Feedback leaming based on such a system could be the way for humans towards a high level 

rational society. The design of DSS, however, is only part of this movement. 

Description of the project "Livebetter" and its development strategy can be found in Grönlund & Bai, ( 1992) "Adaptive Decision 
Support System", Transactions of DSS'92, P66-72, and Grönlund & Bai, (1993), "Participatory Information System", Proceedings of 
IFIP 1993, in press. 

*** Lindberg, L-Å, Bai, G. & Vidman, Å. (1993) Decision Mak.ing In Home Care Service: Computer Supported Ne.ed Assessment. Dept. Of Human Work 
Sciences, Luleå University. (Forthcoming). 
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Abstract 

In the light of recent technical development, including the emergence of computer systems that are — 

in various forms — publicly accessible, and thus reaching new kinds of users, we claim that we have to 

consider not only information systems (IS) design, but also IS use as educational situations. That is, IS 

use is the context in which the users have to learn about the system at the same time as the system de-

signers have to learn about system's use and users. This leads us to the problems of learning. What is 

"education"? The concept has been used to bear on anything from Skinnerian conditioning processes to 

more complex matters of socialization. Variations of the latter view are advocated by numerous educatio-

nalists, including Piaget, Montessori,  Freire  and Freinet. 

After a brief review of some educationalists' view of the role of participation in education, we delina-

te a "Participatory Paradigm", which takes the clients' information needs as the starting point for the 

design of information systems. We argue that participation in IS development has to be conducted all 

through the life of the system, for resons of user education as well as systems redesign. 

We use the term "Participatory Information Systems"  (PARTIS)  to denominate systems that are 

designed to support participation integrated with system use. The "LiveBetter" is an idea prototype 

system designed to meet some of the communication and self-service demands raised by the  PARTIS  

approach. LiveBetter includes some tools for mutual learning. 

Keywords: Education, The Participatory Paradigm, Participation, Participatory Information 

Systems. 

A scene change — public information systems 

Information systems are going public. They are leaving the comparatively safe ex-

istence as just an organizational infrastructure problem for the much unsafer arena that 

forms the interface between the organization and the outer world. We can today see the 

new field Interorganizational Information Systems  (IOS)  emerging [23]. Another 
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example is the increasing use of information systems delivering information directly to 

individual "end" clients. Such systems include electronic home markets, public terminals 

at the job office or the tourist office and the like. How can you learn about and educate 

the users of such systems? One thing you can't do is invite them all to a design meeting 

two years before the system is going to be implemented. We claim you have to learn from 

the use of the system by considering IS use as venues for mutual learning; for the users 

to learn about the system and for the designers to learn about the users. 

It should be noted that the users are changing, too; knowledge about computer use is 

much more common today than just a few years ago. 

Altogether this introduces new possibilities as well as new demands to IS develop-

ment. In this paper we will focus on the role of participation as a way to efficient 

learning. Our main points are: 

• The emergence of public computer systems leads to an increased amount of self-

activity on part of the users. 

• Participation is a fundamental human activity. In fact, it is the most basic way of 

learning. 

• Learning about the modern society is a life-long challenge because this society is so 

complex and ever-changing. 

• Information systems pertinent to the individuals' social life must be designed to sup-

port participation. 

• Hypermedia is an excellent means to design such information systems in a way that 

make them relatively easily explorable for people. 

After a brief review of some educationalists' views in these matters, we will proceed 

this discourse by outlining two conflicting "paradigms" for information processing. The 

paradigms concern the way organizations conduct their information exchange with the 

outer world. The paradigms are general, but we will specifically apply them to 

educational settings. The paradigms will be only briefly sketched, they are debated under 

various labels in other places. We will only use them as a background framework for dis-

cussing the problems we are focusing on. 

The last section introduces "LiveBetter", a prototype public service system implemen-

ting what we call the "Feedback Learning Strategy". This is a strategy for designing in-

formation systems for mutual learning. 

On education 

In this section, we will renounce the idea of "education" as an information delivery 

process. Instead, we claim, we should regard education as a socialization process in 
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which participation is the most important means. First, let us consider educational 

venues; where are they to be found? By education, people usually mean one of the 

following things: 

• Generally, the term refers to the improvement of somebody's knowledge in some 

sense. If you use the term in this sense, any situation could be an educational situa-

tion. You learn in school, but you also learn in many other situations, by your expe-

riences of life. Knowledge, in this view, is not something that is transferred from 

one person to another, but something that grows out of the situation. 

• More specifically, the term is often used referring to formal education, teaching. 

Often, though certainly not always, use of the word in this sense is a different view 

of knowledge. Somebody who has knowledge — a teacher, a parent or the like — is 

delivering, or transferring, that knowledge to somebody who does not have it, a 

pupil, a child or an ignorant. 

However, even when considering education in the narrower sense, like in the second 

point above, the first point made is still relevant. In the contemporary pedagogic debate, 

almost all would subscribe to a view of education as something that has to do with a com-

plex socialization process rather than information delivery. Therefore, teaching situations 

have to include "the real world" in some way or another. A short review of some pedago-

gic ideas might illuminate the point to be made. 

In the 1950's, Frederick Skinner introduced a manifestation of the concept program-

med education, the educational machine' It was based on behavioristic ideas, notably the 

method of stimulus and response, conditioning. The conditioning idea is probably most 

well known by Pavlov's dog experiments, the idea is to reinforce behavior that is consi-

dered positive by means of punishment for faulty behavior and rewards for correct. Be-

haviorism is deterministic, that is the idea is that all behavior is a result of some stimulus. 

Thus, there is no need to pursue research into the hidden mental processes of man. It is 

enough to "objectively" study the behavior. 

The ideas of Skinner are largely rejected in today's pedagogic debate. The theories 

that form the basis for the school of today all share some basic notions of the human na-

ture that are not compatible with the ideas of Skinner. The most important idea for our 

purposes is the idea that the human, the pupil, is not an object for education, but rather a 

subject. He has an inherent desire to learn about the world, and he does so primarily by 

participation in social activities. We will now briefly review some of their ideas relevant 

to the following discussion on computer employment in educational situations. 

1  A review of Skinner's ideas and work can be found in [17]. Skinner's own writings can be studied 
in, for example, [22]. 
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Jerome Bruner and Jean Piaget represent the so called cognitive schoo12. In this 

school, education is seen as an intervention in a socialization process where the indivi-

dual's mental development interact with the conditions imposed on him by the environ-

ment. The relation between the two is dialectical, they affect each other in complex ways. 

Mental structures are created in the individual as a result of active treatment of impres-

sions from the outer world. The mental processes are thus not given beforehand, they 

evolve during the socialization process. Teaching situations, then, must be well in 

balance with the socialization process, which is influenced by many other factors, 

psychological as well as social. While Skinner talked in terms of "responses to stimuli", 

Piaget talks of assimilation as a process of understanding ever larger parts of the world 

by use of the already acquired mental processes and accomodation as the creative process 

of adapting behavior to changes in the environment. This view leads to some conse-

quences for the conduct of teaching: 

• Every learning situation must be considered in relation to a larger process. Every 

such situation should be considered as a step in, or part of, the individual's (or the 

group's) development process. 

• In order to understand just how a particular situation relates to the wider context, ac-

tive participation on part of the pupil is crucial. This is the way the teacher can learn 

about the pupil, but also how the pupil learns about himself. 

• The teacher, in this view, is primarily a guide, not an information deliverer. He is 

there to help the pupil learn for himself. He is there to assist the active pupil in a 

participatory socialization process. 

Cglestin Freinet was even more concerned with the pupils' activity: "Work shall be 

the leading principle, the driving force and the philosophy [...lit shall be the activity 

from which all skills spring" ([41,  p  30). Thus, Freinet's pedagogy is one of discovery. 

The idea is to take the children into real-world situations, in which they can "fool 

around", guided by the teacher, and learn by experimentation coupled with reflection. 

Physical activity and intellectual reflection are equally important, together they form the 

intellect of the individual. However, there is an emphasis on the chronology; activity 

comes first, reflection afterwards. The purpose with participation a. la Freinet is to 

enhance motivation and responsibility on part of the pupils. Also the pedagogy of Maria 

Montessori, in much a model for Freinet, are in the parts relevant here in agreement with 

the just said about Freinet, although she was more concerned with arranging situations in 

the school than going out to the forest or the city. 

2  An overview of and a comparison between the ideas of Bruner and Piaget can be found in [21]. 
Bruner's own writings can be studied in, for example,[1], [2], and [3], Piaget's in [18], [19], and [20]. 
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Paulo  Freire  worked in Brazil in the 1960's with alphabetization projects. He was 

thus concerned with education of adults as well as children. His pedagogy focuses on the 

social context3. Helping the individual reflecting over his situation and thereby preparing 

him to take actions to liberate himself from the oppression is a goal for education. The 

goal for education is liberation, the method is dialogue. Education must "establish a dia-

lectical relation to the social context in which the individual is living" ([13],  p  36). 

Education a la  Freire  must start with the teachers thoroughly learning about the pupils' 

social situation. What are their living conditions? How do they think and talk about them-

selves and their situation? What are their basic concerns? This way, keywords, or as  

Freire  calls them generative words, are found. Those words are then used as the starting 

point for the alphabetization education. For  Freire,  participation is a way to emancipation. 

We have chosen a wide variety of educationalists to illustrate the point we want to 

make: Participation is a fundamental human activity. It is the most important way to learn. 

Though they differ in many ways — to be sure, they even conflict on important issues — 

all the reviewed authors emphasize this. We will in the following use the term education 

in a wide sense to denote a socialization process in line with the pedagogic ideas outlined 

above. In short, education should be considered as a participatory process. For the more 

specific meaning in the second point above, we will in the following use the term "infor-

mation delivery". 

Two "paradigms" for information processing 

In this section we will discuss two views of how information should be treated 

within and especially "without" — regarding the interface towards the clients — 

organizations4. Based on the discussion above on two different understandings of 

education, we will here outline two paradigms for information processing. One of these, 

the one we call "the participatory paradigm", will then be used as a base for information 

systems design. The paradigms will be described primarily in terms of the organizations' 

communication with their environment, but, obviously, the relations between an 

organization and the outer world much affects the information processing within the 

organization. The paradigms differ in that one basically holds a top-down perspective on 

organization and information flows, whereas the other holds a bottom-up perspective. 

The two information processing paradigms to be discussed will be called the "Infor-

mation Delivery Paradigm" and the "Participatory Paradigm". In the first instance, the pa- 

3  A review of Freire's ideas and work can be found in [14] and [13]. His own writings can be studied 
in, for example, [5], [6], and [7]. 

4  For a more thorough discussion of the two paradigms, see [10] and [11]. 
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Figure 1: The "Information Delivery 

Paradigm". 

radigms concern the interface between an organization and its clients. The problem is: 

How should communication, or information exchange, between the two be conducted? 

The Information Delivery paradigm refers to 

the traditional view of how organizations con-

duct their information exchange with the outer 

world. This is in accordance with Skinner's 

view of knowledge. In this view, the organiza-

tion somehow possesses all the relevant infor-

mation. It also has a de facto monopoly on how 

to organize this information, because this rule 

system has been decided "earlier" and "else-

where", whenever and wherever that may be. 

A client with some information problem may 

pose a question to the organization, represented 

by its front personnel (Figure 1). If the ques-

tion can be answered by investigation in the 

data banks available to the clerk by the use of 

the implemented search functions it will be answered. If not, the question will "die". The 

client will not be able to push it further with that clerk. An attempt to do so would only 

result in raised voices and an unpleasant situation. He will have to go somewhere else, 

with no guarantee whatsoever that the result will be better. If he is lucky, his question 

will fit into some other organization's question categories. Otherwise the same thing will 

happen over again. In the information delivery paradigm, the right to formulate problems 

is restricted to the information owners. Every attempt to formulate problems in other 

ways will be considered "foul"; the questions will not be understood, or they will simply 

be ignored because trying to answer them would cause too much trouble. In a sense, 

therefore, the information delivery paradigm is an authoritarian paradigm. It also causes 

problems in dealing with an ever changing environment — what if the "unanswerable" 

questions in fact are the most important ones? In an organization based on this paradigm, 

there is no structure to cope with such questions. The organization accepts only one view 

of reality. 

The Participatory paradigm (Figure 2) is the opposite of the Information Delivery 

paradigm in the sense that it is less concerned with the internal efficiency problems of the 

organization. The participatory paradigm focuses primarily on what may be called 

external 
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Figure 2: The "Participatory Paradigm". 

the clerk turns into a facilitator. He 

efficiency, the information needs of the clients. 

The participatory paradigm assumes that the 

main objective of an organization is serving cli-

ent information needs, and thus it should be 

very sensitive to the the questions posed by the 

clients. These questions must be well taken 

care of, since they are indicators of the client 

information needs. Thus client questions comes 

first, organization comes afterwards. The role 

of the organization is to help the individual find 

his way to information needed to solve his 

problem. From being an information deliverer, 

is to help the client building his information network, 

which may be very differently organized than the company in question. This is in accor-

dance with the role of the teacher advocated by Piaget and Bruner, even more so by 

Freinet or Montessori. 

Participatory information systems 

In the papers [10] and [11], we coined the concept "Participatory Information 

Systems" to denominate IS that build upon participatory theories. We will not go further 

into this concept here, let us just repeat the definition: 

A participatory information system  (PARTIS)  is one that aims at improving decision 

quality by sweeping in relevant parts of the decision context. It does so by soliciting for 

contributions by all actors in the social system surrounding the decision making. 

By "decision maker", we mean anyone making decisions in an activity. When discus-

sion educational systems, we are thus talking about both those delivering information and 

those using it. In fact, in the light of the discussion above, since education is about com-

munication processes, not about somebody giving and somebody else taking, both 

parties in an educational process are delivering as well as using information. 

LiveBetter — Two aspects of educational hypermedia systems 

In this section, we will illustrate our understanding of the participatory paradigm with 

a hypermedia system intended to support that paradigm. The examples are selected from 

"LiveBetter", a prototype system for housing brokerage developed at  Umeå  University in 

cooperation with the municipal housing agency. The setting for the system is the follo-

wing; The municipality of  Umeå  provides help for the citizens in finding or exchanging 

apartments, the agency  Bostadsförmedlingen  (Apartment brokerage service). This service 

is much used, and the idea was that by provide a self-service means for people to go 
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about their own business as much as possible we would avoid spending tax money doing 

things people can do themselves. It seemed much of the client's information needs could 

be fulfilled by just allowing them access to the agency's data. There are, however, also 

more problematic cases. For instance, due to the Swedish social security system, persons 

with "social needs", like singles with children, may have special priority to houses 

owned by municipal housing companies. Issues like this requires communication 

between the agency and the client in order to find out the specifics of the situation, the 

applicable regulations etc. To cope with such problems, the communication parts of 

LiveBetter was developed. 

To save space here, we won't show you what the LiveBetter looks like. Please refer 

to the poster [8] or the papers [10] and [11] for these matters. 

Information delivery for self service 

The basic idea behind the LiveBetter was to develop a system that could largely be 

used by the clients themselves with no, or at least a minimum of, interference from the 

personnel at the  Bostadsförmedlingen.  The first challenge, then, was to present the infor-

mation in a way that as good as possible made up for the help traditionally provided by 

the clerks at the office. The system in use was not good in this respect, since it did not 

even spell out clearly the data about the flats. Several codes were used, like "103" to indi-

cate a particular residential area, which would be totally unintelligible to a client. 

We set out to design a system based only on client needs, thus at this stage paying no 

attention to costs, implementability etc. We designed the system with one problem in 

mind: "How would a person in search for an apartment go about?". We ended up with 

the following information functions. 

• Advertisements. Data on available and demanded apartments, like ads in a 

newspaper. Can be entered directly by customers or by clerks. 

• Geographical information. The advertisements are linked to maps to show where in 

the city they are located. 

• Information about residential areas. Maps over residential areas with information 

about available service, communication etc. 

• Information about the functions and changes of the system. Rules for functions, 

news about added or disconnected functions, rules for proposing and implementing 

changes. 

• Searching. Any customer can enter data on preferences about wanted apartments and 

let the system suggest suitable apartments. There are models for exact matching and 

"best availabe". Of course, browsing facilities are also provided. 

—8— 



• News. Registered customers has access to special functions for searching in the  sys-
tern.  News since last visit can be found, data about customer preferences are stored 

and used for repeated searching. 

Tools for participation 

In the previous section, we have discussed functions for information delivery. 

However, when replacing a manual system with an automated, you lose something that is 

not just "information". You lose human interaction, which means you lose the possibility 

to react to what the "information system" tells you. There are situations when you — as a 

client — don't understand, don't agree, want to know something else, something that is 

not "delivered" to you by the  systern  etc. In all these cases, a "manual system" has the 

advantage to be "soft", that is able to respond to "non-standardized input". Our next 

problem, then, was to try to maintain some of this flexibility when automating the 

information systems. This is the participation problem. 

In this section, we will discuss some tools for communication and feedback, that is 

tools facilitating interaction between users and designers. Communication is conceived in 

three, obviously very different, categories; user-user, designer-designer and user-desig-

ner (See Figure 3). Communication is also conceived as an activity going on at three 

levels; A "reactive" level, where people are allowed to react to events or situations; a 

"discursive" level, where discussions are pursued; and an "analytic" level, where discus-

sions are analyzed in order to make decisions about system redesign. To support commu-

nication in these categories and (partially) at these three levels, the LiveBetter system pro-

vides three types of tools: "message", "notice-board", and "letter" (Figure 3). In accor-

dance with the philosophy of embryonic development [11], and also considering expe-

riences of hypertext systems for communication and discussion [12], we have strived to 

keep the tools as simple as possible. Let us now briefly describe them. 

Message. A "message" is a communication means among users at reactive level. The 

addressee is known and specified. A message is related to the advertisment; you can leave 

a message to any person that has made an advertisment. A message is therefore basically 

a one-way communication means, even though there are simple ways to circumvent this. 

The purpose is to sort out simple issues concerning few people (usually two). A typical 

message would be "I'd like to make an offer for your flat. Please call me at 11 71 77 to-

night after 6". 
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Figure 3: Tools for 

communication and 

collaboration; Messa-

ges, Letters and 

NoticeBoard. Arrows 

indicate communication 

directions. 

NoticeBoard [9] was developed to support conversations on issues pertinent to, but 

not at the core of, the apartment exchange activity. Such conversation might include 

issues of regulations, special situations, reactions about the current ways to conduct the 

business and the like. This is, issues that cannot be sorted out immediately because they 

are complex or they concern several people. NoticeBoard is a means for communication 

among users, among designers, or cross-category. No individual adressee is specified. 

Statements are open to public access. The sender may remain anonymous, or he may 

appear openly. Statements are protected, they can only be changed by the originator. 

Comments are not protected. An overview of subjects is presented. This overview is 

sorted by actuality, which means most recently issued or commented subjects come first. 

At a higher user level, you can also build chains of subjects. In terms of communication 

levels, NoticeBoard is supposed to serve primarily at the discursive level. 

Letter. A letter is a communication means between users and designers. The addres-

see is known and specified. Addressees are people within the agency. Users can mail let-

ters to these people, which have predefined mailboxes. The sender of a letter can specify 

how he wants his letter to be answered; "Private" means that the answer is sent as a pri-

vate letter (protected by password) to a public mailbox,; "Public" means that the sender 

considers the issue of general interest and wants it to go into a discussion at the 

noticeboard; and "Not at all" is the proper label for plain notifications. 

Conclusions 

Most contemporary  pedagogs  agree that participation is a fundamental human 

activity, in fact it is the principal means for learning. Since many settings for IS use, in 

particular such created by the advent of public information systems, should be considered 

as educational situations, we proposed the concept "Participatory Information Systems" 

as systems aiming to; (1) increase the ability of a "pupil" by means of participation; and 

(2) increase the learning ability of an organization by means of meaningful interaction 

with their clients. To achieve this, employment of hypermedia systems in the contacts 
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between an organization and its clients seem a natural way to go. The LiveBetter includes 

some tentative tools for these purposes. 
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