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Abstract 

This study has focused on the problems associated with the design of computer based 
management Information Systems (IS) and especially on how to integrate the design, use and 

embedded social context into one coherent framework. The term IS is used in this study to 

broadly refer to areas such as Decision Support Systems (DSS), Human Computer Interaction 

(HCl) and Computer Supported Co-operative Work (CSCW). 

By viewing design activities as a social interaction process among designers and users and 

their social context, the study aimed to develop: 

1. a socio-cybernetic and social-psychological theory of IS development and to enlighten the 

relationship between the IS design activities, IS use activities and embedded societal 

context; 

2. a practicable method, called a "feedback learning strategy", for conducting IS design 

based on socio-cybernetic and social-psychological theory. 

This study has been conducted by generalisation, theoretical analysis and prototyping. A 

multiple disciplinary approach has been taken encompassing IS design based on activity 

theory, cybernetics, sociology, psychology, decision theory, and systems design theory 

(participatory design, prototyping). 

Keywords: Information systems design; feedback learning; sociocybemetics; prototyping 



L 
Luleå University of Technology Department of Human Work Sciences, Division of Technical Psychology 

and 
Department of Business Administration and Social Sciences, Division of Computer and Systems Sciences 

DOCTOZM THSS/S 

A Sociocybernetic Approach 
to 

Information Systems Design 

Guohua Bai 

June 1998 



Abstract 

This study has focused on the problems associated with the design of computer based 

management Information Systems (IS) and especially on how to integrate the design, use and 

embedded social context into one coherent framework. The term IS is used in this study to 

broadly refer to areas such as Decision Support Systems (DSS), Human Computer Interaction 

(HCl) and Computer Supported Co-operative Work (CSCW). 

By viewing design activities as a social interaction process among designers and users and 

their social context, the study aimed to develop: 

1. a socio-cybernetic and social-psychological theory of IS development and to enlighten the 

relationship between the IS design activities, IS use activities and embedded societal 

context; 

2. a practicable method, called a "feedback learning strategy", for conducting IS design 

based on socio-cybernetic and social-psychological theory. 

This study has been conducted by generalisation, theoretical analysis and prototyping. A 

multiple disciplinary approach has been taken encompassing IS design based on activity 

theory, cybernetics, sociology, psychology, decision theory, and systems design theory 

(participatory design, prototyping). 

Keywords: Information systems design; feedback learning; sociocybemetics; prototyping 



P R E F A C E 

This study was carried out at the Division of Technical Psychology, Department of Human 

Work Sciences, Luleå University of Technology, Sweden. The study was also supported by 

the Division of Computer and Systems Sciences at the Department of Business 

Administration and Social Sciences, also at Luleå University of Technology, where I have 

been working as a lecturer since 1995. 

There have been many people who have contributed to the completion of the present study 

and to whom I would like to express my sincere thanks. 

I would first like to thank my supervisor Lars-Åke Lindberg for his great encouragement, 

valuable advice and generous support throughout my studies. 

My special thanks also go to: 

- Professor Kjell Ohlsson for his wide ranging help and encouragement during the study. 

Without his involvement in both practical issues and strategic decisions, I would not have 

been able to complete the study. 

- Professor Kristo Ivanov, Dr. Olov Forsgren, Dr. Åke Grönlund and Dr. Erik Stolterman 

for their support and care while I was working at the Department of Informatics, Umeå 

University from 1990 to 1992. 

- Al l my colleagues at the Division of Computer and System Science for their practical 

help and for providing me with the conditions and time to carry out the study. 

- The Department of Business Management, Qingdao University, China, where I worked 

from 1987 to 1990, for their co-operation during the process of the study. 

- Professor Donald de Raadt for his critical caring and enlightened advice and for the many 

discussions and seminars with him and his students group. 

- My former colleagues Kerstin Kemien, Anita Mirijamdotter, Birgitta Bergvall-Kårebom, 

for their many stimulating discussions. 

- Miss Yinru Chen for her attentive checking of the papers in the last moment. 

My special thanks go to my wife Lina, Luan, my son ShuaiNan, Bai for their patience and 

understanding during my many absences from home and my odd working hours. 



TABLE OF CONTENTS 
PREFACE 

SUMMARY 

Introduction 1 

Towards a Holistic Thinking of IS Design - The Systems Approach 4 

Dealing With Dynamics in IS Design- Feedback Learning Strategy (FLS) 5 

Dealing With Contradiction in IS Design - The Dialectical Approach 6 

Dealing With Social Interaction in IS Design- The Activity Theory Approach 6 

Dealing With Human Cognitive Aspects in IS Design - The Cognitive Approach 8 

Integration - A Socio-cybernetic Approach to IS Design 8 

Future Work 9 

PAPERS 

Paper 1: Bai Guohua & L-Å Lindberg (1998) "A Sociocybernetic Approach to Information Systems 

Design", submitted for publication to Joumal of Cybernetic and Human Knowing 1(1-21) 

Paper 2: Bai Guohua & L-Å Lindberg (1998) "Dialectical Approach to Systems Development", Systems 

Research and Behavioral Science, Vol.15 No.l, pp. 47-54 2 (47-54) 

Paper 3: Bai Guohua (1996) "Systemic Ethics and Systems Design", Abstract of Thematic Group on 

Sociocybernetics and Social Systems, lCfh International Congress of Systems and Cybernetics, p. 16, 

Bucharest 3 (1-9) 

Paper 4: Bai Guohua (1996) "Cognitive Approach to Design of Human-Computer Interaction", 

Proceedings of International Conference on Information Systems Analysis and Synthesis, pp. 49-54, 

Orlando, USA 4(1-11) 

Paper 5: Bai Guohua (1997J "Embryonic Approach to the Development of Information Systems", 

Journal of Strategic Information Systems, Vol.6 No.4, pp. 299-311 5 (299-311) 

Paper 6: Bai Guohua (1992) "Contradiction Approach to IS Design and Use Activities", Proceedings of 

15,h IRIS, G. Bjerknes, T. Bratteteig, and K. Kautz (eds.), pp. 171-188, Oslo 6 (1-20) 

Paper 7: Lindberg L-Å & Guohua Bai (1993) "Feedback Learning as Strategy of DSS Design", 

Proceedings of the 2nd International Conference on Systems Science and Systems Engineering, pp. 219-

226, Beijing 7 (1-16) 



Paper 8: Bai Guohua & Ake Grönlund (1991) "Adaptive Decision Support Systems", Transactions 

Of the 12th International Conference on Decision Support Systems, pp. 66-80, Chicago 8 (1-20) 

Paper 9: Grönlund Åke & Guohua Bai (1993) "Participatory Information Systems", In Decision Support 

in Public Administration (A-26), P.W.G. Bots, H.G. Sol and R. Traunmuller (Editor), Elsevier Science 

Publishers B.V. (North-Holland) IFIP, pp. 171-198 9 (1-28) 



Introduction 

This study has focused on the problems associated with the design of computer based 

management Information Systems (IS) and especially on how to integrate the design, use and 

embedded social context into one coherent framework. The term IS is used in this study to 

broadly refer to areas such as Decision Support Systems (DSS), Human Computer Interaction 

(HCl) and Computer Supported Co-operative Work (CSCW). 

By viewing design activities as a social interaction process among designers and users and 

their social context, the study aimed to develop: 

A socio-cybemetic and social-psychological theory of IS development and to enlighten the 

relationship between the IS design activities, IS use activities and embedded societal 

context; 

2. A practicable method, called a "feedback learning strategy", for conducting IS design 

based on socio-cybernetic and social-psychological theory. 

The thesis is based upon the following papers: 

Paper 1: Bai Guohua & L-Å Lindberg (1998) "A Sociocybernetic Approach to 

Information Systems Design", submitted for publication to Journal of Cybernetic and 

Human Knowing. 

Paper 2: Bai Guohua & L-Å Lindberg (1998) "Dialectical Approach to Systems 

Development", Systems Research and Behavioral Science, Vol.15 No. l , pp. 47-54. 

Paper 3: Bai Guohua (1996) "Systemic Ethics and Systems Design", Abstract of 

Thematic Group on Sociocybernetics and Social Systems, 10th International Congress of 

Systems and Cybernetics, pl6, Bucharest. 

Paper 4: Bai Guohua (1996) "Cognitive Approach to Design of Human-Computer 

Interaction", Proceedings of International Conference on Information Systems Analysis 

and Synthesis, pp. 49-54, Orlando, USA. 

Paper 5: Bai Guohua (1997) "Embryonic Approach to the Development of Information 

Systems", Joumal of Strategic Information Systems, Vol.6 No.4, pp. 299-311. 
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Paper 6: Bai Guohua (1992) "Contradiction Approach to IS Design and Use Activities", 

Proceedings of 15th IRIS, G. Bjerknes, T. Bratteteig, and K. Kautz (eds.), pp.171-188, Oslo. 

Paper 7: Lindberg L-Å & Guohua Bai (1993) "Feedback Learning as Strategy of DSS 

Design", Proceedings of the 2nd International Conference on Systems Science and 

Systems Engineering, pp. 219-226, Beijing. 

Paper 8: Bai Guohua & Åke Grönlund (1991) "Adaptive Decision Support Systems", 

Transactions of the 12th International Conference on Decision Support Systems, pp. 66-

80, Chicago. 

Paper 9: Grönlund Åke & Guohua Bai (1993) "Participatory Information Systems", In 

Decision Support in Public Administration (A-26), P.W.G. Bots, H.G. Sol and R. 

Traunmuller (Editor), Elsevier Science Publishers B.V. (North-Holland) IFIP, pp.171-

198. 

The relationship between the content of the above papers and the objectives of the study are 

mapped in Figure 1. 

fcemer/c 

Paper 1 

Paper: p " P ' r 4 * V r 7 

Paper 9 

Paper? P a < " r S 

Figure 1. Content of each paper in relation to the objectives of the study 

This study has been conducted by generalisation, theoretical analysis and prototyping. A 

multiple disciplinary approach has been taken encompassing IS design based on activity 

theory, cybernetics, sociology, psychology, decision theory, and systems design theory 

(participatory design, prototyping). The main subject of each paper in relation to IS design is 

shown in Figure 2. 

The conclusions of this study are hypothetical in the sense that, although three prototypes 

(LIVEBETTER, UNIVERSE, and CODE) have been developed and used in a test 

environment, they have not, however, been tested beyond prototype stage by professional IS 
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designers. Such development would require a level of social participation which is politically 

and economically beyond my means as a post graduate student. 

The main conclusions drawn from the study are summarised below based on the theme of 

1. Many problems related to IS development (design, re-design and use) are not problems of 

technical design as such, but rather problems associated with integration of social 

interaction and use activities embedded in the design. IS design should, therefore be 

approached using socio-cybemetic and social-psychological theories (paper 1, 2, 3, and 4). 

2. Analysis of the IS development process based on the activity theory and dialectical 

approach shows that the idea of contradiction is crucial for understanding IS development 

(paper 2, and 6). 

3. By viewing the IS design as a process of social interaction will result in a participatory 

design process involving various actors, such as users, designers, sociologists, 

psychologists, politicians and decision makers (paper 9). 

4. Participatory design requires the support and use of another information systems in order 

to allow an effective participatory context. Put another way, IS designers have to use other 

information systems, e.g. a Communication System (CS) or designers' IS, to design the 

users' IS. This implies that IS design is a self-referencing process (paper 1, 5, and 6). 

5. The characteristics of administrative work or decision making tasks are highly dynamic 

and unstructured. The IS used to support design tasks will also need to be adaptive and re-

Figure 2. A multi-disciplinary approach to IS design 

each paper: 
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designable. The process of designing an adaptive and re-designable IS wil l require a new 

methodology which can unite various social and dynamic activities as one coherent 

development process. This new design methodology is named feedback-learning and 

embryonic development in this study (paper 5, 6, 7, 8 and 9). 

The following text will provide the reader with an outline of some of the key ideas underlying 

the thesis in relation to each paper. This description follows the tracks of my exploration in 

the field of systems science in general and, more specifically, information systems design. 

Towards a Holistic Thinking of IS Design - A Systems Approach 

I studied Engineering Control and Cybernetics (B.Sc.) followed by Management and Decision 

Support System (M.Sc.) at Beijing University of Science and Technology during the period 

1978 to 1986. From 1987 to 1989, I led a project SMASS (see paper 3) which aimed at 

designing a computer based decision support system for managers in management of students. 

This project was based on a hard system thinking and engineering methodology and it turned 

out that the project failed to recognise other social variables and social actors who were 

involved in the system. Whilst the project was technically a success, it failed socially since the 

proposed users or the managers stopped using the system. With this experience of the 

limitations of hard system thinking and engineering methodology, I came to the Department 

of Informatics at Umeå University as a researcher in the area of information systems design in 

1990. Professor Kristo Ivanov and Dr. Olov Forsgren introduced me to the world of Systems 

Approach and Inquiring Systems1, Hypersystem Thinking2, and Soft System Methodology.3 

Those approaches were like a new window through which I saw a much broader view of the 

systems design perspective. I could then understand why the SMASS project failed (see 

conclusion in paper 3). At the 1991 International Society for the Systems Sciences (ISSS'91) 

conference in Östersund, Sweden, I had a long discussion with Professor James Miller about 

my experience. He suggested that I write an article based upon my experiences to demonstrate 

the interdependence of IS design and context of social factors in use. Based on the experience 

1 Churchman, CW (1971) The Design of Inquiring Systems: Basic Concepts of Systems and Organization, Basic 
Books, New York. 

Churchman, CW (1979) The Systems Approach and its Enemies, Basic Books, New York. 

2 Ivanov, K (1991) Hypersystems, Research Reports in Information Processing and Computer Science, No. 13. 

Institute of Information Processing Administrative Data Processing, University of Umeå. 
3 Checkland, P.B. (1981) Systems Thinking, Systems Practice, lohn Wiley &sons, Chichester. 

4 



of the project and the approaches I had learned, I wrote a paper (paper 3) which was later 

presented at the 10th International Congress of Systems and Cybernetics in Bucharest. 

Dealing With Dynamics in IS Design - Feedback Learning Strategy (FLS) 

During my time in Umeå, I participated in a project known as 'LIVEBETTER' which aimed 

at designing a prototype IS for the municipal housing agency in the city of Umeå 

'Bostadsförmedlingen'. I worked with my colleague Dr. Åke Grönlund for several months to 

develop a prototype according to the specified functionality. Following the traditional design 

methodology (waterfall or life cycle model), we implemented most functions. However, it 

seemed that we could never finish the design of the prototype, even though we worked day 

and night and even on New Year's Eve, since the completion of one function triggered the 

need for new function. We discussed the matter with our patience running out and soon 

realised that our experience of the iterative characteristics of the IS design, in fact, 

demonstrated the real design situation of management information systems (DSS in this case). 

If we failed to recognise this fact and not worked out a strategy to deal with the dynamics in 

IS design, we might not be able to work with real users and provide them with an acceptable 

IS. After many discussions based upon theories of systems development, we proposed the 

Feedback Learning Strategy (FLS) to deal with users' dynamic functional requirements and 

to support users' semi-structured tasks. We believed the adaptive design was crucial, 

especially when the target system is an adaptive system as in DSS. The result of our findings 

was presented in Transactions of the 12 t h International Conference on Decision Support 

Systems. (Paper 8) 

Based upon the Feedback Learning Strategy, another paper (Paper 9), was published in the 

book Decision Support in Public Administration (A-26). Here we discussed the perspectives 

of mutual learning between designers and users in the participatory design process. We used 

the term "Participatory Information Systems" (PARTIS) to describe systems that are designed 

to support participation integrated with system use. We argued that participation in IS 

development has to be conducted throughout the life of the system, for reasons of user 

education as well as systems redesign. 

However, when many social actors involved in the design process, there are bound to be some 

value conflicts among participants. Obviously, to propose a participatory approach without 

theoretical understanding about such contradiction and how to deal with them, the process of 

participation would be seen as a political struggle. This is clearly no good for the system 
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designed and for society as whole. This motivated me to search for a theoretical 

understanding of the social interactions and contradiction surrounding IS design. 

Dealing With Contradiction in IS Design - Dialectical Approach 

Participatory design must first have well defined divisions of labour as well as effective 

communication among participants. This hypothesis led me to investigate theories that could 

explain the behaviour of systems actors, their contributions to the system, and their activities. 

Prof. Kristo Ivanov's idea of hypersystems2, which is based on Churchman's inquiry system1, 

provided me with a great insight into how such an inquiry system should be constructed. I 

wrote a long paper (not included in the thesis) discussing two perspectives: the idea of 

hypersystems (divisions of labour) and the concept of contradiction within the agenda of 

participatory design approach. 

After many discussions with my colleagues, especially Dr. Erik Stolterman, it was suggested 

that I focus on one issue that he thought was very important to the understanding of systems 

development, i.e., the concept of contradiction. By exploiting my experience in prototyping 

another system, 'UNIVERSE', which aimed at building an information network to world 

universities in the area of informatics, I revised the paper (Paper 6, in proceedings of 15 th 

LRIS) to demonstrate how the 'UNIVERSE' was developed by considering the design 

activities and use activities as a contradiction. When I discussed these ideas with Dr. Gro 

Bjerknes during the 15th IRIS in Larkollen, I was encouraged by her work and decided to 

improve the paper by studying the theory of dialectics and systems development in general. 

After I moved to Luleå, I had many discussions with my supervisor L-A Lindberg about the 

concept of contradiction in activity theory, and got many ideas from him. The improved text 

(Paper 2, in Joumal of Systems Research and Behavioral Science, Vol.15 No.l) concentrated 

on theoretical understanding of systems development based on dialectical thinking, and 

complemented this with a general development model for IS design. 

Dealing With Social Interaction in IS Design - Activity Theory Approach 

In April 1992, I moved from Umeå University to Luleå University of Technology, and 

became a full time Ph.D. student at the Department of Technical Psychology. My supervisor 

Dr. Lars-Åke Lindberg introduced me to the world of activity theory. When I read Yröj 

Engeström's thesis 'Learning by Expanding'4 and work by Kari Kuutti 5 and Gro Bjerknes6,1 

4 Engeström, Y. (1987) Learning By Expanding, Helsinki: Orienta Konsultit. 
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immediately realised that activity theory was exactly the one which I had searched for when I 

was at Umeå University. 

The elegant and logical integration of subject, object, artefacts and other social factors such as 

communities, culture, laws and labour divisions, were powerful in enlightening the social 

interactions involved in IS design. I was convinced that the dialectical approach of 

contradiction in activity theory could be fruitfully applied in understanding the relationship of 

IS design and use activities. 

During this period, my supervisor was running a project, 'DELTA', in co-operation with 

several municipal agencies in the social care services (Hemtjänsten in Swedish). His 

knowledge and understanding of social work and the problems associated with this, gained 

from many years in the field, lead to him proposing the need for providing an information 

system to support decision making. He asked me, as a systems designer who had no 

knowledge at all in the field, to design a prototype, named CODE (Continuous Organic 

Development). Within one and half years, we simulated the role of end-user and a designer 

interactively. Together we built up a prototype in which activity theory model was applied as 

a fundamental structure and the feedback learning strategy (FLS) used as way of conducting 

the design. Before we started the physical design, we decided to approach the decision 

making problems from wider social perspectives in order to identify all information sources 

needed for decision making in the social care services (Paper 7, in Proceedings of the 2 n d 

International conference on Systems Science and Systems Engineering). By identifying 

sources of information, we built up an embryonic structure into the designed system for 

collecting all information needed for decision making. From my previous experience in 

designing the prototype systems 'LIVEBETTER' and 'UNIVERSE' at Umeå University, I 

knew that the design process would be an iterative, expanding process requiring intensive 

communication. In order to support this, an embedded communication system (CS) was also 

built in order to facilitate the communication between my supervisor as a user and me as a 

designer for discussing problems about the system being designed and the user's work being 

supported by the system. 

5 Kuutti, K. (1992) Identifying Potential CSCW Applications by Means of Activity Theory Concepts: A Case 
Example, CSCW 92 Proceedings, ACM Press, New York, pp. 233-240. 
6 Bjerknes Gro (1992) Dialectical Reflection in Information Systems Development, Scandinavian Journal of 
Information Systems, Vol.3, pp. 55-77. 
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It was proved that the embedded CS played a crucial role during the design process. Without 

the support of this CS, it would have been extremely difficult for me to know exactly what the 

user wanted, and also for the user to know what exactly I could offer to him. I concluded that 

the design of a complex IS is a self-referential process, i.e. you have to use CS (designers IS) 

to design an IS (users IS). The improved feedback learning strategy was named Embryonic 

Approach (EmA) when communication as well as an embryonic structure for future 

expanding are both constructed in the very beginning of prototyping. Those findings were 

presented in paper 5 published in the Joumal of Strategic Information Systems. 

Dealing With Human Cognitive Aspects in IS Design - Cognitive Approach 

Understanding aspects of human cognition is necessity for the design of various human-computer 

systems. Throughout history, human beings have made ever-increasing efforts to expand man's 

capability by developing machines. When the computer became a tool accessible to the general 

public, human's cognitive features associated with using a computer become the focus of much 

research. During the process of prototyping 'CODE' I experienced that I often did not share the 

same image of an object in the interface, e.g., buttons, text, or pictures as my supervisor acting as 

end user of the system. We experienced that a cognitive mismatching between the user and 

designer had destroyed the usability of the system. The misuse of single/double-click, 

inconsistent use of colours, and neglecting the use of feedback (sound, visual) had created great 

confusion in the users' mind. Even worse, much mismatching was impossible to predict before 

the user started to use or test the prototype. 

This led to a process of cognitive learning between the user and myself. We both found that using 

metaphor in prototyping was a very effective way of learning to increase the shared image since 

we lived in different language worlds. We also found that how a user's knowledge was structure 

and represented in a computable form was crucial to support users semi-structured decision tasks. 

During the prototyping process, the semantic and connectionist network of activity model had 

been tested and proved to be general enough to assimilate a wide range of user knowledge, whilst 

maintaining its basic structure and identity. Such adaptive and also identical structures were called 

social-cognitive genes in paper 4 (in Proceedings of the International Conference on Information 

Systems Analysis and Synthesis). 

Integration - A Socio-cybernetic Approach to IS Design 

Following these years of exploration, it is now time for me to generalise my findings under 

one coherent framework. I am fully aware that the territories I have crossed are 

8 



interdisciplinary and have included sociology, psychology, cybernetics, and design theories. I 

have searched for a long time for a theoretical framework that is able to cover all these areas, 

and believe that the socio-cybernetic theory could be a suitable 'skeleton' upon which to hang 

the 'flesh' of all my findings to form a coherent 'corpus' of knowledge. 

During my participation in thelO* Congress of Cybernetics and Systems in Bucharest, I 

wished to further understand the current research in this area. In the Section concerned with 

Socio-cybernetics, I found that most participants were social scientists and very few had a 

background of traditional cybernetics. It seemed to me that the area of socio-cybemetics was 

very young as far as practical application of cybernetics, and was unable to provide a suitable 

theory or tangible model for my case. I therefore tried to develop such a model by integrating 

the work of others. I searched in the library and on the Internet for articles that covered social 

applications of cybernetics. This search led me to Luhmann's social autopoietic theory which 

had attracted some attention among social scientists. His idea about autopoiesis, self-

reference, communication, differentiated function, etc. fitted perfectly to my propositions 

concerning IS design. After three months reading, I condensed my theoretical understanding 

in paper 1 (submitted to the Joumal of Cybernetic and Human Knowing) as a theoretical basis 

for my work. In this paper, the social autopoietic theory and the activity theory form the 

conceptual framework of the socio-cybernetic theory. By integrating the cybernetic model 

with this conceptual framework, the socio-cybernetic model is able to explain social 

interaction in general and IS development in specific. 

Future Work 

From a practical point of view, the theory, model and methodology developed during this 

study need to be tested in the real world. This should be done in co-operation with broad 

social participation from researchers, users' organisations, IT companies and managers. 

Theoretically, there is a need for improvement in the socio-cybernetic theory and model as far 

as its weaknesses when dealing with varieties of social practices. 
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ABSTRACT 

A principal problem of information systems (IS) development today is how to integrate the 

work activity and social context of users into the IS which is being designed. This paper is to 

delineate a sociocybernetic approach which enlightens the relationship between IS design 

activity, use activity, and the embedded social context. 

This paper is in four parts. In the first part, first and second order cybernetics are employed as 

a general skeleton or structure for conducting the sociocybernetic approach. In the second and 

third parts, approaches from social autopoiesis theory and activity theory are introduced 

respectively to provide the skeleton of cybernetics with flesh and blood elements of real 

problems. The final part presents an emerging conceptual body resulting from an organic 

integration of the cybernetic structure and social-psychological elements which demonstrates 

the relationship between IS design activity, use activity, and embedded social context. 

K E Y W O R D S : Cybernetics; IS design; Activity; Autopoiesis; Self-reference. 

INTRODUCTION 

There is increasing dissatisfaction with the usability of IS and the traditional design theory and 

model, such as the life cycle model, which presupposes a static reality and a reliable match 

between the mental models of users and designers. There are also approaches to resolve the 

problem, such as the participatory design approach (Ehn, 1987; Bjerknes, 1992; Grönlund, 

1993) in Scandinavia in which users' participation in the design process is considered a major 

way of increasing the usability of IS. However, the participatory approach was initially based 

upon political theory and the unions' democratic movement, and had concentrated on practical 

solutions rather than on theoretical understanding of the general relationship between design 

activity, use activity, and embedded social context. 
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The aim of this paper is, therefore, to focus on a theoretical understanding of the relationship 

between design activity, use activity, and embedded social context from a social-

psychological perspective. The structure used to conduct this theoretical approach is based on 

cybernetics, and the elements which f i l l in the structure are identified by integrating social 

autopoiesis theory (Luhmann, 1986) and activity theory (Engeström, 1987; Leontev, 1981). 

C Y B E R N E T I C S APPROACH 

The term cybernetics is derived from the Greek word 'kubernetes', meaning steersman, or the 

art of steering. It referred principally to the piloting of a vessel. Wiener (1948) first introduced 

the concept in his famous book 'Cybernetics, or Control and Communication in the Animal 

and Machine'. Thus, the term cybernetics is used to define an area of technical engineering 

and machine control, which is referred later as first order cybernetics. Its basic structure is 

shown in Figure 1. 

Comparator Deviation Sensor 

Input 

(Goal) 
• ( X ) Activator Controlled Object * Activator Controlled Object 

• 0 

Feedback 

Output 
(Actual state) 

Figure 1. The basic structure of a cybernetic control system 

In Figure 1, the role of feedback is crucial for systems self-regulation, systems equilibrium, 

machine learning, and artificial intelligence. It is a circular causal loop by which a system's 

output is returned to its input in the form of reference to the next input. A feedback exists 

whenever an action will later be influenced by the consequences of its earlier actions. 

There are two very different types of feedback, namely, negative and positive feedback. 

• Negative feedback: A negative feedback acts to resist or to counter the changed direction of 

an output, thereby pushing toward a direction opposite to the previous change, contributing to 

maintain equilibrium or stabilise the system. Negative feedback is mostly applied in the 

intelligent control of machines. It leads to a stable, adaptive, and goal-seeking system, e.g., 

sustaining the same level of temperature, maintaining a steady speed, or dynamic tracking. 
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• Positive feedback: A positive feedback acts to reinforce the changed direction of output, 

contributing to sustained growth or decline. Each plus leads to a further plus, or expressed 

differently: there is a snowball effect in a positive feedback. Positive feedback which leads to 

divergent behaviours, indefinite expansion or explosion (running toward infinity) or total 

blockage of activities (running toward zero) is of little use in machine control. In social 

phenomena, however, examples are numerous: population explosion, industrial expansion, 

capital growth at compound interest, economic inflation, depression and bankruptcy. A 

positive feedback loop left alone can only lead to the destruction of the system in question. 

The wild behaviour of positive loops must be controlled by negative loops. This control is 

essential for a system to be viable in the long term. 

After the founding of first order cybernetics, scientists from different areas extended the scope 

of cybernetics beyond feedback control to include many areas of study, such as the biological 

and open systems theory (Bertalanffy, 1972), information and communication theory 

(Shannon, 1964), self-organisation and regulation (Ashby, 1956), and management and 

organisational cybernetics (Beer, 1985). Bateson (1972) uses the single term 'cybernetics' to 

refer to the aggregate of these areas, and calls cybernetics 'the biggest bite out of the fruit of 

the Tree of Knowledge that mankind has taken in the last 2000 years (Bateson, 1972, p. 476)'. 

Second order cybernetics originated from social and biological studies (Foerster, 1984; 

Luhmann, 1986; Maturana and Varela, 1972) from the early 1970s to the 1980s, in reaction to 

some problems with first order cybernetics in applying to social studies (Geyer, 1996). Second 

order cybernetics is the cybernetics of observing rather than observed systems (Foerster, 

1984). Some concepts of second order cybernetics, such as observation, self-reference, 

ontology of systems, and purposeful behaviour, are discussed in the following. 

Approach to observation of reality 

A problem of first order cybernetics from the social scientists' point of view primarily 

concerns the principle of objective observation, namely, the properties of an observed 

behaviour have nothing to do with the properties of the observers. 

A prerequisite of first order cybernetics is that the lodestar observer is non-intervention, 

neutral and objective. In this view, observation of the same object performed by different 

observers in different parts of the universe and at different times should always give the same 

results. Dissimilar results are attributed to human deficiency or deception and will be 
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corrected through better precision and repetition of the observation. However, when the object 

is a social system, this basic metaphysical presumption of first order cybernetics is seriously 

attacked by the constructivism of sociology (Glasersfeld, 1995; Maturana, 1972; Searle, 

1995). As formulated by Bauersfeld (1992) that "we cannot 'see' reality 'as it is', there is no 

direct access. The only way for human beings is to construct their own interpretations, their 

own reality, ... There is no 'copying', 'matching', 'replicating' or 'reflecting' (as a physical 

mirror works) of any 'external world' (p. 16, bolds original)." 

Many arguments concerning different views of observations and understandings of a system 

may originate in an ontological prejudice, namely, each takes it for granted that systems exist -

such as things exist, therefore we are all able to observe and talk about the same object, such 

as a cup. Thus one reason of the different views concerning observations may lie in the 

different settings of the 'system'. So, what is a 'system'? 

Approach to thinking about 'system' 

According to Checkland (1988), a system "is the name of an abstract concept to be used in a 

conscious process of trying to make sense of the world. 'System' is thus not a label word like 

'cat' or 'table', words used unreflectively in everyday living; it is an epistemological device, 

one to be used consciously in the process of trying to understand the complexity of perceived 

reality until such time as it is replaced by a more powerful concept (p. 14)". Senge (1996) 

defined a system as "a perceived whole whose elements 'hang together' because they 

continually affect each other over time and operate toward a common purpose (p. 90)". So a 

system is not a physical object in the real world, but a subjectively defined concept for 

perceiving the world. This implies that it is necessary to define the system being observed 

before any discussion about the observation takes place. 

Under the kernel concept of system, properties of objects perceived in the real world such as 

relations, hierarchy, order, purposeful behaviour, variables and dynamics can all be studied in 

a coherent framework of a system. We can further define different types of systems, such as 

real systems which are objects existing independently of an observer; conceptual systems 

which essentially are symbolic constructs; and abstracted systems which are abstracts of 

corresponding reality (Bertalanffy, 1972). According to Checkland's (1981) systems typology, 

the absolute minimum number of classes of systems necessary to describe reality is five. They 

are: natural systems, human activity systems, designed physical systems, designed abstract 

systems, and transcendental systems. Natural systems 'are systems which could not be other 
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than they are, given a universe whose pattern and laws are not erratic'. The designed physical 

systems, such as tools, artefacts, machines, and other material entities, are created by human 

beings with some purposes. Designed abstract systems are various types of theological, 

philosophical or knowledge systems created by the human mind. Human activity systems are 

the link between the natural systems and designed systems. Every thing that is carried out by 

humans is labelled a human activity system, such as: materials production, goods 

transportation, defence, trading, politics, and scientific investigation. Lastly the transcendental 

systems represent systems beyond current knowledge, or an unknown world. 

A l l those definitions about system are about how to facilitate our understanding of a perceived 

whole. But by what do the elements 'hang together' as a system or whole as we perceive it? 

We perceive objects as a system because they are related to some purposes we are pursuing. 

This means that in order to define a system properly we need to understand what is purposeful 

behaviour or goal seeking. 

Approach to purposeful behaviour 

The idea of purposeful behaviour defined in first order cybernetics is that an object behaves 

purposefully if it continues to pursue the same goal by changing its behaviour as its 

environment changes (Rosenblueth and Wiener, 1943). It is thus required that the purposeful 

systems receive information from the environment and respond to changes in the environment 

through feedback. Although we recognise that this feedback process is involved in much 

purposeful behaviour, this restriction, i.e., available feedback from the reaction of the 

environment should not, however, be a necessary requirement for studying all purposeful 

behaviour because such transmission of information in many psychological and social 

examples of purposeful behaviour is either not present or is not of concern to the observers. 

For example, a person who pursues a promotion or position (a purposeful behaviour) could 

take many different actions even though the environment remains the same or even he or she 

could not know if the environment had changed. Based on this argument, Churchman (1950) 

developed a category of purposeful behaviour, comprising extensive function, intensive 

function, and purpose. 

• A system has an extensive function if it consists of objects that accomplish certain 

objectives by displaying relatively invariant behaviour in a wide range of environments; 

e.g. an ordinary clock has an extensive function since it serves a purpose by displaying 

relatively invariant behaviour in all environments. 
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• A system has intensive function if it consists of objects that accomplish their goals by 

changing their behaviour if the environment changes, but generally exhibit only one type of 

behaviour in any given environment, e.g., light switches, servo-mechanisms such as 

automatic temperature control devices, self-aiming guns and missiles. The intensive 

function is what the first order cyberneticians are interested in. 

• A system has purpose i f it accomplishes its objectives by exhibiting different types of 

behaviour, even though the environment remains constant. Typical examples are artificial 

intelligence, animal behaviour and human activity systems. This is what the second order 

cyberneticians primarily concern about. 

Approach to self-reference 

The concept self-reference has dominated the current scene of second order cybernetics. In a 

general sense, self-reference is involved in a description that refers to something that affects, 

controls, or has the power to modify the form or the validity of that description. An example is 

the description of a system by an observer who is part of the system observed. Actually the 

idea of self-reference is related to the concept of feedback. Feedback implies self-reference 

since the system reacts to its own previous action. In this sense reference is the previous status 

of the system itself (self-reference). 

Any observation starts from a blind spot which is invisible to the observer while he/she 

observes (Foerster, 1984). In first order cybernetic system, the blind spot of current 

observation is observed by the future observation, i.e., by continuous feedback or continuous 

self-reference. Social scientists are observers of social behaviour, i.e., human beings' self-

observation, and the observation also has blind spots that can only be observed from God's 

view point. In order to see blind spots of our own selves, Maturana (1972) suggests 'multi-

verses', not 'uni-verses'. Every one observes from their local point of view, and creates their 

own world. But a universe can be constructed when observers co-ordinate, i.e., a universe can 

be constructed by 'multi-verses'. Churchman (1979) proposed a strategy for systems 

scientists, namely, 'sweep-in enemies' of systems thinking, such as politics, morality, 

aesthetics, and religion, into systems in order to observe blind spots of systems scientists 

themselves. Another way to resolve the problem of the blind spot in self-reference is the 

strategy of iterative operation, or learning by feedback (Bai, 1997). 
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There is another kind of reference more active than self-reference especially for human 

activity systems, namely, external-reference. This indicates to 'behaviours' that a system will 

purposefully and actively change the environment, and by referring to the changed 

environment the system then changes its structure, function, and states in order to be more 

viable in the changed environment. As pointed out by Aulin (1982): 'Human action is not just 

reacting to environment changes - like adaptation is - but it entails an active effort to change 

the environment for human purpose (italic original).' A typical behaviour of this external 

reference is the activity called 'systems design'. The process of design is not only a process of 

self-reference which mostly involves such behaviour as adaptiveness, mental model 

construction, or reflection, but which is rather a process of external reference which involves 

designing the external world and learning by doing. The external reference is more significant 

to our knowledge and understanding of social reality, since you cannot gain systems 

understanding unless you can take part in changing it (Senge, et al, 1996, p. 94). 

The cybernetic approach provides a general structure and terminology to describe a system 

and its behaviours. To deal with concrete problems of IS design, however, the structure and 

terminology must be specified and filled with concrete elements; e.g., where does feedback 

come from in design? What is the purpose of a design? What are design activity systems? In 

the following, the theories of social autopoiesis and activity will be applied to identify those 

concrete elements. 

SOCIAL AUTOPOIESIS T H E O R Y APPROACH 

Luhmann's autopoietic theory is too complex to present adequately here. For our purposes it is 

sufficient to present some basic concepts underlying his theory, such as autopoiesis, self-

reference, communication and differentiated function. For further discussion of Luhmann's 

autopoiesis theory see Mingers (1995) and Bailey (1997). 

Self-reference: 

The notion of self-reference is at the heart of Luhmann's autopoiesis theory. He first proposes 

a fundamental distinction between system and environment, since one could not talk about a 

'self at all and could not designate a 'self, i f nothing else than this self existed (Luhmann, 

1995a, p. 5). Self-referential systems can define themselves only with reference to what they 

are not. The system would never be able to build its own complexity and its own knowledge if 

it repeatedly mistook itself for its environment (Luhmann, 1995a). 
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Based on this distinction of system and environment, Luhmann's term 'self-reference' 

includes two components: auto-reference and hetero-reference (Bailey, 1997). Thus, the self-

reference of an autopoietic system is not confined only to reference to the system self (e.g., 

design is design) which can be called auto-reference (Bailey, 1997), but also to entities other 

than the system itself (such as an environment or context). An example is that to understand 

what is design you have to refer to or contrast with what is non-design; i.e., what is use. Thus, 

a self-referential system cannot exist on its own; it must interact with the environment. 

According to Luhmann (1995b, p437), social systems which include societies, interactions, 

and organisations (Baily, 1997) are undoubtedly self-referential systems since we can observe 

and describe them as systems only by acknowledging that they refer to themselves in every 

operation (Baily, 1997). 

According to the concept of self-reference, design activities would not be able to build their 

own complexity and knowledge without reference to use activities. Practically, this means that 

designers must communicate with users during the design process. This is an example of 

hetero-reference. The design process also involves auto-reference, i.e., the designers have to 

refer to or use another IS, namely, a Communication System (CS), in order to communicate 

with its context or reference of use (Bai, 1997). 

Autopoietic systems 

'Autopoietic' is a concept developed in the 1970s by Maturana and Varela (1972) in 

describing cell systems in which a cell not only creates its own unity as a system and its own 

structure, but also its own element. Luhmann generalises the concept to cover not only 

biological systems, but also social systems. In Luhmann's own words autopoiesis: 'refers to 

systems that reproduce all the elementary components out of which they arise by means of a 

network of these elements themselves'. An autopoietic system is organisationally closed, but 

communicatively open. 'There is no input and no output of unity (Luhmann, 1986, pl74).' 

According to Luhmann (1986, 1995b), social systems are autopoietic systems in which 

communication is the production unit. 

It would be wrong to consider organisations which conduct IS design activities as social 

autopoietic systems, since obviously any IS design will need both materials, energy, and 

information from other labour divisions, especially from users' organisations. So design could 

not be autopoietic; or we may not call design activities themselves a social system in 

Luhmann's term. To be autopoietic, IS design activities must be expanded to include all the 
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necessary elements embedded in other social labour divisions. At the end of the paper, we 

propose this expansion (see Figure 6). 

Communication 

Luhmann boldly characterises social systems, such as societies, interactions, and 

organisations, as autopoietic, but in terms of communication as the basic unit. Communication 

includes information, utterance, and understanding (Luhmann, 1989, p. 143). Among the three 

types of social systems, societies include all communications, in a closed sense. That is, 

society does not communicate with its environment. Interactions take environmental 

communication into account, and are closed in the sense that their communications can only 

be understood in the context of the interaction system. Organisations and groups seem to lie 

between the relative closure of society and the relative openness of interactions. According to 

Luhmann (1986) 'social systems use communication as their particular mode of autopoietic 

reproduction. Their elements are communication which are recursively produced and 

reproduced by a network of communications and which cannot exist outside of such a 

network' (p. 174). Even more radically, he states that 'for a theory of autopoietic systems, 

only communication is a serious candidate for the position of elementary unit of the basic self-

referential process of social systems. Only communication is necessarily and inherently social 

(Luhmann 1986, p. 177).' 

We may question whether communication is the only elementary unit of social autopoietic 

systems. However, the crucial role of communication in modern society is obvious. In IS 

design activities, communication between designers and users is very crucial, and therefore 

the communication must be supported by a communication system (CS) properly embedded in 

the designed IS (Bai, 1997). 

Differentiated function systems 

Modern societies are divided into functional subsystems such as laws, economics, science, 

politics, and education which Luhmann calls differentiated function systems. A society 

increasingly contains differentiated function systems as the numbers of social labour divisions 

increase over time. 

According to Luhmann, each subsystem is organisationally closed (to unity) and 

communicatively open (to information). As a consequence of this organisational closeness, it 

is difficult, even impossible (without the help of God), to talk about what is rational regarding 
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society as a whole, or what will benefit society as a whole (Thyssen, 1995). The co-operation 

of functional subsystems are not based on consensus, but on their mutual benefits and 

complementary principle (Bai and Lindberg, 1998), and no society can afford to make them 

dependent on consensus (Thyssen, 1995). IS design and IS use are functional subsystems of 

societies. Neither design organisations nor users' organisations can conduct their activities 

based on their own interest: their activities must benefit both organisations. 

Critiques of Luhmann's social autopoiesis 

Luhmann's social autopoietic theory has recently generated both attention and critiques 

(Mingers, 1995; Bailey, 1997; Kennealy, 1987). There are two main problems regarding 

Luhmann's social autopoiesis which will be complemented by the activity theory as follows. 

One problem is that it does not provide a comprehensive explanation to the question: what 

exactly the society are being reproduced if social systems are autopoietic or self-reproducing 

systems? Or stated another way: what is the proper analysis unit of social systems? There are 

many possible choices. The unit could be individual (Mingers, 1989; Miller, 1978), situated 

action (Hutchins, 1994; Suchman, 1987; Lave, 1988), organisations (Beer, 1985), and activity 

(Davydov, 1982; Vygotsky, 1978; Leontev, 1974; Engeström, 1987). However, Luhmann 

exclusively chooses the communication as the unit of re-production. To Luhmann, a social 

system does not consist of human beings or artefacts. It consists of an ongoing stream of 

communication (Luhmann, 1989). We do not think that communication is the only unit that 

social systems are being re-produced. Actually, communication is not a comprehensive unit 

comparing to the unit of activity according to the activity theory. However, we are not forced 

to abandon the unit of communication, action, individuals, etc. for activity alone; all frames of 

reference are fruitful, and none of them is fundamental. To understand IS design, we conduct 

an integration of all these contingent frame works in the end of the paper. 

Another problem with Luhmann's theory is the closeness and separation of differentiated 

function systems. It has been argued that one of the marked features of the modem world has 

been the extent of its differentiation or division of labour and that this leads to increased 

collective productivity. The more differentiation there is, the more specialised the roles of the 

social actors, and therefore the intellectual and inter-divisional co-operation, communication 

and control become more important (Coming, 1994). Even though society can be autopoietic, 

it does not automatically imply that its differentiated function systems are also autopoietic. 

For example, according to Luhmann, the law is a differentiated function system and is an 
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autopoietic, self-referencing system which produces every kind of unity that it requires. The 

law alone is able to produce and reproduce autopoietically all legal norms. This undermines 

the power of social interaction among other differentiated function systems, such as mass 

media, economics and politics. On the operational level, it is true that the law reproduces the 

elements which produce the laws without exposing the reproduction to the environment. 

However, there are some vital factors which determine what the law is to be. It would be 

incomplete, even incorrect if we just see the operation level without looking into its activity 

level (see 'activity theory' in the next part). Seeing the mechanism of producing a law without 

seeing the embedded social context is like seeing an iceberg as being only that part above the 

surface. Let's take an example which concerns the law of weapons control in the USA. 

Although the White House has tried for many years to enact a weapons control law, the law 

has surrendered to the economic interest of the weapons business, in the face of many 

innocent people and school children being killed. With regard to the problem of IS design, it 

is also clear that design organisations cannot be autopoietic, as we have pointed out above. 

In the next part, in relation to IS design, the problem of a more solid unit for social autopoietic 

reproduction, the problem of a clarified social context, the problem of interrelation among 

differentiated function systems, are approached by the activity theory. 

A C T I V I T Y T H E O R Y APPROACH 

Activity theory originated in the so-called cultural-historical school of Soviet psychology. It 

uses the category 'activity' as 'a system of its own structure' (Leontev 1981, p. 46) to 

approach the relationship of the subjective mind with its social context. Today there is an 

emerging multi-disciplinary and international community united by the central category of 

activity for studying various forms of human practices; e.g., Human-Computer Interaction 

(Nardi, 1996; Kaptelinin, 1996; Kuutti 1993,1996), Development Work Research (Engeström, 

1987; Saarelma, 1993), Information Systems Design (Bjerknes, 1992), Organisation Analysis 

(Holt and Morris, 1993). Some important characteristics of the activity theory, most of which 

originated from the work of (Davydov, 1982), (Vygotsky, 1978), (Leontev, 1981), and 

(Engeström, 1987), are summarised in the following. 

Activity is a necessity of human social life 

Like oxygen and foods to human physical existence, activity is like oxygen and food to human 

mind. No one can survive without participating in various social activities; e.g., materials 
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production and distribution activities, political and democratic activities, scientific and 

educational activities, religious activities, sports and various entertainment activities. It is 'the 

nonadditive, molar unit of life' (Leontev, 1981, p. 46). 

But how is activity possible? According to Searle (1995), there are two biological primitives 

of human beings: 'background capacity' and 'collective intentionality' which enable various 

social activities. The 'background capacity' indicates the capacity of each individual being 

able to follow social or institutional rules, norms, laws, etc. As re-formulated by Qvortrup 

(1996): Rule-governed structures of human institutions are followed by people not 

because they have explicitly learned and memorised the rules, but because they have 

developed a set of capacities and abilities that render them at home in the society. These 

capacities and abilities are labelled 'background abilities' (p. 33)." The 'collective 

intentionality' explains why individuals with their singular intentionality wish to participate in 

social activities. Searle's (1995) answer is: 'in addition to singular intentionality there is also 

collective intentionality (p. 23).' This collective intentionality is not the sum of singular 

intentionality, but a new emergent property of collectives. Activities are formed by persons 

sharing a "We Intention' with their 'background capacity'. 

Activity is an interaction between subjects and their physical, social and cultural environment 

A subject is a conscious actor or a group of conscious actors. An object is some part of the 

real world which the subject acts upon. 'If I act, there is something in front of me, an object 

(Schwarz 1997, p. 24).' Leontev considers the activity as the 'middle link' in a three-part 

scheme between subject and object (Leontev 1981, p. 46). The object manifests itself only i f 

there is an interaction. There is non-separability between object and subject. Activity theory 

takes social, historical, and cultural properties to be as objective as physical and biological 

properties, and maintains that consciousness is located in everyday objective practice: you are 

what you do. And what you do is firmly and inextricably embedded in the social matrix of 

which every person is an organic part (Nardi, 1996). An object (objective) is always held by a 

subject, a person or a group of persons who is or are engaged in an activity, provides motives 

for the activity, and gives the activity specific direction. 'Behind the object, there always 

stands a need or a desire, to which the activity always answers (Leontev 1981, p46).' 

Activity is a reciprocal transformation between subject and object. 

In activity, the object is transformed into its subjective form or image (mental models, 

theories, skills, consciousness, etc.) which is 'generalised, verbalised, abbreviated, and most 
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importantly, becomes susceptible to further development that exceeds the possibility of 

external activity (Leontev, 1974, p. 18)'. At the same time, internal processes manifest 

themselves in external actions performed by persons, and are converted into objective results 

and products. This reciprocal process, respectively named internalisation and externalisation 

(Davydov, 1982; Vygotsky, 1978; Leontev, 1974) is shown in Figure 2. 

** Externalisation " 

Figure 2. The reciprocal transformation of activity 

Activity can be analysed in a hierarchical structure. 

Leontev (1974) provided a three-level scheme of activity (Figure 3). Activities are realised 

through actions or clusters of actions that are generated or related to the same overall object or 

motive. Participating in an activity comprises conscious actions that have immediate, and 

defined goals. These actions must in turn be technically implemented through operations that 

are well-defined, and habitual routines in accordance with conditions during the operation. 

The action and operation are dynamically defined: when an action has been practised long 

enough, the action will be collapsed into an operation and new kind of action will be created 

with its corresponded new operations. On the other hand, when conditions change, an 

operation can again 'unfold' and return to the level of conscious action (Kuutti, 1996). 
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Figure 3. hierarchical structure of an activity 

Activity is always mediated bv artefacts. 

'Mediator objects connect humans not only with objects, but also with other people (Leontev, 

1974).' In particular, mediator objects are understood as objective transmitters for the 

internalisation process and externalisation process (Figure 4). Artefacts include signs, 

language, concepts, internalised mental models and physical tools. Artefacts carry with them a 

particular culture and history (Kuutti, 1992) and are persistent in structures that stretch across 

activities through time and space (Nardi, 1996). So artefacts, which have so far condensed the 

human cultural-historical development of activities, play the role of mediating 'Subject-

Object', and also of mediating the Subject with his or her social context. The introduction of 

artefacts as a mediator in mediating the very old mind-body paradox or contradiction is a 

major contribution of activity theory. 

A r t e f a c t s 

S u b j e c t I > O b j e c t 

Figure 4. Activity mediated by artefacts 

Activity is initially social in nature. 

For much current sociology, in a certain sense only individuals exist: the individual human 

being is the ontologically given starting point from which everything else must be deduced. 

Consequently, socialisation, norms, values, and culture are popular means for explaining why 

individuals unite into something called society (Qvortrup, 1996). Activity theory, however, 

takes the relationship between an individual and his or her social cultures, norms, and values 

as a molar unit of an activity and believes that activity is only developed under conditions of 

co-operation and social interaction among people (Leontev 1981, p. 55). Engeström (1987) 
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crystallizes the social context, such as community, social and cultural rules, norms, and social 

labour divisions into one unified system and logical interrelation (Figure 5). The interrelation 

between the social elements wi l l be discussed in terms of contradiction in the following -

another important concept of activity theory. 

Instrument 

Figure 5. The social activity 

Activity theory considers contradictions as a basic resource of development. 

Contradiction is a crucial concept or a general category in activity theory which describes the 

complementary nature of the oppositions, such as mutuality, interdependence, diversity, and 

dynamic relationships that are deemed immanent in a development process (for detailed 

discussion, see Bai and Lindberg, 1998). Contradictions manifest themselves as problems, 

ruptures, breakdowns, and clashes. Activity theory sees contradictions as sources of 

development. Activities are virtually always in the process of working through contradictions 

(Kuutti, 1996). In Figure 5, together with the traditional contradiction 'Subject-Object' 

mediated by artefacts, two new contradictions are identified after the introduction of 

community, the contradiction 'subject-community', and the contradiction 'object-community'. 

In a similar manner as the artefact is introduced as the mediator of the contradiction 'Subject-

object', Engeström introduces 'norms, rules' as the mediator of the contradiction 'subject-

community', and introduces 'division of labour' as the mediator of the contradiction 'object-

community'. Based on Marx' terminology of social production, exchange, distribution, and 

consumption, he further maps those four human fundamental activities as four sub-triangles. 

According to Figure 5, the development of human production, exchange, distribution, and 

consumption activities are accordingly driven by four contradictions. Firstly, production 

activity is driven by the contradiction 'subject-object'; namely, by using artefacts ('tool' in the 

terminology of Vygotsky, first mediator) the subject works and produces the objects that 

correspond to the given need or an outcome. Secondly, the exchange activity is driven by the 
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contradiction 'subject-community', namely, the subject exchanges his labour value (exchange 

value) within the community to obtain his needs (use value) according to the community's 

rules and social law (second mediator). Thirdly, the distribution activity is driven by the 

contradiction 'object-community', namely, the outcome of the object is distributed for social 

re-production among members (organisations, companies) of the community according to the 

principles of the division of labour (third mediator). Finally, the total social activity system 

(the whole triangle) is driven by a new kind of contradiction: 'production-consumption', 

namely, by the paradox that we produce output and, simultaneously, we consume the output in 

order to re-produce it (self-reference in terms of Luhmann's autopoiesis theory). The 

contradiction of 'production-consumption' provides an inner and never-ending energy that 

drives an accumulating cycle of consumption and production. 'Were it not for the paradox that 

consumption necessitates production, and vice versa, activity would not exist (Holt and 

Morris 1993, p. 99).' 

INTEGRATION: A S O C I O C Y B E R N E T I C FRAMEWORK 

The cybernetic theory provides us with a fundamental structure or 'skeleton' to 'hang up' the 

'fresh and blood' elements identified by the social autopoiesis theory and activity theory. The 

aim of this paper is to delineate a sociocybernetic approach to enlighten the relationship 

between I S design activity, I S use activity, and embedded social context. The result of the 

integration of the structure and the elements is shown in Figure 6. 

Open for Enquiring and Learning 

Military, political or 
democratic decisions 

Materials needs for re-production 

i + 
Production 

(IS design) 

Market needs for consumption 

Consumption Exchange 

(IS in use) (IS marketing) 

(IS marketing for 
re-design) 

Inner loop sociocybernetic system-

Social sensor 
Statistics bureau 
Mass media 
Investigator 

Outer loop sociocybernetic system 

Figure 6. Double-loop of sociocybernetic system 
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In Figure 6, a social system as a whole can be viewed as a double-loop sociocybernetic 

system. The inner loop refers to the activities of social production (IS design), consumption 

(IS in use), distribution (IS marketing for re-design or for customizing) and exchange (IS 

marketing for end-user) identified by the activity theory in Figure 5. The outer loop refers to 

social-political and social-economic control activities. In terms of Luhmann, all those 

activities are differentiated function systems of a society as a whole. They are mutually 

referenced activities. The framework is not intended to contribute an IS design methodology, 

but to highlight the broad social context and relationship of social units in view of IS design. 

For further details of the methodology based on this general framework, see (Bai, 1997; Bai 

and Grönlund, 1991; Grönlund and Bai, 1993). 

Analysis the inner loop 

• Production-exchange-consumption: As described in the activity theory, social production 

(IS Design) and consumption (IS in use) are the most basic human activities. These two 

comprise a fundamental contradiction which drives a society forward, namely, the paradox 

or self-reference that we produce products, and, simultaneously, we consume products in 

order to re-produce new products. Consumption necessitates production, and vice versa. 

Basically, production and consumption form a positive feedback in the sense that the more 

that is consumed the more that must be produced. Before a product (an IS) becomes a 

consumed object for individuals or organisations (in use), there is a process of exchange: 

individuals or organisations buy from the market (exchange value) for their needs (use 

value). 

• Production-distribution: Some products which are produced in the production process will 

not be consumed directly by members of a society, whether individuals or organisations. 

Some products are sent back, or distributed to re-production as materials, e.g., software or 

hardware distributed to second hand developers for further design for some specific end-

users. The more products produced, the more materials needed to be distributed. 

Production and distribution hereby comprise another positive feedback in the inner loop in 

Figure 6. 

Though the sub-systems of production, consumption, exchange, and distribution in the inner 

loop sociocybernetic system are social systems in terms of Luhmann, none of them are, 

however, autopoietic and closed. Each sub-system is not self-referential in the strict sense 

(auto-reference). Instead, they are mutually (hetero) referential. Since the inner loop 
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sociocybernetic system as a whole forms a positive feedback loop, it is not a stable system. In 

the words of Forster 'We cannot reach social and political stability for the reason that we 

continue to make scientific discoveries and to apply them, and thus to destroy the 

arrangements which were based on more elementary discoveries. I f science would discover 

rather than apply - if, in other words, men were more interested in knowledge than in power -

mankind would be in a far safer position, and the stability statement talk about would be a 

possibility. But science shows no signs of doing this.... (Forster 1951, pp. 90-91).' 

Analysis of the outer loop 

However, The world is not chaotic. We see order and well-organised co-operation between 

differentiated sub-systems, and even between different political-economic societies or nations. 

The United Nations and many national governments can co-ordinate actions in dealing with 

world matters. The relative stability of the world can be explained by the outer loop in Figure 

6, which applies negative feedback mostly. The function of Market/planned economy control 

is a global adjustment mechanism, such as bank policy, investment policy, and national 

budgets. Different political-economic systems may put different emphasis on this control. 

From the perspective of outer loop sociocybernetics, the social system as a whole is self-

referential and autopoietic. It is self-referential since the laws, norms and rules are created by 

human beings as a whole and are in tum used by human beings to organise human beings 

themselves. It is autopoietic in the sense that all elements inside the system are reproduced by 

the network of the elements themselves. The function of the social sensor: statistics bureau, 

reporter, investigator, etc., is to be responsible for society being observable and for feedback. 

The never-ending human enquiry and learning will challenge, change, and construct 

contemporary values and social laws, rules, norms, and culture as criteria of social goals. The 

continuous construction of social goals is often manifested as political, democratic or even 

military, activities. Therefore the world is not absolutely, but relatively stable. When such an 

unstable situation occurs, the inner loop of the sociocybernetic system will not be stable, 

namely the social production, consumption, exchange and distribution activities will be 

interrupted, destroyed, and reformed. In the case of IS development, this is no doubt also true 

since the development of IS cannot be free from the control of contemporary social values and 

social laws. 
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CONCLUSION 

The double-loop sociocybernetic system in Figure 6 is the result of the integration from three 

theoretical disciplines: cybemetics, social autopoiesis theory, and activity theory. It sheds light 

on the complex social context within which IS development takes place, and provides an 

epistemological understanding of the relationship among the elements involved in IS 

development. Based on this theoretical framework, one can develop methodologies for the 

practice of IS development (Bai, 1997; Grönlund and Bai, 1993), and guide various research 

activities, such as the socio-technical approach (Mumford, 1987; Harker, 1993), and the 

participatory approach (Ehn and Kyng, 1987; Bjerknes, 1992; Schüler and Namioka, 1993). 
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INTRODUCTION 

While democratic participation becomes a 
global agenda in various systems 
developments, such as economic, political, 
ergonomic, and information systems 
(Communications of the ACM, 1993, Vol. 36; 
Emery, 1993; and the Fourth Biennial 
Conference on Participatory Design, 
Cambridge MA, 1996), such aspects as 
conflict and competition are also becoming 
crucial. In fact, every system development is a 
process through which many contradictory 
aspects are successfully and continuously 
mediated. This paper investigates this 
dialectical relationship between development 
and contradiction. 

The first part of this paper clarifies the 
meaning of contradiction, and how this 
concept is related to others such as conflict, 
complementarity, and opposites which are 
often used as synonyms of contradiction in 
many studies. This clarification is based on the 
work of (Mao, 1937), Dahlbom and 
Mathiassen (1991); Bjerknes (1992), and 

* Correspondence to: Guohua, Bai, Department of Computer and Systems 

Science, Luleå Technical University, S-971 87 Luleå, Sweden 

Engels, (1934). In the second part of the paper, 
the concept of contradiction is used to explain 
the nature of system development based upon 
the Activity Theory (Engeström, 1987; 
Vygotsky, 1934). In the last part of the paper, 
information system development demonstrates 
how information systems may be developed 
based on this approach. 

T H E C O N C E P T OF 'CONTRADICTION' 

The concept of 'contradiction' is a crucial 
concept in dialectics, Chinese Yin-Yang 
philosophy, and the Activity Theory in which 
development is seen as a process of 
continuously mediating or reconciling 
contradictions in a system. Normally, the 
concept of 'contradiction' is used as a concept 
similar to such terms as 'conflict', 
'complementary'1, or 'opposite'2, without any 

Complementary: Mutually supplying each other's lack; 
consisting either of a pair of contrasting; serving to fill or 

complete (Longman Dictionary, major new edition, 1991) 
2 Opposite: occupying an opposing and often antagonistic 
position; diametricaliy different (as in nature or character); 
contrary to one another or to a thing specified; being the other of 
a pair that are corresponding or complementary in position, 
function, or nature (members of the opposite sex). (Webster's 

Ninth New Collegiate Dictionary, 1992). 
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precise differentiation. In this part of the 
paper, Mao's work on contradiction is 
introduced first, and his work on contradiction 
is then discussed in relation to other concepts, 
such as 'conflict', 'complementarity' and 
'opposites'. 

Mao's work on contradiction is rooted in 
dialectical materialism and Chinese 'Yin-
Yang' philosophy. The Chinese for the word 
'contradiction' is 'MaoDun' (in Chinese, 
'Mao' is an attack weapon 'a spear', while 
'Dun' is a weapon of defence, 'a shield'). 
These words are based upon an ancient 
metaphorical story. In the story a man tried to 
sell his spears and shields to a group of 
soldiers passing by. The man first picked up 
his spear and then said to the soldiers, 'This is 
the sharpest spear and it can pierce anything'; 
and then he picked up his shield and said, 
'This is the hardest board and nothing can 
pierce a hole in it '. But when a soldier asked, 
'Then what will happen if your spear fights 
with your shield?' the man was puzzled and 
could not answer. The question he faced is a 
contradiction or a 'spear-shield' paradox (a 
'MaoDun' in Chinese). 

Using this metaphor, Mao (1937) tried to 
define some of the basic ideas of a 
contradiction. His philosophical work has had 
a strong influence, both in China and in other 
countries (especially in eastern regions and 
Scandinavia ). Here only some of the essential 
points of Mao's notions are quoted. 

According to Mao, a contradiction has the 
following properties: 

(1) A contradiction consists of two opposite 
entities or aspects. They are not necessarily 
two objects; they could also be two kinds of 
subjective ideas, two kinds of systems, models, 
philosophies, methodologies, etc. The two 
entities must share the same context defined 
by some specific time, space, topic or goal, 
and at the same time they must be in a context 
of mutual denial (e.g., a spear and a board 
consist of a contradiction only in the context 
of a war or a fight). One entity can participate 
in different contradictions and play different 
roles in different contexts. In this sense, the 
notion of a contradiction is considered the 
totality of relations, or a minimum system in a 
larger complex and hierarchical system. 

(2) The two entities coexist 

The fact is that no contradictory aspect can 
exist in isolation. Without its opposite 
aspect, each loses the condition for its 
existence. (Mao, 1937, p. 338) 

For example, neither spear nor board should 
or could exist without the counterpart of the 
other (the pair have, of course, vanished in the 
wars of today). This mutual dependence 
(coexistence) provides a shared context in 
which each of them may be 'opposite' defined 
as follows. 

(3) The two entities are opposite; i.e., both 
stand against each other and both correspond 
or are complementary with regard to position, 
function, or nature. 

It is so with all opposites; in given 
conditions, on the one hand they are opposed 
to each other, and on the other hand they are 
interconnected, interpenetrating, inter-
permeating and interdependent, and this 
character is described as identity (Mao, 1937, 
p. 338). 

(4) There is a principal contradiction. An 
activity usually consists of many 
contradictions, but there will be one which 
dominates the characteristics of the given 
activity. Mao calls this contradiction the 
'principal contradiction'. 

There are many contradictions in the process 
of development of a complex thing, and one 
of them is necessarily the principal 
contradiction whose existence and 
development determine or influence the 
existence and development of the other 
contradictions (Mao, 1937, p. 331). 

A principal contradiction has dynamic 
properties, that is to say, it can be replaced by 
other contradictions when conditions change 
significantly. The shift of a principal 
contradiction will lead to the change of whole 
characteristics of an activity. This change is 
often designated as 'new phases', 'next steps', 
'next stages', 'new levels', 'next periods', etc. 

(5) Contradictions are universal^ they exist in 
any process and at any time. 

The universality or absoluteness of 
contradiction has a two-fold meaning. One is 
that contradiction exists in the process of 
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development of all things, and the other is 
that in the process of development of each 
thing a movement of opposites exist from 
beginning to end (Mao, 1937, p. 316). 

The notion of Mao's contradiction has been 
criticized from the points of its dualism, 
universality, and natural existence by Bjerknes 
(1992). She asks questions, for example, What 
is the difference between dialectics and 
dualism? Are all relations contradictions? Is 
there one principal contradiction? Do 
contradictions exist in nature? and Can 
contradictions be inherent in "things" ? 

Dahlbom and Mathiassen (1991) has 
summarized the notion of contradiction in 
terms of the dialectical systems approach: 

In the dialectical systems approach, 
contradictions appear not only in our 
thinking, they are in the world itself. Reality 
is assumed to be a totality of related 
contradictions, its most dominant feature 
being change. In any given situation we face 
a network of related and dynamically 
changing contradictions. Some of these are 
more dominant than others, and in each of 
them one of the two opposites is more 
dominant than the other. As the situation 
changes, other contradictions will become 
more dominant, and the opposites of each 
contradiction will be differently balanced 
(pp. 60-61). 

In the dialectical systems approach changes (in 
most cases, a 'good' change is a synonym of 
'development') are regarded as a natural 
outcome of mediating and balancing many 
contradictory aspects. 'The claim of the 
dialectical approach is that we must think of it 
in terms of contradictions in order to 
understand, explain and control change 
(Dahlbom and Mathiassen, 1991, p. 60).' 

We can compare the above notions with some 
normative definitions in well-known 
dictionaries. For example, in the Webster's 
Ninth New Collegiate Dictionary (1992) a 
contradiction is defined as: 

• a proposition, statement, or phrase that 
asserts or implies both the truth and falsity of 
something; 
• logical incongruity; 

© 1998 John Wiley & Sons, Ltd. 

• a situation in which inherent factors, 
actions, or propositions are inconsistent or 
contrary to one another. 
In the Longman Dictionary, major new edition 
(1991), a contradiction is defined as: 

• opposition of factors inherent in a system 
or situation; 
• a proposition so related to another that if 
one is true the other must be false and if one is 
false the other must be true. 

In Webster's New Twentieth Century 
Dictionary (1979), the contradiction principle 
is defined as: 

• the axiom that truth and falsity are never 
inherent in the same thing simultaneously in 
the same sense. 

By comparing the above quotations with 
Mao's notions as well as the dialectical 
systems approach to the contradiction, we may 
find that the normative meaning of 
contradiction gives the words to 'contradict', 
'oppose', 'conflict', 'logical denial', 'go 
counter' and 'go against'. Mao's notions and 
dialectical systems approach, however, 
emphasize much about complementarity,1 

opposite2 and interdependence. The concept of 
contradiction in this sense thus provides a 
general category and vocabulary to describe 
the complementary nature of the opposite, 
such as mutuality, interdependence, diversity, 
and dynamic relationships that are deemed in 
an ever-changing world. 

The Polish logician Casimir Ajdukiewicz 
(1948) also described the various meanings of 
contradiction used when discussing dialectics, 
and that contradiction with regard to dialectics 
does not mean 'logical contradiction' when 
applied to what exists in nature. This view is 
also adopted by the Russian authors of the 
Fundamentals of Marxism-Leninism: Manual 
(published after 1960), who write: 
"Contradictions due to incorrect thinking 
should not be confused with objective 
contradiction existing in objective things. 
Although the word 'contradiction' is the same 
in both cases, it means different things" (pp. 
99-100). 

In the next part of the paper, the term 
contradiction is used frequently to discuss 
systems development by introducing the 
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Activity Theory. In this context, the concept of 
contradiction is defined in the dialectic 
essence. 

DEVELOPMENT - PROCESS OF 
CONTINUOUSLY MEDIATING 
CONTRADICTIONS 

The idea of contradiction is understood in the 
dialectical approach and the Activity Theory 
as the basic resource for development. The 
dialectic materialist Engels (1934) tried to 
provide an explanation of why there is any 
change or development at all. An idea is that in 
the absence of all tension everything would 
remain exactly as it is, since there would be 
nothing to provoke any change. Change takes 
place because the world does not consist of 
isolated, self-sufficient, independent 
particulars, but of opposing forces overcoming 
or being overcome. Contradiction is in this 
perspective the motive force both of natural 
and of human history. He further argued that 
the view that there could be no contradictions 
in nature rests upon the assumption of the 
former metaphysics that things in the world are 
static and lifeless. When we consider things in 
movement and in their effects upon each other, 
the dialectical view of contradiction has to be 
adopted. 'Movement itself,' he wrote, 'is a 
contradiction: even simple mechanical change 
of place can only come about through a body 
at one and the same moment of time being 
both in one place and in another place, being 
in one and the same place and also not in it. 
And the continuous assertion and simultaneous 
solution of this contradiction is precisely what 
motion is.' Engels also maintained that what is 
true of mechanical change of place is 'even 
more true of the higher forms of motion of 
matter, and especially of organic life and its 
development (Engels, 1934).' 

Following this dialectical tradition, the so-
called cultural-historical school of Soviet 
psychology has developed the Activity Theory, 
which focuses on the relationship of the 
subjective mind with its social context. 
Vygotsky (1934), psychologist and leader in 
this school, has introduced a model to describe 
the contradiction between an individual 
cognitive process and the social context, 
especially the process of how humans come to 
master sign systems as tools and then use those 
sign systems to organize or mediate their 

social activity in the object world (Figure 1). 
Leontév (following the work of Vygotsky) 
considered the use of tools to be crucial and 
broadly to include signs, language, concepts, 
internalised mental models and external 
material artefacts. A tool mediates activity that 
connects a person not only with the world of 
objects, but also with other people 
(Leontév, 1974). Tools carry with them a 
particular culture and history (Kuutti, 1991) 
and are persistent in structures that stretch 
across activities through time and space 
(Nardi, 1996). So tools, which have so far 
condensed the human cultural-historical 
development of activities, play the role of 
mediating the contradiction 'Subject-object', 
and indirectly, also mediating the 
contradiction between the subject and his 
social context. The introduction of the tool as 
a mediator in mediating the very old mind-
body paradox or contradiction is a major 
contribution of the Activity Theory. 

Tool 

Subject ! Object 

Figure 1. Action model of individuals 

However, it remained for Yrjö Engeström 
(1987) to go beyond this individual action 
model to the social activity system to include 
community - those collectives which consist of 
an interdependent aggregate of the social 
setting and those collectives which share the 
same object in an activity. Thus, together with 
the contradiction 'Subject-object', two new 
contradictions are identified:3 contradiction 
'subject-community', and contradiction 'object-
community'. Similar to the introduction of the 

Besides the contradictions between the constituent 

components of an activity which Engeström called the 

secondary contradiction, he has also identified other three 

levels (types) of contradictions: the primary contradiction is 

within each constituent components of an activity; the tertiary 

contradiction is between an activity and its culturally more 

advanced form of the activity (new activity vs. old activity); 

and the quaternary contradiction is between the central 

activity and its neighbouring activities (Engeström, 

1987,p89). For the purpose of this paper, only the secondary 

contradiction is discussed. 
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tool as the mediator of the contradiction 
'Subject-object', Engeström introduces 'norms, 
rules' as the mediator of the contradiction 
'subject-community', and introduces 'division 
of labour' as the mediator of the contradiction 
'object-community'. Based on Marx's (1973) 
definition of the terms social production, 
exchange, distribution, and consumption,4 he 
further maps those four human fundamental 
activities onto four sub-triangles (Figure 2). 

Instrument 

Production 

1 Subject Object 1 1 Subject Object 1 

7 ^ 
Exchange 

Consumption 7 \ 
Distribution 

Division of Labor 

Figure 2. Social Activity System (Source: Engeström, 

1987) 

According to Figure 2, the development of 
human production, exchange, distribution, and 
consumption activities are accordingly driven 
by four contradictions. Firstly, production 
activity is driven by the contradiction 'subject-
object', namely, by using instrument ('tool' in 
the terms of Vygotsky, the first mediator) the 
subject works and produces the objects which 
correspond to the given need (an outcome); 
secondly, the exchange activity is driven by 
the contradiction 'subject-community', namely, 
the subject exchanges his labour value 
(exchange value) within the community to 
obtain his needs (use value) according to the 
community's rules and social law (the second 
mediator); thirdly, the distribution activity is 
driven by the contradiction 'object-
community', namely, the outcome of the 
object is distributed for social re-production 
among members (organisations, companies) of 
the community according to the principles of 
the division of labour (the third mediator); 
finally, the total activity system (the whole 

"Production creates the objects which correspond to the given 
needs; distribution divides them up according to social law; 
exchange further parcels out the already divided shares in accord 
with individual needs; and finally, in consumption, the product 
steps outside the social movement and becomes a direct object 
and servant of individual need, and satisfies it in being 
consumed (Marx, 1859/1973:89)." 

© 1998 John Wiley & Sons, Ltd.  

triangle) is driven by a new kind of 
contradiction 'production-consumption', 
namely, by the paradox that we produce 
output and, simultaneously, we consume the 
output in order to re-produce it. The 
contradiction of 'production-consumption' 
provides an inner and never-ending energy 
which drives an accumulating cycle of 
consumption and production. 'Were it not for 
the paradox that consumption necessitates 
production, and vice versa, activity would not 
exist' (Holt and Morris, 1993, p.99). 

In the following of this paper the focus is on 
the contradictions in the information systems 
(IS) development. IS design activity and IS use 
activity are treated as a complementary 
contradiction to show how an IS might be 
developed based on this dialectical approach. 

T H E S O C I O C Y B E R N E T I C S Y S T E M OF 

INFORMATION S Y S T E M S 

The concept of what we normally call 'design' 
was historically separated from what we 
normally call 'use' simply because the paradox 
of human production and consumption 
described above (the contradiction 'production-
consumption').5 In the production process, 
humans need tools, e.g., an IS, to mediate the 
contradiction between their subjective goals 
with the given objective. But when new tools 
like IS are introduced for use or for 
consumption, this will introduce new 
contradictions, trigger new extensions and 
goals, and create new conditions for changing 
production activities, and thus motivate a new 
cycle of tool design. This 'use-design' cycles 
will continue repeatedly. This view of IS as a 
tool of production suggests that design should 
be considered as redesign and that the design 
and use activities be brought back together as 
a sociocybernetic (Geyer, 1994) and 
complementary system as shown in Figure 3. 

In Figure 3, a new kind of tool, 'feedback 
learning', is introduced as a mediator between 
design activity and use activity. It mediates 
contradictions involved in an IS development 
process. In many cases (though not all) in a 

^ Human beings separated themselves from animals first by 
using tools provided by nature like stone, sticks, etc., later 
on those tools which provided by nature could not satisfy 
human goals, and humans began to design tools. 

Syst. Res., Vol. 15, 47-54 (1998) 
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project a conflict situation could be resolved 
by continuous and properly organized 

communication. As Rapoport (1962) pointed 
out: 'Communication is a prerequisite for the 

Hard/software 

Designers IS in Design 

Designers' outcome 

IS in Use 

Contracts. Agreement _ 
Tin«: table, standards 

IS Companies, 
Research units, f . Dept. of Analysis.Coding, 

Evaluation, User Education 
Users Work 

Users' outcome 

Designers' Activity System Rules, norms, 
standards, etc. for work 

Figure 3. 

resolution of conflict'. However, 
communication cannot resolve all conflict 
situations. When conflict is based on different 
values or scarcity of resources, an increased 
flow of information, contrary to conventional 
wisdom, does not improve but aggravates the 
conflict (Ackoff and Gharajedaghi, 1996). In 
this case, one has to seek mediation at a higher 
level in the hierarchy, such as that of a 
political decision or that of a democratic 
mechanism. 

The tool itself should be part of the designed 
IS (as one functional block of the IS is being 
designed). It should be easy to use by the 
designers and users when communicating with 
each other, e.g. by such methods as the 
multimedia techniques on the Internet. 

Communication or feedback must be organized 
properly, especially when other actors, such as 
managers, politicians, philosophers and clients 
are also involved in an IS development. In this 
case, a multiple-linked hyper-system (Ivanov, 
1991) is needed. In this case, the meaning of a 
message may be understood by knowing the 
actors' role in the project group and in the 
organisation (knowing the actors' world view). 
The communication should also be categorised 
based on the contents of a message, e.g. to 
organize communication based upon socio-
technical category (Harker, 1993) in which 
users provide feedback not only about the 

Users' work 
communities, — Work distribution 

other and responsibility 
organizations 

Users' Activity System 

Sociocybernetic IS 
interface or functions being designed 
(technical aspects feedback), but also on the 
impact of the proposed system on job and 
organisation design (social aspects feedback); 
it could also be a category as classified into (1) 
new tools wanted, (2) problems of current 
system, and (3) problems of current 
organisation (Kensing and Munk-Madsen, 
1993). Based upon the above categories of 
communication, one may open the box 
'Feedback-learning' in Figure 3 and obtain the 
inside structure shown in Figure 4. 

The suggestion that design and use activity 
should be tied together does not mean the pair 
will be treated equally during the process of IS 
development. Generally speaking, use activity 
is the goal of design activity. To carry out 
design activity without some utilitarian goal or 
goals is unacceptable. Use activity should thus 
dominate the process of IS development. But it 
is only through the design activity that the goal 
can be realised. Any IS will first involve 
design activity; i.e., design activity is initially 
the central activity. But when the IS matures, 
use activity will increasingly dominate the 
development process. So the image of a so-
called 'designer' is in fact someone who is 
trying to create desired conditions for 
changing the central activity of the 
sociocybernetic system in Figure 3 from 
design activity to use activity. 
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Choose 
Topics 

1. New Tools Wanted 

2. Problems of Current System 

3. Problems of Current Organization 

(Hypersystem) 
Choose 

Channels 

S3 Clients Politicians iö3 

Designers -Äroadcasfk. 
Users 

ö3 
Administrators Other Actors 

Choose 
Action 

Send Read Save Write Answer 
Mail Mail Mail Mail Mail 

Figure 4. The Box Feedback Learning' in Figure 3 

Design versus use is only one type of 
contradiction involved in the development of 
IS. There are many other types of 
contradictions involved in the development of 
an IS, e.g., participants from different 
backgrounds have different values towards IS: 
designers, users, social actors, clients, decision 
makers etc., who see IS in different ways. 
Also, i f we introduce an advanced IS into an 
organisation which does not have the 
competence to handle the tool, then we will 
introduce new conflicts between that 
organisation and its production tools. All these 
contradictions are dynamically manifested 
under certain specific situations. To mediate 
those complex contradictions is an artwork 
like playing the piano: you should not push all 
your fingers on the keyboard at the same time; 
instead, you should place your fingers on the 
keys at a time and meanwhile follow the next 
notes. 

C O N C L U S I O N 

Development should not be taken as given, 
but as a process of continuously mediating 
contradictions. Contradictions themselves are 
not a debilitating factor needing to be 
suppressed in our world; instead, they are the 
mechanism for facilitating learning, and they 
are the force that generates systems 
development. To reach a stage of agreement, 
democracy, harmony, co-operation, etc., 
efforts must first be made to facilitate the 
mediation process and to respect both parts of 
a contradiction, otherwise it could be too late 
and cost too much when a contradiction 
becomes a conflict. The key is to recognise 
and respect contradictions, and to learn how to 
use an instrument (not military forces) to 
mediate them to achieve a dynamic harmony. 
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Abstract 

Ethical concerns are becoming important in (information, organizational, and administrative) 

systems design since the paradigm of systems design has expanded from engineering-

dominated world to the world of ergonomic, ecological, and social-political systems. Effort to 

apply systems thinking and systems methodologies in approaching ethical problems is much 

appreciated in this context. However, systems sciences and design have not always been free 

from the influence of reductionism. In this paper, a case study, "Systemic Management of 

Students Quality", shows how the conflict between the effort of systematizing ethics and 

reductionistic method could happen in administrative and information systems design. 

The case indicates that the great threats to the systemic ethics come from a reductionistic 

transaction, e.g., a mathematical model of ethics, and a mismatching the ethical modality with 

other social-political modalities during the transaction process. In the case, first, the attempt 

of systemizing ethics had created conflicts between the motive and the actual end, since the 

process did not fu l f i l l the presupposed homomorphism. Second, the transaction of ethical 

modality into the mathematical modality had destroyed so much the essence of ethics that the 

identity of ethics was almost vanished. Consequently, the attempt was bounded to be failure. 

However, the case provides a very good example for learning in efforts of applying systems 

thinking and systems methodologies in approaching ethical problem and systems design. 
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Introduction 

Ethical concerns are becoming important in (information, organizational, or administrative) 

systems design since the paradigm of systems design has expanded from engineering-

dominated world to the world of ergonomic, ecological, and social-political systems. Effort to 

apply systems thinking and systems methodologies in approaching ethical problems is much 

appreciated in this context. However, systems sciences and design have not always been free 

from the influence of reductionism. In this paper, a case study, "Systemic Management of 

Students Quality", shows how the conflict between the effort of systematizing ethics and a 

reductionistic method could happen in administrative and information systems design. 

Systemic Ethics 

There is a universal understanding about the meanings of ethics. One may define it as the 

discipline of dealing with what is good and bad, and dealing with moral duty and obligation. It 

is often related to a belief, a standard or a value that governs an individual, a community, or a 

country. Norbert Wiener (1954) believes that law is the ethical control of (communication) 

Society. Such control involves a conception of justice. Concepts of justice do vary from one 

society to another (Robert, 1978), but Wiener feels that he can offer a definition of justice as 

1) the right of each individual to develop his full potential; 2) the feeling that what is just for 

one is just for another; 3) the sentiment of unlimited good will . 

However, from research perspective, there are some different apprehensions and worldviews 

about ethics. Generally speaking, de Raadt's (1989) multi-modal methodology (MMM) views 

that the base of ethics is presupposed homomorphism between modalities. "Each discipline is 

built upon the presupposition that the order of the particular modality of interest is 

homomorphic with analytical modality (p. 19). " The content of ethics is given and is 
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embedded in human creed. The truth of ethics is absolute. In Soft Systems Methodology 

(Checkland, 1981), however, ethics is viewed from a quite opposite perspective. Ethics along 

with other goals as efficacy, efficiency, effectiveness, and elegance are approached through on 

going debating and learning. This process is not harmonic, but involved different worldview 

and political struggling (Checkland, 1988,1990). The truth of ethics is relative. "It was always 

necessary to declare the Weltanschuung which makes that description (human activity 

systems) meaningful. This is because there are always multiple possible descriptions of any 

real purposeful activity.... Finally, the situation needs to be examined in its social and 

political aspects (p. 28)." 

Along with Checkland's view, Engestrom's development work research (1991) goes further 

and assumes that the resources and power to any development are contradictions involved in 

human activity systems. 

"The activity system contains a variety of different viewpoints or 'voices', as well as layers of 

historically accumulated artifacts, rules and patterns of division of labor. This multi-voiced 

and multi-layered nature of activity system is both a resource for collective achievement and a 

source of compartmentalization and conflict. ... The activity system is constantly working 

through tensions and contradictions within and between its elements (pp. 268-269)." 

In this perspective, the decisive feature of ethics is the multiple mediation and mutual learning 

in an activity system. The truth of ethics is not given, but it is defined by a process of learning 

and mediations. 

Ivanov's (1991) Hypersystem thinking can be seen as an effort to construct or categorize the 

learning process by identifying a hyper network among social actors involved in human 

activity system. Its basic structure is defined in terms of morphological-structure classes, 

functional classes, and teleologicai classes, such as 1) clients, purpose, measure of 

performance, 2) decision makers, components, resources and environment, 3) planner or 

designer, implementation, guarantor, 4) system philosopher, enemies of the system approach, 

significance. Al l contradictions concerning the relevant problems will be organized initially 

according to those primitives within a certain structure, with particular functions or goals. The 

basic motivation of the Hypersystems thinking is to approach the ultimate ideal of the 

democratically autonomous of, e.g., "unified decision maker, client and designer". Reaching 

this ideal of harmony presumes a process of conversation, struggling, and mediating among 
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those primitives. Not pointed clearly, Hypersystems thinking assumes consensus is an 

important aspect of ethics. How to reach this ultimate ideal of the autonomous is not specified 

in this approach. 

Those approaches, Multi-Modal Methodology, Soft Systems Methodology, Developmental 

Work Research, and Hypersystems Thinking, may provide a theoretical perspective about the 

complexity of ethics. However, it may be difficult to carry out any ethical approach in 

practical work without considering concretely social and cultural backgrounds. The concept of 

ethics is deeply involved in a social-political context, and reflects a historical and cultural 

development. There exists no absolute ethics, which can be applied universally. Ethics is 

always a systemic ethics that is defined by the whole as a social system. For example, there are 

some fundamental differences between western and eastern countries. Generally speaking, in 

western culture, especially in USA, ethics is mostly based on individual freedom or 

emancipation (Schecter, 1991); social conflicts between individuals and collectives are 

mediated through building up a strong and complete law system. While in east cultures, like in 

China and Japan, ethics is first defined from a collective base, by building up a collective and 

shared community; the criterion of good or bad is based on the view of the community 

(Precker, 1992). The different social backgrounds are reflected through various cultures, 

customers, politics, and economical systems. 

The above different social and cultural perspectives of ethics are something like an ice cream 

that everybody knows what it is, but no body can tell the different tastes in different countries. 

This creates difficulties in understanding the ethical issues for people from different cultures 

and social-political background. It is very important to consider the social-political 

background when approaching ethical problems. Pure systems thinking and methodologies (as 

defined in the systems engineering and the first order cybemetics) need to sweep in social-

political and historical-cultural perspectives so as to fulf i l l a practical ethical approach. 

In the next section, I wil l provide a concrete example about how ethical problem is related to 

social-political perspectives, and how it is reflected in administrative and information systems 

design. Case studies here can be an effective way to propose tangible questions involved in a 

complex context. 
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Systemic view of Students Ethics 

During 1985 to 1989, people in China were much eager to improve ethics of students in 

universities and colleagues. People believed that the quality of the young generation depended 

on a systemic education, which meant that students should leam not only scientific and 

technological knowledge, but they should also leam how to behave an ethical human being. 

This systemic view of students' quality was of course in the right direction. The question was 

how to conduct this thinking in practical education in the universities and colleges. One of the 

many efforts was called 'Systemic Management of Student's Quality by Synthesized Marking'. 

The basic mechanism was the so-called "synthesized marking," in short "SM" which was 

supposed to be a quantitative measurement of a student's quality. Every student in a university 

had his or her "SM" just as his or her credits of studied courses. With this "SM", the managers 

of the university could implement a policy called "better students should get better jobs". To 

most students at that time, they got a job assigned by a group of managers of the university 

when they graduated, and they had to do the job as their lifetime's work1. Even they did not 

mind their quality according to the university, they did mind the political power represented 

by the "SM" which could decide their future jobs. Combining the "SM" and the power of 

assigning jobs, the managers believed that they could improve students' ethical behaviors, and 

thereby the quality of the young generation. 

It seems the question was how to get this magic "SM". Systems methodologies could be used 

to fu l f i l l this task, as clearly expressed by de Raadt (1989): 

'Social scientists often express aspects of social behavior (operating in the social modality) in 

terms of quantitative measures (operating in the numeric modality). They can then use the 

laws of mathematics to manipulate aspects of behavior in the social modality and derive 

conclusions that would have been difficult to arrive at without the aid of these laws (p. 19).' 

The process to get the SM was exactly the process to transform qualitative behavior to 

quantitative measurement as mentioned above. The process was implemented in four steps: 

1 This is not the case now in China. Students have much more freedom to choose their jobs, which are available 
in the whole country. They do not need to accept an assigned job if they do not like it. 
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1) Define the criteria of quality. This was officially done by categorizing quality into five 

aspects: ethical behavior, intellectual development, athletic activity, aesthetic activity, and 

hard working. 

2) Categorize all possible activities of students according to each criterion. Those activities 

were considered to be important to students' quality. 

3) Assign a number (plus or minus) to each activity according to the common sense of how 

much good or how much bad an activity was. 

4) Build a mathematical model to manipulate all numbers gained by each student and 

synthesize them to one mark (SM) or divisional marks according to each criterion of quality 

defined in the step 1. 

In request of the last step, an information system "Students Management and Jobs Assigning 

Support Systems (SMASS)", was designed for collecting data and manipulating them 

according to the requirement of the managers. For the reason of space here, I will not describe 

all necessary activities for conducting the process, e.g., how to collect data, how to manipulate 

the mathematical model, etc. I will just describe the debate happened two years after the 

systems was implemented. 

Debate 1: Could Ethics be Measured ? 

There was a serious debate about the question whether ethics could be measured or not. The 

managers argued that, according to the systemic view, ethics has both qualitative modality and 

quantitative modality. A certain quantity is the necessary conditions and basis for the existing 

of a quality; only through the quantitative description, can we precisely recognize the quality 

of an object. In order to achieve full understanding of any object, we should depict the object 

from both qualitative and quantitative perspectives. Ethics is not an exception, so ethics is 

measurable. 

Comparing how we manage our intellectual education in our universities and colleagues by 

credits or points, we are reasonable to use the same principle in our ethical education. Even 

though the management of ethical perspectives is more complicated, it is, however, not a 

problem of whether it is measurable or not. Instead, it is a problem of how to measure it. The 

system (SMASS) was thus designed to facilitate the measuring process. During two years 
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practice, it was technically accepted, and also there was a great improvement of students' 

behavior. They tried to be as 'good' as possible just as they did in their courses' studies. 

However, When considering the other modalities, e.g., political modality, penetrated in ethics, 

we found that the measurement of ethics was not homomorphism. It is important to note that 

the conclusions arrived at are not only dependent upon the mathematical laws of the numeric 

modality, but also upon the presupposed homomorphism between the two modalities involved 

(de Raadt, 1989, p. 19)'. The conflicts between modalities arose first from students as the 

object of the measurement. They said the measurement had destroyed the essence of ethics. 

Because i f ethics was measured, then it was very possible for students to show their good 

behavior under the pressure of some concealed and insidious goals, instead from a good will. 

In this case, for example, students wanted to have a higher mark in the "SM" list, so they 

could get a good job. Obviously, this is not the essence of ethics. Even the goals behind were 

not necessarily accused, the measurement, i f it was a public necessity for keeping the 

community good, would force the authority to form a law or norm. This is obviously not the 

essence of ethics either. The students showed strong discontent against the measurement of 

their ethics. They had a feeling of being insulted by this measurement. They pointed out that 

the measurement itself was not ethical. Before the measurement, they would behave well 

based on their own free will. Now since every good behavior would be defined by a mark, all 

good behaviors would be suspected as motivation of "marknism", instead as ethics. So, in this 

case, the problem was not whether ethics could be measured or not, but it is a problem of 

whether it should be measured. 

Debate 2: Should Ethics be Measured? 

There was a strong social-political modality penetrated in the case. Traditionally, students got 

their jobs when they graduated assigned by a group of managers in the universities. Owing to 

the planning-eeonomic and central-political system during that time in the whole country, this 

group had very strong political power not only within the university, but also among those 

social organizations in which students' parents or relatives worked. If a student's parent 

worked in local authorities, then the university sometimes had to use this relationship to get 

more resources and privilege. Mutually, those parents took the advantage of their social 

positions, and forced the university to assign a good job for their children. This mutual-

beneficial relationship might be built up even before their children enrolled in the university. 
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Of course this kind of relationship was not officially accepted and was much complained as 

corruption by most students and the society. 

The information system designed (SMASS) for the systemic ethics did not f i t such a social-

political background. What the system tried to do was to provide quantitative information 

which could rank students in an order according to their SM. Every student knew exactly his 

or her and all other's number in the rank. They knew also information about all the jobs that 

were offered to them. According to the policy "Better students should get better jobs", number 

one in the rank should get the best job which he or she wanted (he or she should choose first 

from the jobs list); number two the second, and so on. Now image what would happen when a 

student is ranked in the last according to his or her SM, but his or her parents have power to 

decide, e.g., how much money the university could get from the city's budget? The 

information system had created a dilemma for the social-political modality. I f the group of 

managers obeys the principle of SM, then the university may lose many things, and even the 

university could not properly run. But if the group does not obey the principle of SM, then the 

university will lose their trust and dignity among students and public, and even this could 

cause protest, demonstration, and revolution. In other words, the two modalities, systemic 

management and social-political culture, were not presupposed homomorphism, but they were 

in conflict. Under such case, the power resided in the social-political modality had a 

dominated role, and the information system SMASS was given up in 1989 two years after it 

was implemented. 

The case of SMASS tells that accuracy derived from mathematical modality is not always 

valid in social levels of modalities. Sometimes ambiguity could provide better flexibility and 

viable conditions. In this case, the designed system SMASS had destroyed the freedom and 

flexibility of the social-political modality, and this flexibility and freedom were the basement 

for the existence of social-political power. 

Conclusion 

The case studied here indicates that the great threats to the systemic ethics come from a 

reductionistic transaction, e.g., a mathematical model of ethics, and a mismatching between 

ethical modality and other social-political modalities during the transaction process. In the 

case, first, the attempt of systematizing ethics created conflicts between the motive and the 

actual end, since the process did not fulf i l l the presupposed homomorphism. Second, the 
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transaction of ethical modality into the mathematical modality had destroyed so much the 

essence of ethics that the identity of ethics was almost vanished. Consequently, the attempt 

was bounded to fail. However, the case provides a very good example for learning in efforts 

of applying systems thinking and systems methodologies in approaching ethical problem. 

Social scientists have been strongly influenced by the reductionistic doctrines and tended to 

transact social behavior into numerical and scientific modalities. Nowadays, we can find many 

such efforts in approaching social and administrative problems. For example, in Sweden, the 

so-called "family-doctor" ("Husläkare" in Swedish) system is applying very similar approach 

as in the case. Some local authorities provide quantitative evaluation about each doctor's 

quality based on some pre-defined criteria of qualification (rank each doctor according to a 

measurement), and to provide reference for residents to choose their "family-doctor". Could 

the case (SMASS) provide some hints for this "family-doctor" approach? 
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A B S T R A C T 

This paper discusses the issues related to the cognitive aspects of human-computer interface 

design in learning context. Specially, this paper will approach What-How questions: 1) what 

is the proper structures/forms of representation to the knowledge used in user's work 

activities. In this part, some cognitive concepts like semantic networks, production system, 

connectionist networks wil l be discussed; 2) How those knowledge in user's mind could be 

absorbed into computer information system, so as to be able to support user's work activities. 

In this part, cognitive mechanism like feedback learning and prototyping with metaphor will 

be analyzed. Finally, this paper provides an example which integrate the above What-How 

aspects into the design of human-computer systems. 

Keywords: human-computer interaction; feedback learning; knowledge-representation; 

prototyping; metaphor. 

i . T H E BACKGROUND OF HUMAN-COMPUTER INTERACTION 

Over the history of human being, there has been an ever-increasing interest in the effort of 

expanding human capability by machine. This effort has resulted in the industrial revolution 

during 18th century marked by the general introduction of power-driven machinery. The 

general outcome of the industrial revolution is the great emancipation of human physical labor 

force. Now it is well recognized a historical similarity under way of the effort, marked by the 

wide application of information-driven machinery, but this time it concerns of emancipating 

human beings' mind. In this context, human's cognitive features in using computer 

technologies become the very focus of the effort. 

There have been many efforts in using computer technologies to approach human cognitive 

issues. Long before 1958 Donald Broadbent (3) argued that one could begin to understand 

phenomena such as perception, attention, and memory by constructing an information 

processing theory in which information flowed through a cognitive system. In 1980, Herb 

Simon (13, p. 45) pointed out that "It might have been necessary a decade ago to argue for the 
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commonalty of the information process that are employed by such disparate systems as 

computers and human nervous systems. The evidence for that commonalty is now 

overwhelming". The whole discipline of cognitive psychology now has espoused the 

information-processing framework which bore little resemblance to what had happened 

before, and used the concepts of computer technologies to describe human cognitive 

processing. With the growing influence of the discipline of artificial intelligence (AI), the 

relationship between the mind and the computer became even closer. 

On the other hand, computer scientists in turn have tried to apply cognitive discoveries as 

general design guidelines and principles, general theories, and a analytical model of user's 

mind in design work, or as criteria to verify the usability of information systems (IS). Such an 

interaction of the disciplines between computer and cognitive psychology had been resulted in 

an ever-changing way of conceiving human mind through computer metaphor, and in turn 

changing the way in which we understand the real world through our computerized mind. 

This was exactly what happened in the 70s and early 80s in the most experimental laboratory 

researches. Many concepts around perception, memory, knowledge, problem solving, 

decision making, etc., were tested under laboratory settings. Models like semantic networks, 

production system, connectionist networks etc., were simulated and proved. 

Around the mid-80s, however, the interest started to shift from general theories and laboratory 

researches to more practical use of the cognitive concepts in human-computer interaction 

design to support end-user's mind in their work activities. Thus, user-centered systems 

development began to emerge. The effort is to try to involve the end- users in design process 

(7). Methods like participatory prototyping (6), embryonic prototyping (1) are used in the 

process to support mutual learning and to facilitate the design process. In this context, this 

paper focuses on how to apply the cognitive framework in the user-centered design of human-

computer interaction. To do that, we wil l first to discuss the problem of types of knowledge 

and representations. 

2. M O R P H O L O G I C A L - S T R U C T U R A L REPRESENTATIONS OF K N O W L E D G E 

How we represent the world "inside our head" has been one of the big questions in 

philosophy, psychology, and linguistics for centuries. It is perhaps the most difficult problem 

in all of the sciences to solve. Mental representation of knowledge is even important when we 

design computer systems to support user's work activities, because the structures/forms of 

knowledge condensed in the computer systems must match to what are in the users' mind. 
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There are basically two kinds of knowledge representations which psychologists call semantic 

and episodic knowledge (15). Semantic knowledge refers to our de-contextualised memory for 

facts about the entities and factual relations between entities and concepts in the world, for 

instance, that a bicycle has wheels, a frame, a carrier, and a bell. In contrast, episodic 

knowledge refers to knowledge about episodes and events, to entities that are marked as 

happening at a particular time and process, for instance that your memory about your 

experience of riding a bicycle, or your memory of the procedure how to cook Chinese foods. 

The representations of semantic knowledge will be approached in this part from three 

descriptive models: semantic networks, connectionist networks, and production system; while 

the representations of episodic knowledge will be discussed in the next part from aspects of 

feedback learning and prototyping with analogic metaphor. 

The basic principle of semantic network is concept-association. Al l knowledge is in the form 

of associations. Three main principles of association have been proposed by this approach: 1) 

contiguity: two things become associated because they occurred together in time; 2) similarity: 

two things become associated because they are alike; and 3) contrast: two things become 

associated because they are opposite. Morphologically, a semantic network consists of 

concepts as nodes, links as relations, and activation strengths linked each node which 

represent how strong one node is associated to another. Figure 1 shows an example of a 

semantic network of the concept about a "doctor". 

i Medicine \ \ Patient { • i 
House 

Figure 1. A semantic network of the concept "Doctor" linked to other concepts by different 

activation strengths 

One may ask how our mind builds up this kind of network, especially where those activation 

strengths come from in the very beginning. This is a typical learning question, i.e., how we 

leam to differentiate the relations among the objects in the world. According to this model, a 

learning process happened when the activation values of the links between nodes are being 

changed. The activation values can be changed by various factors. It can be affected by the 
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representation of the initial activation, by the similarity of one node to the activated node, or 

by repeated times of an activation. In order to understand this learning process we need to 

approach the concept of feedback learning that will be discussed in the next part of this paper. 

Similar to the semantic networks, a connectionist network consists of nodes and links. 

However, those nodes are multiply connected each other, so each node is a multiple input-

output system. A node becomes activated or produces an output i f the sum of activation from 

other nodes exceeds some threshold value. Usually, a concept is not represented by one node 

as in semantic network, but as a distributed pattern throughout the whole network generated 

by different activations, so the same network can represent many different concepts. A typical 

connectionist network consists of an input layer, a processing unit, and an output layer. Figure 

2 shows a possible connectionist network about the concept of a "hospital". 

InputPattem Processing Lajer CutputPattem 

Figure 2. A multi-layered connectionist network of the concept "Hospital" 

Connectionist network can leam to produce a particular response at the output layer following 

the presentation of a particular stimulus at the input layer by associating various inputs with 

certain output. When one typical association is routinized, the network will exhibit a kind of 

behavior which looks like a production rule in the form 'LF such-and such is the case THEN 

do so-and so'. Production rule is a kind of high structured knowledge and is widely used in 

automatic control and artificial intelligence. For example, playing chess can be represented as 

applying a set of production rule such as "IF the Queen is threatened, THEN move the Queen 

to a safe square". Production mle can be applied in high level cognitive processes like 

problem solving, reasoning, and decision making. 

However, real-world problems are often quite fuzzy and dilemma which we either could not 

find a clear THEN-part which can match the IF-part, or there are many rules or choices match 

the given LF-part. In such case, we either need to further clarify the condition sepecified in the 
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JJF-part, until we find a satisfied match in the THEN-parts, or to further evaluate the many 

choices specified in THEN-parts in order to choose the best one. For instance, a doctor has a 

mle of diagnosis in his/her long-term memory like "LF a patient has fever and headache, 

THEN to give him/her aspirin tablets". However, what should the doctor do if the patient also 

has stomachache? Probably the doctor has to further ask the patient i f he/she has eaten some 

special foods, so probably the symptom will match another mle like "If a patient get food 

poisoned, he/she should immediately be stomach washed". 

The above three kinds of semantic-knowledge representations have been applied in 

knowledge engineering, artificial intelligence, and human-computer interface design. But 

there is a crucial question which has to be answered by all the disciplines: the knowledge 

represented by those frameworks is not given at the beginning; so where does it come? How 

does it grow up? Without understanding of this question, we will not be able to tell machine 

how to leam (be adaptive). No matter how perfect a match between the computer systems and 

the users' knowledge at the beginning, since our users are learning, if our computer systems 

does not, then it wil l not be able to follow the users' learning mind. In the following of the 

paper, this question wil l be approached from the aspect of human-computer learning. 

3. T H E P R O C E S S O F MAN-LEARNING A N D M A C H I N E -LEARNING. 

People's learning starts from no mle to rules, i.e., learning starts from semantic-network 

(Figure 1) or connectionist-network pattern (Figure 2). One mechanism driving the process is 

called feedback learning, or backward propagation. It describes the process of learning from 

random pattern to explicit mle pattern (IF-THEN mle). At the beginning of the learning 

period, the (connectionist) network is set up with random connections among the units. 

During the early stages of learning, after the input pattern has been presented, the output units 

often produce a response that is not the required output pattern. What feedback does is to 

compare this imperfect pattern with the known required response, noting the errors that occur. 

It then back-propagates activation through the network so that the units are adjusted in such a 

way that they will tend to produce the required pattern on the next learning cycle. This process 

is repeated with a particular stimulus pattern until the network produces the required response 

pattern. Thus the model can be made to leam the behavior towards the IF-THEN pattern, 

rather than being explicitly fixed like an LF-THEN rale. 

Feedback learning has been proved by many theories (cybernetics, neuro-psychology) and 

practices (in our daily life, and in experimental psychology). A well recognized feedback 
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process in our daily life is the process in which our hands attempt to reach an object, e.g., a 

cup of coffee. Psychological evidence shows that the process intensively involves feedback 

information processing in which the body movement is continually modified by information 

fed back to the brain about the distance between the object and the hands. Wiener (10) takes 

for granted the significance of feedback not merely for muscular or mechanical control, but 

for social control as well. The nervous system and the social organism are fundamentally alike 

in that they make decisions on the basis of past decisions. 

People can leam more and faster by support of a computer system; but the computer system 

must also leam from people to update its functionalities and capabilities. A computer system 

can leam if it can adjust itself according to the needs of its users. Here, I am not talking about 

the kind of learning in a programmed robot (e.g., automatic knowledge-conducting), but an 

information system in general. Computers can not leam itself; people make them leam -

people neither users nor designers alone, but users and designers (at least) jointly in the user-

machine-designer's feedback system. This is because, on the one hand, learning (computer or 

people) first needs a required pattern /goal in order to identify the direction towards it, and this 

required pattern/goal is obviously rooted in users' side. Therefore, users' participation in the 

learning process is a cognitive necessity. On the other hand, to implement the learning 

(especially for the computer) seems to be very dependent on designers' capabilities and 

technical feasibility. The conclusion here seems that human-computer systems leam only i f 

they are constituted user-machine-designer feedback systems. 

Users and designers are good at different things and see different perspectives. Users are good 

at the work they are supposed to carry out; designers, on the other hand, have a solid 

knowledge of computers. This affects our attitude towards computer systems, use of 

vocabulary, goals, etc. In a project, normally the designers don't know much about the work 

situation of the users and the users do not share a lot of computer knowledge with the 

designers. Bruce (14) told a story about how a simple question in designers' mind (to test 

users' computer monitor i f it is black and white) could be so much confused in the users' mind. 

He concluded that: "no matter how many engineers we had crowded into a room to discuss 

with what areas users were or were not going to have trouble, we would have never hit upon 

this as the major problem of the application. Had we not tested, we would have had a disaster 

on our hands: instead of users having a wonderful first experience, they would have walked 

away thinking both they and our computer were awfully stupid (pp. 87-89)". On the effort to 
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bridge this gap between user and designer, prototyping approach has been applied in the 

whole process of system development and to support the mutual learning between human and 

computer. 

4. SUPPORT L E A R N I N G B Y PROTOTYPING W I T H M E T A P H O R 

Human learning has two aspects: 1) ontogenetic (the learning that an individual acquires in the 

course of his life experience) and 2) phylogenetic (the learning of the entire human race in the 

course of its evolution) (12). The phylogenetic learning concerns readings and most school 

kind of learning. It is a kind of important learning, but not the topic of this paper. The focus of 

this paper is about ontogenetic learning which related to tacit knowledge or skill 1 in practical 

work and experiments. 

In the context of design and use of human-computer systems, to support the ontogenetic 

learning among user-computer-designer may require setting up situations from the very 

beginning in which it is possible for the users and designers to gain hands-on experience with 

the machine system. One prominent way is prototyping in which users and designers are 

allowed to experience by doing with artifacts. 

Prototyping has its root in logical positivism and cognitive recognition theory. Logical 

positivism maintained that theories were only to be justified by an appeal to observed facts, 

and that theoretical constmcts were meaningful only to the extent that they could be observed. 

In this approach, the emphasis was on the relationship between observable stimuli and 

observable response (a black box). However, in the 20th-century this position was challenged, 

for instance, Karl Popper (11) argued that observation was not as objective as it seemed, but 

was actually rather theory driven. No one ever observes without some idea what it is they are 

looking for. Scientific observation is always driven by hypotheses and theories, and what you 

observe depends in part on what you expect to see. In this perspective, prototyping approach 

has been bothered the same practical-theory dilemma. It is so common in today's prototyping 

practice that people conduct a "blind prototype" which is assumed to be free from any 

theoretical basement. 

It is different between knowing-what (declarative knowledge) and knowing-how (procedural knowledge, especially related to skill and tacit 

knowledge). You know how to ride a bicycle without falling off but you cannot describe how you do this. Unlike declarative knowledge, like a bicycle 

has wheels, a frame, a carrier, and a bell, procedural knowledge, hke how to adjust your body weight in space in order to stay upright, often cannot be 

stated explicitly. 
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According to cognitive recognition theory, prototypes are abstract forms representing the most 

basic or cmcial elements of a set stimulus (e.g., a hospital prototype in Figure 2). They are 

stored in long term memory and then used to classify and identify new stimuli. If a pattern 

recognition is to compare present stimuli, e.g., a button, a picture, a text, etc. on the human-

computer interface, with the stored prototype in users' mind, then it is cmcial that the designed 

stimuli should match user's prior experience. Prototyping approach should primarily be used 

to test if designers and users share the same understanding of the future system. However, 

many prototyping approaches have been turned into a very expensive form of work analysis, 

instead of doing a straightforward study how the users actually work with a prototype, they 

tended to ask the users what they wanted in the new systems. In the end, we could often hear 

designers complain about stupid users who couldn't make up their minds and didn't know 

what they want. 

To help the mutual understanding between user and designer in the prototyping process, using 

metaphors which both designers and users have experienced and familiar with in their daily 

life has been proved a very effective way of mutual learning. Metaphors can transfer 

knowledge about one conceptual dimension to another. By introduction of metaphors both 

users and designers' tacit skills and knowledge are translated and crystallized into the system. 

Figure 3 shows some typical examples of metaphor on computer interface design. 

Get Help Cm a card Find Lock Docume: 

Figure 3. Metaphors used in HyperCard for Macintosh 

Metaphors can create similarities as a bridge between user-machine-designer. But those 

similarities are not "objective"; they are related to the subject's knowledge in the two domains. 

One problematic use of metaphor arises where designers are unaware or disregard the fact that 

some metaphors do not fi t in with the user's experience and life-world. Another problem in 

using metaphors is that it activates too much background knowledge in the users' mind so 

users can be led to expect functions which exist in their daily life but not supported by the 

computer; and at the same time, metaphors say too little about particular functionality to the 

computer which has not experienced by the users in their daily life, e.g., automatic sorting, 

searching, browsing, etc. (9). 

4-8 



5. I N T E G R A T I O N 

In this part of the paper, I want to show how to integrate the above aspects about knowledge 

representation, feedback learning, and prototyping with metaphor into one practical design 

work: the design of a home-service human-computer system. 

Generally speaking, there are two kinds of performances in users' work, routine and decision 

based. Routine performance is based on direct memories and used in highly familiar 

situations. The user does not have to think consciously. Decision-based performance is used 

in situations that generally familiar but not automatic. A schema is retrieved from memory 

based on the characteristics of the situation. To support the decision based performance, a 

computer system should first automate as much as possible those routines. This is generally 

how learning proceeds: by automating lower-level tasks, the user can spend his mental energy 

on a higher level. But the most important support from the computer should facilitate the 

schema retrieving process. The dilemma here is that those shemas, which users' decisions are 

based on, are too many and too dynamic to be stored in the computer. It is not possible to 

follow users schema all the times and all the cases, but it is possible to identify those semantic 

genesis which are those well defined, simple, and are used over and over again in users' 

conceptualizing the schema. According to Geon theory (8), when human beings are dealing 

with objects in the world, a number of primitive figures, or shapes, and combinations hereof 

are sufficient to determine the category of the object, for instance, a cylinder, a block, a 

funnel. They are observer invariant. This means that objects can be viewed from any angle 

and still be recognized. Like words which can be formed by combination of alphabets, objects 

can be prototyped by those geons and being recognized. 

Cognitive psychologists have worked out those geons in the individual level. For example, 

Biederman (2) has compiled an "inventory" of 36 different primitives-geons. But such efforts 

to our social scientists, or social psychologists are rare. There are really not many alternatives 

to choose as social genesis. Activity theory (4) provides such a semantic social-genesis as 

shown in Figure 4. The philosophical root of the Activity Theory is beyond the paper. Based 

on this semantic social-genesis as a representation of users' knowledge in their social work, 

we will just show how to integrate feedback learning, prototyping with metaphors into the 

computer. 
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Norms, rutes — Community tabor Divi. 

Figure 4. A semantic social-genesis (Based on Engeström, 1987) 

When applying the Activity Theory in, e.g., a home-service system, the semantic social-

genesis can be concrete. In Figure 5, the prototype makes use of analogous metaphors to the 

users' work place which looks like his/her office with filing cabinets and working desks 

around the walls. The user, a home-service director, can use the prototype as a working tool, 

e.g., to open the drawer by clicking and searching on the "Working Board", or he can pick up 

the pencil on the desk and start writing, etc. Meanwhile the prototype serves as a learning 

medium to support an ongoing-learning between the user-computer-designer. The user has an 

on-line communication by electronic mail or by telephone (click at "Mail" or "Call" on the 

"Feedback Board" in Figure 5). When he/she has problems concerning new functions, 

improvement, learning know-how, etc., he/she could easily inform the designers who maybe 

work in another city, or even another country. The designers leam from the user and redesign, 

explain, or demonstrate to the user. This feedback learning process could be very intensive at 

the beginning and casual afterwards. The point here is to form an on-line feedback learning 

process throughout the prototype development (1). 

Figure 5. A room metaphor based on semantic social-genesis in figure 4 

6. SUMMARY 

This paper has proposed a cognitive approach for design of human-computer interaction 

systems directly involved in practical integration. It contributed an example how design 

practice is guided by cognitive theory from a social and learning perspective. In particular, 
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cognitive concepts like knowledge representations, feedback learning, and prototyping with 

metaphor were found important in design of human-computer interaction systems. 
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Abstract: 
Prototyping in information systems (IS) development has recently shown increased benefits. In 

principle, prototyping process provides users with more opportunities to improve their work, to verify 
that their needs are provided for, and that the terms used in the interface of the designed system are 
consistent with those in use in their work. As a result, they should be highly motivated to participate 
in an IS development process. 

However, certain drawbacks inherited from traditional prototyping in industrial production could 
limit the use of this approach in IS development. Some problems are identified in this paper, such as: 
(1) product-oriented thinking (2) feedback delay (3) the preoccupation of designers with respect to the 
experimental approach (4) problems arising from the users' participation being indirect, and (5) 
negative attitudes towards contradiction. This paper proposes an organic approach, the 'Embryonic 
Approach' (EmA), in order to explore the full potentialities of prototyping in IS development. This 
approach is based on two fundamental elements: an adaptive or expandable kernel-structure, and a 
built-in communication mechanism. © 1997 Elsevier Science B.V. 
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1. Approaches to prototyping 

Prototyping originated from industrial production where the goal of prototyping is to 

make 'a first type' before mass-production. Prototyping in this context is a well-defined 

pre-phase to the production process. When the prototype can exhibit all the essential 
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features of the final product the prototyping process is ended, and mass-production can 
start. 

IS development in social and organizational contexts differs from this kind of 
industrial production in several ways. Firstly, the design of IS as a working tool is often 
part of the overall design of social and organisational work. Design of work in social 
and organisational contexts is much more complex and dynamic than design of an 
industrial product. Such complexities and dynamics preclude the making of a prototype: 
a prototype can never exhibit all the essential features comprising these complexities 
and dynamics. Secondly, a prototype is no longer a 'first type' because the IS 
development process in a social and organisational design context in most cases leads to 
one single product, a product which is only suitable for use in this specific organization 
(Floyd, 1984). 

We therefore need to expand on the notion of prototyping with regard to the 
development of IS. Floyd (1984) pointed out that by using a prototype in IS 
development, we are primarily interested in a process rather than in a product. What we 
are looking for, then, are processes which lead to an early practical demonstration of 
relevant parts of the desired software on a computer, and which are to be combined with 
other processes in systems development with a view to improving the quality of the 
whole social and organisational system. 

Another important aspect of prototyping in IS development described by Floyd is that 
of learning. 'A prototype should always be considered as a learning vehicle providing 
more precise ideas about what the target system should be like.' Considering a 
prototype as a learning vehicle, designers should first consider such aspects as: early 
availability, ease of change and updating, teaching and training. The learning aspect of 
prototyping is cmcial and will be discussed separately later. 

Floyd (1984) has classified three kinds of purposes of prototyping in the IS 
development context: 
• prototyping for exploration (exploratory prototyping), where the emphasis is on 

clarifying requirements and desirable features of the target system; 
• prototyping for experimentation (experimental prototyping), where the emphasis is 

on determining the adequacy of the proposed solution before investing in large-
scale implementation of the target system; 

• prototyping for evolution (evolutionary prototyping), where the emphasis is on 
adapting the system gradually to changing requirements, which cannot reliably be 
determined in one early phase. 

Evolutionary prototyping is, on the one hand, the most powerful use, and on the other 
hand, the use most remote from the original meaning of the term 'prototyping', and is a 
use most relevant to an EmA, as we will determine later. Floyd has described 
evolutionary development as follows: 

The evolutionary system development views software development as a whole as a 
sequence of cycles: (re-)design, (re-)implementation, and (re-)evaluation. ... Instead 
of trying to capture a complete set of requirements in advance, the system is built 
within a dynamic and changing environment so as to accommodate subsequent, even 
unpredictable, changes, (p. 11) 
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Prototyping is not, in itself, a method for systems development according to Floyd. It 
should be considered rather as one procedure within systems development that needs to 
be combined with others. So the IS development process from a broad organisational 
and social design perspective may be summarised as follows: 

After an overall business analysis ("what do we want to change and why?"), 
analyze the working situation and develop a model of it in terms familiar to the 
user; then try to elaborate the requirements specification and the design for a 
potential software system using the basic elements of the application field model; 
based on this system model, construct a prototype and let it be evaluated by the 
users, repeat this cycle until the necessary revisions at the end of a cycle indicate a 
near stable set of requirements; then build the actual target system incrementally, 
using the last prototype as part of its specification. (Floyd,1984, p. 15) 

2. Learning in prototyping 

Learning in prototyping is a cmcial aspect. In fact, it is the basic motivation behind the 
embryonic approach suggested from this paper. 

It seems that there are two principles which govern the practical implementation of 
learning in prototyping (Carmel et al, 1993). The first is 'learning by communicating', 
in which users and designers teach one another about work practices and technical 
possibilities through 'joint experience' (seminars, conferences, interviews, etc.), and the 
second is 'learning by doing', in which interactive experimentation, operation, and 
testing supports 'hands-on design'. 

2.1. Learning by communicating 

Prototyping promotes communication among members of the group: designers, users 
and other social actors. As the design progresses, the group members communicate and 
thereby leam from each other. However, this manner of mutual learning through 
communication is not always practical due to various problems. 

One problem is the difficulty for the user to describe or to make clear statements about 
their work routines and their experience regarding the development of an IS (Clement 
and Besselaar, 1993). They cannot describe their knowledge and skill verbally; 
however, they carry out much work which requires knowledge and skill which resides at 
the unconscious level. Nevertheless, this knowledge and skill is an important resource 
for design work; and, in fact, in many cases it is those work activities that need support 
by the IS. It seems that one way, and perhaps the most effective way, to obtain such 
knowledge and skill is by 'doing'. This is to be accompanied by comprehensive 
communication which may be verbal, or non-verbal such as body language, signs, 
media, and by observation during the daily work of the user. 

Another problem is that users and designers often use different language. The users 
cannot be expected to describe their work and needs in the language of designers, and 
the designers seldom can explain their intentions in terms of users' working language 
(Williams and Begg, 1993). Users are experienced in the application domain, and know 
how to play the 'language games' in the work situation. Similarly designers are 
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experienced in the 'language games' of systems design. A kind of two-way translation 
is needed between the users' domain and the designers' domain (Bjerknes et al., 1987). 
Perhaps some kind of 'model' language with which both the designers and the users are 
familiar (e.g. metaphor, analogy) might be used during the prototyping process. 

2.2. Learning by doing 

Tacit knowledge or skill is a cmcial factor in the use of tools by humans. Tacit knowl

edge or skill is, however, very difficult to articulate (e.g. it is very difficult to explain 

how to ride a bicycle), as Schön (1988) described: 

Designers are usually unable to say what they know to put their special skills and 
understandings into words. On the rare occasions when they try to do so, their 
descriptions tend to be partial and mistaken: myths rather than accurate accounts 
of practice. Yet, their actual designing seems to reveal a great deal of intelligence. 
How, then, if we reserve "knowledge" for what can be made explicit, are we to 
explain what designers "know" ? And if, on the contrary, we recognize designer's 
tacit knowledge, what shall we say about the way in which they hold it, or get 
access to it when they need it? (p. 181) 

The problem described by Schön is not only true of designers' activities, it is the same 
for users' learning activities. Users usually cannot talk about what they do and way in 
which they do it except when they are in the middle of doing it. To understand the 
problems for the users in learning to use IS, the designers should not only read some 
evaluation reports, they should also spend sufficient time observing how users handle or 
operate the system. Thus, instead of developing a full scale system and accumulating 
many problems and difficulties for both users and designers, a good design should set 
up situations from the very beginning in which it is possible for the users and designers 
to gain hands-on experience with the system. Grønbæk (1990) proposed a 'cooperative 
prototyping' approach to support early users' involvement. A tangible model, which is a 
working model that affords some use, and is at the same time flexible enough to be 
immediately manipulated to some extent, could be introduced right at the beginning of 
prototyping. This tangible model allows both users' and designers' tacit skills and 
knowledge to be absorbed and crystallized into the system. Cooperative prototyping 
involves learning by doing more so than traditional prototyping, in that both users and 
designers actually work with a prototype. 

3. Potential problems of the prototyping approach 

The effort spent on the support of 'learning by communicating' and 'learning by 
doing' in IS development has motivated the use of prototypes as a platform where users 
and designers may meet and leam from one another. However, many studies indicate 
that prototyping projects have not resulted in systems design that is significantly better 
than earlier described methods (Grønbæk, 1990). Some problems may lie in the mental 
models of prototyping which are still associated with the concept of prototype 
appertaining to industrial production. Expanding the boundaries and recognising the 
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specific properties of IS development may explore some innovative uses of the 
prototyping approach in the context of IS development. 

3.1. Problem 1: product-oriented thinking 

In traditional prototyping, much attention has been paid to design of the prototype, 
while little attention has been directed to communication among participants. This is 
due to the assumption that a prototype is to result in a set of programs as a product 
which has been specified in advance. The effort, therefore, is to optimize the path 
towards this product (Bratteteig et al, 1992). However, changes in the work of users and 
changes in technologies often lead to make such a prototype never become a product (or 
a tool in use). Floyd (1984) pointed out that software development takes place in the 
context of an overall system development process; this development process normally 
leads to one single product and the desired characteristics of this product are not well-
defined in advance. Thus, the use of the term 'prototyping' in connection with software 
development indicates that we are primarily interested in a process rather than in the 
'prototype' as a product. Therefore, a paradigm shift from product-oriented approach to 
process-oriented approach is needed (Floyd, 1987). 

A 'process-oriented' perspective views a prototype as a usable tool in work, and 
meanwhile as an 'embryo' (a future product) under development. From this 
perspective, the actual product is perceived as emerging from the totality of working, 
learning, and communicating. 

3.2. Problem 2: feedback delay 

When people use prototypes as an experimental platform as in the experimental 
prototyping, where the context is usually artificially isolated from the dynamics of the 
real world, and designers are able to predict most responses to their decisions, feedback 
delay is often not taken into account. In the real work situation, however, feedback 
delay or silence feedback becomes a vital factor, because situations in the real work are 
often not predicable, and any correction of earlier mistakes will be based on feedback. 
Such correction is possible only if the feedback delay is insignificant in relation to the 
time taken for actions to have an effect upon the system (Brehmer and Allard, 1991). In 
fact feedback delay or silence feedback has resulted in many dead prototypes which 
were originally planned to become products (Kensing et al, 1993). None would like to 
participate in a social activity where one must have the patience to wait months or years 
for a response and meanwhile let problems pile up. 

Communication and feedback exert a major influence on the design process and 
consequently on the systems the designers are able to create. Therefore, suggestions 
from any participant regarding modifications, or questions relating to the prototype 
being designed should be responded to promptly in a combined evaluation and design 
progress. Members of the group must not wait weeks or months to experience 
improvement achieved in the prototype. 
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3.3. Problem 3: experimental approach dominated by designer 

Approaches to prototyping have been dominated by experiments controlled by the 
designers. The purposes for developing a prototype were: to test the necessity and 
feasibility, often of technical aspects; to demonstrate to the users the nature and 
potential benefit - often a commercial benefit - of the future product; to initiate user 
interest, - again was a commercial aspect; to develop designers' skills; and to reduce the 
risk associated with any investment, which was often an aspect of concern to designers. 
Such an experimental, game-like approach cannot attract the interest and active 
participation of users, since the interest of users is not to build a prototype and to test 
something, but to obtain a tool to do their job. 

To attract users' interest in design, it is important that the focus is on addressing users' 
immediate needs (Clement et al, 1993). The problem here is how to direct design work 
at users' practice. Designers cannot expect to build an experimental laboratory in users' 
workplaces; instead, designers must take users' work more seriously and work with the 
real interest of users. This means, in the first hand treating a prototype as a tool for 
users' work even i f it is not good enough at the outset. 

3.4. Problem 4: Indirect User Participation 

The term 'user' has been employed in many contexts and has become ambiguous. In 
the process of prototyping, however, one should be precise in answering the question 
'who is the user?'. In Scandinavia, the trade unions played a mediating role in 
formulating requirements for future systems, since they were supposed best able to 
capture and draw on the employee's knowledge and experience of work. In a similar 
manner as unions, some users' representatives in participative design still constitute a 
wall between a system needed by a user and the system actually being designed (Schüler 
and Namioka, 1993). 

Not every user has the opportunity or the desire to participate in prototyping, but 
efforts should be made to involve end-users as much and as closely as possible. One 
should bear in mind that the difficulty in linking end-users and designers arising from 
the physical distances and different technical capabilities which had previously 
influenced the selection of users representatives in IS development, has been largely 
removed by communication technologies (e.g., computer-telephone conference 
networks, digital audio and video real-time services). We should bring our end-users to 
the forefront of participation as soon as they are able to enter the domain of 
communication. 

3.5. Problem 5: negative attitudes towards contradictions 

The prototyping approach requires a willingness to accept criticism and changes from 
developers and users alike (Floyd, 1984). I f prototyping is about involving other actors 
in the design process, contradictions are unavoidable and special efforts wil l be required 
to deal with them. Few studies have formally considered contradiction as a positive 
resource with respect to systems development (Bai and Grönlund, 1992; Bjerknes, 1991; 
Walz, 1993). Very often, contradiction has the connotation of such unpleasant situations 
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as conflict and fighting; while harmony or agreement is considered a perfect situation. 
However, contradiction is not a debilitating factor needing to be suppressed in any 
collective activity; instead, it is the mechanism for facilitation of learning (Engeström, 
1987). 

Although there is little experience of dealing with concrete contradictions in a partici
pating process, a positive attitude towards contradictions is important for collective 
activities. The key idea is to expect contradictions and to create a cultural environment 
where finding and exposing contradictory problems is rewarded, and not punished. 

4. Embryonic Approach 

The EmA is an attempt to achieve a paradigm shift regarding prototyping which has 
traditionally been circumscribed by industrial production. The EmA views the essential 
feature of IS development to be that it is an organic process. It strongly emphasizes two 
vital components of the prototype: (1) an adaptive and expandable kernel stmcture 
through which learning and self-expansion can be performed by members of the group, 
and (2) a communication and feedback mechanism which is an integral part of the 
prototype by means of which communication between group members can be concrete 
(object-oriented), fast, and easy. These two components are, in fact, the prerequisites for 
any living system. 

4.1. Adaptive or Expandable Structure and Learning Capacity 

An important characteristic of EmA is that it emphasizes, not the functional require
ments, e.g. some databases, but an adaptive and expandable stmcture which can be used 
to absorb broad social dynamics and can expand itself, i.e., a database of databases. The 
stmcture should be not only 'tangible' as in the 'cooperative prototyping' proposed by 
Grønbæk (1990); but also adaptive and expandable. On the one hand, the stmcture 
should be able to change so as to grasp the dynamics of the real world; on the other 
hand, the stmcture must be qualitatively stable and able to cope with changes and to 
'pick up pieces'. To find such a stmcture or a paradigm needs much effort and 
theoretical knowledge. 

In practice, the effort to find a qualitatively stable 'paradigm' could lead to each 
proposed category claiming to be the most appropriate for one specific domain. But the 
EmA requires that great effort first be made in the selection of a competent stmcture or 
category that is most suitable for the purpose at hand, instead of paying attention to the 
content or the power of each function. Perhaps such a task is most difficult in social 
services and administrative businesses, because the work in those fields is very poorly 
structured which at the same time being very dynamic. Of even great disadvantage is 
that the social sciences which relate to the activities of these businesses usually do not 
provide a tangible and adaptive structure for IS development. 
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4.2. Build-in Communication and On-line Feedback 

Communication is the cement that makes organization. Communication alone 
enables a group to think together, to see together, and to act together. Al l sociology 
requires communication. (Wiener. 1955) 

EmA serves to introduce an element of communication and feedback; and even 
suggests that this communication element, tool, or mechanism should be embedded 
within the prototype. The EmA provides continuous support to participants regarding 
communication and feedback. 

Feedback can be greatly improved by building communication tools into the prototype 
(Bai, 1992). Coupling feedback directly to the prototype instead of relying on the agency 
of a human operator creates immense new possibilities. Users and designers do not need 
to be at the same place at the same time; misunderstandings and confusion can be 
greatly reduced because communication is facilitated by referring concrete objects 
presented in the prototype. 

On-line feedback can provide vision, encouragement, and a feeling that 'we are all in 
the same boat and should work together'. It creates a sense of partnership where users' 
interests are taken seriously. In this way a substantial expansion of learning between the 
users, and designers can be achieved via the prototype. This comprises a qualitative 
expansion or emancipation whereby the users are able to do the designers' job in 
accordance with their own requirements. Prototyping thus becomes a learning process 
whereby users may design their future work by themselves. 

5. Designers' roles in EmA 

Usually, a designer can play three kinds of roles in IS development (Mogensen, 1991): 
(1) as an expert who stands in front of practitioners and points the way ahead. This role 
is usually the one a traditional designer plays in cases where the task is well-structured 
and way to solutions can be defined beforehand; (2) as a facilitator who stands beside 
the practitioner, supplying them with the means to find out for themselves which way to 
go; and (3) as a provocateur who stands behind the practitioners supplying the means to 
find out about the present problems in order to know what to look for and what to avoid 
in future. 

Designers in EmA will bear little resemblance to the experts, but are rather more the 
facilitator and the provocateur. Some talented designers who can do a good job as an 
expert may not excel as a facilitator or a provocateur. A competent designer in EmA has 
to be a combination of teacher, scientist, diplomat, economist, sociologist, speaker, and 
writer. This means that designers in EmA must leam to communicate more effectively 
in several roles. 

A concrete task for designers in the EmA is to find and build up the kernel stmcture of 
users' work activities. The user is not an expert in seeing the stmcture of work, or does 
not naturally articulate the stmcture. The job of the designer is to recognise the work 
stmcture of the user (Beyer, et al 1995). 



G. Bai/Journal of strategic Information Systems 6 (1997) 299-311 307 

A special capability required of designers in EmA is to deal with contradictions 
involved in the prototyping process. Because the design of IS is part of the overall design 
of social and organisational work, the design process wil l involve some conflicts of 
interest among participants. As Keen (1981) pointed out: "Information systems 
development is an intensely political as well as technical process. Information systems 
increasingly alter relationships, patterns of communication and perceived influence, 
authority, and control"(p24). In such a context, designers must learn how to handle 
contradictions. First, it must be realised that contradiction itself is not necessarily a bad 
thing. Contradictions are the inner force of systems development (Engeström, 1987; Bai, 
1992). Second, techniques must be learned for handling contradiction (see:Walz, 1993). 

6. EmA in Practice 

There have been many practical attempts to resolve the communication problems that 
arise during the design of IS. Kautz (1993) provided an example of how 
communication within a group of designers and users could be facilitated by employing 
communication consultants who used project diaries. The diaries documented the course 
of the project and the reasons for the decisions which determined that course. They were 
used as an archive for shared knowledge and in the making of decisions, and they made 
visible the changes in the attitudes and the expectations of all involved. However, Kautz 
found that the employment of consultants in the project group made project members 
feel that they were subjected to frequent and, to them, unnecessary interruptions and 
restrictions by the consultants' inquiries. They experienced an unpleasant feeling of 
being controlled by someone who was not perceived as ordinary a member of the 
project, but rather as a person whose main function was to observe and document what 
was going on in the project. Kautz's findings show a need for direct communication 
between the project group members. Later we shall see how EmA can make a 
contribution to resolve this problem. 

A second example is associated with the development of the highly successful Lotus 
1-2-3 software. Saches (1986) describes the development process: 

1-2-3 began with a working program, and it continued to be a working program 
throughout its development. I had an office in Hopkinton, where I lived at the time, 
and I came to the office about once a week, and brought in a new version. I fixed 
any bugs immediately in the next version. Also, people at Lotus were using the 
program continuously...This was the exact opposite of the standard method for 
developing a big program, where you spend a lot of time and work up a functional 
spec, do a modular decomposition, give each piece to a bunch of people, and 
integrate the pieces when they are all done... In any case, our method meant that 
once we reached a certain point in the development, we could ship i f we wanted to. 
The program may not have had all the features, but we knew it would work. (pl66) 

My last example is a project which I had been involved from 1993 to 1995. The goal 
of the project was to develop a decision support system to help a local authority plan 
and provide services for elderly and disabled people in Sweden. Two questions which 
relate to the subject matter of this paper are discussed here: (1) what is an adaptive and 
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expandable kernel-structure in this prototype? and (2) what communication and 
feedback mechanism was introduced into the prototyping? 

6.1. Adaptive and expandable kernel-structure 

Regarding this embryonic prototyping, we first tried to find a paradigm or a stmcture 
that was most suitable to our case. An extensive study of the activities of the 
organisations, and several theoretical evaluations required in the selection of this 
prototype paradigm, had been carried out by a group comprising psychologists, 
managers, designers, and field workers (Lindberg, 1991, 1993). The 'Learning Activity 
Theory' (Engeström, 1987) was considered as the best paradigm in this context (Fig. 1). 
The theory itself is beyond the scope of this paper. Readers who are interested in the 
theory may find some relevant references in this paper (Engeström, 1987; Kuutti, 1992, 
Bai, 1992; Holt and Morris, 1993). 

Programs e.g.,Word, : 
Draw, Calculator, : 
Diagram, Mail, etc. : 

:" Budget, 
I manpower, 
: equipment. 

Resources 

Tools Box 

: Names list of all team 
: members who work to 
: provide service to clients 

Names list of clients 
who have been 
registered by the 
Service system 

Norms, rules, standards 
documents which are used 
to control the business. 

Team Members 

\ 

Work Rules 

Other organizations, 
companies who run 
businesses related to the 
service business. 

\ / 
Work Community 

: Evaluation, 
: feedback, 
: results of 
: services 

Outcome 

How the service is 
divided among 
members of the team 
Who does what 

Work Division 

Communication Board 
Hi, Bai 

I have some interview materials about our clients' complains to our services of shopping. It is 

recorded in a tape. Do you have any program to transform it into the box 'Outcome'of the system 

Another problem is that whenever I click at the box 'Clients', it comes to ask me password. I do 

not like this interruption. 

L . Åke /1994, Oct. 16 

Send Mail Print Mail Write Mail Respond Read Mail Save to Archives 

Fig. 1. The EmA kernel-structure in the service system (base for the team) 

The triangle stmcture of an activity described by Engeström (1987) has been used in 
many cases as a descriptive model to classify a context (e.g. Kuutti, 1992) or to analyze 
an event (e.g. Holt and Morris, 1993). Here the triangle was used as an operational 
model to construct information systems (a database of databases), to make the 
complicated relationship among units transparent to the users or managers working in 
the authority, and to condense the large and messy social context into an infological 
microcosm. This triangle provides the context for the operation of the services in 
question. Activity Theory serves here as an integrated base for structuring information 
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around various work units which share a common object, which in this case is running 
the service business. 

Fig. 1 shows the base shared by the whole team whose members are working with the 
service. For example, every member in the team can share the team's Tool Box; can 
obtain information about shared Clients, fetch documents about the team's Working 
Rules, and so on. The triangle in fig. 1 is expandable to both individual or collective use 
and it still maintains its basic form. For example, i f the user chooses (clicks at) their 
own name, which will appear when they choose the box Team Member, they will get 
their own triangle which provides them with their own tools, clients, mles, and so on. If 
they choose on a client name which will appear when they choose the box Clients, they 
could get all information about this client. I f they want to know an individual team 
member, they can choose a name in the box Team Member, and they will get this 
colleague's individual triangle, perhaps only the parts which the colleague would like to 
share with other colleagues, and easily communicate with the colleague. It is very easy 
to update members of the team, clients, tools, working mle documents, and divisions of 
labor, without changing the fundamental stmcture. This expandable feature of this 
triangle reflects that this stmcture is a fundamental type of context for the service 
activities. This triangle, therefore, can be used as a qualitatively stable stmcture to cope 
with changes, to 'pick up pieces' and to expand. 

6.2. Built-in Communication and on-line Feedback 

The second kernel of EmA is to build an on-line feedback link among members of the 
group. From the beginning, these links were very simple to use and easy to understand 
(Figure 1, 'Communication Board'). 

In the future, when users and designers have gained enough experience, 
communication should be stmctured with the contents of communication as a base, e.g. 
one category could be a socio-technical one (Harker, 1993) in which users provide 
feedback not only about the interface or functions being designed (technical aspects 
feedback), but also on the impact of the proposed system on job and organization design 
(social aspects feedback). It could also be a category as classified into (1) new tools 
wanted, (2) problems of current system, and (3) problems of current organisation 
(Kensing and Munk-Madsen, 1993). 

An even more advanced model categorizes communication not only with its contents 
as a base, but also with the actors as a base (Fig. 2). In this case, a hypersystem (Ivanov, 
1991) is needed because one may only be possible to understand the meaning of a 
message by knowing the actor's role in the project group and in the organisation. 
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Fig. 2. Advanced communication (A hyper-communication system). 

7. Conclusions 

The EmA has extended the traditional paradigm of prototyping in IS development. 
This requires some fundamental shifts in practice: (1) a shift from product-oriented 
design to process-oriented design; (2) a shift from emphasising plan or protocol control 
to emphasising communication and learning; (3) a shift from starting to identify 
functions of the IS to starting to search for an adaptive and expandable kemel-stmcture 
of the system being designed, and (4) a shift from the viewing prototypes as 
experimental tools to viewing prototypes as user's working tools. 

EmA supports 'learning by doing' and 'learning by communicating'. It can greatly 
improve feedback and resolve the problems in a traditional prototyping approach 
described by this paper. It takes contradictions involved in the development process as 
forces for change and uses them to identify new features. The benefits of the EmA will 
be more evident in the development of IS in social and dynamic contexts. 
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Abstract 

While people in IS research are eager to propose democratic participation and systems 

harmony (e.g., Computer Supported Co-operative Work, Soft System Methodology, Co-

constmctive, etc.), it seems to me there is a critical oversight of its counterpart - conflict. In 

the 1991 ISSS Conference, I even heard people reported their strategy of development work 

like "If you do not agree with us, ok, go and find your friends elsewhere". No doubt harmony 

is a beautiful thing; but is this the way to organise participants in developing a system? I am 

even asking what is the force behind systems development, harmony or what? In this paper, a 

contradiction approach to systems development based on activity theory will reach the 

followings: 

1. An epistemological appreciation that contradictions are the forces 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. 

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 pleasant. 

It seems to me that while many approaches, such as CSCW, SSM (Checkland, 1981, 1990), 

Co-constmctive (Forsgren 1989, 1990), are pursuing democratic participation and system 

harmony in IS development, its counterpart conflict, competition, etc., are also becoming 
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crucial issue. The twins - harmony and conflict, democracy and centralisation 1 - they are tied 

together. No doubt democracy, harmony, co-operation, and so on are beautiful and pleasant, 

but centralisation, 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, co-operation, etc., you'd better be 

amenable to the unpleasant conflict, centralisation, and competition. Based upon this 

argument, this paper has two main parts: 

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

systems development, while harmony is the stage that 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 upon. 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. 

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 i f 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, thinking, methodologies, knowledge, etc. 

Centralisation is different from Dictatorship. The opposite of dictatorship is non-govemment. 
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The two entities A and B must share the same context defined by the specific studied topic. A 

spear and a shield consist of a contradiction only i f 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 list of contradictions in 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 centralisation, etc. 

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

takes the other as the precondition for its own existence. Without the counterpart, both will 

lose their 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.e., 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 opposite does not necessarily mean that they are 

enemies of each other. Conflict is only one of the possible situations of a contradiction. For 

example, man and woman do not often fight even though they are opposite. If contradictions 

between a married couple become 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 of the contradiction. We call this one "Main Side" of the contradiction. But the 

"Main Side" is not given and never to change. It will dynamically be replaced by other i f the 

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 a contradiction, the "Main Contradiction" is also 
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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 that 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 mn 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 that 

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 that 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 viewpoint. 

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 activity in general, 

and then focus on IS Design and Use activity in specific. 

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). 
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Figure 1.1: Structure model of individual activity 

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

individual and his or her 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 contradiction between Subject (collective or 

individual) and Community is mediated by Rules, and the contradiction between Object and 

Community is mediated by Division of Labour. 

Figure 1.2 Structure model of social activity 

However, this model only provides a stmcture 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) 

What? 

How? 

Figure 1.3 Developmental model of activity 

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

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

Subject, i.e., Intemalisation and Externalisation (Berger, 1966). The process of Intemalisation 
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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. Humans build disciplines and 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^. But science manifests its 

power through the process of Externalisation. This means that based on those subjective 

models, "WHAT", and understanding, we take action by using tools and artefacts 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^. It is important to emphasise that the relationship between 

Intemalisation and Externalisation is a dialectical one. The Externalisation 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. To externalise successfully in the objective 

world (according to human's goals), we have to tmly (as much as possible) internalise the 

objectivated "WHAT". Any arbitrary action without properly understanding laws 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 stmctural model to dynamic development process. The point is to use tools in 

doing, acting, learning, and experimenting. 

Practices may be defined in the participation of production activity, social political activity, 

and scientific experiment. Practices are the main way to gain knowledge, leam, 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 

tmth. "Practice proves to be the source of knowledge both of nature and of society, the basis 

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. 
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of the development of knowledge, and the criterion of the tmth 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 in 

epistemological view. However, if we intend to organise 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 can be described in the 

followings. When we participate in an objective Activity, there must be some subjective 

Motives behind the activity 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 stmctured into a set of well defined routine Operations under the 

subjective Conditions such as operator's knowledge, skill, capability, and intuition. 

This hierarchical analysis of activity provides us a clear layout of research stmcture. Based on 

this stmcture, 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, and we choose social systems theory to approach the problem in Activity and Action 

level. Of course the boundaries between levels are 

Object Dimension Subject Dimension 4 

Activity J) (" Motive ") 

Figure 1.4 Hierarchical model of activity 

It is important to stress that Externalisation as such is an anthropological necessity. The question that why we humans are 
created in such a greedy bemgs 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 pl04-pl09. So humans' greedy is given in this paper. 

Added by author of this paper. 
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dynamic and 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. 

7.2.2 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 between Subject and 

Object, we will naturally find that the Design and Use activity which are 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 realise that IS is a 

kind of production tool which is condensed and objectified in human historical and cultural 

heritage, we will soon find that we are never developing only IS as a technical products, but 

rather the whole activity throughout the Intemalisation and Externalisation in Figure 1.3 and 

also throughout the whole levels from activity to operation 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 given^. But when the new tools like IS are 

introduced into the objective world, they naturally introduce new contradictions, trigger new 

desires of goals, and cause new conditions for changing productive activities, 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 couple 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. 

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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Conflict, such as those caused by overlapping goal areas, may be important to organisations 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. I f 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 leam, they become lazy and 

insensitive. Therefore it is a dangerous state for developing systems 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^. 

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 wil l increase the 

chance of destmctive conflict. Generally speaking, Use activity is the goal of Design activity, 

i.e., to carry out a Design activity without some utilitarian goals seem unacceptable. So Use 

activity should dominate the process of IS development. But it is only through the Design 

activity that the goal can be realised. Taking a metaphor, i f 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 
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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, and use environment. The relationship between Inner Essence and 

Outer Reason provides us with a clear category to organise 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.e., 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 the 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 cmcial 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, i f we introduce an advanced IS into an organisation that has neither 

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

organisation 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 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 the same as 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 ran 

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 realise the specific 

individuality of a contradiction is a cmcial issue to develop any IS. For instance, to develop an 

Electrical Data Processing systems (EDP) like bank automate, automatic control systems, or 

Perhaps you will spoil an ambitious kid if you satisfy him anywhere and any time. 
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accounting systems will have very different perspectives from developing a Decision Support 

Systems (DSS) (Sprague, 1980). I f research does not analyse this cmcial 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 recognise 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, then 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 (Kuutti, 1990; 

Bodker, 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 cmcial 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. 

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-constmctive approach 

(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). 
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Projects 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, 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 stmcture 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 whole activity and provide 

methodological suggestions for Universe development. Al l of them are supported by a set of 

tools built-in "Co-constmctive Centre" in Universe. In tum all of them will Co-constmct 

(Forsgren, 1989, 1990) Universe through this "Co-constmctive Centre". 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. 
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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, is recommended to use the Universe. After providing necessary passwords, she 

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

stmcture that is linked to five sub-nodes as Universities info, Personal info, Conferences info, 

Projects info, and Co-constmctive Centre. No matter where she is, she can get Home just in 

one step. 
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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 that 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 i f she feels lost. The same principle is also applied to other nodes 

except the node of Co-constmctive Centre. 

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-constmctive Centre" most significant. 
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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 i f the designer 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 Centre. Owing to the dissatisfaction (subjective feeling of the contradiction 

between the "Goal" and the "Given"), Inger goes into the "Co-constructive Centre" to have 

her say. By clicking at the button named Co-Constructive Centre (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. Al l 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. 
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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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Figure 2.6 Write an argument 
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Now let us see her communication receiver, Bai as a designer of the Universe. As a designer 

he 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. I f 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 i f Bai takes it seriously. It is precisely this kind of 

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 the Universe. 

Comment Topics 

Guidance 
Operational Simplicity 
Usefulness 

Comment Rnie jO - 9) 

m 

L H 

LH 

Your Control Panel Communication Center 

Browser 
factors 

Write Comment Read Mail 

Go Home Send Out Help Designers 

Figure 2.7 Get comments 

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. 
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Future Work 

There are many cmcial 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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Communication Center 
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ifectors 

Figure 2.8 Read argument of a topic 

Conflict, as I said before, is one extreme state of a contradiction^. 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, fighting, and revolution). But a contradiction 

developed into conflict is not a sudden transformation; there wil l be a process allowing 

participants to identify the tendency. Through a well-organised and categorised stmcture 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, such as, 

economic, political, military, religious, or even revolutionary acts. 

The very different ideas of Conflict and Contradiction are often found misused. 
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How to filter out misinformation will become an important issue when we further develop the 

system. Here there wil l be social ethical problems such as the criteria for constructive or 

destructive communications. Certainly each participant will have his or her own judgement 

about what is a good suggestion (Information), and so probably each of them will have his or 

her own criteria of information filter. Generally, such criteria could be in view 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 

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" 

approach^. The "algorithmic" approach is typically represented by Simon's decision model 

in which decision is seen as a well-structured procedure^. 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 cmcial influence of irrational effects in 

human decision making". Studies by Sjöberg et al^6 have also indicated effects of emotions 

For a detailed discussion of non-cognitive effects in nuclear power risks, see Linston (1989). 
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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 information^. With modem computer technology, people may be likely to 

flood themselves and others with a surplus of information^, and it is quite easy to fall into a 

trap: If more information is provided, better decisions wil l 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 cmcial 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 cmcial 

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. O u r 

effort at such expanding follows the theoretical examination of some system thinkers' work, as 

presented by CW. Churchman 9 ' 1 0, R. Ackoff 1 , Checkland 6 ' 7 ' 8, and Brehmer 4 ' 5. 

2. Decision Making as Dialectical Inquiring 

We will first examine Churchman's "The Systems Approach" 1° 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 O (the outcomes) is defensible in terms of the 

larger system of human values. 

The process of questioning the above sets (D, S, V, O) is described as a process of dialectical 

inquiring, by sweeping in the enemies of rationalism, such as politics, religion, morality, 

ethics, etc., into the decision context. The strategy for doing this is to stand in the enemies' 
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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 cmcial role of 

subjective participation}. I f 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 stakeholders, 

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 i f 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, i f 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 
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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 toward 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 Engeström 13, Ackoff's designers leam 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 God 1 . 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"1 9, 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 Checkland's soft system methodology (SSM). 

4. Decision Making as Learning and Debating. 

Peter Checkland's 6 ' 7 ' 8 contribution to expanding rationality is that he sweeps in the many 

contradictory worldviews involved as another important factor in rational decision making. He 

suggests that decision making is a debating and learning process between participants with 

different worldviews (Weltanschauung). 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; (O) 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 -
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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 

stmcture the debate about change. The debate is viewed as the way to explore the conflicts 

and desired changes by different worldviews 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 stmggle, a 

political process8. Therefore, we should question who would 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 
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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 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-stmctured 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 wi l l soon be corroded by 

the real world dynamics1^ 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? 

Cf. Rasmussen, B., Brehmer, B., & Leplat, J. (1991) "Distributed Decision Making" Cognitive Models for Cooperative Work. New York: Wiley. 
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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 users1 7. 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 

participation 1 7. 

To overcome this challenge, the so-called "Scandinavian approach", or the "participatory 

design approach"* 14,15,17,19 suggests that the role of the designer is expanded by soliciting 

all actors in the social system surrounding the decision making 1 9- 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 studies^6 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 stracture into the system to help decision makers 

integrate and handle the otherwise too complex information flow. This contextual stracture 

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. 

The tradition of Scandinavian approach can he found in the annual Nordic research seminars called IRIS (Information systems research in Scandinavia). The sprit 
of this approach is edited in "Scandinavian Joumal of Informadon System". 
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2. "Activity" as the Basic Category 

Inspired by Engeström 12,13 ) K u u t t i ^ and Bodker^, 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. Leontév and A.R. 

Luria, has a long historical and philosophical motivation, especially in striving for the solution 

of human behavior in relation to society. Following Engeström's work 12,13 ; w e W 1 n 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 Figure 1 

Activity ^- Motive 

i t J/T 
Action • Goal 

4T It 
Operation • Condition 

Figure 1 The Layers of Activity 

C. Activity involves goal directness. The ability to formulate and carry out conscious goals is 

a cmcial trait that distinguishes human beings from lower animals. This indicates a misleading 

thinking in many IS design models, in which investigators are concerned with stmctural 

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 mles, considered as mediators between the subject and community. Finally, 
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the division of labor mediates the tensions between object and community. This systemic 

whole is presented in Figure 2. 

Instniment 

Subject Object Subject Object Outcome/ 

Figure 2 Socially Distributed Activity System 

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 

intemal factors to drive system development. The evolution and change of activity systems 

may be depicted as cycles of expansive reorganization (Figure 3). 

Consolidation and 
proliferation of the new model; 
reflection. (5) 

Implementation of the 
new model in practice; 
the created new replaces! 
the given new. (4) 

Activity moving trom 
business as usual' to 
a need state. (1) 

Aggravation of 
contradictions; double 
bind; analysis. (2) 

Design of a new model for the 
activity; new instruments and^""^ 
patterns of interaction. (3) 

Figure 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 Figure 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 
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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 studies^, 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''^0. 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 stmcture built into the system must reflect the social context, and be able 

to absorb sufficiently diverse, non-rational dimensions (Churchman's systems approach). 

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. 
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B. The design of DSS must be a social interaction (Ackoff's participation) of a wide variety of 

different Weltanschauung (Checkland's 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 separated^. 

D. The design process should be viewed as a never-ending learning process, not only to learn 

what is there, but more importantly to leam the new features of developmental reality 

(Engeström's learning activity). 

3. Categorizing Feedback 

Based on Engeström's model (Figure 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 subject^. 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 constmct 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 
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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. Hogarth^l 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 argument^7. 

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 Commune, 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 Commune 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 Communes 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 

* For a discussion of the Activity Group as a learning device at the developing work piace. see Sutter.B. & Lindberg, L-Å (1993) "Developmental Work Activity 

Within the Social Sector", to appear in Activity Theory, 15/16. 
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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 (Figure 2). Therefore, its design process should be viewed as one 

step in the whole activity development shown as block 3 In Figure 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 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 limitation 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 fmitful 

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" stmcture closely following Engeström's Activity Model in Figure 

2. This is shown in Figure 4. Under this stmcture, some subcategories with respect to the need 

** 
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. 

** 
Description of the project "Livebetter" and its development strategy can be found in Bai. G.H., & Å. Grönlund (1992) "Adaptive Decision Support System", 

Transactions of DSS'92, P66-72, and Grönlund & Bai, (1993), "Participatory Information System", Proceedings of IFTP 1993, in press. 
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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 Figure 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. 
Programs e.g.,Worc\ 

' Draw, Calculator, 
: Di agram Mail, etc. 

Budget, 
manpower, 
equipment. 

Took Box 
• Names list ofall team 
; members who work to 
; provide service to clients-" 

Names Hst of clients 
who have been 
registered by the 
Service system 

Evaluation, 
feedback, 
results of 
services 

Resources 

Norms,rules, standards 
documents which are used 
to control the business. 

Team Members 
\ 

Work Rutes 

Other organizations, 
companies who run 
businesses related to the 

'. service business. 
' » - - \ / ' • " ' 

Work Community 

Outcom; 

How the service is 
divided among 
members ofthe team 
Who does what 

Work Division 

Communication Board 
Hi, Bai 

I have some interview materials about our clients' complains to our services of shopping. It is 

recorded in a tape. Do you have any program to transform it into the box 'Outcome'of the system 

Another problem is that whenever! click at the box 'Clients', it comes to ask me password. I do 

not like this interruption. 
L . Åke/1994, Oct. 16 

Print Mail Write Mail Respond Read Mail Save to Archives 

Figure 4 The CODE Structure 

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 learning based on such a system could be the way for humans 

Lindberg, L-Å, Bai, G. & Vidman, Å. (1993) Decision Making in Home Care Service: Computer Supported Need Assessment Dept. Of Human Work 
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towards a high level rational society. The design of DSS, however, is only part of this 

movement. 
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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 tmst 

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 wil l 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. 

I. The need for adaptiveness 

Some evidence (Sørgaard, 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 
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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 stmctured or changing decision 

situations, DSS more often than not seem to fail (Sørgaard, 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 leam about the users 

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

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

dangerous - namely when tmst in the system is not equaled 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 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-
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modeled". It seems that the use of these sources has the very specific purpose to find the 

unexpected. 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 Sørgaard puts it: "Knowledge and inference are not enough" (Sørgaard, 

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 cmcial not only for system development, but also for system 

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

1 German for "the one who knows best and knows that he knows best". Quite an insufferable person, 
that is. 
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stage, their expertise and skill acquired in everyday use should somehow be 

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 wil l 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 stmcture in DSS very quickly gets 

demolished by the addition of too much unstractured 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 unstractured 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 evidence 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 findings. 

2. Redesign based on use 

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

analysis - modeling - 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. 
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Assuming this may well be tme 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 

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. Sørgaard (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 leam 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 i f those "5%-problems" are not in some sense very different why can't they 

be dealt with? Even i f 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 continuos 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 leam from their activity, and 

• use the solicited knowledge to redesign the business. 

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

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

• decentralization 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: 
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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 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 "being 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. 
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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 

• 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, i f the importance of "low 

quality" data and more random or personal search activities are 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 
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(see section 3). 

3. Flexibility and adaptiveness. 

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

development and change the system behavior 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 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). 
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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 stmctures 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 stracture in a database, and so on (Figure 2). 
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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: 

• 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 stmcture to 

get the specific functional components which satisfy the requirements of specific 

problem solving. 
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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 

designers^. 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 i f 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 infor

mation 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 

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

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

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

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

This is the way systems development is usually viewed, as a act of interaction between a "user" and a 
"designer" (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. 

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 
& Flores refer to Heidegger (Winograd & 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 
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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. 

D E S I G N E R ' S S Y S T E M 

I 5 Global 
feedback 

Figure 3: Feedback Learning Strategy from a cybernetic viewpoint. 

In the FLS, we view a system as composed of two subsystems^; 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 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 wil l implement preliminary tools and evaluate the system based on 

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

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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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 system 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 leam 

through use of artifact and 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. 
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Figure 4. Latent and manifest feedback. 

4. Some tools for communication and collaboration. 

In this chapter, we wil l 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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Figure 5. Message 

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 addressee 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-stmctured 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, i f 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. 

Figure 6. Notice-board 

Figure 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 indispensable. We decided that (1) apartment area, (2) 

number of rooms, (3) constmction 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 i f 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 i f the variable "location" is set to 

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

"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 LiveBetter 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, school and nursery school nearby). 
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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 general user opinions on the topic. The designer could then refine the 

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

message communication may then, i f it after some time becomes voluminous 

and unstractured, 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 seems to speak against the second alternative. The first is 

as yet only a proposal, we believe a fmitful 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 
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adaptiveness. The systems cannot cope with the fact that the carefully set-up lab 

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 unstractured 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 

Technical development, improving user skill and the development of computer systems 

that are - in various forms - publicly accessible have changed the preconditions for 

information systems (IS) development. The nature of computer applications is becoming 

more varied and more complex, both in terms of technical systems and in terms of 

organizational stmcture and culture. This development has led to a situation of choice 

between a centralized and a decentralized way of employing information technology 

(TT). In this paper, we delineate an "Information Network 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 reasons of practical as well as economical nature. We coin the term "Par

ticipatory Information Systems" (PARTIS) to denominate systems that are designed to 

support participation integrated with system use. The "Feedback Learning Strategy" is 

introduced as a way of designing PARTIS. The "LiveBetter" is an idea prototype system 

designed to meet some of the communication and self-service demands raised by this 

strategy. LiveBetter includes some tools for redesign activities among users. 

Keywords: Decision Context, Feedback Learning Strategy, The Information Network 

Paradigm, Participation, Participatory Information Systems, Redesign, Redesign 

Activities. 

1. The setting - new preconditions for information systems 

Information systems are going public. They are leaving the safe existence as just (!) an 

organizational infrastmcture problem for the much unsafe arena that forms the interface 

between the organization and the outer world. What exactly should be included in "the 
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outer world" is one of the uncertain points which are at the bottom of the problem 

situation motivating this paper. Let us first agree that the scene for IS design is 

changing. We can today see the new field Interorganizational Information Systems 

(IOS) emerging (Suomi, 1992). Such systems by definition include more than one orga

nization in IS design. Since history tells us that one organization often is more than 

enough, additional ones must at least provide new challenges. A technological one, 

because we may be faced with different technological equipment. But also, which is the 

focus of this paper, a social one in that organizations differ in stmcture, culture, econo

mic conditions, type of users etc. 

Another development is the increasing use of information systems delivering 

information directly to individual "end" clients1. Such systems include electronic home 

markets, public terminals at the job office or the tourist office and the like^. How can 

you leam about the users of such systems? One thing you can't do is to invite them all to 

a design meeting two years before the system is going to be implemented. We claim you 

have to leam from the use of the system, that is focus on redesign. But how? 

At the same time IS technology and user skill is improving rapidly. Technical 

achievements include the possibility of distributing data by means of computer 

networks, graphic interfaces and ever increasing computing power at the desktop. The 

users are changing, too; there is a new generation of expert computer users currently 

playing at our schoolyards or just out of school. 

Altogether this introduces new possibilities as well as new demands to IS development. 

Speaking very general, the client of tomorrow will be more independent than the one of 

today. His radius of action will become larger, in terms of geographical areas as well as 

in terms of responsibility. He will have to - and demand possibilities to - find his way 

to information more by himself, by use of several information sources, many of them 

on-line databases accessible through various public computer systems. From IOS re-

1 We are in this paper going to use the word "client" to refer to those who the organization is 
supposed to serve. Other appropriate terms may in different situations be "customer", "citizen" or 
other. The use of the term "client" is in line with social systems theory (Churchman, 1968), and is 
motivated by the wish to use a term as neutral as possible in order to avoid undue association 
with specific situations. 

2 In the following we are for simplicity going to use the term "Public information systems" 
to denominate all systems that have interfaces towards an organization's environment, thus including 
all the before-mentioned systems. 
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search we have learned that information traditionally carefully safeguarded as a com

pany's most valuable and secret resource by competition forces has been moved out to a 

shared market (Malone, 1987). Not (yet?) a free market, but at least in some sense 

shared. This means much information can no longer be treated as only an internal affair. 

Client demands wil l have to be taken into consideration. 

In such cases many decisions on IS become more of a public affair, which poses new 

challenges to IS development (Lyytinen, 1991). There are more stakeholders. The 

process of deciding on design of a service has to somehow include the clients. When 

information systems become publicly accessible, so must the struggle with redesign of 

the information systems. In this paper we wil l focus on the role of participation in IS 

redesign. In the first part of this paper we will take a look at some concepts fundamental 

for the topic. The first is "participation", which has been on top of the agenda in the IS 

design field for many years. What has motivated the stmggle for participation? How 

should it be conducted? The second is "decisions". How are decisions made? This is to 

ask questions like "how do people think and work?", searching into the psyche of the 

individual. But it is also to ask "how do people interact?", which leads us into the field 

of social settings. The concept "decision context" will be introduced to discuss such 

issues. 

Part two outlines the concept "participatory information systems" as systems aiming at 

improving decision quality by sweeping in relevant parts of the decision context. They 

do so by soliciting for contributions by all actors in the social system surrounding the 

decision making. 

Part three introduces the IS development model "Feedback Learning Strategy" as a way 

to organizational development by means of participation in redesign activities. 

The last part presents "LiveBetter", a prototype public service system implementing the 

Feedback Learning Strategy. 

In the next section, we will sketch the setting for this paper in terms of two conflicting 

"paradigms" for information processing. These will be only briefly outlined, they are 

debated under various labels in other places, but we believe that they are useful as a 

picture of the problems we are focusing on. 
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Two "paradigms" for information processing 

The word "paradigm" should be reserved for major changes in the view of the world. It 

hasn't always been. In this section we will discuss two views of how information should 

be treated within and especially "without" - regarding the interface towards the clients -

organizations. The word "paradigm" may seem too much in this context. Aren't we just 

discussing another trend in the business world or even just within the IS society? We 

don't think so. Though unable to pursue this line of reasoning here, we are convinced 

that the implications of what we will be referring to as "the Information Network 

Paradigm" includes views of the character of man and - because of that - views of 

societal organization that are truly incompatible with those currently prevailing. The 

issue has been raised many times before, for instance in (Pitt, & Smith, 1984). Will IT 

lead to decentralization of organizations or to more centralization? As (Booth, & Pitt, 

1984) claim, there is no deterministic way in which IT itself will lead to one or the 

other. IT holds a potential for both. In the following, we will pursue the decentralized 

view as the one that we want to achieve. We are thus not predicting a paradigm change; 

we are working towards one. 

Let us now briefly describe the two information processing paradigms, which we will 

call The "Information Delivery Paradigm" and The "Information Network Paradigm". 

The paradigms concern the interface between an organization and its clients. The 

problem is: How should information exchange between the two be conducted? 

The Information Delivery (ID) paradigm refers to the traditional view of how 

organizations conduct their information exchange with the outer world. In this view, the 

organization somehow possesses all the relevant information. It also has a de facto 

monopoly on how to organize this information. A client with some information problem 

may pose a question to the organization, represented by its front personnel (Figure 1). If 

the question 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 ID paradigm, the right to formulate prob

lems is restricted to the information 
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Data banks 

Inquiry 

Question 

InformationJ 
Clerk Delivery a j e n t 

Figure 1: The "Information Delivery 

Paradigm". 

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 ID paradigm is an 

authoritarian one. It also causes problem in 

dealing with an ever changing environment -

what if the "unanswerable" questions in fact 

are the most important ones? The Information 

Network (IN) paradigm (Figure 2) is the 

opposite of the ID paradigm in the sense that it 

is less concemed with the internal efficiency 

problems of the organization. The IN 

paradigm focuses primarily on the information 

needs of the clients. 

Facilitator Client 

Figure 2: The "Information Network 

Paradigm". 

The IN paradigm assumes that the main 

objective of an organization is serving client 

information needs, and thus it should be 

very sensitive to 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, the clerk tums into a 

facilitator. He is to help the client building 
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his information network, which may be very differently organized than the company in 

question. This network may include databases; it also may include persons, experts in 

various fields pertinent to the issues at stake. Client questions are of course only 

indicators of information needs. It may well be that clients pose "wrong" questions in 

the sense that they are badly formulated, do not really cover the problem perceived, have 

to be transformed to be compatible with available data etc. Another trap is the number 

of questions. It is not at all clear that the most common question is the most important 

one. It is for instance very common that people don't pose a question because they know 

it wil l not be answered. Experiences like the one described in the previous section have 

taught them the uselessness of posing unanswerable questions. Therefore, an unusual 

question may well be of greater interest to those interested in the development of the 

organization because it touches at the limits of the organization's capacity. Being able to 

answer it might significantly increase the organization's capability. But despite of all 

these problems, the bottom line of the IN paradigm is that client's questions are seen as 

indicators of the social situation that the organization has to meet in some way in order 

to fu l f i l l its mission. 

The rest of this paper will be devoted to proposing an IS development strategy - and 

some tools supporting this strategy - based on the I N paradigm. 

Participation 

Participation in design of information systems has been a major theme over the past 

twenty years. Participation has been urged for several reasons, such as acquisition of 

knowledge, smoother implementation of computer systems, and user emancipation. The 

struggle for participation has so far taken place within the factory or office walls. We are 

today facing a new generation of computerized information systems that have tentacles 

grasping at the world outside those walls. Design of such systems have to consider new 

groups of users, groups that cannot be reached the traditional way, since they don't 

belong to one specific company. Participation in design of such systems can thus not 

only be sought the usual ways. 

During the last two decades a lot has been said about participation in the process of 

designing information systems. Ever since the emergence of the socio-technical school 

in the early 1970's, the users of information systems have been at the focus for systems 

design. Especially renowned for the development of "participatory design" today is the 

so called "Scandinavian school" (Bansler, 1987). During the last fifteen years, 
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academics of this school have participated in several systems development projects in 

which on top of the list of objectives has been found the issue of enhancing and impro

ving user participation (Whitaker, Essler, & Östberg, 1991). The reasons for this striving 

towards user participation have been twofold. On the one hand, user knowledge has 

proven to be as attractive as elusive. How can such knowledge be retrieved and used in 

the systems development in order to build technically better systems? On the other hand, 

the workers' position in the power straggle at the workplaces has been at the agenda. 

Participation in IT systems development has been seen as a means of strengthening the 

user side in this straggle. 

At the international scene, too, participation has become a top issue. In the last few 

years, some researchers have dealt with the problem of organizational survival in a 

world of rapidly changing conditions for business (Mitroff, 1990, Engelbart, 1990). 

This work seems to have rendered quite some interest among practitioners (Johansson, 

1991). The suggestions are for companies to build monitoring and redesigning functions 

into their organizations. 

Regardless of the motives for participation, an observation is that the efforts have been 

directed towards the design phase of system development. While early systems 

development methods typically have called in the users at late stages - test, education 

and implementation - a common feature of the newer "participatory" methods is the 

notion that the sooner the users are called in the better. This view has by now spread to 

the practitioners in the field. 

There are however problems with participation. Not only does it make the design phase 

more expensive by including more people and thus prolonging and making more 

uncertain the work. Also, it has been found that users don't always know what they 

want. This may seem ironical, but it is not. Information systems typically radically 

change the work situation for those involved. User expertise, be it tacit or explicit, is 

inevitably closely knit to their current work situation. Thus it is not likely to be directly 

applicable to a system which is intended to produce a radically different situation. 

It is clear that many systems development projects have created more problems that they 

have solved. The typical problems are at the individual level ergonomically 

unsatisfactory workplaces, which combined with an increased work pace has led to 

physical diseases for many people. At an organizational level conflicts between workers 

and management or between groups of workers have been common (Ehn, 1988). There 
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seems to be limitations to the usefulness of participation. Participatory design seems to 

be successful only within the limits of consensus on the definition of system quality. 

It is obvious that organizations have to change. This will often lead to people losing 

their jobs. These are from the individual's point of view negative effects that 

immediately come to mind in the face of systems development projects. The positive 

effects - new jobs being created, routine jobs being replaced with more skilled or less 

routine ones - are often not as immediately visible to the workers. There is still a fear 

for computerization. Users tend to be restrictive in suggesting changes in work routines 

and organization. Maybe one reason for this can be found in the way systems 

development is performed. 

Participatory design, participatory prototyping, participatory business modeling are all 

concepts aiming at involving the users at early stages of systems development, 

participatory business modeling being the most radical in this sense (Whitaker, Essler, 

& Östberg, 1991). This seems a natural way to go. Obviously to be able to influence the 

strategic decisions taken at early stages of projects you have to be there. But what i f 

these decisions are not the starting point? What i f there are important events before 

these decisions, events that in fact influence the decisions much more than what is said 

at committee meetings or done in project groups? If this is tme, the belief that if you 

only participate in project groups you are guaranteed real influence seems disputable. 

The cmcial issue here is obviously how decisions are made. But are they really "made"? 

Often decision makers tell us that they "had no possibility to make another decision". 

Are such statements just excuses for poor guts? If not, how can it be that such situations 

occur? In the next section, we will take a look at the concept "decision". 

Decisions 

We would like to introduce the concept decision context in order to widen the view of 

decision making. We claim that decision making is a social process, involving many 

people, several views and conflicts between views. Decision making takes place within 

a social order that is much more complex than one may be led to believe when reading 

literature on for example decision support systems. This social order involves a lot more 

than a decision maker and his personality. In line with the traditional view (Simon, 

1957), the goal of administration is to maintain some sort of equilibrium among 

different actors, the process of decision making can be viewed like this: 
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• A social situation exists. In this social situation, 

• Actors come forward either by their own initiative or by organizational 

authorization. 

• Features of the social situation begin to "show", that is become explicit. Such 

features are not objective, but biased according to the view of each observer. 

("Evaluation" is a special case, namely when the interest in "features" of a situation 

stems from the wish to find out the effect of undertaken actions. Compare 

"intelligence" in (Simon, I960)). 

• Action lines are delineated (Compare "design" in (Simon, I960)). At this stage 

many activist groups may be involved, each develops lines of action according to 

their interests. 

• Decisions concerning the further development of the social situation are made. 

These decisions are made by authorized decision making bodies or individuals. 

They are distinguishable points in the history of the social context, but they are 

most often decisions pro forma. The "real decision" was made earlier in the 

process up to the decision point. Nevertheless, these decision points are important, 

since they generally terminate a discussion by fixing a state. By doing so, they set 

the mles for the future and thus assign responsibility for problems to come to some 

specified decision maker(s). 

If decision making is such a social activity, what, then, is a good decision! How can we 

judge the quality of a decision? To keep to Simon's terminology, one could say that a 

good decision is one that gives the decision maker the greatest advantage while maintai

ning the organization's equilibrium. In line with this view, the traditional view of a 

decision-maker as a person of high ranks making wide scope strategic decisions in an 

organization has to be modified. While not excluding such persons, we must consider a 

decision maker anybody making a decision pertinent to the organization's activities^. 

3 This view is currently widely held. In industry, as an example, Asea Brown Boveri's 
current challenge is the T50 project, which aims at cutting production time by 50% by delegating 
decisions downward to the shop floor. I came across another example at the DSS-92 conference 
on decision support systems, where several panelists clung to the theme "total quality", all 
giving the same message formulated to the point by one of them; "You'll be surprised, but in the 
future most decisions wi l l be made by those who also execute them, the front 
personnel"(Quoted from (Hoffman, 1992), in accordance with among others (Houston, 1992 ) 
and (Mahler, 1992)). 
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The social situation around a decision can thus be viewed as a game between values, a 

power game or a prediction game, or all of this simultaneously. Also, we want to stress 

the multi-rationality of humans as a feature important in this context (Stolterman, 1991). 

2. Participatory information systems 

We have said above that the decision making context, the social system that surrounds 

the formal decision makers and makes up the setting for their decisions, is not only 

cmcial for, but in fact is the decision making. Computerized information systems make 

up an often very important part of that social system. It seems very safe to predict that 

the computerized part will increase, as for the number of systems as well as for the 

number and sophistication of functions implemented in them. There are some situations 

when the discussion about decision context and participation becomes particularly 

interesting. Such situations are: 

• Where person-to-person communication has been replaced by computers as 

intermediaries. Present examples include the autobank, the bankomat, job infor

mation at the self-service job centre, electronic conferences. 

• Where person-to-person communication in the "manual" system does not occur 

or is scarce because of practical obstacles that computerization may remove. 

Examples include contacts between individuals and people in government agencies 

other than the "front-personnel", electronic mail, electronic home markets such as 

MiniTel and TeleGuide^. 

When computer systems are introduced in such areas, the social context will inevitably 

change, and thus the preconditions for decision making. New ways of inquiring for, 

discovering and responding to signals in the social system will have to be developed. 

In a situation where important parts of the business are taking place by the use of 

computers instead of face-to-face communication - a development the increasing use of 

anything from automatic tellers to electronic mail points at - we face new problems. 

How to conduct the business in a new social setting? To which extent can the fac

tors/features pertinent to decision making be described and modeled, communicated and 

developed by use of some computer system? To which extent can they not be controlled 

by the "center" of the company? This is to ask: how will the IT development change the 

4 The Swedish version of France's MiniTel. 
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terms for organization? And how should this potential be taken care of at the 

organizational level? This is the problem of participation, the conflict between the wish 

to engage users (in a wide sense) in IS development and the wish to maintain central 

control over the business. It is the conflict between decentralizational and 

centralizational forces within the field opened by information technology (Pitt, & Smith, 

1984). This is the point where we focus our attention, one result of which has been the 

development of the "Feedback Learning Strategy" (FLS, sections 3 and 4). Let us now 

introduce our definition of a participatory information system: 

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. 

A PARTIS, by definition aiming at providing decision makers with the broadest 

possible scope of information must include proper tools for "informal" information 

processing. 

The problem is not just one of supporting communication and "less-structured" (in terms 

of relevance for the decision making) data. In terms of the decision model above, a 

PARTIS must be able to: 

• Describe a social situation in multiple ways and by multiple "describers" (actors). 

• Support discovery and description of "features" of the social situation. This is not 

the same as the previous point, since in this case we are concerned with the general 

problem facing any individual belonging to any group to distinguish relevant 

features of a situation. 

• Provide means for resolving conflicts and contradictions emerging within the 

activity system. 

• Support activities to redesign the information system. 

It is important to note some specific problems pertinent to this approach. It is 

conventional wisdom that programmed activity tends to drive out non-programmed 

activity. The organizational implication of this is that it is important to make special 

arrangements to provide for non-programmed activities if they are considered important. 

In the case of participatory information systems, special arrangements has to be made 

for "discovery" as opposed to "routine" in order to catch emerging new features of the 
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social situation. This problem has been a starting point for the FLS. In particular, we 

find the following areas interesting (no ranking): 

• Encouraging participation, 

• Supporting multiple perspectives, 

• Maintaining neutrality between perspectives until the choice stage, 

• Supporting data structuring at several levels, 

• Developing tools for data transition between stmcture levels, and 

• Supporting use at different levels (skilled/unskilled users, client/administrator 

users etc.). 

Many of these areas include problems that extend beyond the scope of a computer 

system. Let us take a look at one that does not, the data structuring problem. 

The data structuring problem. 

A PARTIS by definition involves a large number of people, people at various levels of a 

business, people of various skills, people working with different tasks and working in 

different ways. The data structuring problem is thus one of representing data in various 

ways to different users, but also one of transferring a problem representation from one 

description level to another. Consequently, our PARTIS wil l have to consider the 

following stmcture problems: 

• Levels of data stmcture, 

• Levels of use, 

• Types of use, and 

• Types of decision problem. 

Let us elaborate on these stracture problems. 

Levels of data structure. The obvious problem with data structuring is that some data 

very easily can be transferred into numbers and then used for calculation while other, 

equally important, data do not lend themselves to such operations. A simple 

classification would be: 

• High level structuring: statistics. 

• Medium level structuring: "Hard" but not complete data. 
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• Low level structuring: Personal communication, such as letters and messages, 

opinions, emotions. 

This classification, though common and simple, may obscure the fact that any given 

data item may belong to all of these three categories, although not at the same time or 

not at the same place. What is unstmctured now, may be stmctured later. What is 

structured in one use situation may be unstmctured in another. What is stmctured now 

may be restructured later? The problems to be approached are: 

• How to avoid too early structuring of data without too heavily restricting the 

system's usability? 

• How to impose one stmcture on data without preventing the imposing of another 

stmcture? That is, how to prepare for restructuring? 

These problems are discussed by Sandevall, et al (1983), who propose a "stepwise 

structuring" method. Sandevall et al point out that very simple data structuring is often 

enough. In a similar vein, we believe that even very simple ways of multi-level 

structuring and equally simple ways of supporting transformation between stmcture 

levels could be most useful. In the FLS, we propose a simple model for such a stmcture 

in three levels for a public service system. 

Levels of use. The Dreyfuses introduce a five-stage model for skill acquisition (Dreyfus, 

& Dreyfus, 1986), ranging from "novice" to "expert". The model explains how persons 

at different levels of skill treat "tools" of various kinds. The higher on the scale, the 

more conscious the use of the tools and the more independence from the tool. Computer 

manufacturers, too, have recognized the importance of intelligibility of screen layouts, 

interaction media etc, since problems at that level very easily prevents any further use. 

Very generally speaking, user interaction with a complex information system could be 

seen as somewhere on a scale reaching from "casual user level", which means just 

browsing, to "expert level", which includes search model experiments, extensive 

communication with other actors, that is planned activities directed towards a clear goal. 

Though neither new nor controversial, this point is a cmcial one in that to be able to 

meet other demands in the PARTIS approach, system feasibility for use at various levels 

of skill in computer use is a prerequisite. 
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Types of use. A PARTIS typically includes a number of different categories of users. In 

accordance with Simon (1957), but borrowing the terminology primarily from Forsgren 

(1988), the main categories of use would be: 

• Client use, use by the final information users. Typically this would mean 

exploratory use in order to find out as much as possible in order to solve a 

problem. 

• Administrator use. This would typically mean administrative routine work and 

pertinent problem solving. 

• Organization decision maker use. Mainly use at intervals in order to supervise 

and improve the business. 

Support for these activities apparently requires different tools, as for functionality as 

well as for complexity of use. 

Types of decision problem. Decision problems, in terms of participatory information 

systems, differ in their social "bandwidth". At one end of the spectmm, problems are to 

be solved within a group of people generally sharing views, interests, values and 

loyalties. At the other end of the spectmm, consensus is not at hand. Several groups are 

involved, among which views, values, interests and loyalties are not shared, maybe even 

conflicting. A typical example of the latter kind of situation is when two organizations 

with different "cultures" are to be joined in some way by an information system. 

3. The Feedback Learning Strategy - redesign based on use 

The Feedback Learning Strategy was developed as a way to capture the issues that have 

been discussed in the previous sections and assimilate them into IS design. It should be 

noted that the FLS is not just a systems development method. It is a method for 

redesigning organizations according to the "Information Network Paradigm". The focus 

is on computer systems because of their strategic importance in the organizational 

information processing. IS redesign is thus a vehicle for organizational redesign. 

One important point in this context is the concept tacit knowledge. Coined by Polanyi 

(Polanyi, 1967), much discussed (Göranzon, 1984; Göranzon, 1990; Lundeqvist, 1982; 

Ehn, 1988), the term refers to knowledge that cannot be verbalized, at least not easily. 

Riding a bike is an example of such knowledge. Four-year-olds know how to do it, but 

explaining the physics about it takes a lot of theoretical knowledge. The same applies to 

a larger or smaller extent to any skilled work. 
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Another related foundation for the FLS is the notion of the human learning process as 

not only an intellectual one. Recent work, not least in the Scandinavian system 

development tradition (Ehn, 1988), has focused much on the human process of learning. 

Even though the theoretical foundations seem somewhat ambiguous (Whitaker, Essler, 

& Östberg, 1991), this work sheds a new light on systems design. In this tradition, the 

suggestion is that humans leam not only by analyzing data, but also by using artifacts 

and by interacting with other humans in practice. This practice includes "doing" as well 

as language-games in the Wittgensteinian sense. The FLS suggests that user and desig

ner must work together in both these ways to constmct a dynamic feedback system 

which could absorb energy from the environment so as to keep the system adaptive to 

changes. 

Following the lines of thought outlined above, the general idea behind the FLS strategy 

is: 

• Focus on the end-users as the most important decision-makers, 

• Try to support the decisions they have to make, 

• Try to leam from their activity, and 

• Use the gained knowledge to redesign the business. 

By the term Participatory Information Systems we have named systems that provide for 

user involvement in systems redesign based on everyday use. Such systems will have to 

include some kind of fomm for redesign activities in close connection with the core 

activities within the system (Figure 3). The FLS approach to system redesign is based 

on: 

• Decentralization of some redesign activities to users, 

• Tools for collecting peripheral data, 

• Tools for interpreting and structuring such data, and 

• Setting up & forum where redesign activities can take place. 

Let us now interpret the meaning of these four foundations: 
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Peripheral data. 

Within the ID Para

digm, data collection 

is performed such 

that anything that 

does not fit into the 

predefined categories 

is ignored and never 

considered again. 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. 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 purpose of collecting such data is to exploit the advantage of "being there" in 

situations when things happen, as opposed to making inquiry afterwards, in order to spot 

unanticipated situations, and trace new trends. 

So the first problem is how to elicit such peripheral data from the everyday use of the 

system. But this is only the first step. I f 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. 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 i f the users are 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. Within the 

FN paradigm, it is precisely this information that provides motivation and energy for 

system adaptiveness. It is also this information that should guide the direction of adapta

tion. To provide for production of such information the users should not only "operate" 

Figure 3: A participatory information system (PARTIS) is 

one that provides for its users to participate in redesign 

activities integrated with the core activities. 
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the system, but also have some tools and some authority to identify critical situations, 

and react to such situations. 

To provide for this at an organizational level, a forum where redesign activities can take 

place has to be set up5. In that fomm, within the terminology of the IN paradigm, actors 

meet for a dialogue on system quality and improvement (Figure 4). "Actors" include the 

companies' front personnel (the "facilitator") experts in relevant fields ("resource 

persons") and managers. 

The forum. A fomm for redesign activities has to be widely accessible to actors in the 

activity system. It also has to include proper tools for collaboration. The mission for 

• notify on situations that 

the system can't cope 

with, communicate on 

system use, thus im

proving user competence, 

• propose changes, like 

the addition or removal of 

features, mles, functions 

and so on, and 

• discuss such proposals. 

Redesign activities at user level mainly concern operational use. At the strategic level, 

redesign activities in the FLS context include: 

• Monitoring redesign activities 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 during the systems' whole life. Second, if the importance of "low qua

lity" data and more random or personal search activities is such as concluded by (Jones, 

& McLeod, 1986) and (Dreyfus & Dreyfus, 1986), then these activities must be 

3 Compare the "Open Hyper Document" in Engelbart's Bootstrap Strategy (Engelbart, 1990). 

such a redesign fomm is to provide users possibilities to: 

Faciltotor Client 

Figure 4: The "Extended Information Network Model" 

includes a forum for redesign activities. Unlabeled 

arrows indicate "participation ". 
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supported by computerized tools in cases where IS replace humans. As for the third 

point, it is obvious that if an evolutionary approach is to work the time span from 

notification to reaction can not be too long (Heng, 1987). 

Tools for redesign activities are not yet commonly available, even though some are 

about to enter the market. Relevant approaches to the problems include the following: 

• Discussion structuring. This has been the focus of much research (Eherer, & 

Jarke, 1991; Conklin, 1987; Halasz, 1988), but also some software products 

implementing some findings have entered the market (Lee, & Brookes, 1992; 

CMS, 1992); 

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

Driscoll, 1991); 

• Maintenance of mle bases (Coenen, & Bench-Capon, 1991); and 

• Stimulus agents as a way of creating a challenging arena for decision making 

(Anghern, 1992). 

It seems the first point, how to organize discussions in an efficient and stimulating way 

is the most difficult problem, since it includes not only technical obstacles but also -

and as it seems most of all - problems related to organizational culture (Lee, & Brookes, 

1992). 

Embryonic development 

In the FLS, we view a system as composed of two subsystems, "users" subsystem and 

"designers"^ subsystem. The system should be developed in an evolutionary way, 

starting with an "embryo". This means the designers 

6 By "designer" we here refer to those responsible for the design of (smaller or larger parts of) the 
business. This may mean everybody from a clerk to an executive or all of them at the same time. 
We thus do not refer to computer experts per se. 
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D E S I G N E R ' S S Y S T E M 

—• Redesign 

Designer 

Decision 
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Unstructured, 
manifest 
feedback 

Structured, 
manifest 
feedback 

Unstructured, 
latent 
feedback 

• User. 

Communication 

U S E R ' S S Y S T E M 

Figure 5. Latent and manifest feedback. A schematic view of the FLS. 

From (Bai & Grönlund, 1992). 

will implement preliminary tools and evaluate the system based on performance. During 

system use, 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 system can not 

provide. Requirements like this are just the motivation or "energy" for system adapti

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

lopment. We will thus have to support this process somehow. Therefore we introduce 

the concepts latent feedback, manifest feedback and communication (Figure 5). 

"Manifest" feedback refers to data that can be used immediately in system refinement, 

while "latent" is the label for data that is considered important at least by somebody but 

cannot be immediately integrated in the system. Therefore, such data has to spend some 

time being treated in the "communication" box before it can possibly be used in system 

redesign. In next section we will take a brief look at the implementation of this strategy 

in the prototype "LiveBetter". 

4. "LiveBetter" - Some tools for participation 

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 
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in cooperation with the municipal housing agency. The setting for the system is the 

following: 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 providing a self-service fa

cility for people to go about their own business as much as possible the city would avoid 

spending tax money doing things people could do themselves. It seemed much of the 

clients' 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 regulations etc. To cope with such problems, the 

communication part of LiveBetter was developed. 

In Figure 5, the general framework for the FLS was outlined. Now, let's expand the 

"Communication" box a little. Communication is conceived in three categories: (1) user-

user, (2) designer-designer and (3) user-designer. There are obvious differences among 

the three. The following are just examples: 

• While the first two concern communication among peers, the third concerns ac

tors at two different levels. This may arise problems of understanding, but also 

problems of dependence. For instance, a client applying for social service may not 

want the agency to know too much about him. 

• While some users are casual, some are regular. When casual users are concerned, 

simple things like answering a message becomes a problem. The receiver may 

simply not be back to read an answer in a month. 
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To support communica

tion in these categories, 

the LiveBetter system 

provides three types of 

tools: "message", "notice-

board", and "letter" 

(Figure 6). In accordance 

with the philosophy of 

embryonic development, 

and also considering ex

periences of hypertext 

systems for commu

nication and discussion 

(Halasz, 1988), we have 

striven to keep the tools as simple as possible. Let us now briefly describe them. 

Message. A "message" (Figure 7) is a communication means between users. The ad

dressee is known and specified. A message is related to the advertisement; you can leave 

a message to any person that has made an advertisement. A message is therefore 

basically a one-way communication means, even though there are simple ways to 

circumvent this. No topic is specified. The format is plain text. No security is provided. 

The sender may remain anonymous. The purpose is to sort out simple issues concerning 

few people (usually two). A typical message would be "I'd like to bid on your flat. 

Please call me at 11 71 77 tonight after 6". 

Designers 
Users 

Figure 6: Tools for communication and collaboration in 

LiveBetter: Messages, Letters and NoticeBoard. Arrows 

indicate communication directions. 
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Figure 7. Message 

NoticeBoard (Grönlund, 1992; Figure 8) was developed to support conversations on 

issues pertinent to, but not at the core of, the apartment exchange activity. Such 

conversations might include issues of regulations, special situations, and reactions about 

the current ways to conduct the business and the like. This is issue 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 addressee is specified. Messages are open to public access. The sender may 

be anonymous, or he may appear openly. Statements are protected; they can only be 

changed by the originator. Comments can be made under either of two labels: 

"Agreements" and "Disagreements". Comments are not protected. An overview of 

subjects is presented. This overview is sorted by urgency, which means most recently 

issued or commented subjects come first. At a higher user level, you can also build 

chains of subjects. 
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Figure 8: NoticeBoard 

Letter. A letter (Figure 9) is a communication means between users and designers. The 

addressee is known and specified. Addressees are people within the agency. Users can 

mail letters 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 private 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. 

• "Not at all" is the proper label for plain notifications. 
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Figure 9: Letter 

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 stmcture in the system. 

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

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

number of rooms, (3) constmction 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 i f 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 i f the variable "location" is set to 

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

"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 than area y, only the user did not know 
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about that area when he set "location" to "y". It seems we could use 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...), commodities (schools, shops, communications...), area 

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

The LiveBetter 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 he 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, school and nursery school nearby). 

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 general user 

opinions on the topic. The designer could then refine the search model, 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 sca

les 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 that 

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

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

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

The scenario sketched 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 decision making (p 7). 

The aim is first to detect a potentially critical situation (the search model does not match 
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use situation), then to react to this situation by - in the first instance- discussing ways of 

changing it. Struggling with this is the terms of life for organizations devoted to the IN 

paradigm. 

Conclusions 

In this paper we have focused on the implications of the new conditions with which IS 

design activities have to cope. Our main points are: 

• A focus on redesign is essential because the extended scope of IS makes it 

impossible - economically and practically - to sweep in all relevant aspects at the 

design stage. Therefore, 

• IS have to be designed for redesign. To do that, 

• The view of the decision process must be widened to match the new use situa

tion. We have used the term decision context to cover the problem area. This 

makes 

• Participation in redesign is essential since use conditions keep changing, and the 

users are the best experts in that field. 

Further research 

The concept "Participatory Information Systems" as outlined in this paper is an idea that 

has not yet been much tried in practice. Within the "CO-project" (CO for 

"coconstructive"), we are however engaged in some interesting development projects, 

involving several companies, where at least parts of the strategy is applied. Even though 

the empirical work is yet scarce, it is already clear that some problems will have to be 

dealt with. In particular these problems are: 

• Organizational redesign versus restrictions in user involvement. 

• Discussion organization. This includes the discussion in general, but for our part 

particularly 

• Communication tools for the computerized parts of the discussion. 

The first of these points is a long-term issue. It involves radically changed views as of 

what an organization is and how individuals should be allowed to act within the 

organization. As for the second and the third point, we hope to be able to further 
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develop our prototypes, even though the possibility for real-life testing is dependent on 

the development of the organizational issues. 
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