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1 This study's findings about decision support systems for tactical planning can 
readily be generalized to non-agricultural domains. 

This dissertation. 

2 Designers of planning systems serve the users best if they take on the role of 
intermediaries between problem owners, modelling techniques and information 
technology. 

This dissertation. 

3 If one adopts a pragmatic point of view on Operations Research techniques, 
heuristic algorithms are often not less efficient but, on the contrary, more efficient 
than optimizing ones. This holds in particular for heuristics which allow the user 
to intervene at any time during each iteration. 

Muller-Merbach, H. (1981), "Heuristics and their design: a survey." European 
Journal of Operational Research 8, pp. 1-23. 
Chapter two of this dissertation. 

4 In the design of planning systems, the chances of producing a system that is valued 
by users are highest if the first step is the development of a user-system interface 
that is understood and accepted by the user. 

Chapter three and four of this dissertation. 

5 Mitroff s 'Systems View of Problem Solving' is of limited practical use as a 
conceptual tool during the development of automated support for tactical planning 
situations. 

Mitroff, LI., F. Betz, L.R. Pondy and F. Sagasti (1974), "On managing science 
in the systems age: two schemas for the study of science as a whole systems 
phenomenon." Interfaces 4:3, pp. 46-58. 
Chapter four of this dissertation. 

6 Because of the close association of theoretical, technical, biological and social 
disciplines, combined with a social involvement and a practical attitude, 
Wageningen Agricultural University is preeminently suited to help cope with 
contemporary problems related to man, society and environment. 



7 Educational institutions offer pupils exercises in solving formal rather than open 
problems. This practice is harmful to future DSS developers. 

Ackoff, R.L. (1978), The Art of Problem Solving. New York: John Wiley. 
This dissertation. 

8 Working groups of peers are very beneficial to the progress of researchers. 

TIPSY (1990) (ed.), Promovendidagen Informatiesystemen 1990. Delft 
Technical University, department of Information Systems. 
TIPSY (1990), De Contouren van een Onderzoeksnetwerk, Verslag Derde 
Promovendidagen Informatiesystemen. Den Haag: Werkgemeenschap Informatie­
systemen SION. 
TIPSY "Problemen met Planningsproblemen." Forthcoming in Informatie. 

9 The properties that qualify women for leading positions in present-day society are 
the very ones that keep them away from these positions. 

10 Ofschoon zij juist is wekt stelling VI uit het proefschrift van Pieter Bots ten 
onrechte de suggestie dat de voornaamste beperkingen van ontwerpers van 
informatiesystemen van cognitieve aard zouden zijn. 

Bots, P.W.G. (1989), An environment to support problem solving. Doctoral 
Dissertation, Delft Technological University, department of Information 
Systems. 

11 Ten onrechte behoren noch de vakgroep Informatica, noch de werkgroep en 
afstudeerrichting Bestuurlijke Informatiekunde van de Landbouwuniversiteit, tot de 
enacted environment van de nederlandstalige Informatica-wereld. 

Weick, Karl E. (1969), The Social Psychology of Organizing. Reading, 
Massachusetts: Addison-Wesley. 
Informatie 30 (1988), themanummer 'Onderwijs in de informatica en informatiekunde 
in Nederland en Vlaanderen'. 
de Volkskrant (1991), 31 oktober, advertentie Universiteit van Amsterdam. 

12 Het besluitvormingsproces bij benoemingen van hoogleraren aan de 
Landbouwuniversiteit zou gediend zijn met deelname van de betrokken vakgroep 
in de benoemingsadviescommissie. 

13 Als het broeikaseffect doorzet verliest de nederlandse glastuinbouw elke grond. 
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Levin had that winter begun writing a book on agriculture, 
the idea of which was that the temperament of the agricultural labourer 

was to be treated as a definite factor, like climate and soil, 
and that therefore the conclusions of agronomic science 

should be deduced not from data supplied by soil and climate only, 
but from data of soil, climate, and the immutable character of the labourer. 

Leonid Tolstoy (1878 / 1978, p. 168) 
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Preface 

There is nothing here on the subject of friendship itself. But to discuss in public 
what has hitherto been the most important thing in my life is, I have found, 

quite impossible. I beg my friends' pardon, if not my readers'. 

Bernard Levin (1979, p. xix) 

An anthropologist travels among a number of peoples unknown to him, makes a broad 
study of each, and writes down his observations. A member of one of these peoples reads 
the account What does he see? Hie first thing that strikes this reader is that some details 
about his own people are inaccurate and others downright erroneous. Reading on, he gets 
amused, thinking "I've never thought about it that way". The traveller's account puts 
familiar notions into a wider perspective by holding them against practices in other 
cultures. 

This book can be seen as a metaphorical travel through the (inter-)disciplines of 
Information Systems, Operations Research, Systems Theory, Psychology and Organization 
Theory. The 'anthropologist' is really a population biologist who underwent a brief period 
of brain-washing in automation. The book is intended for any reader who has a 
background in one of the disciplines mentioned. It is my hope that the book has upon 
the reader the kind of effect the anthropologist's account had on its reader. 

Putting the metaphor aside, I believe the book can act as an eye-opener and 
provides useful entries into the disciplines covered to students, researchers, developers 
and even users of information systems. Likewise, the book contains some fairly practical 
ideas for those who deal with tactical planning situations, in particular for planning 
system designers. 

A great many people have contributed in some way or another to this book. My 
thanks go to all. I wish to mention a number of them by name. During 1986 and 1987 
I developed some inarticulate ideas about 'DSS that are adapted to their users'. At a 
doctoral consortium in Delft in December 1987 Henk Sol told me that my ideas were 
good enough and that all I needed to do was to find a sounding board. Some of those 
that helped me focus my views during these early months were Aart Bosnian, Hans 
Crombag, Henk Sol and Charles Vlek. In March 1988, John Simons and Maurice Elzas 
agreed to act as promoters and the study formally began. 

Preliminary work which had led to the PROPLAN project had begun as early as 
1985, when Peder Jongejan experimented with the pentomino environment. Since then 
a fair number of students, some of whom made a substantial contribution, have 
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participated in the PROPLAN team for three months or more.1 

The PROPLAN project brought me into contact with a number of people in 
horticulture, most of whom have been very helpful. I wish to thank in particular Gerard 
den Hollander, Frits van Horssen, Jos van der Knaap, Ad van Nuenen, Eric Persoon and 
Wim van Rijn for the time, valuable in at least two ways, which they granted me. 

I have cooperated with fellow researchers in the research programme 'DSS in 
agriculture and horticulture' from 198S on and hope to carry on this work. I had 
numerous discussions with Eligius Hendrix and Bert Annevelink. Jan Bots allowed me 
access to unpublished results. It is a pleasure to thank Jan van Niejenhuis for allowing 
me to work with his students during three consecutive years. 

I am especially indebted to Jan Ockeloen, who programmed PROPLAN HAND. 
Thanks go to Rob Hartog for many an impromptu discussion and for his helpful 
comments on the formal model of the placement problem. It has been a pleasure to work 
with Adrie Beulens on an article which I used in Chapter three of the book. 

It was not always easy to remain motivated when I was still groping my way 
around, and while other obligations were making demands on me. But each time I 
attended a conference, a workshop or a doctoral consortium I returned full of enthusiasm. 
During 19911 was strongly motivated by discussions and experiences at the ICIS 1990 
Doctoral Consortium and Conference in Copenhagen. The closest and most rewarding 
research circle in which I have participated, and hope to continue participating in the 
future, is the one formed by Henk Akkermans, Pieter Bots, Richard de Jong, Dieta 
Mietus, Peter Verbeek and Alexander Verbraeck: in one word, TIPSY. 

The actual writing of this book was a process of its own. I could never have done 
it alone. Josephie Brefeld and Rokus Hofstede gave me valuable suggestions for changing 
the structure of the book to make it readable. Checks on contents, syntax and style were 
performed by Adrie Beulens, Geert Hofstede and Sjoukje Osinga. Klaas-Jan Leutscher 
checked the 'introduction to pot plant cultivation'. Peter Verbeek commented on 
SCAPSIS. Time and again, Jan Ockeloen drew the pictures in this book. Masja 
Wasserman struggled with chaos and structure and pot plants to design the cover. The 
English on almost every single page of the book has benefited from Josephie Brefeld's 
red pen. She denied the English language many a new word, but then again her 
corrections and suggestions made the text much clearer. 

'ui what is roughly a chronological order the PROPLAN students during the years 1986 to 
1990 were: Luit Rietema, Hans Vester, Bert Huijskes, Wim van Lemmen, Yunus Aliskan, Mario 
de Deugd, Henk Compagner, Joop Wijdeven, Cor van der Vleuten, Bart Lebbink, Karst Ziel, Aad 
Vollebregt, Caroline Schropp, Ewoud Endlich, Ronald de Ruig, Jan Hof, Lyda Dik, Henk Doeven, 
Jan Schrama, Rudolf Beekman, Astrid van Triet, Hans van Bohemen, Marden van Nieuwkoop, 
Arend-Jan Both, Wilbert Wouters, Adri van Doesum, Rita Karsten, Teunis Biemond, Reinoud 
Visser, Riena Tienkamp, Ron Wunderink, Ben Tubben, Jaco Wisse, Serge Loosveld, Marlijn de 
Vries, Jan-Willem Reytenbagh, Ingrid de Groot, Flip ter Horst, Dick Brinkman, Willem van 
Breukelen, Serge van Dellen and Roel Veerkamp. 
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Two people were involved throughout in the creation of this book, and helped make 
it a rewarding activity. They are my promotors. In 1985, when I first entered the 
department of Computer Science of Wageningen Agricultural University, Maurice Elzas 
told me there was a need for generalists in Information Systems. Since then he has 
enabled me to work at becoming one by supporting my metaphorical travel. My closest 
companion during this journey, who light-footedly kept me on course, was John Simons. 
Many of the ideas expressed in this book owe at least as much to him as to me. 

Hopefully, the contributions of all these people will not be wasted. This book asks 
to be read and discussed. 

Wageningen, March 1992 
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1 Introduction 

"Hallo!" said Piglet, "what are you doing?" 
"Hunting," said Pooh. 

"Hunting what?" 
"Tracking something," said Winnie-the-Pooh very mysteriously. 

"Tracking what?" said Piglet, coming closer. 
"That's just what I ask myself. I ask myself, What?" 

"What do you think you'll answer?" 
"I shall have to wait until I catch up with it," said Winnie-the-Pooh. 

A.A. Milne (1926 / 1978, pp. 31-32) 

Like Pooh's hunt, this study started very much in an open-ended way. It was supposed 
to be a study on automated support for decision making in organizations, in particular 
for tactical planning situations. When the study started, my only certainty was that it 
would contain a case study which would have to result in an automated system for 
assisting pot plant growers in cultivation planning. 

Before discussing automated support, decision making in organizations, or tactical 
planning situations, and also before elaborating on the research questions and goals of 
the study, I would therefore like to introduce the reader to pot plant cultivation. 

1.1 An introduction to pot plant cultivation 

Pot plant cultivation in the Netherlands 
Pot plants are plants cultivated in plastic or earthen pots. They often end up on 
windowsills, where they are put for decorative purposes. Either the leaves, the flowers, 
or both, make out the decorative value of a pot plant The Netherlands are among the 
world's first pot plant growing nations. There are about 800 pot plant nurseries, producing 
1400 million Guilders'2 worth of plants per year in 1990, a large share of which is 

2The Dutch Guilder was worm about half a U.S. Dollar in 1990. It will be used as the currency 
unit throughout this study and is indicated by the symbol ƒ. The symbol',' is used as a separator 
in the notation of large numbers, whereas the symbol4.' is used to delimit the fractional part of 
a number. For instance, ƒ 1,500 stands for one and a half thousand Guilders. 
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exported. In the Netherlands, pot plants are cultivated in greenhouses that can be quite 
large and high-tech. Most nurseries are still run by one person, who is often assisted by 
family members, but this situation is changing rapidly (Kruijk 1988). A new type of 
nursery, with division of labour, extensive process automation, and up to forty employees, 
is spreading. Size and profitability of pot plant nurseries are strongly correlated. 

No two pot plant nurseries are the same. Consider for instance the fact that there 
are over a thousand different registered products, which is more than the number of 
nurseries. Almost all of these products demand a specialized production process. Bots 
(1991, p. 27) gives an impressive enumeration: the products differ in the number of 
cultivation phases, in density per phase, in phase length, in the number and nature of 
manipulations, in the climate conditions they require by day and at night, in light-, water-, 
nutrition requirements, in treatments against diseases, in growth regulation, in way of 
reproduction. Seemingly insignificant details can alter the aspect of a pot plant to such 
an extent that it is considered a different product Furthermore, it should be noted that 
new products are introduced every week. No wonder that hard data about pot plant 
product cultivation, such as growth curves, are sparse.3 

Rate of innovation 
Pot plant culture is different from most agricultural sectors by virtue of the tremendous 
rate of innovation and the independency of the individual pot plant grower as an 
entrepreneur. Successful operation of a large pot plant nursery depends to a large extent 
upon capacity for innovation (AHeblas 1987). Initiatives by pot plant growers include 
setting up nurseries in Brazil or Spain, planning labour peak periods during school 
holidays, creating a brand name or a new product setting up their own genetics research, 
following Paris fashion magazines to determine what colours to cultivate, etcetera. All 
this goes to show that pot plant growers are alert and active in many domains. 

A look at a pot plant nursery 
What does a pot plant nursery look like? From the outside, one sees a glasshouse of a 
size averaging one hectare. Figure 1.1 gives the floor plan of a hypothetical nursery. 
Usually a nursery is not as straightforward as the figure shows; there may be several 
greenhouses of differing age, size and technical cultivation system. 

The plants can be grown either in the ground, on concrete, on fixed tables, on tables 
that can be rolled aside, or on automatically transportable tables ('containers'). In the last 
case the plants are transported to a central location for each manipulation. The greenhouse 
is highly automated: opening and closing of windows, regulation of C0 2 level of light 
temperature, and watering are usually all fully automated. Yet there is still a lot of work 
to do: manipulations like making cuttings, planting cuttings, and preparing die finished 
products for transport can hardly be automated yet for a vast majority of products. 

3For a more extensive but still comprehensive overview of the sector the reader is referred 
to Bots (1991). Leutscher (1991) gives a more elaborate treatment 
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Figure 1.1 Floor plan of a very simple pot plant nursery (scale: 1 mm = 1 m) 

Tactical planning 
Tactical plarining4 in a pot plant nursery means cultivation planning. During cultivation 
planning the grower takes a number of decisions. First he must decide which products 
to cultivate during the next planning cycle, which usually means during the next year. 
This includes deciding on the cultivation process. Then he has to establish how much 
of each product to pot during each planning period. Most growers work with planning 
periods of one week; therefore the word 'week* rather than 'period' will be used 
henceforth. 

A cultivation plan has some dependent plans. These may include a financial plan 
(specifying costs, sales and liquidity), a labour plan, a space plan (specifying the 
occupation of each greenhouse location during each week) and a materials plan. The 
tactical plan consists of both the cultivation plan and the dependent plans. The extent to 
which the different constituents of the tactical plan are formalized differs greatly from 
grower to grower. Usually the time spent on planning increases with the size of the 
nursery. Some growers are strongly opportunity-oriented, and do not use a cultivation 
plan. Others just have no interest in planning. They see themselves as growers, not 
managers, and trust their 'green fingers'. Yet others, more production-oriented, make a 
detailed cultivation plan and adhere to it strictly. For flowering plants the selling date 
tends to be more important than for green pot plants. For instance, in the Netherlands 

4The notions of tactical strategic and operational planning are taken from Anthony (196S). 
They will be explained in section 1 2 . 
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