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Ma1'n\g¢J.'S of pt·ofit and non-pr{}fh orgunisudons urc often ot:mfrrJnlesu 
with complex problems. Ill-structured diffuse problem·s which involve 
more: than one domain. Problems that are hard to set let alone to solve. 
They differ a lot from the structured domain related problems we used 
to work with in scho<,l. Itl education little attention is given to the 
training of complex domain exceeded problems. 
In order to ba o.ble to !Jet domo.in exceeded problemt, man1gen ghould 
get me opportunity to experience Lhl:s klud. vf prub!.cm:s :sculu~ lu u 
special learning environment. In order to enhance transfer the learning 
environment should be as close as possible to the real~life situation. 
A conference room can 'be a good learning environment in which 
managers can be trained to set complex problems. Setting complex 
problemi is tMmwork Tt d~m:mrls knnwlerl£e of various domains. 
The-refore different experts should work together in making a 
conceptual model of the problem. This can cause serious communication 
problems. 
A free form game with a case as a prototype of a complex problem can 
be a good didactical instrument for training problem setting. 
Problemsetting is defining the scope of the problem, the domains and 
the level of aggregation. 'What ean be the role of computer programs 
like decision support systems, simulations, expert sy~tems, a.ml general 
problemsolvers like SOAR and ACT"' in the setting of domain exceeded 
problems? 
In problem setting the computer can play a part by information 
retrieval. An expert·system as front-end of a database can assist the 
experts to get the relevant data out of the database in order to form in 
cooperation with each other a conceptual model of the problem. 
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Manager Training Environment For Setting Complex Problems. 

D.J. de Tombe 

1. Introduction. 
This discussion is part of a research of the use of databases in setting 
complex problems. 
This discussion fu1;;uses on the question of transfer of teaching problem 
setting and problemsolving. In order to enhance transfer the training 

'situation should be as close to the real problemsetting situation as can 
be. Problemsetting with cases can be used to simulate real-life 
problemsetting. A free-form-game can function as a semi-natural 
learning environment. In using cases the managers can experience all 
aspects of real life problemsetting like complexity, context boundness of 
the knowledge and data-retrieval in order to make a conceptual model 
of the problem. 

2. Societal problems of every day "life are often complex, not well
defined and involve more than one domain. They differ a lot from the 
well-defined problems we have solved in school. 
In sr.hnnl r.hilciren arc beina educated. to b~come fruitful members of 
sul:i~ty. lu uH.lcJ' t.:, be a. fruitful member of sooioty they r.hould be able 
to make a living, be a reasonable socialized persc:n and be able to a deal 
with rhines like hureaucracy. Th<:~<; ~uy Vlvit!,l vfltm imvlidt ltaminA 
goals. The school as the major institute of education operationalizes 
thf'lse hroad anals into smaller learpin2 goals, cutting the ~oals into 
different disciplines, dis_ciplines into domains, domains into subjt:&::ts and 
subjects into paragraphs. 
In teaching subject after subject one can focus on the special problems 
concerning that subject. Like to be able to do some reading on level A. 
1\iost educational systems focuses on strictly divided subjects, like 
history, economy and physicl. 
In training small subtasks of different domains we hope that there will 
be transfer from the learning environment in school to the every day 
life demands. But we are so used to deal with the different domains in 
education that we forget to put the artihcial separated domains together 
again. 

3. Transfer. 

1 Aithough there ar some educational ~ystems which try to overcome the domain gap 
In focusing on domian exceeded educational projects like pollution Instead of 
separated subjects. 
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Research on transfer2 points out that transfer seldom occurs. 
In teaching Latin and mathematics learning theorists hoped that beside 
domain knowledge the students would learn logic reasoning. But the 
transfer to other domains is never proved. Likewise one hoped to find 
some transfer on the subject of reasoning and planning capacity by 
letting children work with Logo. But the transfer is not proved here 
either. 
The research of Palinscar and Brown with their reading comprehension 
program 'Reciprocal Teaching' pt'oved that transfer can be obtained 
when general principles of reasoning are taught together with self
monitoring practices and potential applications in varied context ( 
Palinscar,1986; Baker & Brown, 1984), teaching content knowledge, 
domain rftlatr.ri hr.nristk!i And metacognitive skills. There is transfer in 
the reading comprehension prugr&Iil, but J'eading is a general skill, that 
must have caused at least some of the transfer. 

Perkins (1989) t\ame.s five pointg . which Hhould be met in order to get 
some transfer, · 
TnHlsfr.r to nr.w prohlr.m~ does take place 
-when learners are shown how problems resemble each other 
-when learners attention is directed to the underlying goal structure of 
comparable problems. 
~when learners are familiar with the problem domains 
-when examples are accon1panied with rules, moreover when the 
students have formulated the rules themselve~ 
-most important seems to be that learning takes place in a social 
context. 
It is very much a matter of how knowledge and skills are acquired. In 
the real world transfer oc;curs only under specific conditions which are 
not often met in everyday life. 
When they are met, transfer from one context to another often occurs 
(Perkins,l989). 
Anderson states that transfer will occur when the underlying 
production rules are the same (Anderson,l989). 

In order to enhance transfer the learning situation must be as close to 
the ni.tural environment :u pouible. 
The wny educ:Atinn ti'"Ar.hr.~ .~tnrlr.nt~ ;n a Rc:hool r.nv;rnnmr.nt ;R vr.ry 
artificial. Teaehing in sehool diffr.rs from thr. wRy pnu~titionMs h;mnlr. 
their problems tn every day Uf.e (:Esrown, Collln, Ouguin, 1 ~e~). Schont'leld 
attempts to overcome the artificial learning environment of school by 
lettin~ the students enter the authentic world of a practitioner. In this 

~Transfer Is that knowledge, know·how .and skills learned ln one situation . 
can be generalized and used In a different situation. If there can't be transfer 
the consequence is that everything must be learned In Its own situation. 



System Dynamics '90 283 

e;tpel'lment the authentic world of th¢ math¢madc practice is rebuild 
(Schtlnfield,l98S). 
In school the focus is on domain related knowledge and skills, there is 
too little attention for domain excee.ded learning. Teaching separated 
d,:,malrt k.tl~wledg~ h {Jnly a vehiele to achieve a goal, not a goal ill it~df. 
To be able to apply knowledge and skills, trained in separate domains, 
to real life eomplex situations, children should be trained from early age 
on to apply the knowledge learned in the separated domains into 
domain. exceeded cases. To learn problemsetting with cases, in using 
cases as prototypes for real-life complex problems. 
By using a case in training situations aspects of problem setting like 
complexity, diffuseness, context boundness and information retrieval 
can be experienced. 

4. Does education succeed in problem solving. 
Bruner states that education did not succeed in teaching problem 
solving even to the most intelligent children (Bruner,1971). 
Also recent research of Dutch education points out that little attention is 
given to problem solving ( Span & Kok). 
Whe.n there h iome training in proble.m~olving it i~ more a matter of 
applying rules to well-defined structured problems, than an exploration 
or creative activity in solving ill-structured problems. 
"The educational system has created an environment in which students 
are scared to explore creative hypotheses because of their fear of 
failure. Thi:'\ LOull.iYnl.c:oi iJ hc:licf in a l'illlflc ',;nrrc:L.;t.' snlutinn tn i1 

problem", Roger Schank (1989). 
Psychologists and learning theorists have made many attempts to 
improve the teaching of problemsolving. 
Bruner (1971) ~tates that giving more attention to discovery learning 
will enhance the problemsolving cap.:1city of children. Seymour Papert 
wants to enhance the problemsolving capacity of children by giving 
them a stimulating and inviting exploration world, the microworld of 
Logo, a selforganised learning environment (Papert.1980). 
Roger Schank would like that the children could use the computer as a 
friend who one can· ask questions (Schank, 1989). 
Education should give more attention to asking questions in stead of 
giving answers (Verhoeff,l987; Schank,l989). 

5. How should problem solving be teached? 
The last three decades psychologists and learning theorists have been 
discussing the question of problemsolving techniques. 
The question is, should one teach domain knowledge or general 
heuristics with regard to problem solving within a domain. 
In the fifty's and sixty's the answer to the question of teaching domain 
knowledge versus general heuristics was that teaching general 
problemsolving techniques is the best way to spend the l~ttching time. 
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Proof came from the field of chess playing. Specific domain knowledge 
is needed but is less important. Just some basic l'Ules will do 
(Perkins, 1989). · 
Artificial Intelligence reKearch occupieg with problem &olvingo 
Itupll•¢d by lh6 l't~ulU uf y.&vl.Jlt::w :o;ulv iu~ li::SCHn.:h Newell & Simon 
build a program called 'The General Problem Solver' (Newell & 
Simon, 1972). 
Looking more closely to the nature of the chess game, it was noted that 
the chess masters did not only use general heuristics but also a lot of 
domain specific knowledge (schemata) (Chase and Simon,1973). 
KPI.~Wit\!, d\h, .'\.l•tHll.iA.l IJHdllt.;.. .. ..., .... , ....... vu, .... l. ,,.. .. ~t ... ll\ .. J rlVIJI LullJlu(; 

, general heuristics to building expert systemso 
An expe.rt system focuses on very specific domain knowledge and on 
very specific problems in the domaino 
Du~ wkat tt. !Ia wid\ at'Y~l.!Al ~u,el~nu jn tl~.!. .!]~'"'"~"~ 
Research pointed out that experts confronted with atypical problems in 
their field did not only use domain knowledge but had to switch to 
general heuristics closely related to the domain to be able to solve the 
problemo 
So it looks as if domain knowledge and general heuristics related to the 
domain would be a good. combination. 
Some proof for this statement comes from the field of reading 
comprehension from Palinscar and Brown with their reading method 
called 'Reciprocal Teaching' ( Palinscar,l986; Baker & Brown, 1984). The 
reason of the success of the program is, that they not only teach reading 
comprehension but also metacognitive skills close to the domain. These 
metacognitive skills can be regarded as general domain related 
heuristics. 
Beside developing expert systems ArtlficiaJ Intelligence researchers are 
looking for a ft':n~r~l hr.nri~tir., fnr a unifit".d theory of cognition. 
Two programs which pretend to be general he,uristic problemsolving 
instruments are ACTif<3 of John Anderson (Anderson, 1983) and SOAR 4 
of Allen Newell. ACT* is a computational general psychological theory of 
skill learning. . · 
SOAR is a developing system capable of general intelligence. SOAR can 
handle a lot of the small AI problems. The program SOAR is based on 
the problemspace hypotheses of Newell and Simon (Newell& 
Simon,l972). 
These two computational theories claim both to be an unified theory of 
cognition. 

----·--·------
3 ACT" stands for adaptive control of thought. 

4 SOAR means State Operate And Result. 
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Whether SOAR and ACT* really are unified theories of cognition is too 
early to tell. An unified theory means integrating, and explaining all the 
different small"scale cognitive ·theories. They have not reached that 
level yet. 
SOAR and ACT* are general heuristics, but utltil now they only operate 
on very small and specific problems (Boden,1988). 

6. Teaching environment related to kno\vledge levels. 
By setting and solving problems one should be aware that one can 
distinguish several levels of knowledge. Each level of knowledge needs 
a different learning environment and a different guiding 

, (Klabbers, 1989). 
The first level is maintenance knowledge, context free learning of rules 
and facts. This is presented as universal time"invariable knowledge. 
Here the teacher is the expert in a reproducing learning environment. 
In schools much attention is given to the learning of facts and rules 
within u &peoiul domnin. This is what one eal.ls mainte.nanl!e l¢al'i\lJi.~ 
(Botkin, Elmandjra, Malitza, 1979). Most of the time the learning of facts 
and rules are just handed over to the pupils. 
The second level is context dependent knowledge, so-called innovation 
learning. This needs a heuristic guided learning environment in which 
the teacher is the guide. An aspect of this level is that one should bt! 
aware that the knowledge of the first level and se.cond level exists and 
that there can be blind spots in the knowledge. This requires 
metacognitive skills in a self.steering environment. An environment 
•Nhere people can be active in learning autoregulation and 
autocontrolled skills. In this environment the teacher is the facilitater. 
A free form game can function as an environment in which 
aucoregulation and autocontro.Ued skills can be trained. 

The problems where Artificial Intelligence. and education focus on are 
mostly domain related problems. Problems of which the answer is 
known. Little attention is given to the context boundne.ss of the 
knowledge, to innovation learning or to the idea of living in changing 
situations in a changiilg world (Botkin, 1989). 

7. Problem setting and problem solving. 
When is a problem to be solved'? 
A problem can only be solved when it is recognized as a problem. Who's 
problem is it and who are the ones who are going to solve it. Then one 
c.an ask is it possible to solve this problem and when is this problem 
solved? 
Problems solved for one group can be the start for problems for others. 
A solved problem often is the beginning of a new problem. 
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For mnny sooinl probloms there arc no solutions in thl! v.·Ay uf i.1 finttl 
and an objective an£wer (Rittel & \Vebber, 1973). Problems are at 
utmost to be resolved over and ·over again. 
Before one can start solving a problem the problem has to be set. 
Prnhlf'lm r.~tting i~ dt:afining the probl(ltnip:lc•. Tha probletn(lpuoo io tko 
space in which the solution of the problem can be found. Defining the 
problemspace is definina th~ scop~. the aeereKation level nnn thr. 
domain(s) of the problem. 

Some problemg are very hard to define, th~y nre onll~d 'wickea' 
problenu. For a wicked problem it iG unoortnln ·.vkcth.er or when it i.s 
solved. When a wicked problem is defined the problem is 'tamed' (Rittel 
& Webber, 1973). 

An other aspect is complexity. A common gene·ral heuristic. in solving a 
complex problem is dividing a problem into subproblems (Newell & 
Simon,l972). But how does dividing a problem into subproblems relate 
to complexity? One cannot cut out complexity by dividing the problem 
into pieces and putting them together later on. Complexity is a part of 
the problem. 

Solving complex domain exceeded problems like implementation of the 
computer in oducution or the reo~ganizatiot'l of h¢Allh\,;i:uc in 1t c.:vuntry 
is team work. Knowledge and experience on how to handle this kind of 
problems is often missing. It is not always clear which domains, which 
fields and which people are involved. 
Setting domain exceeded problems is not a one persons job, it demands 
knowledge of various domains. Therefore several specialists of various 
expertise must work together to set th~ problem. 
Selecting the expertise t~arn is the first ste.p in setting the problem. 
Selecting experts is directly related to the defining of the domains. 
Depending on which domains are involved experts are invited to join 
th: prohlcm ~ettine tr.nm. Se1ecting pe.ople and defining the domains 
r:~n be 2. circul:lr proo•ec. \llhilo got.ting marc elearly whk.h d~·mA~u;) au~ 

involved some people inay leave or join the. group. Selecting people also 
depends on which point of view one choices to set the problem. By 
selecting ccr~f4in p~Qple- for setting the !11'l"lhl~m nne"\ r.ndoses and 
excludes already certain solutions. 
After defining the domain one can define the level of aggregation. Is the 
problem on the micr<)·levelt on the meso-level or on the macro-level. 
Then defining the countries and organizations and people who are 
involved. 
The last step in problem setting is definine the time-scope of the 
prohlr.m. h it ft q uiek to be iolved problem or 3. problem that can rake 
some longer time. Is it a problem of the past that still is playing parts or 
is it a problem of the future. 



System Dynamics '90 

Now one can sro.rt making a conocptunl model of the probt~m. 
Making a conceptual model can be a first step in solving a problem. 
Most people have already some. kind of mental model of 
the problem. But in order to be able to start handling the. 
problem the \vhole group of problem solvers should have 
more or less the same conceptual model of the problem. 
There doesn't have to be a consensus, but at least some 
kind o£ agreement of what the concepmal model of the 
prob]em is. 
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When th.e problem is ~~fine~ o11e ea11 &ee whether the wholo pi'\':lbl~w u1 

a part of the problem can be modelled in some kind of computer aided 
decision support system. Like making a causal model of the relations 
;mrl n;uaflnw of thr. ~ntities. variabJt"s and pHramete.r~. Ir can be a static 
or a dynamic mc-del. A dynamic model cnn be repre&ented in n r.yGtcm 
dynamic model like a simulation model on the computer. In making a 
simulation model of the problem one can try to form a picture of the 
consequences of the interventions one will do. 

8. Datnbnses. 
Fl.!~ m~kiu~ ~ l.iUIILi'WliLu~l unnl~l uf lhc fllllhlr.m 1mr. nm~d"i r~lt".vflm dRHI. 

Each expert involved with setting the problem should be able to get the 
right information ahout the entitles concerning her domain. 
How to get the right data needed for making a conceptual model of the 
problem? 
If relevant data concerning the major ~~pect~ of t.ht probl~m i~ 
available the expert can consult a database. 
When there is no updated database available and the problem to be 
solved is not so urgent then there is time to collect the data concerning 
the different aspects of the problem. 
After coJlecting the data,. the data can be put into a database. The 
database can be build in the traditional way. 
But for new urgent problems in fast changing situations relevant data 
are often missing. This is often the case with complex domain e.xcee.de.d 
societal problems. 
For a fast collecting of data one can't take enough time to collect data 
the !raditional way and let a database be build by database-experts. 
In thi9 ouBc tho cont~nt expert htmsclt should ht able to mak¢ i.\ 

database. For each domain a special content expert should fill a 
database with relevant data. The content expert is able to collect 
relevant data about the latest developments concerning this problem, 
buL is nut a database expert therefore she needs a guide to heip her 
filling the database. An expert system as front-end of a database can 
help the expert fiiliug the databases in the right way. The expert system 
can also help selecting the right data for the database and implement 
[he data into the database. As it. is nor clear on forehand what kind of 
data is needed, text or numbers or pictures one needs a database 
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software tool that can handle all kind of data. That could be something 
like Hypercard. Hypercard is an easy to handle database software tool 
for multi-data storing which works on the Apple Macintosh. On the 
'cards' of Hypercard one can store all kind of data like figures, texts, 
numbers, graphics, paintings etc .. It is a rather slow but very easy to 
handle databasetool. 
After the content expert hu collected the dntn, the da.tn should be send 
to the problemsetting team. 

9. How to extract the right information from a database in order to 
make a conceptual model of the problem. 
Fnr making a conr.eptual model of the. problem each expert of the 
tlrnhlf'lm s~tting tt";Am nf".~.;~ r~lf'.vAnt dllt1\ of h~r/hii own fi•ld. A 
possibility to help the content expert to get the right information out of 
a database is to build an expert system as front~end on top of a 
database which helps the expert to retrieve the information that is 
needed. An expert system as front-end can be put on a traditional 
database and on an easy the handle software tool as described above, 

10. Real societal problems arc oft.en c:omptr.x Rnrl domain exce.eded. 
Like the problems now in East-Europe now or the change.s concerning 
1992 in Europe. 
The social changes are going so fast that one hardly has the time to 
~umiJ~r the problems in all hs aspects. I"ew societal structures replace 
olci om~s Old And-neo.w itructt:lrCi--1\te· entangled in new and &till 
unknown situations, situations that require control. To many new 
problems old solutions don't work. 

In educathm the.re is not much opportunity to get acquaintance with 
setting and sohing complex proble.ms. 
To be able to handle these kind of problems managers should get some 
opportunity to train setting complex problems in an educational setting. 
In order to enhance transfer this educational setting must be as dose to 
the real situations as pos5;ible. One should look for a learning 
environment where the real situation can be simulated. A conference 
room as learning environment, where a free form game is played with a 
.: U¢ A!J 11 ~umple.~ prvblt'm all ltspects of problem setting can be trained. 
Cases imbedded in a frr.f'l fnrm eArnl"l r.an bl": a goCtd iemi-natural 
learning environment in which context houndness, different knowledge 
levels and information retrieval can be trained. 
Setting a case like healthcare or implementation computers into 
education can simulate th~ problcmsctting of a real !Jod~titl }.11 vl,lem. lu 
these cases one must in cooperation with other people define the 
domains, the aggregation level, the involved organizations, the time 
scope and train data retrieval in trying to make a conceptual model of 
the problem. 
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Setting a CLt!:e can be imbedded in n free form gume. 
A free form gnme is n gnme with na little rules ns t-'cssiblc, where in a 
non threatening situation people can learn to practice problem setting of 
complex domain exceeded problems. A free form game gives the 
participants the opportunity to experience the context boundness of 
each others knowledge. The context boundness is the personal 
knowledge of each participant, the knowledge that is coloured by 
experience, culture, position and discipline by which she or he considers 
the problem. Beside this the participators may have divergent interests 
and different power. 
This !;;Ont~xt hnunnnMs r.an r.ans~ sf:rinns r.nmmunic~tion problemi . 
.In playing n free form game one can lca,rn fO d~nl with hidden aa~nda' ~. 
dive-rgent interegt§, expr!rienca tht blind Epotc in the knO\\'ledge, 
experience changing levels from a outsiders view point to the insider 
point of view and the complexity of the problem. 
In setting complex problems one meets not only the boundaries of ones 
own knowledge, but also the boundaries of the ktlowlet.lge in the field. 
In order to get full profit of the tra.ining the actors should be able to 
luuu.llc lu ~u.;~uHhuu.:~::: LU Lhd1 uw11 ~,;~padLlt'·~ :ind to their own interest. 
In a free form game with a special case as a problem setting item the 
problemspace wilt not be narrowed by a teacher to the space in which 
one must search for a solution. The actors can try to define the 
problemspace themselves. 
In this kind of free form game the game-operator has a role as a 
facilitater. 
Tb; \lebri,fini u.t th' Qllli of th~:; rrnnr. r,im h'~ n~r.n rn r,nhi1nr.r. Jr,;Hnin~ 
The actors should be made conscious of their own behaviour during the 
play. :Mctacognitive activities as autoregulation and autocontrol should 
be enlistened to enhance transfer. 
In a free form game Ute- partlctpants have the ¢hance t('.J d-!a.l 'i'~Al life 
cases' with missing data using rules of thumb under time pressure like 
in real -life, without making too much accidents . 
The conference room with cases as prototypes for complex problems 
can fUl'll:ti~J\ as A lcawiug euv.iwmur;ul iu whkh managers can carrying 
on policy exercises. In· a conference room, which can look like a 
boarding room the managers can be trained in a semi-natural learning 
environment. 
Playing a free form aame with a case as a prototype for problem 

setting in a conference room one can simulate the natural problem 
setting &Huation in !lemi nuturul lonrning cnvironm~nt. 

In &hi~ WAY we honr. h., fin,·! ~,·,mt. l11111~fr.t llf lltr: lri1lTtt"ff ~nnndr·rlurr 
and skills for setting complex domain exceeded problems to the setting 
complex real-life problems. 
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