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Abstract

The main isaue of businessreengineeing, as demanded by Hammer, is a spedfic orientation
of management towards business processes. We will analyse the psychoogicd implications.
Up to naw processorientation has not been amain iswue of research in experimental cognitive
psychology. Our basic reseach concerning individual cognitive differences has shown that
stable preferences do exist for predicative versus functional cognitive structures. Predicaive
thinking emphasises the preference in thinking in terms of judgements and in terms of net-
works of relations and structures; functional thinking emphasi ses the preference of thinking in
terms of eff eds, organising processes and sequences of adions. We ae working together with
managers in an orgoing reseach projed. In several case studies we ae trying to deted a r-
relation ketween a processorientation in the observable managerial behaviour, the beliefs of
the managers and their individual preference for predicative versus functional mental models.

1. Cognitive aspects of businessreengineering

Hammer and Champy consider Business Process Reengineaing (BPR) as a very powerful
instrument. It is

...the fundamental radicd redesign of business processs to achieve dramatic improvements in
criticd contemporary measures of performance, such as cost, quality, service and speed. (Hammer
& Champy, 1993, p. 32).

Nevertheless it isreported (e. g. Bashein et a., 1994 Champy, 1995 that apart from the fad
that the redisation d this ideais successul, there ae alot of difficulties and even failures.
Businessreengineeing is successul - but only to a cetain degree One of the important hints
as to why difficuties could arise is given by Hammer and Champy themselves.

Although this word (process is the most important in our definition, it is aso the one that gives
most corporate managers the greaest difficulty. Most business people ae not "process
orientated"; they are focused on tasks, on jobs, on people, on structures, but not on processs.
(ibid, 1993, p. 35)

In their book Hammer and Champy try to construct a suitable mental model (Johnson-Laird,
1983 of the role which processes play in operating procedures in the reader’s mind. For this
purpose they give historicd examples. It is the method d presentation which induces the
idea.

For two hurdred yeas people have founded and huilt companies around Adam Smith' s brilli ant
discovery that industrial work should be broken down into its smplest and most basic tasks. In the
post-industrial business age we ae now entering, corporations will be founded and built around
the idea of reunifying those tasks into coherent busjoresssses. (ibid, p. 2)

The core message of our bodk, then, isthis: It is no longer necessary or desirable for companies to
organize their work around Adam Smith' s division of labor. Task-orientated jobs in today' s world
of customers, competition, and change ae obsolete. Instead, companies must organize work
aroundprocess. (ibid, p. 27/28)



For us they focus on the diff erence between coherent and processorientated tasks by means

of their examples on the one hand and kroken into single tasks on the other hand. "To bre&

work into tasks," refers to the metapha of a puzzle by which we have charaderised below

predicative thinking. Another quite different approad - the functional one - could be the or-

ganistion of a mechanism, for which we use the metaphor of a gear mechanism (see Fig. 1).
It was rail road companies that invented the modern businessbureaucracy - a significant innovation

then and an esential one if industrial organization were going to grow larger than the span of one
person's control.

To prevent colli sions on singe-tradk lines that carried trains in bath diredions, railroad companies
invented formalized operating procedures and the organizationa structure and mechanisms re-
quired to carry them out. (ibid, p. 13)

On the first approad it is an astonishing phenomenon the running of trains eems to be a
processorientated business But this example shows how the point of view determines the
mental model. The invention d the block structure, i. e. only one train is allowed between
two signals, reduces the process of the running train to the statement abou single states,
whether the train is inside the considered sedor. Instead of organising processes one can
handle facts in a static manner.

Hammer and Champy demand BPR to be radicdly changed when thinking abou the organi-
sation d a @rporation. There has to be a tange from thinking in terms of structures and
compartments to thinking in terms of processes. As a mnsequence BPR neads another mental
organisational model. Hammer and Champy describe how managers shoud understand their
job in arganising the business processes, and who shoud be seleded to start the reenginea-
ing. But we could na find any hint in their book d them being aware of the fad that stable
individual differences exist in a way, whether processes are agenuine @mncept in the mental
model or nat. Our reseach deds with the question why many business people ae not proc-
essorientated. One important answer seems to be that it is not simply a matter of dedding to
be processorientated, bu of the preferred individual cognitive structure. In the foll owing we
will explain why there is a need to consider individual differences in mental modelling and
cognitive structures to better understand the benefits and failures of BPR.

Predicative versus functional cognitive structures

The distinction ketween dynamic and static mental modelling as a charaderistic of the indi-
vidual cognitive structure - and nd (e.g.) as a charaderistic of the task - was introduced by
Schwank (1986. She distinguishes between predicative and functional cognitive structures
(Fig. 1). Predicdive thinking emphasises the preference of thinking in terms of relations and
judgements; functional thinking emphasises the preference of thinking in terms of courses
and modes of adion (cf. Schwank 1993, p. 20P For an owerview of the experimental testing
of the theory see Schwank (1995, pp. 108 115). It is aso reported that it is quite rare to find
female students who behave in a functional way (see also Schwank, 1994).

The given dagram (Fig. 1) hasto beread spiraly in chrondogicd order. The arows describe
circles in order to consider that the internal todls of the conceptual representation influence
that which will be grasped cognitively. This will i nfluence the further development of the in-
ternal conceptual representation. The observed dfferences in behaviour are explained in such
away that not bath kinds of cognitive structures are not applied equally. A different devel-
opment of a more static or a more dynamic internal conceptual representation will t herefore
be undetaken which the special kind of grasping explains.



Problem given in a specific microworld

Cognitive grasping by means of
the preferred activated cognitive structure
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Fig. 1: Predicative versus functional cognitive structures (cf. Schwank 1995)

The category of individual cognitive structures has to be separated from the category of indi-
vidual cognitive strategies. We distinguish between a conceptual, top-down organising, and a
sequential, more interactive approach (Cohors-Fresenborg & Schwank, 1996). Predicative /
functional refers to the tools of thinking, conceptual / sequential refers to the global organisa-
tion of the problem-solving process.

In Cohors-Fresenborg & Schwank (1996) we have analysed several examples given by Ham-
mer & Champy (1993) through the lenses of our cognitive theory. In the following we will
present some of them.



Work that requires the cooperation and coordination of severa different departments within a

company is often a source of trouble. (ibid, p. 9)

Too many handoffs exist ... Each handoff entails queues, batches, and wait times. ... Once an or-

der enters the process, it might as well be lost until it emerges at the other end - whenever that

might turn out to be. (ibid, p. 27)

The steps in the process are performed in a natural order. ... In reengineered processes, work is

sequenced in terms of what needs to follow what. (ibid, p. 53/54)

Nonetheless, one of the most frequently committed errors in reengineering is that at this stage

reengineering teams try to analyze a process in agonizing detail rather than attempt to understand

it. (ibid, p. 129)
In the case of functional thinking, the concatenation of processesis a basic concept. Hence we
interpret the above quotations as a promotion of functional thinking. The problem of handoffs
(handovers) in concatenating processesisacrucia one. Let ustake a4 x 400 m relay race as
ametaphor for analysing this point. In the predicative field of vision the handover of the ba-
ton is aways at the same place in the same co-ordinates. In consequence a trainer should
teach each member of the team to know this fact and to be able to hand the baton over as ex-
actly as possible at these co-ordinates. But obviously this is not what we wish to manage. In
the functional field of vision the problem is the synchronisation of two motions. In conse-
guence the training should be rather different from that based on predicative reflections. The
training has to improve the performance of the team to synchronise the motions during the
handovers.

2. Pilot studies

If we follow the analysis of Hammer and Champy, as aready described, there is a great dif-
ference in the mental model concerning the task of an organisational problem: For a predica-
tively structured person the central point of his or her analysis concerning a complex situation
isto break it down into different conceptual pieces and to invent alogical structure which de-
scribes the network of the relations between these pieces. For a functionally structured person
the central point is to arrange the going through the production (or the bureaucracy) as a
complex process in which different strengths control, determine or promote each other. For
the former the mental model describes the logical structure, for the latter it describes the or-
ganisation of work flow in time.

To show the benefit of our cognitive theory for a cognitive approach in business reengi-
neering we have designed a pilot study which is run with single subjects consisting of three
parts. fitting figures in matrices (QuaDiPF), organising processes in a microworld (OPM),
interview on managerial behaviour (IMB). QuaDiPF (Schwank, 1997) is a qualitative dia
gnostic-instrument to determine the preferred cognitive structure, predicative versus functio-
nal. In OPM those tested have to solve a sequence of organisational problems with the speci-
fic microworld Dynamic Mazes (cf. Cohors-Fresenborg, 1978). We know from other studies
that this setting in the beginning supports the functionally structured subjects. For solving the
more complex problems a predicative cognitive structure is more successful. In IMB we in-
terview the subjects about their management behaviour, the goals which they are aiming for
and the way in which they represent management problems in their mind. At the end of the
interview we confront the subjects with differences in their problem-solving behaviour bet-
ween the construction in OPM and their own discussions about their points of view concer-
ning their management behaviour in their business.



2.1 Fitting figuresin matrices: QuabDiPF

We use tasks such as those in common intelligence tests (e. g. Raven, 1965) to find amissing
figure, which fits suitably into a set of 8 given figures arranged in a matrix. In a clinical in-
terview each subject has to invent and draw the missing figure in the matrix (instead of select-
ing it from a given set as usual). The subject has
to argue why he or she drew this very figure.
The analysis of the videotapes shows that a

A AO @A predicative and a functional way of mentally
) ’ modelling the task exist. In a predicative mental
model the subject uses predicative tools, e.g.
. . looking for properties, inventing a general law.

A Ao OA So, in the given example (Fig. 2a) the subject
tries to structure the image. Each figure consists

of three objects. a star, apoint and a circle. The
triangle is the same in each figure. In each row

A A@ the point is a the same place. In each column
. the circle is at the same place. In a functional

_ _ mental model the subject uses functional tools,
Fig. 2a: QuaDiPF-Example (Schwank, 1997) ¢ g invents a process which produces the last
element in a row or column. In each row the

circle moves around, and in each column the point moves around. The object around which

the movement takes place does not change. In both ways of dealing with the problem the re-
sult istheidentical.
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Fig. 2b: QuaDiPF-Example (Schwank, 1997) Fig. 2c: QuaDiPF-Example (Schwank, 1997)

Besides tasks such as 2a we also invented tasks which are either easier using a predicative
analysis or afunctional one. Fig. 2b shows an example in which a predicative analysis is use-
ful to construct a working mental model. The main idea is to invent a structure by arranging
the properties. One could, for example, proceed as follows: three types of figures exist (closed
figures, figures which are open at the top and figures which are open at the bottom) which
each have straight walls, bent left walls and bent right walls. The figure with an open bottom
and straight walls is missing (composition of predicates). Fig. 2c shows an example in which
functiona analysisis useful. The main ideais that the figures in the middle row and the mid-
dle column are names of operators. One could, for example, proceed as follows: in the first
row the first figure is given thick lines by means of the operator. In the first column the first



figure is pushed by the operator and transformed into a parall elogram. In the second row the
first figure has to be turned by means of the operator. In the last line & a wnsequencethe first
figure has to be turned and it has to be given thick lines (concatenation @boger

We have designed the tasks in QuaDiPF in the form that the subjeds have to explicitly con-
struct the missng figure instead of seleding it from a given set of posshiliti es, for the foll ow-
ing reasons. we ae interested in thinking processes and the omisson d possble solutions
makes the tasks more difficult. Furthermore, we aeinterested in the individuality of problem-
solving: a given set of possble solutions could influence the way in which the tasks are ana-
lysed. As a consequence our methodology is rather gajied one than a quantitative one.

In the literature it is discussed that solving this kind d task requires espedally inductive
thinking. The findings of Schwank show that not only one kind d inductive thinking exists.
In a predicéive model induction means abstradion. The result is a predicae which is fulfill ed
by the given examples. In a functional model induction means generalisation. The result is a
function which produces the giveramples (cf. Cohors-Fresenborg & Schwank, 1996).

2.2 Organizing processesin a microworld (OPM)

Problem: Let us consider that in a production processtwo dfferent kinds of bottles are pro-
duced, cdled A and B, which occur on a wnveyor belt in the sequence A B A B, etc. Your
task is to construct a sorting madine which separates bottles A from baottles B. You are only
alowed to use the following switch (Fig. 3a) and simple bricks (straights, left and right
curves, crossings) to construct the path for the running bottles.

The task means that you can orly use the knowledge ancerning the order in the sequence of
battles for your problem solution (i.e. A B A B, €tc.), and noany other knowledge cwncerning
the specific bottle which is just entering the sorting machinery (e.g. by reading the label).
Let us assume that in the beginning the switch is in such a paosition that the left path is open.
Let us also assume that the distance between the baottles is large enough so that the next baottle
only enters the switch after the bottle has reached the goal box.

Most of the subjeds will first conned the amnwveyor belt carrying the battles to the main en-
trance of the switch (Fig. 3b). The given problem has to be reduced to the question d how to
arrange the flow of the battles through a network so that the two paths of the switch are
readed aternatively. Foll owing this ideaone may concentrate on the question d how battle
B can reach the right branch if bottle A has passed the left one.

In pilot studies with young adults we culd show that predicatively structured subjeds have
gred difficulties in analysing this stuation in a way that the suitable path for battle B is not
like aproperty of battle B, bu that baottle A has to start a processwhich arranges the change
of the path for battle B. This means that during the refledion d the suitable path of baottle A,
one has to anticipate that the foll owing battle B has to foll ow ancther way. This anticipation
of alater situation, which has to be aranged naw, is the aqux of the problem. In comparison
to the difficulties of predicaively structured subjeds it is quite eay for functionally struc-
tured subjeds to make the mental change from , bottle B has to go onthe right path,” to I
have to arrange something with bdtle A so that bottle B readies the other path in conse-
guence” after just a short time. This conceptional change is the bre& through for finding the
next step in the sofion, as Fig. 3c shows.

If asubjed analyses the machine described by Fig. 3c, he or she deteds that the first battle A
reades the it on ore side, batle B reades another exit, bu unfortunately the same exit
will be reated by all the other foll owing battles. It isno problem to deted that thereisnow a



similar situation to before. But it is interesting to observe that a lot of subjects exist who see
and describe this similarity, but are not able to quickly arrange the suitable solution as de-
scribed by Fig. 3d. Predicatively structured subjects may be able to detect the structure in the
problem and to verbalise it, but are very often unable (or need an astonishing amount of time)
to invent the necessary path for the flow of bottles, especially in the case when they did not
solve the first part of the solution (i.e. the suitable path for the first bottle A), but needed a lot
of hints by the observing interviewer.
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Fig. 3a: Main brick: switch




One may offer the following description of the behaviour of the predicatively structured sub-
jects: They are able to analyse the given problem on an abstract level, but are unable to carry
it out in a concrete situation. We cannot agree to this description because the specia issue is
not a matter of the difference between abstract and concrete. The subjects have the concrete
bricks in their hands, a model of bottle B, but nevertheless they are unable to invent the an-
ticipation of the next situation.

After that first problem (if subjects cannot solve it by themselves, we give a series of well
prepared hints so that at the end they are successful) we offer them the following problem:
Let us assume that on the conveyor belt there is an ordered sequence of bottlesA B C A B C,
etc.. You have to invent a sorting mechanism to separate the three kinds of bottles. You are
allowed to use more switchesif you like.

In our pilot studies we have observed that predicative subjects analyse the problem quite early
in the way that they declaim a similarity to the first problem. By similarity they mean that
sorting the three bottles consists of two sorting activities: either first separate bottle A from
the following stream of the two bottles B and C, and then separate the flow of B and C into
the flow of B and the flow of C, or first let the flow of A and B pass and separate the follow-
ing bottle C, and then separate, in the flow of bottles A B A B, the bottles A from the bottles
B. Then they declaim that for the different sorting processes solutions do exist (either they
have found them by themselves after some time or they have learnt it after heavy hints from-
the interviewer). In the following they try to construct partial solutions for the separated sub-
problems using the previous solutions. If the subjects are intelligent enough and are encour-
aged enough by the interviewer, they find the solution (Fig. 3€) in areasonable time period.

But it is very astonishing to observe the behaviour of many functionally structured subjects.
Very often they do not say that the problem is similar to the first one, but that it is more
complex. They start again by inventing the partial solution (Fig. 3c), test it with the flow of
bottles A B C A B C, find asimilar argumentation to arrange the switch for the flow of B and
C during the running of bottle A as before. But then they have the problem of how to continue
the process of sorting. They make different attempts of solutions, their verbalisation describes
that they have to arrange it in a better way, or they try to arrange the anticipation earlier than
they did in afailed solution. Very rarely they try to use some insight into the static structure:
to use the two bottle sorting machine (which they have solved in the first problem) as a new
object or a module for the more complex solution. It seems that they aways try to organise
simultaneously the sorting process of the three bottles and that they have difficulties in
breaking it into two pieces, as Hammer and Champy describe the main issue of bureaucracy
(cf. the citation of Hammer & Champy/p. 13 in our introduction).

2.3 Interview on managerial behaviour (IMB)

We had the opportunity to make some case studies with subjects who belong to the middle
management group. We asked them how they plan their management decisions, what is im-
portant considering their business processes, which categories are responsible for failure and
in which directions they try to develop their organisational surroundings.

It is not astonishing that managers, who we analyse by means of QuaDiPF/ OPM as prefering
a predicative cognitive structure and a conceptional top down way of problem-solving, de-
clare that the main issue of analysing a given problem means to find a common structure, to
break abig problem into pieces and to determine the relations between these subproblems.



But we were quite astonished when we foundthe foll owing behaviour: Managers who prefer
a functional cognitive structure and an interadive problem-solving style in the situations
QuaDiPF/ OPM, bu who report about the principles of their organisation and their behaviour
In management situations in a way which we dassfied as using a predicéive mental model
and atop dovn problem-solving strategy. After we had caried ou that part of our interview
we onfronted these managers with the discrepancy between their own behaviour, which they
had demonstrated in ou two investigations, and their verbal description abou their behaviour
in every-day management. They gave us a veryestieag answer.

They agreal to ou interpretation concerning their preferred cognitive structure, used mental
models of the problems and their individual problem-solving behaviour, they agreed with ou
statement that their reports concerning their every-day management behaviour did na fit to
the behaviour which they had shown in ou problem-solving situations and then they gave a
very astonishing explanation: When they talk abou their managerial behaviour they obwu-
ously behave acording to how they are trained and to the social expedations demanded in
the corporations: prechtive modelling combined with top down organised problem-solving.
We then asked them why they did na use this behaviour in ou problem-solving situations.
And again we were quite astonished abou their answers: They felt a lot of stresswhen we
were observing their personal competence and recording it with video tapes, so that they were
forced to give their best in such an important situation.

We asked them why they did na fed stressed in their every-day managerial situations. And
then again they gave avery astonishing answer: If they redly try to solve aproblem and they
fed that thisis important for themselves, these functiona and interadive managers - even in
their manageria situation - behave & they behave in ou tasks. They dedared very openly
that we had deteded their personal mental and problem-solving structure. But our questions
in the interview concerning their managerial behaviour were understood hy them in the same
way as the questions from upper management concerning their managerial behaviour are un-
derstood by them when they report: Thereisakind d a socia contrad in management, how
to be agood manager and therefore these subjeds have to look like good managers, bu in the
stress situation they behave as they are in agreement with their personality.

In the last part of the interviews we asked these subjeds how they felt in such a,,doulde per-
sondlity”. The answer was that, of course they sometimes fed forced to be dishonest. But af-
ter such along time of training and manageria life they are aguainted to this stuation. They
have leant that a top dovn problem-solving structure and a predse analysis of the (static)
structure of management categories and relations is the , better” way of doing the job. On the
contrary, they regard their own dfferent behaviour in ,,emergency situations’ as justified by
that situation and by their success But their report abou theoreticaly ,,good’ management
follows the social conv#ions.

3. Conclusions

Our analysis (see &so Cohas-Fresenbag, 1996, Cohas-Fresenbag & Schwank, 1996 of
the ideas of Hammer and Champy (1993 concerning the radicd change in business process
reengineaing led to the hypothesis that one explanation in the reported dfficulties to adopt
Hammer and Champy’s ideain the reengineaing processis that they demand the utility of a
functional mental model of businessprocesss. They demand a new point of view. The theory
and experimental testing of the theory of Schwank concerning individual differences in pre-
ferred cognitive structure has srown that there is a stable preferencefor either a predicative or
afunctional cognitive structure. If we @nsider the given situation and the intended changesin
managerial behaviour there ae the following difficulties: The personal preferences in mental



1C

modelling the business processes (predicaive versus functional) and the individual prefer-
ences for problem-solving strategies (conceptional versus squential) interad with the given
management culture and structure in the corporations. Hammer and Champy give an analysis
of the aulture in the North American corporations, which we would describe in ou theory as
a preference for a predicaive description conreded with a top dovn problem-solving strat-
egy. The reported dfficulties in changing the wrporate managerial culture can be explained
by the hypothesis that very often the managers personal mental models fit with the pradised
managerial culture, bu will not fit with a dhange @& demanded by Hammer and Champy.
Therefore these managers will only change the surface ad the vocabulary, bu they are un-
able to change their mind and their behaviour. The result is the low successof thase business
reengineaing projeds. Our case studies suggest that this is a suitable analysis but this hint
comes from the oppasite diredion: The functional managers we interviewed have survived in
a static bureaucraticd management culture up to now. Therefore they adopted the required
vocabulary and the behaviour which can be observed from the outside, bu of course they did
not redly change their own mental processes. The dhancefor businessreengineaing projeds
in the spirit of Hammer and Champy could be to deted functional managers who prefer a se-
quentia strategy andfirst all ow them to behave in the pulic of the crporation as they would
like to behave in the private amosphere of their own thinking processes. That means destroy-
ing the general preference which is given to structural analysis and top dovn organisational
procedures. It would give those functional and sequential managers the freedom to foll ow
their own persnal beliefs.
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