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1. Abstract

A conception of the relationship among competence, qualifications, and learning is pro-
posed as grounds for establishing a model of problem solving in complex, dynamic task
environments. The conditions for testing the model are discussed in terms of catastrophe
theory, which describes bifurcating systems that has not yet moved into chaos. The task
environment of INTOPIA, a computer simulation of an entrepeneurial task used in our in-
vestigations, is briefly described. On this background four issues are presented and dis-
cussed, leading up to a statement of conditions for testing the model. The issues are the
problem solving agent, the unit of description of a problem solving course, the interpreta-
tions of sequences of units, and the identification of sense making.

Keywords: problem solving, competence, qualifications, catastrophe theory, sense mak-
ing, simulation, dynamic problems.

2. Introduction

The am of the research program Smulation Studies of Competence and Qualifications (SIMCOM) is
to investigate the relationship between competence and qualifications, and to elucidate the devel-
opment of leadership, by investigations of problem solving in complex, dynamic environments.

In this article, we outline some issues in modeli ng problem solving activity by means of catas-
trophe theory, more particularly modeling adivity by a ausp-catastrophe. A cusp-caastrophe de-
scribes parameter dependent, bifurcation determined states of stabili ty and instabili ty, which uncder
spedfic condtions can move into the redm of chaos. Thus, models of ‘ caastrophes and ‘ chaos
belong to the same family: Bifurcation Theory (Abraham and Shaw 1983 Abraham and Shaw
1989. In order to understand chaotic behaviour, which is deterministic but unpredictable behavior,
it isnecessary to understand its preaondtions, viz. stable forms of bifurcation behaviour. The cond-
tionsfor testing a caastrophe model are presented in a number of steps. First, we state our basic on-
tologicd assumptions. On this foundation, a cnception d the mncepts and phenomena of compe-
tence and qudifications, andleaning is gated. Thirdly, our attempt to apply catastrophe theory is
described, emphasizing the relation between hypotheses abou control parameters and problem solv-
ing activities.

Fourthly, the task environment used is briefly described, and the types of data @lleded are pre-
sented. One of the datatypesis the problem solving agent’s flow of talk. As described below, the
problem solver is atean of two cooperating persons, and their verbal exchange during the problem
solving course is recorded. Issues arising out of this type of data, such as agency, unt of description
of problem solving course, interpretation o data, and sense making are discussd, leading upto an
anaysis of the condtions for testing the hypathesis of problem solving in complex, dynamic envi-
ronments being explained by a ausp-catastrophe.

3. Basic ontological assumptions

The first assuumption asserts that it isimpaossible to describe the performance of aliving organism
withou concurrently describing the objed that is sibjeded to the adivity of the organism.

The intentional subject and the subject matter constitute an ecological unity and have to be ana-
lyzed as such. Thus, the ontology is based onthe assumptionthat a spedfic natural stratum exists
within the objedive world, which can be described as a wntralateral unity constituted by atrans-
formation processand an information flow. The transformatiorn/information keeps the functionally
inseparable but analyticdly distinguishable parts of the unity together. This unity is different from
other objedive phenomena, because it can be understood as meaning, vide Figure 1.
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To understand the relation between the unity and the environment in which it is embedded, the
environment has to be regarded as a materially generated data flow, which the subject transforms
into information. Thus, subject matter is amaterial subjective construction, but a construction that is
causally generated by the objective environmental dataflow (Kugler and Turvey 1987; Rasmussen
1997). The subject generates forms of subject matter according to circumstances that are specified
by the flow of data. Subject matter is not, however, amental image; it is, so to speak, a material
phenomenon loaded with ideas.

Figure 1. The fundamental relationship between the intentional subject (si) and subject matter(Sm)
embedded in an environmental data flow.

Environment described as data flow

(Transiormation™y

S S

The contralateral unity may face incongruities between type of information and ways of trans-
formation. If there is no incongruity between the transformation process and the information flow,
the unity is stable. However, if an incongruity exists, the unity is unstable and the subject has to ne-
gotiate the incongruity. Thus, any unstabl e transformation/information dynamism has to be negoti-
ated, which means that the incongruity must be transformed into congruity. In other words, the unit
of meaning must change in order to ‘ survive'. The creation of congruity is partly areflexive activity
that takes place by means of concepts, which are categories loaded with ideas. Within the reflexive
process the unity is constrained by a conceptualization process, asisillustrated in Figure 2.

Figure 2. Embedding the (si/Sm) unity in the reflexive agent
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The subject/subject matter relationship is embedded in the anticipation/consideration relation-
ship, thereby meeting the fundamental assumption of the agent being reflexive. The concept of
agent includes the unity and a generating function (G). As‘generator’, the agent is able to create
stability by containing the unit of meaning within a set of constraints, where the agent as subject
creates meaning in the situation. This interplay between generating function and subject is equiva
lent to the reflexive exercising of competence and the enactment of qualifications: a sense making
process.
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If the agent is unable to make sense of the situation and by that transform incongruiti es, he or she
must ‘fle€ or ‘succumb’. However, if incongruity is siccesdully negotiated, subjed matter isr e-
structured.

4. A conception of the relationship between Competence, Qualifications
and Learning

The term competence — both in its sngular and dura form — nowadays, appeasto have replaced
terms like caacity, ability, aptitude, skill and qualification. This use of competence seems to con-
foundabasic distinction d people’s behavior, viz. setting of goals and ad ing in arder to achieve a
goal. Thedistinctionimpliesthat people ae ale to comprehend a situation and the possble prob-
lemsinherent init, and are cpable of figuring out ways and means to solve such problems.

To make thisdistinction clea, we suggest that competence and gualificaions, respectively,
shoud be used.

4.1. Competence
This basic concept we define a foll ows:

Competence: A subject’s aptitude for handling complex subjed matter and
by that establishing and changing the unit of meaning.

When a cetain dsorder arises in subjed matter, the subed attempts to establi sh a new order,
which — by the generator function—is expressed as dedsions abou what to do,in avery general
sense. To comprehend the process one must redize that the new order that the subjed creaesis not
identicd with ojediveredity, bu norethelessfundamentally dependent uponthisredity. The term
subject matter denotes a subjedive reality that is fundamentally dependent onan oljediveredity,
as presented in the following definition:

Subjed matter istheform in which an objedive reality is subjectively cast.

In ather words, an ohjedive materia reality emits a stream of data that becomes a stream of in-
formation when the agent acts within the objedive redity. The totality of data transformed by the
subjed into information constitutes subjed matter as being loaded with ideas, where

an idea isthe set of information which delimits one form of subject matter
from another.

As said abowe, the exercising of competence is constrained by the anticipatiorn/consideration
process which generates problem setting and decision. Problem setting entail s the notion that some-
thing might be different, and deasionindicates the establishment of a state that includes a number
of options regarding where and haw eff orts may be made to change the state.

Subjed matter can be complex and we define it as follows:

Subjeda matter iscomplex when it isnecessary to generate new categories
and a new order to make action possble.

An agent who experiences subjed matter as complex will , as generator, try to establish new
ideas and anew order to be &leto make caegory based dedsions. To be able to ad, the agent must
creae new ideas and a new order of the field. Thus, at atimety the order X exists; at timet; infor-
mation has beame so extensive that anew order Y hasto be establi shed. However, athough sub-
jed matter may be complex, it is not entirely disordered. There must always be known o recogniz-
able dements present that function as akind d bootstrap for the exercising of competence.

JensenRasmussen



4.2. Qualifications

If the agent as subject ‘survives he or she is considered to be capable of enacting qualifications.
Thistype of ‘survival’ is defined as the ability to reproduce the unit of meaning in ‘similar situa-
tions. In other words, the subject is capable of reproducing the unit of meaning in avariety of situa-
tions that form the basis of the original creation of meaning. A prerequisite for the enactment of
qualificationsis that they are developed through the exercising of competence. Thus, it is possible
to enact qualifications only when subject matter is no longer complex. When subject matter has
been apprehended by the necessary ideas, and a new order has been established, the agent can —via
the generating function — set goal-defined questions and choose among options. In other words,
complex subject matter is transformed — by competence — into complicated subject matter. The
meaning of thisterm is asfollows:

Subject matter iscomplicated when it is necessary to abstract and organize
available categoriesto make action possible.

The meaning of qualifications thenis asfollows:

The ability to handle complicated subject matter, and by that, adjusting the
unit of meaning.

Enactment of qualifications are constrained by the anticipation/consideration process, which
generates problem identification and a set of options from which a choice can be made. Problem
identification comprises a problem, which is a goal-defined question situated in complicated subject
matter. Thus, problem setting and problem identification are two components of problem solving
activity based on the exercising of competence and qualifications.

Although a subject creates a new order in acomplex field, thereby transforming it into a compli-
cated one, immediate action is not possible. Organizing categories of subject matter is necessary in
order to create goals and select among options. This processisrealized by a set of tools, which in-
cludesideas and procedures that constitute the basic material in a continual exercising of compe-
tence. The main point is that the exercising of competence develops qualifications, and the qualifi-
cations are embedded in the competence as ready-to-use components.

4.3. Learning
Given this conception, learning is now defined as follows:

The transformation of competence and qualifications that takes place by
problem setting and problem identification.

Competence, and thereby qualifications, may develop throughout life. Thus, competence varies
among people. The variability of competence is manifested by the degree of complexity people are
able to handle, manifesting itself in a set of decisions. Qualifications likewise vary, and the variabil-
ity is manifested by the degree and nature of knowledge and skills about tools, techniques, commu-
nication skills, and analytical procedures that can be employed.

5. Making a model of problem solving activity types

Our modeling attempt is directed by the assumption that the phenomenawe are interested in must
be understood in terms of ‘ complexity theory’. In this section we briefly describe the general ap-
proach of catastrophe theory and our specific attempt to apply it.
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5.1, The general approach

The goal of catastrophe theory isto describe the origin of forms, what Thom, the inventor of the
theory has described as ‘ morphogenesis’ (Thom 1972). The theory builds on topology, which is

“...involved because underlying forces in nature can be described by
smooth surfaces of equilibrium; ... when equilibrium breaks down
...catastrophes occur.” (Zeeman 1976).

Thetheory is based onan assumption abou structural stabili ty, appearing by ‘reaurrent identifi-
able dements’ (Woodcock and Davis 1978. Hence, it can be said the theory is concerned with
qualitative regularity or stabili ty, in our case: Human cognitive processes.

5.2. Outline of our specific attempt at application

In order to adequately structure aset of ideas, expressed in the sense making process which en-
compasss the reflexive exercising and devel opment of competence and qualification, the sense
making processis hypothesized to be mnstrained by the ‘ anticipatior/consideration process mani-
festing itself astwo control processes: tracking-control and goal-control. It is further hypothesized
that tradking-control and goal-control can be split i nto confli cting parameters. Trading-control is
split i nto two conflicting control parameters: efficacy and ruggedness. Efficacy is a measure of be-
ing the master of one’s own adion, whil e ruggednessis a measure of the obstaclesin the environ-
ment. Thus, tradking-control is the manifestation d the agent’s negotiating the route t owards the
goal. Findly, it is hypothesized that goal-control is constituted by two confli cting control parame-
ters: achievement and availability. Achievement is measured by the degreeof manifestation d pro-
gress while avail abili ty is measured by the manifestation d exploiting patential means of the envi-
ronment. Thus, goal-control is the degreeto which the agent is closing in on a solution (Bang and
Rasmussen 2000.

If the control parameters, achievement/avail abili ty and efficacy/ruggedness dointerad in a @n-
flicting and non-linea way, and if the interacting control parameters giveriseto relatively stable
forms of performance, between which sudden dscontinuities can oceur, it is possible to model the
conredion ketween control parameters and performance by means of a ctastrophe.

Dorner'sresults ( Dorner, D., H. W. Kreuzig, Reither, F., & Staudel, T. 1983), aswell as eyeball
inspection d our own data, lead usto foll ow Zeeman’s advice, which goes like this:

“...the deep classification theorem of catastrophe theory ... permits us to
enunciate the general principle that whenever we observe one of these
five qualities in nature {bimodality, inaccessibility, sudden jumps, hys-
teresis, divergence}, then we should look for the other four, and if we find
them then we should check whether or not the process can be modeled by
the cusp-catastrophe.” (Zeeman 1977),

or, alittl e lessdemanding:

“If any one of them {the qualities} is apparent in a process, the other four
should be looked for, and if more than one is found, then the process
should be considered a candidate for description as a cusp catastrophe.”
(Zeeman 1976).

We have informally observed bimodality, and the research literature reports a number of cases of
divergence (Dorner, Kreuzig et al. 1983 Dorner 1996).

Given that it is posgble to substantiate the daim that an agent does control the goal, trading
control will be the interesting parameter, and the relevant catastrophe is the so-cdl ed cusp-
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catastrophe (see Figure 8.). A few features characterize this catastrophe. Oneisthat behavior is bi-
modal over part of itsrange and characteristic jumps are observed from one mode of behavior to
another. Another feature isthat of hysteresis, which means that ajump from behavior A to B hap-
pens by values of parameters that are different from those of the jump from behavior B to A. A third
feature isthat of divergence, which means that a small perturbation ininitial state of a system may
lead to alarge difference in itsfinal state.

6. Experiment One

The task environment complying with the demands and implications of the previous sections must
be complex, dynamic and involve feedback. An extended discussion of such requirements has been
presented el sewhere (Jensen and Rasmussen 2001).

In this section we present a brief description of the task environment, the types of data collected,
and the types of datafor discussion.

6.1. The task environment

A task environment simulating entrepreneurial enterprise is presented to three teams of two persons.
The tasks comprise plant construction, production, product devel opment, and selling of goods
(computers and chips) on the world market consisting of three areas (US, EU and Brazil) each with
their own currency. The firm operates from headquarters situated in Liechtenstein (currency: Swiss
Franc). Manuals provide the conditions for operation, and further, some of these conditions are
changed during the course. The environment is an adapted version of the INTOPIA task (Thorelli,
Graves et a. 2000). The task runs over eight periods distributed over four full days work.

Data types comprise 1) recording of ongoing conversation between team members for every pe-
riod, 2) the choices made by the end of each period, 3) written statement(s) from each team about
the ‘concern policy’, 4) awri tten log book from each team, obtained at the end of each period,
about essentia problems, and ways of dealing with them, 5) the emails exchanged during the course
among teams and among teams and the ‘ administrator’.

6.2. Data analysis

The theory of the relationship of competence and qualifications points to three coherent areas of in-
terest: the subject’s aptitude for handling complex subject matter, the devel oping meaning, and the
resulting performance. Achievement is then assessed by the degree of coherence among problem
solving activity, sense made and final results for each team. In this article we want to discuss the
principles of the tool for analysis of ‘sense making', the PERTEX program (Helmersson 1992; Bier-
schenk 1993), and the tools for analysis of problem solving forms (‘ complexity tools').

7. lssues from Experiment One

In this section we present four issues, three of them concerning description and analysis of problem
solving activity, and one of them concerning description of sense making. The issues about problem
solving activity concern the agent of problem solving, the unit of description of the course of events
and the interpretation of sub-parts of the course of event.

7.1. The problem solving agent

In Figure 1. and 2. our conception of the reflexive agent is depicted. The agent of our present ex-
perimental setup is, however, not the person but the dyad of two persons, in the sense: two coordi-
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nated homologous systems, considered as one system. In other words: the agent of problem solving
activity is assumed to be the dyad. The assumption rests on an analogy to what Kugler and Turvey
arrive at in their study of motor coordination (Kugler and Turvey 1987). They analyze how the phe-
nomenon of two physical, soft wired systems can be coordinated by information from their common
environment and be considered as one system (cf. also the proverbial phenomenon of ‘the grandfa-
ther clocks)). By this analogy ‘the subject’ of Figure 2. is hencefo rward to be regarded as the two
persons of each of the teams of our experiment.

Assaid, thisis our assumption. It hasto be argued; we think it can be argued, but we are not pre-
pared to fulfil the requirement at this moment. It is accepted for the time being.

7.2. Unit of description of a problem solving course

The datatype involved in thisissueis the agent’s flow of talk. The anal ysis concerns the ways the
agent (i.e. the team) acts in the environment and the objectives of its thinking.

7.2.1. Partitioning a stream of talk into text blocks

The flow of talk is an expression of the (G(Si/ sm)) system (vide Fig. 2 above and corresponding
text). The flow of talk is transcribed and then partioned into text blocks comprising a particular
category of activity and one or more objectives of thought, according to rules described in the next
section.

7.2.2. Coding a text block

A text block is characterized by two variables, ‘activity’ and ‘ subject matter’. The first variable of

the coding is established on the basis of an elementary conception of ‘the idea course of problem

solving'.

Th(gJ ‘ideal course of problem solving' has been concelved as a sequence of activities, comprising

tracing - clarifying - adapting - structuring > analyz-
ing > nodeling > establishing choice alternative - judg-
ing > determ ning - eval uating,

the meaning of each term being specified by alexicon of terms for categorizing activities.

By ‘ideal’ is meant something analogous to econo mics' ‘rational human agent’, in other words
not something to be observed. Neverthel ess this fiction serves a purpose, viz. identifying the types
of activity in the verbal exchange, albeit not observed in the strict order that defines the ‘ideal’. *A c-
tivity’ refers to the materialization of the reflexive, constrained transformation/information process
that constitutes our basic unit of description and anaysis.

Most of the activities can be differentiated in subactivities, e.g. ‘adapting’ for which we distin-
guish among elucidate, calculate, verify, and adjust. Such subactivities will be useful when an
analysisin depth of qualificationsisto be made. In this presentation, however, we confine ourselves
to presenting our proposal for analysis at the activity level.

The second variable that determines the text block is that of ‘ subject matter’ manifested by ex-
pressions referring to which features of the environment are being dealt with, as‘data’ to be trans-
formed into information, at a given moment. One problem for discussion is how fine-grained one
chooses to register the verbal exchange, another one, commented on below, is the degree of content
connection among forms of subject matter.

7.23. Description of the flow of talk

The description of the agent’s flow of talk appears as a series of coded alternating activities and
forms of subject matter. Table 1. shows an example of three consecutive text blocks.
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Table 1. Example of coding of text blocks.

ser. - subject
o text block activity matter
pll. We must produce some plans for
1 what we actually want to sell clarifying product plan
pl2. Yes, that's what we haveto...
pll. We caina stake exclusively on production of
5 production and sale of chips. adapting chips
p12. No, urfortunately. sales of
chips
p11. Wemust find out whether we production of
3 shoud produceour own chipsor | establishing choice alter- | chips
buy them some place native purchase of
pl2. Yes. chips

The example shows that the verbal flow starts with the adivity ‘ clarifying’ and the subjed matt er
‘product plan’. In the next block adapting is exercised, whil e subjea matter shiftsto chip produc-
tionand chip sale. The entire verbal flow is coded like that. This coding is the basis for analysis of
forms of problem solving activity.

7.3. Interpreting sequences of text blocks

Acoording to the theory, the generator function G controls the states of the fundamental sub-
jed/subjed matter unity. Primarily, the generating function enables the unity to shift its date ather
by directing attentionto dfferent forms of subjed matter or by changing the forms of activity. As
stated abowve, different activities exist, e.g. tradng or adapting. The generating function can arbitrar-
ily adivate any of these forms of adivity, and drect attention to any avail able subjed matter. In do-
ing so, a mntinuows st of different statesis generated, constituting the world line of the generating
function/subjed/subjea matter system, that is, the trajedory of the system.

7.3.1. Patterns of activity/subject matter

Subsequences of text blocks form patterns acwrding to certain systemic aspeds of activity and sub-
jed matter.

7.3.1.1. Identification of problem solving activity types

If aparticular set of adivities agrees with a subpart of the ‘ided course of problem solving' —e.g.
tradng > adapting - structuring or structuring - modelli ng/analyzing - establi shing choice 4d-
ternative —the set is said to be coherent. If aparticular set of text blocksis constituted as one @her-
ent set of adivities, the activity order is determined as high. If a particular set of text blocks encom-
passes no coherent set of adivities, the adivity order is determined as low.

If subjea matter is clustered arounda spedfic topic, e.g. chip_production,
chip_production_cgpaaty, and chip_product, the set is said to be continuous with respect to content.
If aparticular set of text blocks forms a antinuaus %t of subjed matter, subjed matter commonal-
ity is determined as high. If aparticular set of text blocks holds no continucs st of subjed matter,
subject matter commonality is determined as low.
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Thisline of reasoning leads to a determination d types of problem solving adiviti es tentatively
denated as: digging-in, scanning, exploring, meandering and roaming.* The relationship among
these types with respect to the order and commonality isill ustrated in Figure 3.

Figure 3. The relation among types of problem solving activities.

Subject matter commonality
A

high digging-in

scanning

exploring

meandering

low roaming

» Activity order
low high

The determination d types of problem solving adivitiesis— it must be said again — tentative. How-
ever, what is being argued hereisthat the determination d types of problem solving adivities
shoud be made independently of the determination of control parameters, as these independent de-
terminations form the foundation for testing the hypothesis of modelli ng by the ausp-catastrophe.
The problem solving adivities will be part of the refledions ontesting the model, vide below.

7.3.1.2. Identification of control parameters
As dated abowve (vide section‘Making amodel..."), the generating function controls the exercising
of the system trgjedory by means of the tracking control parameters: efficacy and ruggedness. It is
hypathesized that the number of words devoted to producing a specific type of problem solving ac-
tivity indicates efficacy. If the number of wordsis large, efficacy is determined as high. The hy-
pothesisis based onthe assumption that if the sense of efficacy is high, the team will put agreaer
eff ort into the problem solving activity.

It is further hypothesized that the number of subject matter ‘controll ed’ within a speafic type of
problem solving activity indicaes ruggedness If the number of subject matter islarge, ruggedness
is determined aslow. The hypothesisis based onthe asumption that if the sense of ruggednessis
low the team will i nclude more subjed matter into the problem solving activity withou reflecting
too much onany of them.

! Dictionary meanings run as foll ows: digging-in: to work hard or laboriously with an overly restricted subset of the e-
vironment; scanning: to glance from point to pdnt of often hastily, casually, or in search of a particular item; exploring:
to travel over (new territory) for adventure or discovery; meandering: to follow awinding or intricate @urse; roaming:
to go from placeto placewithout purpose or diredion.
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7.4. Identification of sense making

In this section we provide some suggestions for analysis of the data type ‘ concern policy’ and ‘log
book’. Each team is required to make awritten statement of their overall policy in dealing with the
task, possibly revised during the course of events. They are likewise required to submit awritten
statement at the end of each period about their deliberationsin that period.

7.4.1. Sense making of different scopes

A crucia element of our theory of competence/qualifications is the conception of competence as the
aptitude for establishing and changing meaning (sense making). To make sense of asituation is
equivaent to making a mental model comprising significant aspects of the situation and the rela-
tions among these aspects. Situations may, of course, be of different scope, comprising more or less
aspects and relations.

But sense making may also take place on different levels of generality. Transposed to our con-
text of INTOPIA, the agent is required to make sense of the whole enterprise, how to manage eight
periods of decision making, as well as the particular period, and even of subparts of a particular pe-
riod. The issue then concerns how to find the meaning, or sense, that the agent establishes for a par-
ticular situation of a particular level of generality.

In this presentation, we want to discuss how meaning of the whole enterprise appears, asit is
conveyed by the agent’s written statements of concern policy and log book. Our tool for thisen-
deavour is the computer program pertex, a program for analyzing text (Helmersson 1992; Bier-
schenk 1993).

74.2. Some assumptions of language
A fundamental assumption isthat the trgjectory of the (G(Si/ Sm)) system is mapped by the linguistic
processes.

By claiming that the trgjectory of the (G(S; / sm)) system is mapped by natural language, it issi-
multaneously claimed that the result of these processes, the control of the (G(s; / sm)) system, and
the result of the production of natural language, the text, are isomorphic. According to Bierschenck,
text production isintentional and oriented, which means that any text production is governed by a
functional mechanism that encompasses an intention function int(a), afunctional constant (a), and
an orientation function ort(0): ((int(a)) a (ort(0))). Thus, the mapping relation exists between (Aao)
and (s / Sm), and between Aa(aao)) and (G(Si / Sm)).

7.4.3. Principles of PERTEX
In technical terms a string of graphemes encompasses patterns in the form of grammatically deter-
mined clauses. (Aa0) - that is an agent (A) an activity (@) and an objective (0) that are put together
into sentences: (Aa(Aa0)). A set of clauses and sentences constitutes atext string. A text string un-
folds in time and has a specific start and ending.
The simplest form of atext string isasingle clause that follows the (Aa0) schema. An example
from a protocol is the following:

the other company produces third generation PCs in EU with second generation
chips for the sake of competitive advantages,

which isformalized as follows:
(A) the other company

(&) produces
(o¥) third generation PCs
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(Og) INEU
(Om) with second generation chips
(Og) for the sake of a competitive advantage

When an agent produces a text string, the string is organized by means of a verb, into an agent-
objective connection, Aao, the’ A’ signifying the agent, the 'a’ the acting, and the’ 0’ the object. o
may encompass four parts, the focus, the embedment, the means, and the goal.? Thus, the objective
is organized by means of prepositionsinto four different forms: the focus (0f), the embedment (Og),
the means (o) and the goal objective (Og).

Thus, any clause can —in terms of PTA — be written as AaO em ). The O-index should be con-
ceived as an index with four slots, one of which must be filled and the others might be filled.

When atext string is built up, a concept that appears as afocus at one place in atext can appear
asameansor agoa at another place. Furthermore, agent concepts can become concepts of objec-
tive. It is not in any way determined which concept takes which position in the functional AaO ¢ m,q)
clause. The only determinants of the clause are the verb that organizes agents and objectives, prepo-
sitions that determine the focus, embedment, means and goal positions, the sentence markers (*.’,
‘7, ‘I")that dete rmine the length of a sentence, and the clause markers (*,’, ‘', *;’, ‘and’, ‘that’ etc.)
that determine the length of a clause.

Given adictionary that lists verbs and forms of inflection, prepositions, sentence and clause
markers, it is possible by way of the PERTEX program to transform any text into functional
A80(f,em,g) Clauses.

Sometimes the functional clauses are ‘well-formed’ textual clauses as described in the above
noted example, but, more often, thisis not the case. Although, for example, an objective obviously
has no immediate agent, asin ‘keep off the grass, the agent till existsin the mind of the text pro-
ducer. Because the ((int(A)) a (ort(0))) schema governs text building every objective without an
agent is bound to one in the preceding text, while any agent without an objective is bound to onein
the succeeding text. Within the text string, the same agent can bind more objectives lying ahead in
the text, and, complementarily, the objectives are bound recursively to an agent until a state has
been reached at which every agent islinked to an objective and every objective is linked to an
agent.

By means of the synthetic part of PERTEX, it is possible to describe the content of sense the team
makes of the situation, which means that we have an expression of competence.

However, making sense of a situation does not imply a specific form of problem solving activity.
What characterizes a specific form of problem solving activity is the trgjectory of the (G(Si/Sm)) sys-
tem, which is the specific succession of forms of activity and subject matter.

7.44. Example of a sense made
In this section we offer an example of the gist of a PERTEX-analysis.

A particular text is subjected to a coding, which splits the text into objectives, focus (o), em-
bedment (Og), Means (Onmn) and goal objectives (0g). These objectives are then subjected to a cluster
analysis.

F)i/nal ly, the cluster analysisis organized into atopological web that forms the basis for the inter-
pretation of the result of analysis.

2 Certain terminological changes relative to Bierschenk’s terminology (and possibly conception) have been made for
our purposes.
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7.44.1. Description of the organized clusters of a text
An excerpt from a statement of concern policy might look likethis:

Again, we... we are not that preoccupied with novelties; that is, we sfill want... that
is, we want to stake on the American market and produce a modern, new, com-
bined as high tech concept... technologically placed on the... stake on the Ametri-
can market, produce a small but economical one, staking on the latest computers,
especially low end, and then we fransfer the sale of the rest of the computers; well,
we have our infroduction in US, and then we move them to the European market.
Yes, and then goes on.

In order to comprehend the content of the structures, the first step isto describe the clusters.
When describing the clusters, the objectives included in each cluster are systematized at alevel of
generalization that unifies the objectives of the cluster.

For example, the first cluster of the focus structure encompasses the following objectives:

not so preoccupied

again we we

we

still this again we we

again, we on the American market
a modern hew combined

and the description arrived at is:
not preoccupied with novelties on the US-market.

The description picks up the most significant concepts of the cluster ‘ preoccupied’ and ‘on the
us-market’ and transforms the statement ‘a modern new combined’ into ‘novelties. Whilethed e-
scription cannot be considered the result of arigorous procedure, it is nevertheless sufficiently con-
strained to be intersubjectively reliable to a satisfactory degree.

The next step in describing is the merging of clustersinto a set of synthetic states, which consti-
tutes the nodes of the topological web. For example, the first cluster, ‘ not preoccupied with novel-
ties, istransformed by the second cluster, ‘ sales introduction and transference’, into the sy nthetic
State

i ntroduction into, and transference fromthe US-narket of
standard products.

The argument for the merging of statesisthis: If something has to be introduced for sale and
transferred, it hasto be a product, at least in this game. If they are ‘ not preoccupied with novelties
on the US-marked’, they must be ‘ preoccupied’ with sta ndard products, and thereforeit is their
standard products that have to be introduced into the American market and transferred to other mar-
kets.

The entire focus structure of the excerpt is depicted in Figure 6.
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Figure 6. Focus structure

not preoccupied with
novelties on the
US-market
introduction into and
salesintroduction transference from the
and transference US- market of
standard products
careful introduction into
small and and transference from the
economical US-market of known
products

A corresponding picture of the embedment structure of the excerpt is shown in Figure 7.

Figure 7. Embedment structure

novelties on the

US-market
high tech on the modern technology
US-market on the US-market

newest PC’s and
low end inUS

newest PC's and
on the EU-market low end in US

and EU

product
diversification

7.44.2. The sense of the text
Essentially then, the sense of the text is expressed in the focus

‘Careful introdu ction into and transference from the US -
market of known products’

embedded in a conception of
‘product diversification’.

7.5. Testing the model: control parameters and types of problem solving activity

Our specific hypotheses may now be expounded by means of Figure 8. If ruggedness and efficacy
vary over the c-surface, which is the set of paired values of the control parameters, the forms of
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problem solving activity will be mapped as shown on the m-surface. On this surface, the fold curve
(marked grayish) depicts an inaccessible area, signifying that two different forms of problem solv-
ing activity cannot exist simultaneously. Each point on the m -surface, except the area of the fold
curve, represents a stable state, aform of problem solving activity, corresponding to a particular set
of values of control parameters; jJumps appear when stability breaks down by the edge of the cusp,
corresponding to particular pairs of values of the control parameters. In other words, breakdowns
occur when the values of the control parameters reach the edge of the area of instability, as shown
on the c-surface by the cusp, which is the projection of the m-surface fold.

Figure 8. The relationship between ruggedness, efficacy and problem solving activity modeled
as a cusp-catastrophe.

Exploring

.. Meandering

“. M-surface Roaming

Scanning

Jump to roaming

Digging-in

Instability

C-surface
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The m-surface shows that a continuous change in the relation between the control parameters
ruggedness and efficacy may result in a continuous change of the problem solving course, from
digging-in over scanning to exploring, and hence over meandering to roaming. Further, the dotted
line running alongside the edge of the fold curve indicates that starting from exploring, a minor dif-
ference in the relationship between ruggedness and efficacy may result in quite different forms of
problem solving activity, viz. either scanning or meandering (the divergence feature of a catastro-
phe).

Correspondingly, the model shows that under certain relations between efficacy and ruggedness
— for example when a agent manifests digging-in —aminor change may result in an abrupt jump to
roaming: Tracing line D-P in the c-surface, indicating that efficacy and ruggedness concurrently
change from high/high (digging-in) towards low/low (roaming), shows that it cuts the projection at
point p. Correspondingly, in the M-surface the line starting at D’ cuts the * catastrophic’ edge at point
P": the problem sol ving form jumps from digging-in to roaming.

Thus, the model shows that the relation between efficacy and ruggedness may move so far to-
wards low/low that roaming should be expected earlier in the course; but because the agent may
seem fixated, so to speak, in digging-in, the prevailing form of problem solving activity remains un-
til still aminor change resultsin ajump. If alinear relation prevailed, a continuous change should
be seen, but because of non-linearity, the change will appear as a jump. The change may occur as a
jump from digging-in to roaming, or ajump from scanning to meandering, by tracing asimilar line,
and vice versa (the hysteresis feature of a catastrophe).

The model shows finally that the same fundamental control parameters with small quantitative
variations are able to generate quite different forms of performance.

As said above, testing of the model implies observation of certain specific relations between sets
of 'values' of control parameters and types of pro blem solving activity. For such observations to be
instances of answersto a genuinely empirical question, the ‘values of control p arameters and the
types of problem solving activity must be specified independently of each other. This having been
done, the question of relation can be answered from two angles. 1) based on an identification of
problem solving activities, the question concerns the value of the control parameters. 2) for a
particular subset of values of the parameters, will the corresponding subsequence of activities
display a pattern of types?

If successful, the model of problem solving performance will demonstrate that by means of ca-
tastrophe theory, and the concept of sense making, it is possible to move from categorizing per-
formance to modeling performance.

8. Summary

The project Simulation studies of competence and qualifications investigates the relationship be-
tween competence and qualifications by studying complex, dynamic problem solving. A task envi-
ronment simulating construction, production, product development, and selling of goods (computers
and chips) on the world market are to be managed by teams of two persons.

A conception of competence, qualifications, and learning is presented, and the conditions for in-
terpretation of the concepts by catastrophe theory are stated.

Four issues concerning the data obtained by the verbal exchange between team members are dis-
cussed, and the hypothesis that variations of problem solving forms and values of control parame-
ters can be explained by a cusp-catastrophe is examined. The discussion displays that the main
problem in our modeling attempt is how to operationalize the control parameters and the problem
solving forms. This problem will be pursued in further analyses.
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