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Abstract

Complex problems represent a serious challenge in planning. Planners must make use of incomplete and
potentially contradictory information to reach diverse, at times conflicting goals. Nobody can apprehend all
of the different variables involved at a glance. Nor is it possible to predict with certainty how they are likely
to change in the future. The mental models (i.e. representations of our environment) with which planners
operate are therefore prone to errors that inhere in the very process of cognition itself, which only
compounds the difficulty that planners face when dealing with complexity. Drawing on foundational insights
from planning theory and practice, as well as from cognitive psychology and the interdisciplinary field of
complexity theory, this paper seeks to develop and define some key cognitive skills designed to make dealing

with complex planning problems easier.

Planning in a complex world with an unpredictable future forces us to confront the li mits of our ability to
control socio-spatial sy stems. Yet we still make plans, not with the mistaken hope to fully determine the
future, but r ather with the intention to influenc e the development of com plex socio-spatial sy stems,
remaining attentive to their evolution over time. That said, how can we ensure that our m odest ambitions are

grounded in substantive knowledge about the planning situation at hand?

In order to comprehend a situation an d to com e up w ith proposals for how to act, planners use so-ca lled
‘mental m odels’. Being mental representations of our envir onment and the range of options availabl e to
change it, mental models consist of concepts (or terms, such as ‘city’ or ‘traffic’) that are connected by way
of relations to form pro positions. T hey depict our understandi ng of a gi ven sy stem’s various causal

relationships, which determine a plann ing situation. Ifa system is to be m odified by the i ntervention of
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planners, then mental models are used to predict  the behaviou r of the sy stem and to suggest possible
procedures (see, for example, Ey senck and Keane 1998; Gentner and Stevens 1983; John son-Laird 19 83;

Reason 1994).

It stands to reason that the m  ore well founded o ur mental models (that is to say o ur concepts and

propositions) are, the more secure the knowledge that underlies our plans will be. It is with this goal in mind
that this paper outlines some key  co gnitive skills on which planners can re ly to help the m generate t he
substantive and coherent knowledge (couched in mental models) required to design plans and make strategic

recommendations in the face of complexity.

The cognitive skills in this paper ha ve been developed for planners who work on tasks such as co  mplex,
strategic pro blems in the field of planning , especia lly in spatial planning. As  a general rule, co mplex
problems can be characterized as follows: 1) they consist of may parts that are ii) mutually imbricated and iii)
co-dynamic ( which is to say they are interconnected and are able to change absent any  influences fr om
outside the system itself), as well as being iv) both nov el and obscure from the planner’s perspective, and v)
characterized by a plurality  of pos sible goals and courses of action (see, for ex ample, Doer ner

1989/2009,58f; von der Weth 2001,10ff).

Empirical findings from cogniti ve ps ychology show that planning, just like any other cognitive task, is

infused with a whole range of unconscious, innate cogn itive tendencies (i.e., f allacies or biases), especially
when dealing with com plexity. For exa mple, we tend to assign a single cause to am  ultiplicity of effects
rather than looking for a complex network of causal relations. Or, we tend to assu me that current trends will
extend into the future in a m ore or less linear fashion without proof this is i ndeed the case. These and other
cognitive traps are mirrored in the err ors we make when planning (see, for example, Doerner 1989/2009;
Reason 1994; Schoenwandt 2008 and 1986; Strohschneider and von der Weth 20 02; von der Weth 20 01).
The cogniti ve skills that are discussed below are in tended to counteractt he negative effects of these

cognitive traps.

This paper will focus on the pr ocess by which new knowledge is acquir ed about a ¢ omplex planning
problem: how we go about constructing and transforming mental models for planning purposes. As such, the

scope of this paper excludes decision-making proc esses as well as many of the overtly communicative

157



24th AESOP Annual Conference, Finland, 7 — 10 July 2010
Track 4: PLANNING AND COMPLEXITY

aspects of planning (Who s hould be included? How is the process of communication to be organized? How
is it to be moderated? According to what rules are decisions to be reached? What role do the power dynamics
of the various participants play?, etc.). However, this should not be taken to imply that we view these aspects

of the planning process and the skills they require to be of only of minor importance.

3-Phase Model (after Lewin)

People exhibit a general tendenc y to employ cognitive strategies that make it difficult to deal with complex
situations. The question thus natura lly arises: what kinds of ke y cogn itive skills do planners require to

reliably construct adequate mental models of their environment and predict the effect of their own actions in
that environment as precisely as possi ble? For one thing, it is clear that when faced with novel, com plex
challenges planners must be willing to abandon or in the very least modify well worn thought patterns a nd
routine procedures. Established mental m odels must be subject to change if ne w epistemic structures are to

be generated and appropriate planning processes established.

The early 20™ century psychologist Kurt Lewin ident ified stages of change that are still the basis of many
approaches today (see, for exam ple, Lewin 1953/1975). Inspired by Lewin’s approach, we distinguish three

phases in the evolution of mental models:

1. Unfreezing

It is alway s the case that people only alter their m ental models when they are perplexed either by some new
and obscure phenomenon or by information that is inconsistent with a previous theory or expectation. This is
certainly true in the case o f complex planning probl ems. However, obscure phenomena or inform ation that
challenges our preconceptions do not suffice to force a ch ange in mental models, as they can be ignored or
dismissed as irrelevant. Moreover, when a plan m eets with undesired results, these can be  blamed on the

mistakes of other people, on fate, or simply denie d really to have taken pl ace. Although it may appear
irrational, this kind of behaviour is widespread and ¢ ommon, perhaps because people prefer it to a leap into

the unknown or the loss of self-confidence that comes with admitting a mistake or a gap in our understanding
(see also Doerner 1989/2009). However, if we ignore ne w information we onl y maintain worn out r outines
and oversimplif'y com plex situations i n way s that tend to be unreliable. To allow for the possibilit y of
genuine change, which is essential to be able to cope with com plex problem s, we must face obscure

phenomena and perplexin g information head on, realizi ng that by refusing to alter our think ing we make it
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impossible to solve m any problems or reach goals we have set (see Schein 2010). For this reason, we must
be willing to ‘unfreeze’ cherished assum ptions or ri sk being unable to deal adequately with novel complex

problems.

2. Change (Transition)

Once we have ‘unfrozen’ our cherished assumptions and are motivated to change, it beco mes possible to re-
define and rework old m ental models. This process usually begins by broadening our cognitive horizon and
opening ourselves up to take in new information. For example, we might consider if an established concept
can be interpreted much more broadly than we had previousl y thought; or, we might find that the set of

presuppositions we use when m aking judgements and draw ing comparisons are not appr opriate or helpful,
and that if we adopt different presuppositions the sc ope of our judgements an d the nature of our planni ng

will shift (see Schein 2010).

3. Refreezing

The aim and purp ose of broadening our horizon to take in new information is that doing so allows us to
modify existing mental models or build up new ones. These aim to represent the many, mutually imbricated
elements of our environm ent in a way that is both relatively simple but essentia lly accurate, thus making it
possible to take the relevant variables of a planning process into account. Once we are truly satisfied this task
has been accomplished, we can, so to speak, ‘refreeze’ our new mental models and gain a new perspective on

our environment.

Lewins’ 3-Phase Model and the Key Cognitive Skills in Planning

Each of Lewins’ three phases of change roughly correspond to one of the basic steps in planning. As a rule,
they generally cannot be co mpletely divorced from one anoth er, and we tend to ¢ ycle throug h th em
repeatedly as we engage in com plex cognitive processes such as planners often face. De spite the fact that
each step in the process cannot be neatly separated out from the r est, Lewins’ schema nonetheless provides
the underlying structure for what we have termed key cognitive skills in planning. In what follows we will
outline a rough sketch of these skills (see also fig. 1). The rest of the paper will then provide a more detailed

and precise elaboration of each in turn.
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Figure 1: The 3-Phase Model (after Lewin), Key Cognitive Skills and som e Basic Steps in Planning (by the

authors)
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Step 1 (in fig. 1)

Planners face a complex set of initial conditions when solving a problem. If they recognize that the situation
is novel, opaque, and generally complex, they depart from the basic assu mption that they should initiate an
appropriate and open-ended planning process. In contrast, if they do not recognize the com plexity of the
problem, or if they wisht o maintain an erroneous sense of mastery over it, they will rely on well worn
thought patters: instead of an active, critical mental representation, they will call upon procedures, methods,
and instruments that have been proven to work for routine assignments in the past but that do not necessarily
fit the specific problem at hand. The abilit  y to ques tion established patterns of thought and actions, to
abandon old mental models and recognize novel situati ons for what they are corresponds to the Lewin’s
‘unfreezing’ phase. In the context of planning, we can describe this skill as Critical thinking because doing

so necessitates a capacity for self-reflection (on which more below).

Step 2 (in fig. 1)

Once the complexity of the planning situation and the limited utility of existing mental models (or patterns of
thought) have been recognized, planne rs must acquire new knowledge that will allow them to m odify their
old models. The ability to generate new knowledge—e.g., to recognize ne w connections between elem ents
(or variables) of a s ystem—corresponds to Lewin’ s ‘change’ phase. In what follows, we will describe this

skill as Cognitive flexibility in accommodating mental models (on which more below).

Step 3 (in fig. 1)

Based on the knowledge acquired in step 2, new m ental models (i.e., simplified representations of situation
designed to guide our actions) can be g enerated. The ability to integrate new information and construct new
representations corresponds to Lewin’s ‘refreezing’ phase and constitutes our third key cognitive skill, which

we can designate as Constructing mental models (on which more below).

It is 1 mportant to recogni ze that the each phase of planning process need not necessarily follow one fro m

another precisely; rather, planners tend to cycle through all of the phases in an iterative fashion.
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Steps 4-7 (in fig. 1)

The usefulness and adequacy of new mental models must continuously be tested anew (step 4, a renewed
‘unfreeze’ phase, which again requires the cognitive skill of critical thinking). Should the new mental model
prove inadequate to the task at hand, we proceed again to step 2. Otherwise, a range of possible measures are
developed based on the mental model in question, each of which seeks to eliminate the problem or achieve a
predetermined goal. As a rule, planners will propo  se a variety of possible measures and co mpare their
predicted outcomes (step 5, a renewed ‘cha nge’ phase, which draws on the key skill of cognitive flexibility).
Finally, the planner then s elects the measures he judges to be the most appropriate. As a mental plan, these
will then constitute the proposed real plan or, m  ore generally, recommended ac tion (step 6, a renewed
‘refreezing’ phase, which requires constructing mental models (respectively constructing mental plans to
guide our actions). Should the mental plan be judged insufficient for tackling the problem at hand the planner

will return once again to step 5.

Key Cognitive Skills for Dealing with Complex Planning Problems

In what follows, w e decompose the still somewhat vague notions of critical thinking, cognitive flexibility,
and constructing mental models into their constituent elements, thus defining the ke y cogniti ve skills
required in p lanning more precisely . By invoking series of real-world exam ples we can d emonstrate how
these key skills are operati onalized to be of use in co ncrete planning tasks. In addition, examples show how
the key skills contribute to a planner’s ability to deal with the aforementioned features of complex problems
as well as the cognitive traps into which we so often fall when attempting to solve a complex problem. Table

1 provides an overview of the key cognitive skills (see below).

1. Critical thinking (the capacity for self-reflection)

The key skill of Critical thinking can be decomposed into three sub-components:

Subcomponent 1a): Reflecting on Information

By Reflecting on information we mean the skill of taking statements about what a plan entails and critically
questioning their underl ying assum ptions as well as their empirical validity. This requires recognizing the
fact that seemingly ‘objective’ or ‘fac tual’ statements and/or as sumptions are never true in themselves and

only have meaning relative to the conte xt in which th ey are expressed. For exam ple, we might question the
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validity or applicability of forecasts abo ut a problem. At the same time, it is i mportant to cultivate a critical
approach not only in relation to extern ally generated information but also in relation to statements we have
generated ourselves. For exam ple, planners are well advised to question their own basic assumptions about,
e.g., the causal connections that obtain in a com plex system or w hat the likely outcom es of their proposed
measures will be. Among other things, doing so requires confronting the negative downstream or side effects
of any measures we may propose. Thus Maurer (2005, 761) adm onishes us that ... opinions about causal

mechanisms should not be taken as truths.”

Strengthening this key skill can help alleviate the i mpact of a cognitive trap that planners typically face, the
so called ‘Affirm ative behaviour’. This is a trap into which planners fall when they refuse to acknowledge
information that is not consistent with their own expectations (see also Ba zerman and Watkins 2004;

Schoenwandt 2008 and 1986).

Subcomponent 1b): Reflecting on methods

By Reflecting on methods we mean the skill of al ways reflecting on and questioning the adequacy of the
methods and procedures we use: are the  methods, th eories and approaches we apply ap propriate for the

problem at hand or would it be better to choose another, different set of procedures and methods?

This key skill is applicable to another cognitive trap into which planners commonly fall, which is perhaps
best described as the excessive allegiance to a particular methodology (see, for example, Doerner 2008). This
happens when planners apply some method uncritically because it has proven itself to work well in the past

but which need not be adequate to the new, complex problem at hand.

Subcomponent 1c): Reflecting on one’s own point of view

Paradigmatic patterns of t hought (see, for example Kuhn 1962/1981 and Bunge 1996) ori nitial planning
approaches that underlie the basic foundation of all pla nning play an important role in the planning pr ocess.
Initial planning approaches include every thing from how we frame a problem and how we articulat e our
goals to the methods and background knowledge we bring to each new task . Each of these four com ponents
influence and interact with one anotherto determine a planner’s basic approach. The y are like a pair  of
glasses in that they determine how a planner will see a problem, which has direct i mplications for the kinds
of solutions he is likely to propose. For this reason, the way in which we initiall y approach a problem is not
dictated by the nature of things ‘in themselves’. Rather, there are alway s a variety of rem arkably different

approaches from which a planner could, in theory, choose (see also Schoenwandt and Voigt 2005).
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By Reflecting on one’s own point of view we thus mean the cap acity to critically examine our own basic
assumptions and ethical values, questioning their adequacy to the problem at hand and asking if the y do not
unduly restrict range of possible solutions available to us. As such, this ke y cognitive skill pr esupposes that
we recognize the situatedness of our o wn knowledge, understanding that our basic assumptions are al ways
provisional and up for discussion. For exa mple, our va lues play a role in planning because they form a
standard against which a given situation can be judged deficient in so me respect. Hence, it is only relative to
our values that some aspect of a situation can be tre ated as a problem in need of a solution to begin with. In
fact, one or more people involved in the planning process tend to regard at | east some aspects of the same
situation as  positive bec ause they ar e working with their own, different set of values and ethical
commitments. Self-reflective planners must therefore be capable of acknowledging andr  ecognizing t he
positive aspects of a given situation even though the y may have deemed it to be pr oblematic in some othe r
respects. As such, they can acco mmodate infor mation even though it may conflict with their own view

which requires being able to question their basic assumptions.

All of the three sub-components discussed above primarily emphasize the ability to acknowledge the relative,

situated nature of information, points of view, methods, and ways of proceeding.

The ability to generate and ascertain new, alternative inform ation, m ethods, or way s of proceeding all

belong to the key skill of Cognitive flexibility.

2. Cognitive flexibility in accommodating mental models

The key skill of Cognitive flexibility can be decomposed into four sub-components.

Subcomponent 2a): Flexibility in exploring relations

By Flexibility in exploring relations we mean the skill of being able to think through relational chains or
networks in order to recognize the causal, temporal, or spatial relations that may obtain between a number of
individual variables of complex sy stems ( for a sampling of different kinds of relations, see Schoenwandt
2008,77f). This is important because planners, for example, must ascertain causes of a given problem before

they can generate reliable measure s to solve it effectively . Doing so allows planners to generate new
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knowledge about some problematic situation. Other avenues to achieve this latter goal include various aids to

creative thinking, such as brainstorming, etc.

Planners who can think cr eatively and flexibly in this way are less liable to fal 1 into the so- called cognitive
trap of ‘Reductionism’, in which a variety of effects are all thought to follow from a very few causes (see, for
example, Doerner 2008, Schoenwandt 2008 and 1986). (Note that reductive, m onocausal hypotheses need

not always be erroneous, but they are almost always incomplete and therefore misleading.)

Subcomponent 2b): Varying levels of abstraction

By Varying levels of abstraction we mean the ability to regulate how fine-grained the information we take in,
work with, or use to generate, e.g., new measures to solve some problem, is. We thus vary or ‘calibrate’ the
scope of our concepts (general or spe  cific concep ts, i.e., indivi dual features) as well as  the background
knowledge t hey presuppose dependin g on the pr oblem at han d. (B y which we do not  mean an actual
calibration, but rather just the ability to work with variables at diverse le vels of abstraction.) For exam ple,
suppose an infrastructure planner survey s a region to determ ine whether it contains en ough schools to
guarantee a given level of education. In this context, the planner can s afely assume that ‘1 earning’ is the
primary educational mechanism of schools. However, if a plan ner has been co mmissioned to build an
individual school, he will want to distinguish between various ways in which learning can take place, e.g.,
lectures, individual projects, group work, etc. This  is im portant because eac h distinct kind of learning
requires different dem ands to be placed upon the space of the school. Alternativel y, a psychologist who
investigates the various degrees of ret ention that ¢ an be achieved different kinds of learning will want to
distinguish between different forms of learning in ~ an even m ore detailed way . He m ay, for exam ple,
distinguish ¢ lassical conditioning, ope rant conditioning, visual learning, linguistic lear  ning, concept
formation, problem solving, etc. That s aid, it is im portant to recognize that f rom the poin t of view of an
infrastructure planner who wants to assess how many schools to build in some region, the resolution of t he
psychologists different concepts of learning is too fine grained to be of any use in his work (see Bredenka mp

and Bredenkamp 1974,610; Schoenwandt 2008,85).

Subcomponent 2¢): Flexibility with regard to diverse points of view

By Flexibility with regard to diverse points of view we mean the ability to provisionall y adopt a variety of
different viewpoints and values to see what kinds of actions each would dictate in the planning process. This
kind of flexi bility ensures planners avo id tunnel vision, and it helps them to in tegrate new perspectives as

well as to explore new, p reviously hidden areas of the solution space. In addition, by including different
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approaches and poi nts of view in the planning process, we are better able to understand, m oderate, and
account for the ideas and actions of stakeholders who will be effected by the plan. This, in turn, increases the

likelihood that the final plan is widely accepted and seen to be legitimate.

Subcomponent 2d): Variable executions of methods and procedures

By Variable executions of methods and procedures we mean flexibility in our behaviour as planners. Maurer
(2005, 763) has written, “It will not do to count on the false sense of security provided by familiar forms,
methods, or even narrow ideologies.” Variable executions of planning procedures might include not forcing
ourselves to work out each individual —phase of a planning process—define a problem, e laborate a goal,

predict the outcome of an action, etc.—in a strictly ordered way. Rather, we might cycle through each phase
of the process several times in an iterative fashion. Flexibility of this kind is especially important if new and
relevant information continuall y comes to light in the middle of a planning process. A willingness to vary
our planning methods and the sequen tial ordering of planning steps is al so necessary because people have a
limited capacity to process information and thus never really have complete oversight of a complex system’s
many relevant features (see, for exam ple, Fodor 1979). As a rule, it is onl y by actually working through the
planning process that people acquire t he necessary know ledge and understanding required to execute th e

parts of the plannig process successfully.

3. Constructing Mental Models to Guide our Actions (Mental Plan Construction)

The key skill of Constructing mental models can be decomposed into three sub-components.

Subcomponent 3a): Systemic thinking

Planners need to think systemically, that is, they need to integrate the relevant features of a complex situation
in their mental models and then decide on a course of actions that takes into account the context of that

situation (e.g., the lo ng-term effect of their actions). In order t o produce genuine understanding, a m ental
model must abstract away from and thus simplify the complexity of the system it represents. However, if the
model is to guide our actions effectively, it must also capture all the essential features of that system, such as,
for example, the causal co nnections that obtain t herein. As Maurer (2005, 762) wrote: “Rep resentations of
reality shoul d buil d bri dges between abstractions, which are required for  strategic contem plation, and
concrete actions.” Since com plex planning problems usually con tain a large num ber of diverse elemen ts,

each of which must be taken into account, planners should have the capacity to incorporate as many different
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relevant variables into their mental models as possible. For example, these may include downstream and side
effects of their actions, fin ancial and technical aspects of planning, or, whether other peo ple involved in the
planning process are likely to accept a planner’ s recommendations. (Of course, it is only in the context of a

concrete planning assignment that we can say which variables are relevant and must be taken into account.)

Subcomponent 3b): Rigorous thinking

The subcomponent Rigorous thinking subsumes both the ability to use form al logic and the more general
capacity for thinking through a problem systematically, such as, for exam ple, when we are in a positioni n
which we must relate the different sta ges of a plan ning process to one another, or when we infer which
measures are likely to solve a problem from its root causes. This is especially true in spatial planning, which
tends to present a long temporal horizon because the effects of our planning measures can only be evaluated
far down the line (‘A Breakdown of Control’, see Doerner 2008). Given the complexity of so many planning
tasks, Maurer (2005,7 60) wrote, “Ign orance and risks are unavoidable. We  must deal with credible

information in a consequential way . We can do so u sing the logic of decision making and the mathematical

theory of estimation as a foundation.”

Subcomponent 3c): Flexibility of mental plans

An important skill in planning and problem solving is the ability to build m ental plans that can handle th e
dynamic evolution of com plex sy stems, which cannot be accurately predicted in advance. Planners must
design flexible models that can react to unexpected events or previously unrecognized features of a com plex
system. As such, planners must be able to fashion their plans in a w ay that makes it pos sible to modify,
adapt, or overhaul the m entirely. This can be ac complished in a nu mber of way s, such as by building
resource reserves (e.g., space, money, time, personnel, et c.) into the plans, by developing alternative plans
early, or by planning measures that can be altered or even aban doned should the situation change at so me
point future (see, for example, Grapengiesser 2009). In general, it is important to react to changes in a system
and do justice to the shifting requirem ents that placed upon it. An exa mple of such shifting require ments is
the extre me changes in how much tra ffic occupies a city’ s arterial ro ads in the m orning and evening. A

correspondingly adaptive plan would be, for example, to have three lanes on a four-lane highway feed into a
city during the morning hours and then switching two of the lanes such that three lanes feed out of the city in
the evening (see, for example, Ackoff 1999,108 and 110). Flexible mental models and plans allow ust o
avoid the cognitive trap of ‘Ballistic action’ , which Doerner (2008, 110) describes in the following w ay:
“Actors ... shoot their m easures off lik e so many cannon balls, which cannot b e controlled once they have

been fired.”
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CRITICAL THINKING
(the capacity for self-reflection)

// Reflecting on information
// Reflecting on methods
// Reflecting on one’s own point of view

COGNITIVE FLEXIBILITY
in accommodating mental models

// Flexibility in exploring relations

// Varying levels of abstraction

// Flexibility with regard to diverse points of view
// Variable executions of methods and procedures

CONSTRUCTING MENTAL MODELS
to guide our actions (mental plan construction)

// Systemic thinking
// Rigorous thinking
// Flexibility of mental plans

Table 1: Key Cognitive Skills in Planning

Outlook

The key skills discussed in this paper are intended, am ong other things, to he Ip steer the future course of
educational curricula for planners. For example, on the basis of t hese key skills, targeted methods can be
developed that will not only strengthen the skills themselves but will help advance the search for solutions to
complex problems. The development of precise criteria to build on these key skills can furthermore be of use
as a preliminary evaluation of future research into how well certain basic skills have been transmitted that are

needed to work out complex planning problems.

Note

This paper, e specially the development and description of the key cognitive skills in planning, is prim arily
based on the as y et unpublished dissertations of Christoph Hemberger and Rinat Saifoulline (see Hemberger

(forthcoming) and Saifoulline (forthcoming)).
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