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1. Introduction

General Morphological Analysis (GMA) is a constraint-based combinatoric modelling me-
thod and conceptual design process that can be employed for structuring and investigating the
total set of relationships contained in multivariate, non-quantifiable problem complexes. It is
developed along the same lines as other scientific models, through iterative cycles of analysis
and synthesis (Ritchey1991, 2018). Although applicable in natural science and in engineering
and product design, it is especially suitable for structuring and modelling those types of com-
plex social-organizational and policy-driven problems which — by their very nature — cannot
be adequately treated with formal mathematical (causal deterministic) or stochastic (probabil-
istic) methods, but which also need to take consideration of modal (possibility-impossibility)
and normative (e.g. legal and ethical) constraints. This is termed modal modelling.

The epistemological principle involved in GMA is that of decomposing a complex (multiva-
riate) concept into a number of (“simple”) one dimensional concepts (i.e. category variables),
the domains of which can then be recombined and recomposed in order to discover all of the
other possible (multidimensional) concepts which can be generated combinatorially. Note that
this (analytic) decomposition and (synthetic) recomposition process is exactly what we do —
on a smaller scale and in a less complex format — when we create typologies, which are essen-
tially low-dimensional (usually 2-D) morphological models.

During the past 30 years, computer-aided GMA has been employed in more than 100 projects
for modelling complex sociotechnical systems and policy-driven processes. This includes:

e Developing futures projections and scenario modelling laboratories;

e Modelling complex policy spaces and strategy alternatives;

e Analysing risks and risk management strategies;

e Modelling multi-stakeholder positions;

e Evaluating organizational structures and supporting organisation development.


http://www.swemorph.com/
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2. History of the Method

Non-quantified, constraint-based heuristic modelling has a long history, being first (at least
implicitly) conceptualized by Plato (c. 350 BCE); prototyped by Ramon Llull (c. 1300); and
developed in its modern form by Gottfried Leibniz in the 1660’s (for a historical account, see
Ritchey, 2026). The term morphology was coined in the late 18" century by Johann von
Goethe (1749-1832) (morphé = shape or form) to denote the “science of organic form”. To-
day, morphological analysis is employed in a wide range of scientific disciplines concerned
with the study of structural inter-relationships within the context of a developing systemic
whole. For example, geomorphology is the study of landforms and the physical processes that
shape them; urban morphology is the study of human settlements and the process of their
formation. In linguistics, morphological analysis is the branch of grammar that studies the
structure of word forms and their development over time. And in modern biology, theoretical
morphology deals with the multivariate analysis of organic form based on the morphospace
concept (McGhee, 1999).

In the late 1940s, a generalized form of morphological analysis was proposed by Fritz
Zwicky, the Swiss astrophysicist and aerospace scientist working out of the California Insti-
tute of Technology (Caltech).

“Attention has been called to the fact that the term morphology has long been used in
many fields of science to designate research on structural interrelations — for instance in
anatomy, geology, botany and biology. ... I have proposed to generalize and systematize
the concept of morphological research and include not only the study of the shapes of
geometrical, geological, biological, and generally material structures, but also to study
the more abstract structural interrelations among phenomena, concepts, and ideas, what-
ever their character might be” (Zwicky 1969: 34).

Zwicky applied his General Morphological approach to such areas as the classification of as-
trophysical objects, the development new forms of propulsive power systems, and to legal and
ethical issues (Zwicky:1948a, 1948b, 1969).

From the late 1960s to the early 1990s, a limited form of GMA was employed by a number of
engineers, operational researchers and policy analysts for structuring complex engineering
problems, developing scenarios and studying security policy options (see Alvarez & Ritchey,
2015 for an overview of the literature.) However, these earlier studies were carried out by
hand or with only rudimentary computer support, which is highly time-consuming, prone to
errors, and severely limits the number and range of parameters that can be treated.

In the early 1990°s, my colleagues and I — then working at the Institution for Technology
Foresight and Assessment at the Swedish Defence Research Agency in Stockholm — realized
that general morphological analysis would never reach its full potential without dedicated,
flexible computer support. The system we began developing then, and which is presently in its
fourth generation, fully supports both the analysis-synthesis cycles in GMA modelling, and
makes it possible to create morphological inference models. Such models allow us to hy-
pothesize varying initial conditions, define drivers and generate solutions or decision paths.'
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3. How to do it
A. Building the Morphospace

The GMA modelling process is carried out in a number of iterative steps which represent
cycles of analysis and synthesis. It is most efficiently done in small, mixed subject-specialist
groups under the facilitation of practiced morphologists (see Ritchey, 2017 for a detailed ac-
count of the facilitation process). The ideal size of the group is six to seven participants, ex-
cluding facilitators.

In the analysis phase, the parameters or dimensions (in the form of category variables) which
represent the model’s problem space are formulated. In the synthesis phase, connective rela-
tionships between parameters are defined. In the case of GMA, these relationships are ex-
pressed in terms of mutual constraints between the elements of the domains of the variables.
These constraints involve (1) logical (internal) consistency; (2) empirical (external) possibili-
ty; and (3) normative (e.g. legal/ethical) constraints. With proper computer support, such an
internally linked configuration space can be treated as a (“what-if”’) inference model.

Thus the method begins by identifying and defining the parameters of the problem complex to
be investigated (the grey column headings in Figure 1) and assigning each parameter a range
of relevant of states or conditions (the labeled cells under the headings). A morphospace is
constructed by setting the parameters against each other in an n-dimensional configuration or
state space. A specific configuration consists of one value from each of the parameters and
thus marks out a particular state or (formal) solution in the problem space (the dark cells in
Figure 1).

If the field were small enough, one might examine all of the (formal) configurations in order
to establish which of them are consistent, possible, viable, ethical etcetera, and which are not.
In doing this, we mark out in the total morphospace a solution space. The solution space of
the total morphological state-space consists of the subset of configurations which satisfy its
designated constraint criteria.
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Figure 1: A 5-parameter morphological field containing 4x3x5x2x5 (=600)
possible configurations — one shown.
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However, a typical morphological field of 7 or 8 parameters can contain anywhere between
50,000 and 500,000 configurations, far too many to be inspected by hand. Thus the next step
in the analysis-synthesis process is to examine the internal relationships between the parame-
ters and "reduce" the field by weeding out all mutually contradictory or incompatible pair-
wise conditions. This is achieved by performing a cross-consistency assessment (CCA) on a
cross-consistency matrix (CCM — Figure 2): all of the variables in the morphospace are com-
pared with one another in the manner of a cross-impact matrix. As each pair of conditions is
examined, a judgment is made as to whether, or to what extent, the pair can coexist on the
basis of the three modes of constraints (logical, empirical and normative) outlined above.
There is no reference to causality, but only to mutual compatibility.

Note that the cross-consistency matrix functions as a heuristic search space involving two
seemingly opposing tasks. Firstly, it serves to reduce the problem space to an internally con-
sistent solution space, which is a form of constraint-based modelling and inference by exclu-
sion (Ritchey, 2015). However, at the same time one also needs to keep an open mind for the
discovery of strange and novel combinations, which may initially seem impossible or im-
plausible (or just plain weird), but which represent emergent conjunctive concepts — what has
variously been termed conceptual integration and combinatorial creativity.
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22| @D |B|5|C|6 3|6 |a|a
C [ = C C C C C C C c C C c c
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Parameter C Condition C1
Condition C2
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Parameter D Condition D1
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Condition E4
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Figure 2: The cross-consistency matrix for the 5-parameter morpho-
logical field in Figure 1. (The blue cells mark the pair-wise conditions
in the configuration in Fig. 1.)

When this solution space is synthesized, the resultant “morphological model” becomes a
flexible (“what-if”’) inference model. With computer support, single or multiple parameters

can be designated as “inputs”, drivers or initial conditions, generating alternative “outputs” or
solutions.

B. Building Scenario-Strategy Models

GMA is especially suitable for pitting strategy models against scenarios or futures projec-
tions. In such cases, two complementary morphospaces are developed: one for generating
different possible futures projections based on factors which cannot be directly controlled (an
"external world" field); and one for modelling strategy or system variables which can — more
or less — be controlled (an "internal world" or strategy field). These two fields can then be

4
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linked by cross-consistency assessments in order to establish which strategies would be most
effective and flexible for different ranges of futures projections.

Two such fields are presented below. They derive from a study done for the Swedish Ministry
of the Environment concerning the development of an Extended Producer Responsibility
(EPR) system in Sweden®.

Figure 3 depicts a scenario field consisting of 8 parameters. It represents “external” factors
which can influence or constrain a Swedish EPR system. The factors employed here generate
20,736 formal configurations. Through a cross-consistency assessment these were reduced to
2,026 internally consistent (possible) projected states. Eight specific scenario configurations,
which together covered all of the parameter states, were chosen by the working group for the
study. These scenario configurations were then named and listed in the column at the far left —
a scenario-name “place holder”. This is done for practical reasons, in order to keep track of
specific configurations of interest. When such a placeholder is employed to define specific
configurations, we call this a closed scenario field. When no placeholder is present, then the
field is open.

SCENARIO Buyer behaviour | Censumption Ceonsumer National Price of new raw | Preduction Technology EU-directives
patterns sorting environmental |material vs technology: development: for import and
Total: behaviour peolicy reclaimed volume of reclaiming expert of waste
Private import: |(trends) material materials technology
Glaohal Crisis WWilling to pay “oluntary Mew: High Much less than Wery rapid
(Production gone  |more for green (ideclogically Reclaimed: High |today increases
willd) products driven)
Raw Material Total: Status Quo At forefront, but no Same as today
Diepletion Private import: Up holistic approach
(legal only)
Current palicies  |MNo interest in Tatal: Up Wil sortif facing  |ldeological, based |Mew: Laow Same as today COnly marginal Mare restrictive
(Megative trend)  |buying green Private import: SC|sanctions on voluntary Reclaimed: High increases than taday
products acceptance
Total: SQ Wil resist sorting |Least possible MNews: Low
Private import: 5Q adaptation Reclaimed: Low

Green-house

effect (Stop
emissions)

Batman
High-tech
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Dematerialised
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materials)

Green market
(ideological
paradize]

Figure 3: An 8-parameter scenario field with a scenario “placeholder” parameter (“Scenario”)
at far left. The components of a single scenario configuration (“Current policies: Positive
trend”) are highlighted in blue.

It is usually the case that 8-12 well-chosen scenario configurations will suffice to cover all of
the cells (parameter states) in the morphospace, as well as defining a good conceptual spread
of possible scenarios. If more are required, the process can simply be repeated. However, we
have usually found it unnecessary to work with more than a dozen scenarios at a time”.

Figure 4 is a strategy field which also (purely coincidently) contains 8 parameters. It repre-
sents important “internal factors” of a (future) Swedish EPR system. The field generates
34,560 formal (strategy) configurations, which (through a cross-consistency assessment) were
subsequently reduced to ¢.500. An explicate strategy placeholder column was not employed
with this field, since we wished it to be left “open”. The reason for this will be made clear
below.
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Figure 4: An 8-parameter strategy field which contains about 500 consistent EPR strategies —
one highlighted.

The scenario and strategy fields can be linked together in order to test different strategies
against chosen scenarios. However, fully linking these two 8-parameter fields into a 16-
parameter field would result in a combined field consisting of over 700 million formal con-
figurations. Worse still, this would produce an intimidatingly large cross-consistency matrix
(CCM). Fortunately, we can get around having to work with such a large field by using a
condensed form of the scenarios: we simply merge the scenario “placeholder” parameter from
Figure 3 with the strategy field from Figure 4, as shown in Figure 5.

SCENARIC EPRrules and |Envirenmental |Required range |Waste sorting |Cellection Recycling Dominant EPR |Instruments fer
regulations adaptation of of information system system system market for deposition and
products about products waste products|burning
Global Crisis Yoluntary, branch Chemicals = 15 commodity International
(Production gone regulated Material groups
illdl) Energy
Raiw Material General legislation |Same mix as today Chemicals High density Thermal Recycling: Up
Depletion toward individual. Material "bring system"  |recycling Energy. Up
Nao monopaly
Current palicies Focus on Same as today  |Low density Localiregional  |Recycling: Down
(Megative trend) dematerialisation "hring system" Energy: Up
Current policies Finely detailed Chemicals only < § commodity Biological Relative increase
(Positive trend) legislation {who, groups recycling of depositian
how & what)
< § material
groups
Batman: High-tech
solutions
Dematerialised
production (MNew
materials)
Green market
{ideclogical paradise)

Figure 5: Linked fields. The scenario placeholder parameter (left column in Figure 3) is imposed on
the strategy field (Figure 4), with one strategy configuration highlighted.
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C. Inference Models

There are no automatically designated drivers or independent variables in a linked morpho-
logical model. Any parameter — or set of parameters — can be designated as such. Thus, any-
thing can be designated as input and anything as output. For instance, instead of simply letting
a scenario placeholder define a relevant strategy, one can reverse the process and let chosen
states within a proposed strategy configuration point to relevant scenarios. This is the basis of
an inference model: given a certain set of conditions, what is inferred with respect to other
conditions in the model?

Figure 6 is an example. In this case, we have essentially posited the following question to the
model: “If we want to develop an EPR system based on general legislation and international
markets, with emphasis on detailed material-group sorting, what are the other consistent (in-
ternal) conditions for such a system, and with which (external) scenarios is this system most
compatible?” This feature, of being able to define any combination of conditions as inputs —
even mixing external and internal conditions — gives morphological models great flexibility.

SCENARIO EPR rules and Environmental |Required range |Waste sorting |Collection Recycling Deominant EPR |Instruments for

regulations adaptation of of information system system system market for deposition and
products about products waste preducts|burning

Global Crisis Yoluntary, branch = 18 commocdity

{Production gone regulated groups

wild)

Raw Material Same mix as today|Chemicals Mational and Recycling: Up

Depletion Material close Energy: Up

international

Current policies General legislation Chermicals Same as today  |Low density Localfregional  |Recycling: Down

{Megative trend) toward collective Energy "bring system" Energy: Up
Partial monopoly.
Finely detailed Chemicals only = § commodity Biological Relative increase
legislation (who, groups recycling aof depasition
howi & what)

Green-house effect < & material

[Stop emissions) groups

High-tech
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Figure 6: Three strategy conditions selected (red) in order to examine which other strategy conditions
are compatible (blue), and which scenarios these best match (blue in far-left “scenario” parameter).

Clients, researchers and decision makers who participate in developing morphological models
are provided with GMA software which allows them to run the models themselves. However,
it must be stressed that it is not the morphological model as an end-product in itself which is
the only important result of a morphological analysis. Much of the utility of the modelling
process is the process itself, creating among the participants a shared terminology and com-
mon conceptual modelling framework.

This section has described the basics of general morphological modelling. A number of more
advanced techniques, which have been developed during the past 30 years, are summarized in
the section “Frontiers of the Method” (§6, below).
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4. Strengths and Limitations

Strengths

GMA straddles the fence between “hard” and “soft” scientific modelling. It is built upon the
basic modelling procedure of working through cycles of compositional analysis and synthesis
(Ritchey, 1991). It defines structured variables, and thus creates a real, dynamic model, i.e. a
linked parameter space in which inputs can be given, outputs obtained, and hypotheses
(“what-if” assertions) made. For this reason, GMA is compatible with other modelling proce-
dures, and can be employed as a test-bed or first step in the development of other types of
models (see §5, below).

The morphological approach has several advantages over less structured approaches. Zwicky
called GMA “totality research” which, in an “unbiased way attempts to derive all the solu-
tions of any given problem” (Zwicky, 1969). It can help us discover new relationships or con-
figurations which may not be so evident or which we might have overlooked by other — less
structured — methods. Importantly, it encourages the identification and investigation of
boundary conditions, i.e. the limits and extremes of different contexts and problem variables.

GMA also has definite advantages for scientific communication and — notably — for group
work. As a process, the method demands that parameters, conditions and the issues underly-
ing these be clearly defined. Poorly defined concepts become immediately (and often embar-
rassingly) evident when they are cross-referenced and assessed for internal consistency. In
this sense, GMA’s cross-consistency assessment acts both as a “garbage detector” and an ef-
fective means in ironing out vague concepts and terminological differences.

Finally, GMA leaves an acceptable audit trail. One of the main problems in working with
“soft” modelling methods is that the actual process by which conclusions are drawn is often
difficult to trace — i.e. we seldom have an adequate “audit trail” describing the process of get-
ting from initial problem formulation to specific solutions or conclusions. Without some form
of traceability we have little possibility of scientific control over results, let alone reproduci-
bility. The persistent (software supported) documentation of each and every cross-consistency
assessment in the modelling process creates such an audit trail.

Limitations

GMA requires strong, experienced facilitation (if this is to be considered a limitation). Parame-
terizing a problem space by creating and linking structured variables is considerably more diffi-
cult and time consuming than developing an influence diagram or flow-chart containing “black
box” variables.

GMA takes time. Meaningful morphological models cannot be created in an afternoon. Depend-
ing on the complexity of the problem and the level of ambition, developing a morphological
model can take between 2 and 6 full group-workshop days. The work described here concerning
a Swedish EPR system took 5 workshop days.

GMA cannot be effectively carried out in groups larger than 7-8 participants, where the whole
point is to foster dialog between subject specialists. The threshold of group dynamics, which
separates participants talking to one another from participants addressing a collective, is astonish-
ingly consistent at the “magic number” 7 £ 2.
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Proper morphological modelling requires dedicated computer support. Doing group work with
the type of problems described in this article is virtually impossible without such support. This is
why GMA only started developing its full potential after being provided with advanced computer
support in the early 1990s.

Finally, as with all modelling methods, the output of a morphological analysis is no better
than the quality of its input. It is the responsibility of the facilitator — in collaboration with the
client and relevant stakeholders — to make sure that a competent group is formed, and that the
GMA modelling process is carried out properly. However, as described above, even here
GMA has some advantages. Unclear parameter definitions and incomplete ranges of condi-
tions are immediately revealed when one begins the task of cross-consistency assessment.
These assessments simply cannot be made until the morphological field is well defined and
the working group is in agreement about what these definitions mean. This is a form of “gar-
bage detection” which is especially important in the areas of policy analysis, futures studies
and sociotechnical problem structuring.

5. Use in Combination with other Methods

Since a central feature of GMA 1is to conceptually parameterize a problem complex, it can be
used to good advantage both as a fol/low-up to some modelling methods, and a preceding step to
others. In the former case, mind mapping, the development of influence diagrams, causal-loop
diagrams (and so-called sensitivity models), can be used in order to identify appropriate variables
which can then be employed and linked in a morphological model.

In the latter case, the results of a morphological model can provide input for the development of
other models based on other modes of constraint. The connection between GMA and Bayesian
Network (BN) modelling is an especially interesting example. A BN is a graphical structure
(technically a directed acyclic graph or DAG) representing causal relationships between a num-
ber of defined variables. Each variable is assigned a range of mutually exclusive values or states,
and the causal relationships between them are quantified by means of probabilities. Once a BN is
properly structured and quantified, it can propagate newly acquired information through the rest
of the network.

GMA and BN are closely related methods for developing inference models since both employ
parameters based on non-quantified (category) variables. However, each has its advantages and
disadvantages for modelling complex processes and systems. GMA allows small groups of sub-
ject specialists to define, link and internally evaluate the parameters of complex problem spaces,
thus creating a solution space and a flexible inference model. However, GMA cannot easily treat
hierarchical or network structures and causal relationships. Bayesian Networks allow for such
causal and hierarchal relationships, but they are more difficult to employ in the initial problem
formulation phase of the modelling process. Combining GMA and BN, as two phases in the
modelling process, allows one to gain the benefits of both of these modelling methods (see De
Waal and Ritchey, 2007 for details).

Another modelling method which can be supported by GMA is multi-criteria decision analysis.
Particular solutions coming out of a morphological model, whether these are futures projections,
strategies or other types of configurations, can be employed as alternatives in, for example, the
Analytic Hierarchy Process (AHP — see Saaty (2001). AHP is a method for systematically com-
paring alternative solutions in the context of a hierarchy of goals and goal criteria. While it is
often the case that goal hierarchies are relatively easy to formulate, synthesizing a relevant range
of alternative, internally consistent, alternatives is often not.

9
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Figure 7: GMA supports Bayesian Networks and the Analytic Hierarchy Process.

6. Frontiers of the Method

During the past 30 years, General Morphological Analysis has evolved from a relatively sim-
ple form of attribute listing with internal consistency checks into a flexible computer-aided
method for creating interactive inference models for a wide range of applications in strategic
decision-making.

Additional functions include:

1.

2.

Multi-part internal evaluations. Cross-consistency assessments done on a morpho-
space — in order to identify inconsistent conditions in the parameter space — treat pair-
wise relationships between parameter values. However, it often happens that a pair of
parameter values is consistent or inconsistent depending on the value of a third pa-
rameter. In many cases this causes no problem: if a pair-wise relationship is possible
under any circumstances, then it is possible, and should not be forbidden. However, in
some instances it is important for the model to explicitly account for this particular
conditional dependency. An example is the “cumulative inconsistency” of increasing
costs or other quantities that may be represented across several parameters at once.
GMA software now allows for treating multi-part parameter assessments.

AND-lists. Strictly speaking, a true variable consists of mutually exclusive values or
states. However, it is sometimes advantageous to formulate a parameter consisting of
values or states which are not mutually exclusive. Variables containing mutually ex-
clusive values are called “OR-lists” (i.e. their logical relations are based on the Boo-
lean “or” operator). Variables containing values which can exist concurrently are
called “AND-lists”. Each of the values in an AND-list can be thought of as a simple

binary variable: for every other parameter value JXj, it is either “on” (i.e. compatible

with X;) or “off” (incompatible with X;). AND-lists are useful for saving (parameter)
space and condensing many simple “yes-no” variables within a single dimension.
They are best used as output parameters, expressing €.g. concurrent means or goals.

10
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3. Stakeholder or position analysis. Sets of AND-lists can be employed in a stakeholder
analysis. This can be done by first formulating a conventional morphological field,
such as the EPR strategy field presented above, and letting different stakeholders de-
fine their respective “positions” for each of the parameters in the field. A new field is
then created by treating each stakeholder as a parameter, with the stakeholder posi-
tions concerning the strategy field listed beneath (Figure 8). The mixed group of
stakeholders then carries out a cross-consistency assessment on this field. The process
is also applicable as applied to negotiations.

Stakeholder 1

Stakeholder 2

Stakeholder 3

Stakeholder 4

Stakeholder's Stakeholder's Stakeholder's Stakeholder's
position on position on position on position on
parameter 1 parameter 1 parameter 1 parameter 1
Stakeholder's Stakeholder's Stakeholder's Stakeholder's
position on position on position on position on
parameter 2 parameter 2 parameter 2 parameter 2
Stakeholder's Stakeholder's Stakeholder's Stakeholder's

position on
parameter 3

position on
parameter 3

position on
parameter 3

position on
parameter 3

Stakeholder's
position on
parameter 4

Stakeholder's
position on
parameter 4

Stakeholder's
position on
parameter 4

Stakeholder's
position on
parameter 4

Stakeholder's
position on
parameter 5

Stakeholder's
position on
parameter 5

Stakeholder's
position on
parameter 5

Stakeholder's
position on
parameter 5

Figure 8: Dummy stakeholder field consisting of 4 AND-lists.

4. Time lines. Time can be treated in a number of ways in morphological models.

1. Naked time parameter: This is a parameter which simply lists time intervals as
such (e.g. within an hour, within a day, within a week, etc.). Any other parame-
ter which is dependent on time can then be related to this general time parame-
ter. It can then be used as a co-driver with any other designated driver or driv-
ers, in order to examine a time-line or critical time points.

ii.  Applied time parameter: This is a parameter which measures a timeline for a
specific process or event. Any other parameter, which is dependent upon this
process or event, can then be related to it.

iii.  Parameter-wise time ordering: In this case, some or all of the parameters in the
morphospace are ordered (left to right) in a timeline. This is used when the or-
der of the parameters represents a time-ordered process.

iv.  Configuration-wise time ordering: This is a sequence of configurations which
represents time-ordered development. It is especially useful for developing
timelines in scenarios.

For instance, Figure 9 applies Configuration-wise time ordering to demonstrate how this
is applied. The example is taken from a study done for the Swedish Nuclear Power In-
spectorate concerning the development of models for evaluating a spectrum of threat
scenarios and alternative preparedness measures (see Ritchey, 2003). The column on the
far left is a configuration-wise time ordering parameter which steps through a scenario
in 8 stages. Each step is related to a preparedness demand configuration (blue cluster)

11
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which develops over time. “Information assurance” is an auxiliary parameter used in
order to qualify the information from the main “timeline” scenario parameter. The sce-
nario concerns a terrorist attack on a Swedish nuclear facility.

Micro scenario Information What command |Demands on SKI's required What output Primary receiver of
(Time-line) assurance level required quality of cooperation with required from SKI | output from SKI
adviceldecisions |others
1. Sudden shiftinthreat  |High assurance Well anakzed, Centralized, authority |\ Decisions Central government
perception Almost real time established advisory |cooperation concerning athers' | administration/Phi
decision operations

2 Observation of S5l alone Intensified expert SKl at location in Central government
unauthorized activity analysis Sweden authorities
outside of facility perimeter]

High assurance  [SkKl alone Standard expert Assistance abroad

Long delay analysis
4. Encroachment of vital — |Uncertain Expert advice at
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Figure 9: Scenario field consisting of a scenario time-line (far left parameter) which steps through a se-
ries of configurations — one of which is highlighted.

5. Relational database. The documentation entered into the text areas associated with
each cross-consistency assessment can be collated into a relational database, which
can then be addressed by defining drivers and configurations. This is useful when a
large amount of structured information is required in order to support a study.

6. Linking fields. It is possible to allow the designated output of one morphological
model to become the input for another. Alternatively, the designated output a number
of (sub-) fields can be collated into a single (super-) field. This allows for a hierarchi-
cal or networked morphological model. This is useful when the model treats of several
levels of abstraction.

7. Al support & support for Al

The two most obvious tasks for possible Al support for GMA modelling would be to aid the
two main phases of the modelling process: 1) parameter analysis and 2) constraint synthesis.

Parameter analysis: Al support could conceivably be employed to support the first (analytic)
phase of identifying and partitioning the relevant parameters (“‘category variables”) needed to
in order construct an adequate morphospace of the problem complex to be modeled.

Constraint synthesis: Here Al would support the cross-consistency assessment (CCA), mak-

ing judgments not only about (logical) internal consistency and empirical (modal) impossibili-
ties, but also by identifying value-based (normative) constraints.

12



Preprint — Ritchey, Futures Studies using General Morphological Analysis (2026)

These two phases of model development are necessarily recursive. What one learns from the
synthetic phase feeds back into the further development and refinement of the initial mor-
phospace and vice versa. This means that any Al support cannot be a “one shot” deal, but
needs to be an incremental, progressive process.

Examples which could be employed as tests cases for such complex social-organizational
problems include Social exclusion, Hybrid warfare and (especially interesting) Future Al
threats. For an adequate identification of relevant parameters and constraints for such com-
plex social-organizational and ethical problem complexes, Al will need more than the ability
to identify correlated concepts and their statistical relationships: it will need to be able to
make informed judgments about implicit, potential relationships between sets of concepts —
within a particular context — that are not yet clearly or fully defined/delineated. It needs to be
able to perform heuristic concept conjunction.

For the foreseeable future, such Al support should be treated primarily as a test-bed for eva-
luating AI’s potential for generating useful morphological models. The main aim at this point
is to compare how well it performs vis-a-vis competent cooperative human judgment. Beyond
this, it should be seen as a complementary aid to human judgement and not a form of surro-
gate reasoning to be followed without careful scrutiny. Indeed, an imperative early applica-
tion of Al support for morphological modelling should be to model the future developmental
impact of Al itself.

There is also an interesting converse aspect to the foregoing. Morphological models — as con-
ceptual inference models — have, in turn, the potential to support the development of Al-
reasoning and enhance its quality. One of the principal issues concerning Machine Learning
(ML) over Big Data (BD) is a lack of transparency and human explainability when Al-
reasoning (and in extension, Al-decision making) is based solely on huge amounts of collated
“data”. This is especially important as concerns the capacity of general Al agents being em-
ployed as an epistemic technology.

Recent research which has addressed this issue has prescribed increasing transparency and
explainability through supporting machine learning with human-conceived “higher conceptual
frameworks”. Such frameworks can take the form of a domain specific conceptual model
(CM) or “domain ontology”, which would provide an architectonic framework of human-
based principles and rules which can serve as an “epistemological blueprint” in order to guide
and constrain the development of Al-reasoning (see e.g. Bork 2021, 2022; Lukyanenko et. al.
2019; Maass et.al. 2022).

Noesis

Architectonic ‘ Princip|es Conceptual
framework models
Dianoia .
Discursive Formal Laws | MaChl_ne
knowledge Learning

Plstls Observables | Big Data
Phenomena
Plato’s Hierarchy Leibnizian systematization CM-ML-BD hierarchy
of types of knowledge of science

Figure 10: Three hierarchal models for rational science
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Remarkably, this issue of a higher conceptual framework is epistemologically analogous — if
not to say epistemologically equivalent — both with Plato’s “divided line” simile in the Repub-
lic and with the so-called Leibnizian systematization of science (Rescher, 2020), both of
which represent foundational models of rational science.

Thus if ML-BD (with added human scrutiny) can support the development of domain-specific
GMA inference models; and if such inference models can in turn (with added human scrutiny)
be employed as useful domain specific conceptual models or “ontologies” for ML-BD, then
this invites the prospect of a self-enhanced reciprocal process between the two.
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* A summery English translation of this study can be downloaded from:
www.swemorph.com/pdf/epr9.pdf

? Some futures researchers feel that 3-4 scenarios are optimum for studying strategy alternatives. We
disagree, and feel that the number of scenarios is completely dependent on the problem complex at
hand, and the purpose of the study. We have worked with defense and security related studies in
which scores of scenarios were generated in order to test a number of predefined security strategies.
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