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I HISTORY

A "relevance tree" is an analytic technique that subdivides a broad topic into increasingly smaller
subtopics. The output is a pictorial representation with a hierarchical structure that shows how a
given topic can be subdivided into increasingly finer levels of detail.

"Morphological analysis' isacomplementary technique, often usedin conjunction witharelevance
tree, that isused to identify new product opportunities. Thistechnique involves mapping optionsto
obtain an overall perspective of possible solutions.

Morphological analysiswasfirst applied to the aerospace industry by F. Zwicky, aprofessor at the
Cdlifornialnstitute of Technology. Zwicky chose to analyze the structure of jet engine technology.
His first task was to define the important parameters of jet engine technology, which include thrust
mechanism, oxidizer, and fuel type. He continued, in turn, to break each of these technol ogies down
into its component parts. Having exhausted the possibilities under each parameter heading, the
aternative approaches were assembled in all possible permutations: for example, aramjet that used
atmospheric oxygen and asolid fuel. For some permutations, ajet engine system aready existed; for
others, no systemsor productswereavailable. Zwicky viewed the permutations representing " empty
cells' as stimuli for creativity and for each asked, "Why not?' For example, "Why not a nuclear-
powered ceramic fan-jet?’

Although Zwicky coined the term morphological analysis, the technique predates him and can be
traced back to Ramoén Lull (1235-1315), according to Lucien Gerardin. Zwicky wasthe first to use
the technique in modern-day applications. The primary use of morphological analysis has been in
technological forecasting and new product ideation. However, the technique can aso be used in
constructing scenarios.

[ DESCRIPTION

Relevance-tree analysis has proven to be a powerful intellectual stimulus to ensure that a given
problem or issueis prepared in comprehensive detail and that the important rel ationships among the
items considered are shown in both current and potential situations.

A relevancetreelooks much like an organizational chart and presentsinformation in ahierarchical
structure. The hierarchy begins at a high level of abstraction and descends with greater degrees of
detail in succeeding levels of the tree. The entries at a particular level, when taken together, are
intended to describe compl etely theitem to which they are connected inthelevel above. Ideally, each
entry at aparticular level isorthogonal; that is, it should not overlap with any other entry, thus being
mutually exclusive of other entries. Findly, theitemsat a given level should be addressed from the
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"samepoint of view." These conditionsare often difficult to achievein practice. If pursued properly,
the structure can ultimately |ead to a clearer understanding of the topic under analysis. For example,
in the case shown here, the entries in the tree are descriptive of the socioeconomic characteristics of
important interests involved in land use. Thus, the maor branches in the tree might include the
government, the public, business, and industry — asal areinvolved in someway with, and impacted
by, federal land-use regulations. For the public, this branch might be described in terms of owners
and leasers; owners, in turn, might be described in terms of living conditions, available services, and
the environmental quality of their residence. At greater levels of detail, living conditions might be
further defined by restrictions on ownership relating to residence size, type, location; conditions

imposed on ownership of second homes; purchase costs; taxes, mortgagerates, etc. — all quantitative
variables.
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In the case of business and industry, their interests might be represented by land developers,
financiers, manufacturers, and service industries. Manufacturers might be described in terms of their
economic conditions related to sales of various products, money supply, the cost of money,
profitability, and various tax regulations — also quantifiable variables. Operational restrictions for
manufacturers might befurther defined by varioussitting criteriaand pollution regulations. Thesame
economic conditions might also describe the most important industrial sectors, such as agriculture,
chemicals, energy, food processing, metals, minerals, transportation, and so on.
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The am in relevance-tree analysis is to carry the level of detail to where the items or issues
involved are sufficiently clear, preferably in quantified terms, so that their nature can be reviewed in
terms of current conditions and potential options. In the land-use case, an assessment of demands
and attitudes about consequences of aternative future federa land-use policies is more likely.
Alternative assessments result because preparation of arelevance tree often leads to insights about
future conditions and important interests that are not current factors in decision making.

Morphological analysis is a proven ideation method that leads to "organized invention." The
technique allows for two key elements:

. a systematic analysis of the current and future structure of an industry area (or domain) as
well as key gapsin that structure.

. a strong stimulus for the invention of new alternatives that fill these gaps and meet any
imposed requirements.

[11 HOW TODO IT

Morphological analysis involves mapping a discipline to obtain a wide perspective of existing
solutions and future possibilities. Zwicky outlined five basic steps in the development of the
morphological method:

1. Formulation and definition of a problem;
2. ldentification and characterization of all parameters toward a solution;

3. Construction of amultidimensional matrix (morphological box) whose combinationswill
contain all possible solutions,

4. Evauation of the outcome based on feasibility and achievement of desired goals; and
5. In-depth analysis of best possibilities considering available resources.

Steps 2 and 3 form the heart of morphological analysis since Steps 1, 4, and 5 are often involved in
other forms of analysis. Step 2, identification of parameters, involves studying the problem and
present solutionsto develop aframework. This step can involve developing arelevance treeto help
define agiven topic. Once parameters are identified, a morphological box can be constructed that
lists parameters along one dimension. The second dimension is determined by the nature of the
problem.
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MORPHOLOGICAL BOX

Values

Parameters

Parameter A
Parameter B
Parameter C
Parameter D

For example, the McDonnell Douglas corporation under contract to the National Aeronautics and
Space Administration employed morphological analysis in an astronomy planning study. The
technique was used to explore three dimensions. astronomical bodies; portions of the
electromagnetic spectrum; and particular parameters of interest, such as angular resolution. The
following matrix was developed with each cell representing a potential series of measurements.

EXAMPLE OF A MORPHOLOGICAL BOX
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Source: Theodore Gordon and M. J. Raffensperger, "The Relevance Tree Method for Planning
Basic Research,” A Guideto Practical Technological Forecasting, New Jersey: Prentice-
Hall, 1973.
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The purpose of morphology is to organize information in arelevant and useful way in order to help
solve a problem or stimulate new ways of thinking. No "right" or "wrong" way exists for
constructing a morphology. Good knowledge about a problem or issue, however, is essential to
developing the most effective morphological framework.

A morphological framework could incorporate arelevance tree and define the parameters of
the entertainment industry through either of two morphological diagrams:

. Consumer Morphology. A "demand-side" morphology would identify the key parameters
and subparameters of entertainment with regard to consumer issues, concerns, and needs.

. Producer Morphology. A "supply-side" morphology would identify the key parametersand
subparameters of entertainment with regard to how various options are made available to
Consumers.

Current entertainment options would be arrayed in this framework, and trend analysiswould
describe the forces that shape the future of the industry and help identify new targets of opportunity.
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The Entertainment Producer
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Parameters at an appropriate level of detail would form a morphological matrix. Dimensions from
the consumer morphology would follow the horizontal axis;, dimensions from the producer
morphology would follow the horizontal axis. A preliminary example of thistype of matrix isshown
below.
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Michel Godet posits that morphological analysisis aso appropriate for scenario construction. The
Hudson I nstitute combined morphol ogical analysiswith scenariosto createavariety of nuclear threats
and potential worlds. Godet describes scenarios as configurations of components, such as
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demographic, economics, etc., with acertain number of possible statesfor each of these components.
In essence, a morphological space can define arange of possible scenarios.

AV STRENGTHS AND WEAKNESSES

A number of strengths give power to these techniques, including:

Provision of new insights. Material is often presented in a manner that creates a greater
understanding of a concept. Relevance trees can break down topics in new and insightful ways.
Morphologica anaysis provides key insights on new research directions.

. Richness of data. Morphological analysis can provide a multitude of combinations and
permutations not yet explored.

. Systematic analysis. These techniques alow for a systematic analysis of the current and
future structure of an industry (or system) and identification of key gaps.

Potential drawbacks include:

. An overabundance of possibilities. Morphological analysis may yield too many possibilities.
Human judgments are still needed to direct the outcome.

. Human error. The development of both relevance trees and morphological boxes requires
critical judgments. If the underlying thought processes are not insightful, the outcomes of
these methods will be weak.

\% FRONTIERS

The large number of combinations derived by morphologica analysisis often a hindrance to its use.
In an effort to minimize this problem, Michel Godet introduced a methodological approach to
scenarios, which involves a number of steps:

. Identification of economic, technical, and strategic criteria to assess and select the best
solutions;

Relevance Tree and Methodological Analy 7



AC/UNU Millennium Project Futures Research Methodolo

. | dentification of crucial componentsand their classification by criteriaof weighted differences;
and
. Introduction of constraints of exclusion or preference.

This approach has been integrated into a micro-software package (MOPPHOL).

The Futures Group (TFG) has developed a computer analysis program that facilitates the
process and organizes the output in priority. Inarecent study for amajor chemical company, TFG
used a general permutation program, customized for food care, to analyze food storage and food
preparation technologiesin priority. Two permutation programswererun: afood storage program,
and a food preparation program. These programs permuted all possible combinations of € ements
from the three subsystems to form alarge set of potential products.

For each subsystem element, two numbers were entered to describe how well each element
met the two criteria:

. Breakthrough potential; and
. Relationship to client company.

The criteria were weighted in terms of their importance to the client. For example, if a
product has a high breakthrough potential, that criterion may be given a higher weight than
relationship to client company. The computer program combined all possible permutations of al
subsystem elements and derived a score for each product composed of those e ements. The products
were then rank-ordered according to their score so that the products coming closest to meeting all
the criteriawere listed first.
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The following journals cover new developments in morphological anaysis:

Futures

Publisher: Butterworth-Heinemann
Linacre House, Jordan Hill

Oxford, OX2 8DP UK

Phone +44 865 310166

Fax: +44 865 310898

Futures Resear ch

[ Zukunftsfor schung]

Publisher: Swiss Society for Futures
Research

SZF, Haldenweg 10 A, Muri, Ch-3074,
Switzerland

Phone: 031-952-66-55

Fax: 031-952-68-00

Futures Research Quarterly
Publisher: World Future Society

7910 Woodmont Avenue, Suite 450
Bethesda, MD 20814 USA

Phone: (301) 656-8274 Fax: (301) 951-
0394

Futurescope

Publisher: Decision Resources, Inc.

17 New England Executive Park
Burlington, MA 01803 USA

Phone: (617) 270-1200 Fax: (617) 273-
3048

The Futurist

Publisher: World Future Society
7910 Woodmont Avenue, Suite 450
Bethesda, MD 20814 USA

Phone: (301) 656-8274

Fax: (301) 951-0394

L ong-Range Planning

Publisher: Pergamon Press

Headington Hill Hall

Oxford OX3 OBW UK

Phone: (0865) 79141 Fax: (0865) 60285

Social Indicators Network News (SINET)
Publisher: P.O. Box 24064

Emory University Station

Atlanta, GA 30322 USA

Phone: (404) 373-4756 Fax: (404) 727-
7532

Technological Forecasting and Social
Change

Publisher: Elsevier Science Publishing Co.,
Inc.

655 Avenue of the Americas

New York, NY 10010 USA

Phone: (212) 633-3941 Fax: (212) 633-
3990

Technology Forecasts and Technology
Surveys

Publisher: Technology Forecasts

205 S. Beverly Drive, Suite 208

Beverly Hills, CA 90212 USA

Phone: (213) 273-3486
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VI SAMPLE OF APPLICATIONS

Applications of relevance tree and morphological analysis abound.
. Zwicky, developer of morphologica analysis, claims over 30 industrial applications.

. The Hudson Ingtitute combined morphological analysis with scenarios to create a variety
of nuclear threats and future possible worlds.

. L ook-Out Studies Group used the technique for Thomson-CSF in a study of
communication by mass media

. TFG incorporated relevance trees and morphological analysisin numerous studies,
including new product ideation for consumer products firms and role definition for the
unmanned vehiclesin current and future U.S. Coast Guard missions.
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