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APPENDIX B: DESIGN METHODS
The structure and organization for this appendix are based on an unpublished manuscript by Lt Col
Richard King of the Australian Defense Forces titled Thinking Skills Resources. His paper is used in the
curriculum of the School of Advanced Military Studies. He can be contacted at:
richard.king@defence.gov.au
Within his paper, Lt Col King catalogued and described 29 primary techniques for critical thinking. The
order and explanation of those techniques within this document derive from King’s work. Where
applicable, King’s specific descriptions or examples are noted. In other cases, new examples were
generated or were taken from additional research and sources. Many of the techniques are common
applications in critical thinking, while others (as described) have been enhanced by commercial
instructional enterprises. Credit is given as appropriate.
Lt Col King’s effective thinking framework is shown on the next page. In his model he separates the
framework into divergent and convergent thinking, and he further establishes a taxonomy with four
steps:
1. Explore the issue
2. Generate options
3. Select from options
4. Implement an option
In King’s methodology, two of the 29 techniques (Mind Mapping and The Six Thinking Hats) apply across
all four steps, while the others are most appropriate to a specific step of the methodology, as shown.
Practitioners of design should consider this when performing as design team leaders or members. This
document and King’s taxonomy will be useful tools when one must assess where the team is at in the
endeavor, particularly if techniques are needed to move forward.
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DESIGN TOOLS FOR SAMS D300 – Organizational Description
NAME OF TECHNIQUE:
Utility: Describes where this particular tool or technique may be useful or relevant. Also shows where
caution should be taken.
Explanation: Describes how the particular technique can be applied.
Examples: If displayed, amplifies the explanation, furnishes new issues, or provides examples of the
technique discussed. If taken from a source, then that source is identified.
Source: (King 1) Provides the reference (or in some cases, one or two of numerous possible references)
to the technique.
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MIND MAPPING
Utility: At the beginning of a problem to represent and manage ideas and information graphically. Serves
as a graphical outline. Stimulates creativity and identifies relationships between ideas. Can be used by
individuals and in groups. Other applications include:
•
•
•

Making notes during meetings and ‘thinking’ sessions.
Planning meetings and ‘thinking’ sessions.
Summarizing notes during study.

Explanation:

•
•
•
•
•
•
•
•
•
•

Begin in the center with an image of the primary topic.
Use images, symbols, codes, and dimensions throughout the Mind Map.
Select key words the show secondary areas; use upper or lower case to establish emphasis.
Each word/image must be alone and sitting on its own line.
Connected lines, starting from the central image. The central lines may be thicker, becoming
thinner as they radiate out from the center.
Make the lines the same length as the word/image.
Use colors – your own code – throughout the Mind Map.
Develop your own personal style of Mind Mapping.
Use emphasis and show associations in the Mind Map.
Keep the Mind Map clear by using radial hierarchy, numerical order or outlines to embrace your
branches.

Example:

Source: (King 1) Popularized by Buzan, Tony and Buzan, Barry, The Mindmap Book, BBC Books, London, 1997.
CGSC Copyright Registration #10-429 C.
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SIX THINKING HATS
Utility: At any time during methodology. Very useful when group is stuck in unproductive arguments or
stalls and is not moving forward. Helpful for controlling group dynamics. Caution: Can get stuck in
emotional arguments.
Explanation: Group members analyze the problem from different mental states by “wearing” different
colored hats. The group leader specifies what hats to “wear,” and discussions follow just from that hat’s
perspective. All can wear the same hat or mix it up to move past emotional arguments, though better
collaboration occurs if everyone “wears” the same hat at the same time and hats are “changed” in
sequence.
If the group is being too subjective or even too critical, the leader may ask the members to put on their
white hats and proceed. If the group is being too optimistic about outcomes and no downsides are
identified, the leader may direct a discussion with black hats.
Example:
White hat - FACTS AND FIGURES
White is neutral and objective (a blank sheet of paper). The white hat is concerned with
objective facts and figures. Uses: Just facts and information, no interpretations.
Red hat - EMOTIONS AND FEELINGS
Red (heat) suggests anger (seeing red), rage and emotions. The red hat gives the emotional
view. Uses: Feelings, hunches, intuitions, impressions. No need to justify.
Black hat - NEGATIVE THINKING
Black is gloomy and negative. The black hat covers the negative aspects – why it cannot be done.
Uses: What is wrong, incorrect or in error. A REALITY CHECK.
Yellow hat - POSITIVE THINKING
Yellow is sunny and positive. The yellow hat is optimistic and covers hope and positive thinking.
Uses: Positive aspects, constructive thinking and making things happen.
Green hat - CREATIVE AND LATERAL THINKING
Green is grass, vegetation and abundant, fertile growth. The green hat indicates creativity and
new ideas. Uses: Creation of new ideas, concepts and approaches
Blue hat - CONTROL OF THINKING
Blue is the colour of the sky, above everything else. The blue hat is concerned with control and
organization of the thinking process (including the use of the other hats). Uses: Directing the use
of the hats. Summaries, overviews and conclusions.
Source: (King 2) By Edward De Bono “Six Thinking Hats” (1985)
http://www.mindtools.com/pages/article/newTED_07.htm

Also see Mind Tools at
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KEEP ASKING WHY
Utility: To bore deeper into an issue or discover its real causes (vice symptoms). Helps to ensure the root
causes are genuine and not just what the group thought were germane. Also helps to smoke out specious
or shallow arguments. Like meta-questioning.
Caveat: Some people will be offended by the questioning, seeing it as badgering or disrespectful. The
questioner could request: “Help me understand this; why …?”
Explanation: This is a five-step process:
Step 1: Identify an element of the issue.
Step 2: Ask ‘why?’
Step 3: Consider the response.
Step 4: Ask ‘why?’ again.
Step 5: Repeat steps 3 and 4 until you run out of responses.
Example:
Person 1. We need to conduct drown proofing training.

Person 2.
P 1.
P 2.
P 1.
P 2.
P 1.
P 2.
P 1.
P 2.
P 1.
P 2.
P 1.

Why do we need to conduct drown proofing training?
The Army safety regulation requires it.
Why does the Army require it?
To identify soldiers who can’t swim?
Why? And what will you do about the soldiers who are weak swimmers?
We’ll train them to be proficient swimmers.
What will you train them to be able to do?
Soldiers will train to perform their mission activities?
What is your mission profile??
We are an armored unit operating in the desert.
Why would you train soldiers to swim when it’s not in the mission profile?
Perhaps we just need to know who they are in case the mission changes.

Note that the initial guidance (conduct drown proofing training) opened the door for a potential
extensive training program the unit may not have been able to conduct. By questioning, a better course
of action was revealed (since the mission will not expose these soldiers to water, we’ll just assess
proficiency in order for the chain of command to know who the weak or non swimmers are).
Source: (King 3)
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CHALLENGING ASSUMPTIONS
Utility: To validate existing assumptions, especially in complex situations. Aids group understanding and
also serves to potentially eliminate assumptions which may be constraining. Ensures assumptions are not
taken for granted.
Caveat: can be time consuming.
Explanation: This is a three-step process:
Step 1: Write the issue down.
Step 2: Identify underlying assumptions.
Step 3: Challenge and discuss each assumption.
Example:
Step 1: How can we reduce the SAMS reading load?
Step 2: Assumptions:
• Students can’t read all the material.
• Students don’t want to read all the material.
• Faculty wants to add more readings.
Step 3:
• Can’t read it all? Time isn’t always the problem; availability also is an issue. Some readings are
only available in the library, but if they could be offered online, students could read them at home.
• Don’t want to read it? Not wanting to read the material isn’t always the case. However, when
monograph progress is due, course readings become secondary. Scheduling both so they don’t
conflict will help with overall workload.
• Faculty wants more? Faculty understands the reading load issue, but individual course authors
feel their information is important. Setting a maximum number of required pages for reading can
be modified by some readings being assigned for scanning – understanding that the instructor will
have to present more.
Source: (King 4) Derivative of MDMP from Page’s cumulative strategy – 1961
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CHALLENGING BOUNDARIES
Utility: (King 5) Aids in framing a problem. Most utility in complex problems or when the problem
appears to be too restrictive.
Putting boundaries on an issue helps to define it. Writing an issue down leads people to see the
boundaries as fixed when perhaps they are bad boundaries in the first place. By challenging the
preconceived boundaries, new perspectives may evolve; one may also discover that the original
boundaries are either too restrictive or too broad.
Resembles Schön’s use of boundaries to generate creativity.
Explanation: This is a three-step process comprising:
Step 1: Write the issue down.
Step 2: Underline key aspects.
Step 3: Challenge key aspects.
Challenge the key aspects of the issue. This will raise additional questions or insights into the issue. The
additional questions or insights can be dealt with by asking the question: “So what?”
Example:
Step 1: How can we reduce the SAMS reading list to make the lessons easier for students?
Step 2: How can we reduce the SAMS reading list to make the lessons easier for students?
Step 3:
• reduce: Do we mean authors or pages? How do we measure difficult readings against less obtuse
writing? So what?
• SAMS reading list: How do we compare “read for understanding” against “scan” in the lesson plan?
Should all students be required to read every source (even those which are just recommended)?
How does online material count? So what?
• lessons: How must the readings tie into the classroom discourse and the instructors’
presentations? So what? What is sacrificed if students are lectured to without their reading
assigned material?
• easier for students: Does reading load or page count equate to easier work? So what? Should SAMS
make the work easier, and if so, what is the threshold? Are there times when other SAMS
requirements make preparatory reading problematic? There used to be a requirement for two
monographs, so why is there a problem?
Source: (King 5)
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THE SIX SERVING MEN
Utility: To develop the right questions in order to improve understanding of the nature and scope of an
issue. Useful for dealing with issues that the group has little information or knowledge about. Provides a
structured view of a situation from a variety of different perspectives. Can prevent rushing in to identify
a quick (and often short-term) solution.
The "six serving men” come from a Rudyard Kipling poem. They are who, what, where, when, why, and
how in relation to the situation and problem. Like meta-questioning.
Explanation: This is a three-step process:
Step 1: Define the issue in brief, precise terms.
Step 2: Questions (who, what, where, when, why, and how). Frame a series of questions, about
aspects of the issue, using the six serving men from positive and negative perspectives.
Step 3: Analysis (who, what, where, when, why, and how) Then analyse the questions to see if you can
gain new insights into the issue, or identify areas that need more data and analysis. When you
identify an insight, ask yourself “So what?”
Example:
Step 1: How might SAMS change the students’ reading requirements to be more palatable?
Step 2: (Shown below in bold)
Step 3: (Shown below after the questions in bold)
• Who says there’s too much reading? Who says there isn’t enough? Is it faculty, students, spouses?
How many hours per day are spent reading?
• What is on the reading list? What isn’t included on it? Do we only mean the required readings, or
are recommended readings included?
• Where are reading materials made available? Where they are not made available? Must the
readings be done in the library? Are there enough books for each student? Can they be made
available online?
• When does the student actually read? When are readings not done by students? Can resources be
shared, or must they be made available to all students simultaneously? What is the daily study
regimen for students?
• Why do people think there is too much reading required? Why do some people think it is adequate
or even insufficient? In what manner is the load determined? Do they think there is goodness in
the reading regimen?
• How are reading lists developed, and how are they currently being read? How do students skip
readings, and how do they get away with it? How frequently are lists changed, and who approves?
How are lists deconflicted among modules?
Source: (King 6) Myriad sources with this common approach. Also see
http://www.mycoted.com/Five_Ws_and_H
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ENVIRONMENTAL SCANNING
Utility: To explore for Information; in strategic planning, provides for accumulating, analyzing, and
distributing information in order to identify trends, potential, opportunity, and threats. Has similar
objective as SAMS Environmental Frame: develop understanding after which priority issues can be
further developed. When taken fully, it is similar to the entire design methodology. Good for a learning
organization. Also like MDMP Mission Analysis.
Explanation: Resembles “triangulation” looking at a situation from various angles and perspectives.
First determine who is responsible for the process. Then steps are:
Step 1: Review and update general socioeconomic and country/area situation information.
Step 2: Take stock of existing "in-house" information.
Step 3: Actively collect and assess scanning information from other organizations.
Step 4: Access existing networks.
Step 5: Select additional techniques to complement and supplement information available
More info at: http://en.wikipedia.org/wiki/Environmental_scanning
Example:
Principles of environmental scanning (from CUCE *):
• Explore "both sides of the ledger" to gain a complete picture: needs and opportunities; assets and
limitations; barriers and aids
• Think micro and macro
• Use multiple "lenses" to look at the same information or situation: economic, social, cultural,
environmental, health, technological, and political lenses; immediate, near-term, longer-term
considerations; past, present, future perspectives
• Look for ways to “triangulate” information: ways to confirm, expand upon, or potentially
contradict an observation; additional sources that could be helpful; important information gaps
• Think beyond felt needs and opportunities consider also: expressed needs and opportunity –
evidenced by what people do; comparative needs and opportunity – identified by comparisons to
other situations;
• Look for evidence on how CCE is perceived: credibility, roles, value, etc.
• Identify what you don’t know as well as what you do; think about other possible sources.
Three methods for scanning:
• Ad-hoc (when needed)
• Regular (regular schedule)
• Continuous (always ongoing)
Source: (King 7) Michael Duttweiler: mwd1@cornell.edu & *Cornell University Cooperative Extension at
http://staff.cce.cornell.edu/administration/program/documents/scanintr.htm
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SWOT ANALYSIS
Utility: A strategic planning model to look at a problem initially. Must have a desired end state already
established. It is an aid in assessing an organization’s resources and capabilities as well as external
environmental influences, good and bad. Applicable in crisis scenarios.
Caveat: Overly subjective based on perceptions. Not prescriptive.
Explanation: SWOT is a method for examining internal and external conditions so that strategies can be
developed. Strengths and weaknesses are internal in origin, while external conditions are described as
opportunities and threats.
Internal factors can include processes and procedures, human resources status, organizational culture,
proficiency, owned resources, training, and structure. Analysis should address what should be
maintained
and
what
should
or
could
be
improved.
External factors can be alliances, social and cultural patterns, economics and politics, etc.
- PMESII-PT and DIME.
In analysis, users must attempt to minimize or eliminate weaknesses or threats or turn them into
opportunities. It resembles the approach of identifying propensities which can be addressed by systems
of transformation or opposition. The SWOT diagram (below left) is a good tool for analysing the
(internal) strengths and weaknesses of an organization and the (external) opportunities and threats
emanating from the environment. The results of analysis must be assessed in terms of fitting into the
environment. A “next step” cousin methodology is TOWS (on the right).
Example: TOWS Strategic Alternatives Matrix
External Opportunities (O)
1.
2.
3.

External Threats (T)
1.
2.
3.

Internal Strengths (S)
1.
2.
3.

SO
"Maxi-Maxi" Strategy
Strategies that use strengths to maximize
opportunities.

ST
"Maxi-Mini" Strategy
Strategies that use strengths to
minimize threats.

Internal Weaknesses (W)
1.
2.
3.

WO
"Mini-Maxi" Strategy
Strategies that minimize weaknesses by
taking advantage of opportunities.

WT
"Mini-Mini" Strategy
Strategies that minimize weaknesses
and avoid threats.

Source: (King 8) Credited to Albert Humphrey at Stanford.
More at: http://en.wikipedia.org/wiki/SWOT_Analysis.
Matrix sourced from: http://www.mindtools.com/pages/article/newSTR_89.htm
CGSC Copyright Registration #10-427 C.
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FISHBONE DIAGRAMS
Utility: To determine the root cause(s) of a problem, to identify areas for data collection, or to study why
a process is behaving the way it does. Fishbone diagrams, also called Ishikawa Diagrams, Cause and Effect
Diagrams, and Root Cause Analysis Diagrams, are used to explore potential or real causes (or inputs) that
result in a single effect (or output). A good technique for group work.
Explanation:
•
•
•
•
•

Put the main problem on the right at the “head” of the fishbone.
Use brainstorming to identify 3-6 possible causal groups or “bones” (the 4 M’s of "Materials",
"Machines", "Manpower", and "Methods,“ as shown, are common in industry).
Draw the diagram by sub-dividing the groups into process variables, generally to 4-5 levels.
When completed, there will be ample areas to examine and correct, if applicable. Analysis follows.
Then the team should rank order the most likely causes of the situation being examined.
Image to be included
http://mot.vuse.vanderbilt.edu/mt322/Ishikawa.htm

Source: (King 9) Developed by Kaoru Ishikawa (1969). More info at:
http://www.isixsigma.com/offsite.asp?A=Fr&Url=http://www.skymark.com/resources/tools/cause.htm
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BRAINSTORMING
Utility: To aid when group dynamics are problematic or when many ideas need to be surfaced.
Brainstorming can stand alone, or it can be used in conjunction with other techniques.
Explanation:
•
•
•
•
•
•

Set or define the problem
Develop a background memo
Select participants
Create lead questions
Conduct brainstorming session
Evaluate ideas

Example:
Guidelines:
• Size of group- 6-15
• Leader- controls group
• Facilitator- Assists leader
• Note taker
• Time required- 20+ minutes
• Warm-up- practice or comedy
• Follow-up- allow process for post
session ideas
• Evaluation- Session to consider the
results
• Feedback- Final results
Four Rules:
1. Criticism is ruled out
2. Freewheeling is welcomed
3. Quantity is wanted (breeds quality)
4. Combination and improvement are
sought
Two Principles:
1. Defer judgment
2. Quantity breeds quality
Source: (King 10) Developed by Alex Osborn
in the 1930s
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BRAINSTORMING MODIFIED
Utility: These techniques ensure there is more active participation from group members than in standard
brainstorming. Helps those reluctant to speak up.
Nominal Group Technique
1. Members write their individual ideas down without speaking.
2. Each member, in turn, reads out one of their ideas. All ideas recorded; no evaluation allowed at this
stage. Repeat until there are no unrecorded ideas. New ideas may be added.
3. Leader requests clarification if required, eliminates exact duplicates.
4. Each member is given cards and asked to rank the ideas in order of preference: members write the idea
in the center of one card and the list number of the idea in the top left corner. Repeat with a card for each
idea. Next members rank the idea cards from best to worst (alternating between best, worst, second
best, second worst and so on). When done, members write the rank number (1 for best, etc.) in the
bottom right corner of the card.
5. Leader collects cards and tallies rankings. Group analyses results. If there are inconsistencies,
clarification may be sought and the voting repeated.
The Delphi Method
A variation on the Nominal Group Technique, except the group never physically meets. Experts share
ideas by correspondence. (See Bullock)
Gallery Method
Simulates the environment of an art gallery. Participants develop ideas individually or in groups and
then vote for the ideas in a ‘gallery’.
1. Participants work individually or in groups to generate ideas.
2. Ideas recorded on butcher paper; sheets displayed around the walls of room.
3. Once all sheets are displayed, the participants circulate and browse.
4. Participants vote for the ideas they believe are most useful or important.
5. The votes are tallied and the key ideas are recorded separately.
Slip/Card Writing (Neville I. Smith & Murray Ainsworth).
1. Members get blank slips of paper; group considers problem statement.
2. Each member writes down as many ideas as possible on how to solve the problem, one idea written on
each slip; continues until people run out of ideas.
3. The slips/cards are collected and the ideas are analysed and evaluated.
Brain Writing Pool (Arthur B. VanGundy) Group of 5-8 people, sitting around a table:
1. Each person writes four ideas on a sheet of paper.
2. Each person places their sheet of paper of four ideas in the center of the table and exchanges it for
another sheet with somebody else’s ideas.
3. Person reads the ideas on the sheet of paper selected; uses them to stimulate new ideas; adds their
ideas to the sheet and then exchanges it for another one from the ‘pool’.
4.Continue the process for about 15 minutes.
Source: (King 10)
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AFFINITY DIAGRAM
Utility: Can follow brainstorming. Organizes large amounts of data or ideas into natural relationships.
Useful for complex issues, in chaos, or when there is no group consensus. Taps into the group’s intuition
and creativity. Best with max of 5-6 participants.
Explanation:
•
•
•
•
•
•

Conduct a brainstorming meeting
Record ideas and issues on post-it notes or cards.
Gather post-it notes/cards into a single place (e.g. a desk or wall)
Sort the ideas into groups based on the team’s thoughts. Don’t talk.
Name each group with a description of what the group refers to and place the name at the top of
each “group.”
Capture and discuss the themes or groups and how they may relate.

Example: Brainstorming - results of things to be done before deployment

NOTE: Generally not needed for <15
items of data; example is only for illustration.
Process can be found in Nancy R. Tague’s The Quality Toolbox,
Second Edition, ASQ Quality Press, 2004, pages 96-99 and
http://www.asq.org/learn-about- quality/ idea-creationtools/overview/affinity.html
Source: (King 11) Created in the 1960s by Japanese anthropologist Jiro Kawakita.
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REVERSAL
Utility: Reversal is a useful technique that leverages the fact that we initially find it easier to identify
negative thoughts and ideas than positive ones. Similar to Negation in Engineering Design Tactics.
Explanation: Creates a hypothetical solution, reduces that solution to its necessary components, and then
critiques and nullifies each component in order to generate ideas.
Step 1: Write the issue down.
Step 2: Reverse the issue statement in any way (subject, verb, or object).
Step 3: Write down ideas relating to the reversed statement. Then reverse each ‘negative’ idea to
generate a positive idea.
Example: Sample Question 1 – Heat Injuries (from King)
In what ways might we decrease heat injuries among soldiers during training in tropical areas?
Step 1: Write the issue down: In what ways might we decrease heat injuries among soldiers during
training in tropical areas?
Step 2: Reverse the issue statement in any way (subject, verb, or object): In this case we might
reverse the problem statement to be: In what ways might we increase heat injuries among soldiers
during training in tropical areas?
Step 3: Write down ideas relating to the reversed statement. Then reverse each ‘negative’ idea to
generate a positive idea.
• Hold the training during the hottest season. This leads to an option of holding the training during
the coolest season.
• Hold the training during the hottest part of the day. This leads to an option of holding the training
(or at least the strenuous activities) during the coolest parts of the day (early morning or evening).
• Hold the training in a hotter climate. This leads to an option of holding the training in a cooler
climate (or even another country).
• Don’t give the soldiers enough water to drink. This leads to an option of giving the soldiers more
water to drink (and perhaps drinks with additives to reduce the incidence of heat injuries).
• Don’t provide any shade. This leads to an option of providing more shade.
• Don’t provide any respite from the heat. This leads to an option of providing respite from the heat
(through scheduling strenuous activities with rest breaks).
• Don’t educate staff to identify the symptoms of heat injuries. This leads to an option of educating
staff to identify the symptoms of heat injuries.
Source: (King 12)
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FRACTIONATION
Utility: Fractionation is another method of using divergent thinking to contend with numerous factors or
items of data. It aids in generating options by breaking an issue into parts and then examining the
resulting parts to seek solutions that address the problem at hand. In effect, it simplifies large, difficult
problems by creating smaller components for greater examination and solutions. Fractionation helps to
overcome the difficulty that occurs when, over time, issues, habits and ideas tend to be grouped together
into patterns. Eventually, people see the forest for what they believe it to be, but they may have lost sight
of what is happening to the trees. While useful in contending with complex problems, fractionation is
ideal in resolving complicated problems.
Factorization is included in traditional engineering tactics.
Explanation: Any method of fractionating is useful. To alleviate the problem of the forest and trees,
sometimes
unconventional
or
less-obvious
fractions
offer
greater
creativity.
Otherwise, “traditional” breakdowns are good.
Fractionation is not analysis, but it aids analysis by creating manageable elements. When it deals
with artifacts, it must be understood that relationships are not reflected.
Example:

Source: (King 13)
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ANALOGIES
Utility: Allows one to resolve an issue in the context of a different issue seeking novel approaches or
perspectives. While it works best with simple problems, multi-step problems can also be addressed with
analogies. When the new situation is befuddling and the group doesn’t know where to start, referring to a
more-familiar situation can be helpful.
Included in traditional Architectural tactics and is part of Broadbent (individual) and Synectics (Group)
analogical searches.
Explanation:
Step 1: Choose a major principle of the issue being considered.
Step 2: Generate a list of analogies for the issue being considered.
Step 3: Choose one of the analogies and describe it in detail.
Step 4: Use the description generated in Step 3 above to suggest ideas in relation to the original
problem.
Example:
In what ways can we ensure the security and safety of the installation?
Step 1: Security
Step 2: Securing an installation is like:
• Guarding a prison
• Protecting a city
• Guarding your home
Step 3: Protecting a city involves:
• Being vigilant
• Preventing trespassing or intrusions in public and private places
• Alerting citizens
• Reacting to disasters and crimes
Step 4:
• Determine how and where to patrol and set up electronic surveillance
• Assess perimeter fencing and key buildings
• Examine access control checkpoints
• Study how mayors and city managers inform the public
• Review training programs and operational policies for police and firemen
Source: (King 14) Arthur B. VanGundy, Idea Power, pp. 134-136
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SENTENCE COMPLETION
Utility: Encourages people and groups to examine a situation from different perspectives.
Similar in some respects to Analogies, but is more randomised.
Explanation:
Step 1: State the issue (or an aspect of the issue) in the form of an incomplete sentence.
Step 2: Complete the sentence.
Step 3: Free associate with the completed sentence.
Step 4: Develop the ideas.
Example:
Step 1: An Army installation is like...
Step 2:
... a ship
… a city
… an airport
Step 3:
Ships are like tight groups of teams working together.
Cities are like eclectic groups of people going in different directions.
Airports are like places for rapid throughputs.
Step 4:
Ships: We require well integrated and synchronized functions.
Cities: We must address people systems (security, aid, traffic, health).
Airports: We must develop systems for ease of movement and flow.
Source: (King 15)
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MORPHOLOGICAL ANALYSIS
Utility: Morphology is the scientific study of form and structure. This method aids analysis and problem
solving by exploring novel solutions. Problems with multiple components or multiple processes can be
addressed with morphological analysis. Same as engineering function analysis or Alexander’s function
model.
Explanation: Six step process:
Step 1: State the issue
Step 2: Identify a single element (item or process)
Step 3: Identify components of the element
Step 4: Identify and list the full range of possible options for these components
Step 5: Trace pathways through the matrix
Step 6: Identify feasible options and generate a list of ideas
Component 1
Option 1
Option 2
Option 3

Component 2
Option 1
Option 2
Option 3

Component 3
Option 1
Option 2
Option 3

Component 4
Option 1
Option 2
Option 3

Option n

Option n

Option n

Option n

Example:
Step 1: How can we better structure our airfield for safety and efficiency?
Step 2: Airfield
Step 3:
Hangars
Ramps/AC Parking
ATC
Crew Space
Step 4:
Hangars
Ramps/AC Parking
ATC
Crew Space
one large
long taxiway
only in tower
one large area
tents
surrounding hangar
in ops rooms
with units
more but small
keyholes
units and tower
none
Step 5: There are 3x3x3x3 = 81 possible options
Step 6: Feasible options:
1. One large hangar, A/C parking surrounding it, ATC in a tower, one large area for crews. This is a
“central” arrangement where access is convenient, but there is little room for expansion if more
units, crews, or aircraft are added.
2. Numerous small hangars, A/C parked on a long taxiway, ATC in both towers and unit operations,
crews remain with units. This arrangement calls for “distributed” airfield operations which are
unit-focused. Centralization is impossible, but it accommodates growth.

Source: (King 16) Originated by Fritz Zwicky
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SCAMPER
Utility: SCAMPER is an acronym for possible actions a group might use to seek new and novel solutions
or problem definition.
Explanation:
•
•
•
•
•
•
•

Substitute- part of your product/process for something else
Combine- two or more parts of your product/process parts
Adapt- change the nature of your product/process
Modify- change part or all of the current situation
Put to other Purposes- try for other purposes
Eliminate- various parts of the product/process
Rearrange/Reverse- order or work in reverse

Example: If examining the structure of a peacekeeping force, one might ask:
Substitute – replace a trans unit for a maintenance unit?
Combine – consolidate the lift and C2 aviation units?
Adapt – train the force protection elements to perform reconnaissance?
Modify – reduce the number of areas to be secured?
Put to other purposes – force structure might be applicable for warfighting?
Eliminate – cut out the psyops component?
Rearrange/Reverse – prepare to hand the mission over to local nationals?
Source: (King 17) http://www.brainstorming.co.uk/tutorials/scampertutorial.html
http://www.mindtools.com/pages/article/newCT_02.html
Infinite Innovations Ltd.
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VIRTUAL WALKTHROUGH
Utility: To analyze options and consequences, surface unforeseen reactions, and offer insights into the
likely success, failure or consequences of a plan of action. Like a map drill or “rock drill,” helpful when it is
impossible to “get on the ground.” Akin to a virtual rehearsal or wargaming. Helps identify and thus avert
problems. Groups or individuals can perform this. Useful in temporal assessment.
Explanation: A three-step process comprising:
Step 1: Define the issue you need to deal with as a series of actions.
Step 2: Imagine you are taking each of the actions; for each one ask the following questions:
• What exactly is required (in full detail)?
• Do I believe that the required action is possible?
• Is this action related to another action?
• If it is related to another action, then will it help or hinder the overall process?
Step 3: Adjust the series of actions as required by the answers given to the questions in Step 2.
Example: (abbreviated via description; real virtual walkthrough is considerably longer)
Step 1: The Military Academy accepts and prepares 1500 new cadets in one day, culminating in a
swearing in ceremony in the afternoon.
Step 2: New cadets must be received, examined, measured for and receive uniforms, and trained to
march; also must get haircuts, eat lunch, meet their chain of command, find their rooms, and accept
issue of equipment – all in 8 hours or less. Each station has specific requirements, and each cadet
must be “tracked” for progress in order to be ready for the afternoon formation. It is the responsibility
of the cadet and academy cadre to make this happen.
Step 3: A virtual walkthrough by the cadre is paramount to ensuring that every detail of each station
is set up, timed, and tracked. (This will be followed by an actual walkthrough.) Resources are shifted
and explanations are provided where necessary. Events and activities are timed. On the actual day of
arrival, new cadets will appear at different times and with different levels of preparation, so the cadre
must be prepared and agile in order to steer cadets to the most important stations. At 1600 in the
afternoon, all 1500 new cadets must be in formation, in the correct place, in military uniform, and
trained to march. They then receive a briefing on the oath of office and are sworn in. Rehearsals are
essential.
Source: (King 18) See FM 6-0, Appendix F for a full description of rehearsals
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COMPARISON MATRIX
Utility: To analyze options objectively. A comparison matrix is a tabular method of ranking and
evaluating competing options. Also called a decision support matrix (DECMAT) or template (DST). This
technique is familiar to most Army officers.
Explanation: Start by defining the problem (“To determine ….”) Then list facts and assumptions germane
to the problem. Now:
Step 1: Select the set of options or courses of action (COA).
Step 2: Establish a set of criteria against which to rank the options. Should be named, defined, and
weighted; given an order (“more” or “less” is better); provide a threshold on what constitutes an
advantage.
Step 3: Create a matrix showing the options and criteria.
Step 4: Select a criterion and rate each option against that criterion.
Step 5: Total the scores for each option; list the options in order of ranking.
Example: To determine the best car to buy. (Facts/assumptions omitted here.)
Step 1: BMW, Prius, Escort
Step 2:
a) Appeal, wt 2.0
b) Mileage, wt 1.0
c) Cost, wt. 2.0
Steps 3 & 4: See matrix
Step 5: Weighted score shows that the Prius
is the best option given the criteria and
weights established. A more thorough decision
could include advantages/disadvantages
of each COA and an analysis of COAs.
A simple matrix could just show + or – for each
criterion.

Appeal (wt 2.0)
Mileage (wt 1.0)
Cost (wt 2.0)
Score (> is better)

BMW
3x2.0=6
1x1.0=1
1x2.0=2
9

Prius
2x2.0=4
3x1.0=3
2x2.0=4
11

Escort
1x2.0=2
2x1.0=2
3x2.0=6
10

Source: (King 19) See also FM 5-0, Army Planning and Orders Production
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FIELD FORCE ANALYSIS
Utility: Useful in a situation where positive forces are driving change forward and negative change
drivers are holding change back. Can help identify:
• balance of power on an issue
• most important stakeholders
• who to target on the issue
• opponents and allies
• how to influence each group
May be called the Franklin method. As a change management tool, FFA resembles design methodology in
which system propensities are assessed against systems of opposition and transformation and relevant
tensions are gauged. A “field” is a social system in this context.
Explanation: Begins with description of current and desired states and what is likely to occur if there are
no change agents (SAMS “propensities”). Then agents, pro (driving forces) and con (restraining forces),
are identified as follows:
Step 1: Draw a large letter “T” on a whiteboard or flipchart.
Step 2: Write the change issue across the top of the “T”.
Step 3: List positive change drivers down the left side of the “T”
Step 4: List negative change drivers (change inhibitors) down the right side of the “T”
Step 5: Score the change drivers and develop plans to reinforce positive drivers or remove negative
drivers.
Examples:
Plan: Incorporate Design into the Army
Forces for Change
Forces Against Change
8
Officers suspect
3
Officers don’t want to learn new things
there is room for improvement
4
Rest of world accepts
8
Officers think old ways get it done just
complexity theory/etc
as well
9
Doctrine is being developed/
5
Concept is too
chance of being left behind
complicated
Total score (+) = 21
Total score (-) = 16
Note: The FFA on the left shows numerical “scores” (1-10 basis). The generic FFA on the right (see
source) translates power scores into visual arrow lengths.

Source: (King 20) Developed by psychologist Kurt Lewin (1890-1947).
See also: http://www.valuebasedmanagement.net/methods_lewin_force_field_analysis.html
http://www.wilderdom.com/theory/FieldTheory.html
309

ART OF DESIGN

ARGUMENT MAPPING
Utility: Useful when a visual representation of logic and reasoning is helpful to understanding a complex
situation. Also helps groups see where they are in an evaluation process by identifying key reasons or
objections for discussion.
Explanation: Identify the problem or problem statement in the center of the “map.” Then prepare boxes
for each “reason” to support the proposition, as well as the key objections, and connect with arrows.
Develop additional sub-arguments for each of those reasons and rebuttals for the objections; also connect
with arrows. Use colors to visibly reflect pro or con. In the example below, green supports the argument,
red opposes it, and grey identifies the rebuttals.
The example below is very simple. Actual argument maps can be quite lengthy.
Example:

See Dr. Tim Van Gelder, director of AUSTHINK Consulting, for information on hypothesis mapping as a
He
also
describes
hypothesis
mapping
at:
cognitive
tool
(www.austhink.com).
http://timvangelder.com/2009/01/20/what-is-hypothesis-mapping/ somewhat similar in form, it
begins with a hypothesis and builds the evidence and counter-evidence downward.
Source: (King 21) from http://www.austhink.org/argumentmapping/ArgMappingBrief.doc
CGSC Copyright Registration #10-431 C.
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INFLUENCE DIAGRAMS
Utility: Also called a decision network or relations diagram. Useful for visually displaying the
components of a decision: certainties and uncertainties, outcomes, the decisions themselves, (called
variables or nodes) and the relational influences brought on by them. Can begin as a subjective analysis
and be developed into an objective/quantitative one.
Explanation: A simple relations diagram shows actors, places the bases of influence arrows with those
actors, and points the arrow to that entity being influenced. A more developed diagram represents a
decision situation.
Example:
Develop gunnery
training plan
Train battalion
tank gunnery

Get tank
range time

Receive
training
funds

Tank crews
gunnery
qualified

Proficient
tank crews

Legend:
A decision that you can control; a decision node

An objective variable with a measureable outcome; a known value

A chance variable as an uncertain outcome which you can control; a
chance node
An influence to show relevance
A general variable derived from other variables; a chance node

Source: (King 22) Refined by Professor Ronald Howard from Stanford University. Also see
http://www.Juliasilvers.com/embok/Risk_Management/RiskAssessmentMgmt/influence_diagram.htm
Graphic adapted from:
http://www.lumina.com/software/influencediagrams.html
CGSC Copyright Registration #10-432 C
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TREE DIAGRAMS
Utility: Used to take a goal and apply more detailed sub goals and actions. Allows team members to think
and participate in goal development and then help to create activities to meet those goals.
Explanation:
Step 1: Choose the goal statement.
Step 2: Assemble the team. Generate the major sub-goals to pursue.
Step 3: Generate the major sub-goals to pursue. (via brainstorming, affinity diagrams, etc.)
Step 4: Break major sub-goals down into greater detail.
Step 5: Review the completed Tree Diagram for logic and completeness.
Example: (Note only one set of sub-goals are shown at each junction)
SAMS mission: Educate future leaders of our armed forces, our allies, and the interagency at the graduate
level to be agile and adaptive leaders who think critically at the strategic and operational levels to solve
complex ambiguous problems.
•
•
•
•
•

Develop innovative leaders who are willing to accept risk and experiment
Develop adaptive leaders who excel at the art of command
Develop officers who anticipate future operational environments
Enable officers to apply critical and creative thinking skills in order to solve complex problems
Train officers to demonstrate mastery of operational art and doctrine

•
•
•
•
•
•

Develop officers who can synthesize the elements of national power in JIIM operations
Develop officers who can demonstrate effective communications
Ensure officers can perform thorough academic and practical research
Ensure officers can perform briefings for senior officers and government leaders
Ensure officers can use a wide variety of graphics and technology
Ensure officers can synthesize and write at the graduate level

•
•
•
•
•

Students prepare and submit two written analytical papers per block to be evaluated by faculty.
Students are assessed weekly by seminar leader for classroom written work.
Students research for and write one 40-page monograph to be evaluated by a faculty team.
Students prepare and submit other written products as required.
Students receive remedial training if below standards.

Source: (King 23) See Michael Brassard, “The Memory Jogger” pp 156-164
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PDPC
Utility: Process Decision Program Chart. A tool to examine what can go wrong in a plan and develop
measures or contingency plans to repair or ameliorate the effects. Could be used to develop branches
and sequels to a plan. Team input is useful.
Explanation: First identify the goal; then:
Step 1: Determine the steps or phases to achieve the goal (more substeps can be added)
Step 2: Identify and branch any likely problems off each step
Step 3: Identify possible and reasonable responses off each likely problem; branch them
Step 4: Choose most effective countermeasures and build them into a revised plan
Goal

Step 2

Step 1

Step 3

Problem

Problem

Problem

Problem

Problem

Problem

Countermeasures
(X)

Countermeasures
(0)

Countermeasures
(X)

Countermeasures
(0)

Countermeasures
(X)

Countermeasures
(0)

X = Difficult / impossible

O = Selected

Example:
Increase size
of SAMS

Increase
civilian
faculty

Increase
budget

PhDs hard to
evaluate

Set up search
committee
(O)

Use jobs.com
(X)

Develop &
synch
curriculum

ID & order
books

Increase
students

Books out of
print

Special
reprint
(O)

Teach lesson
w/o book
(X)

Source: (King 24) See http://en.wikipedia.org/wiki/Process_decision_program_chart; more info may be
in Goal QPC, David (1994). The Memory Jogger II or Tague, Nancy (2004).
Image reprinted with permission from The Quality Toolbox, Second Edition, ASQ Quality Press © 2004
ASQ American Society for Quality. CGSC Copyright Registration #10-433 C
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DECISION TREES
Utility: Enables you to quantify decision making; useful when the outcomes of decisions are uncertain;
places a numerical value on likely potential outcomes; allows comparisons to be made between different
possible decisions and shows relations to follow-on decisions.
Caveat: Probabilities aren’t givens. Also doesn’t clearly show dependencies among variables.
Explanation: There are various versions of decision trees, some reflecting probabilities and others the
raw numbered results. Begin with known variables, and place them with their data into a matrix.
Indicate the outcomes (the independent variables) for each circumstance. Start the tree with a root node
showing the total outcomes, and then branch down according to the variables.
Example: The coach wants to know the likelihood of a 1st down on 3rd-and-long situations. He can pass
short, pass long, or run, and he gauges the choices against temperatures > or < 50°. The record is shown
on the matrix on the left. The decision tree (below) shows he has a good chance of a 1st down by running
if the temp is < 50°, while he should pass if the temp is > 50°.
Play

Temp

Outcome

Pass long

20

4th down

Run

45

1st down

Pass long

95

1st down

Pass

70

1st down

Run

12

1st down

Pass

35

4th down

Run

98

Fumble

Run

30

1st down

Pass long

80

1st down

Pass

40

Intercept

Run

85

4th down

Source: (King 25) http://www.bized.co.uk/educators/16-19/business/strategy/lesson/ decision1.htm
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CRITICAL PATH ANALYSIS
Utility: A standard management tool in construction or manufacturing. Shows the activities essential to a
project and the order in which they must occur. Also shows which activities can happen simultaneously
(in parallel) vs. which must occur in sequence. Since the CPA is tied to time for each activity, the critical
path shows the shortest time for project completion. Also shows “slack” time within a project. Generally
the same as a PERT diagram. More visual than a Gantt chart.
Explanation: Prepare a matrix that shows each activity in the process, the time it takes, and any
relationships to other activities (e.g., must follow activity X). Then convert the data on the matrix to a
diagram. Determine the critical path.
Example: Simple diagram to show time to set up a range
Task #
A
B
C
D
E
F

Task Description
Draw ammo at ASP
Take ammo to range
Move troops to range
Set up tower/lanes
Issue ammo at range
Conduct safety brief

Sequence Order
Start after Task A
Start after Task C
Start after Tasks B & C
Start after Tasks C,D & E

Time
2+00
0+30
1+00
1+00
0+30
0+15

Source: (King 26) See http://www.netmba.com/operations/project/pert/;
http://www.bizhelp24.com/small-business-portal/critical-path-analysis-3.html; or
http://www.tutor2u.net/business/production/critical-path-analysis.htm
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PROCESS MODELING
Utility: Builds on flowchart format to graphically reflect complex interrelationships. Helps to understand
a process in order to analyze it and make improvements. Also useful for representing newly designed
processes. Describes, prescribes, and explains the process. Various commercial software programs
available for generating models. Models can be current (as-is) or desired (to-be). There are many types of
process models.
Explanation: For IDEF0 model: show function box (at right) and the activity in the box. ID controls
(things that control how we do the activity (e.g. laws, SOPs, or budgets); inputs (resources consumed or
altered by the activity); mechanisms (resources required for the activity but not transformed or
consumed (e.g. staff or buildings); and outputs (what is produced by the activity). Then add other
activities in similar fashion to describe the entire process.
A process model generally has an activity map (below), an explanatory text, and a glossary for definitions.
Basic model. See http://en.wikipedia.org/ wiki/File:IDEF_Box_Format.jpg

Example:

Source: http://en.wikipedia.org/wiki/File:IDEF_Diagram_Example.jpg

Source: (King 27) Integrated Computer Aided Manufacturing (ICAM) IDEF0 developed by USAF in the
1970s as a function model. See http://en.wikipedia.org/wiki/IDEF0
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PROGRAM MANAGEMENT
Utility: To plan, organize, and manage resources to achieve goals and objectives on a project or
operation. Project management differs from a process in that the former has an end state while the latter
does not.
Explanation: There are a variety of approaches that fall under the general title of Project Management. A
general overview can be seen at http://en.wikipedia.org/wiki/Project_management. A few examples are
shown below.
Examples:
Traditional approach:

Source: http://en.wikipedia.org/wiki/File:Project_Management_(phases).png

Critical Chain Project Management (CCPM): Similar to Critical Path Method, but it assesses both
most likely and safest duration estimates , determines buffers from those, and then collects the
buffers at the end of the project. Duration times are “locked” and the critical chain events are closely
monitored when they are active.
Extreme Project Management (XPM) is used to manage very complex, uncertain projects.
Emphasizes managing stakeholders more than schedules. Embraces change and rapid feedback. See:
http://en.wikipedia.org/wiki/Extreme_programming
Event Chain Methodology: See
http://en.wikipedia.org/wiki/Event_chain_metho
dology. Based on tracking events occurring
within an activity, determining which events are
critical, and how critical event chains emerge.
Appears with arrows (events) aligned with Gantt
charts. Goes beyond CPM for event scheduling by
reducing risks and scheduling biases.

Source: (King 28) See http://en.wikipedia.org/wiki/Project_management.
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PROGRAM MANAGEMENT (CONTINUED)
Examples (continued):
PRINCE2: (Projects IN Controlled Environments; at right). A model for organizing, managing, and
controlling projects. A standard for project management in the UK. Each component in the model has
requirements. See http://en.wikipedia.org/wiki/PRINCE2.

Process-based Management: More for achieving a vision than directly managing projects or
activities. That translates into a strategy, structure, and personnel needs from which tasks and
activities evolve. CMMI (below) is one approach. See http://en.wikipedia.org/wiki/CMMI

Source: (King 28) http://en.wikipedia.org/wiki/Project_management
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PMI
Utility: “Plus-Minus-Interesting” technique. A simple way to examine a plan in effect to determine what
went well, what didn’t, and what could be analyzed later, like an AAR (post facto). Also useful for
assessing a course of action before execution by weighing pros and cons (a priori). Avoids pre-judging a
course of action.
Explanation:
Step 1: Identify the plan or course of action
Step 2: List and score the pluses (advantages)
Step 3: List and score the minuses (disadvantages)
Step 4: List and score the interesting aspects (neither positive nor negative)
Step 5: Tally the scores; analyse the course of action; follow up on the “interesting” aspects
Example: Major Jones is trying to decide if he should apply for SAMS
Plus
More professional education
(MMAS) (+5)
Develop network of peers (+4)
Gain more knowledge about
profession (+8)
Another “best year of my life”
(+3)
+20

Minus
Away from troop units (-7)

Interesting
Might meet interesting people?

Hard academic rigor (-5)
Eyes could go bad from reading
(-1)

More time in beautiful Kansas
Selective/directed assignments

-13

Effect on promotion potential
unknown
(Could score these)

There is a net (positive) score of +7 for applying for SAMS. Major Jones is therefore positively inclined to
attend without any seriously negative issues being identified. Items in the “interesting” category could
also be scored, though some PMI advocates say these are neither positive nor negative. In any case,
“interesting” aspects are opportunities for further exploration (e.g., Who are the interesting people?
What are the post-SAMS assignments?)
Source: (King 29) Developed by Edward de Bono in Serious Creativity: Using the Power of Lateral
Thinking to Create New Ideas
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APPENDIX C: DESIGN GLOSSARY
Adaptation “[D]escribes the ability of living systems to change in ways that help them
meet the challenges of their complex world. It takes many forms (natural examples include
evolution and learning), operates simultaneously over many timescales, and may be
implemented via many different mechanisms… The essence of adaptation is deceptively
simple– a continuously repeated cycle of variation  interaction  feedback  selection, or
in other words: ‘generate options, try them, see which ones work best and retain them’.” 1
Analysis “Breaking down of complex wholes into their constituent parts in order to
improve our understanding of them. It involves taking things apart to see how they do
work”. 2 See also synthesis.
Appreciation The act of estimating the qualities of things and giving them their proper
value; understanding the nature, meaning, quality or magnitude of a situation. 3 Whereas
facts may be analyzed (see analysis), situations requiring operational art must be
appreciated.
Approach Ideas or actions intended to deal with a problem or problem situation. See also
operational approach.
Assemblage A synthetic whole comprised of contingent relationships between
autonomous parts. The theory of assemblages, created by philosopher Gilles Deleuze and
elaborated by Manuel De Landa, is similar to the engineers’ concept of a system of systems.
Attractor “A point or set of points that attracts all nearby states of a dynamical system”. 4
Campaign “A series of related military operations aimed at accomplishing strategic and
operational objectives within a given time and space”. 5
Cognitive space “[A]n association of any number of actors bound by a certain shared
cognitive element”.6 A cognitive space has a social element and a cognitive element.
Cognitive spaces trigger organizing processes. In design, the environmental space, problem
space, and solution space are three cognitive spaces that help to organize information
about the environment, the problem, and the solution. A cognitive space is broader than a
frame.

1Mark Unewisse and Anne-Marie Grisogono, “Engendering Flexibility in Defence Forces,” 14th ICCRTS,
Washington, DC, 2009.
2 Lt Col. Richard King, Thinking Skills Resources (Draft), 2009, 11.
3 United States, TRADOC Pam. 525-5-500.
4 Ryan, “Foundation for an Adaptive Approach.”
5 United States, JP 1-02.
6 Peverelli, Creating Corporate Space.
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Complex “[T]he essence of complexity is related to the amount of variety within the
system, as well as how interdependent the different components are.” Contrast complex
with complicated. See also complex adaptive system.
Complicated Containing a large number of convoluted parts. The fundamental difference
between complicated and complex is where a complicated problem can be decomposed
into simpler problems and solved separately; complex problems contain too many
interdependencies to allow the problem to be broken into separate sub-problems.
Condition A broad description of actual or potential circumstances. See also end state.
Context The set of circumstances that surround a particular event, action or system.
Constraint “Constraints in design result largely from required or desired relationships
between various elements”. 7 Counter-intuitively, design constraints are an important
source of creative thinking.
Design (noun) The artifacts (drawings and narratives) produced through the act of
designing. See also design (verb).
Design (verb) A “method of critical and creative thinking for understanding, visualizing,
and describing complex problems and the approaches to resolve them”. 8 See also design
(noun).
Dialog “In dialogue, there is the free and creative exploration of complex and subtle issues,
a deep ‘listening’ to one another and suspending of one’s own views.” 9
Difference Unlike or dissimilar. Contrast with identity. Difference is esssential to design
because adaptation, critical thinking, discourse, divergent thinking, problematization and
tension all depend on the presence of difference.
Discourse An organized way of talking, writing, and acting accordingly.10 See also
narrative, problematization.
Drawing, design Drawing produced by designers “not to communicate with others but
rather as part of the very thinking process itself which we call design”. 11 See also
presentation drawing and production drawing.
Drawing, presentation Drawing produced by designers to communicate insights and
results from designing to external stakeholders, such as the higher authority or lateral
designers. See also design drawing and production drawing.
Lawson, How Designers Think, 92.
United States, FM 5-0, 3-1.
9 Senge, The Fifth Discipline, 220.
10 Krippendorff, Klaus. The Semantic Turn: A New Foundation for Design. Boca Raton: CRC/Taylor & Francis,
2006, 11.
11 Lawson, How Designers Think, 26.
7

8
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Drawing, production Drawing produced by designers to communicate with stakeholders
responsible for operationalizing the design, such as planners or subordinate commanders.
See also design drawing and presentation drawing.
End state “The set of required conditions that defines achievement of the commander's
objectives”. 12
Emergence Relationships between parts of a system give rise to novel properties that are
not properties of the parts in other combinations. Emergence is both spatial (emergent
properties span multiple parts) and temporal (emergence is dynamic, and as a system’s
relationships change, new properties will emerge).
Evolution A process of differentiation, selection, and amplification that underpins the
emergence of novelty in complex adaptive systems. Evolution “is an all-purpose formula for
innovation, a formula that, through its special brand of trial and error, creates new designs
and solves difficult problems”.13
Facilitation “Group facilitation is a process in which a person whose selection is acceptable
to all members of the group, who is substantively neutral, and who has no substantive
decision-making authority diagnoses and intervenes to help a group improve how it
identifies and solves problems and makes decisions, to increase the group’s effectiveness.
The facilitator’s main task is to help the group increase effectiveness by improving its
process and structure.” 14 Contrast with leadership. Facilitation can improve stakeholder
engagement and the quality of design discourse.
Feedback Where the output of a system loops back and modifies subsequent inputs to the
system. A negative feedback loop stabilizes the system by damping perturbations away
from equilibrium. A positive feedback loop destabilizes the system by amplifying
perturbations. Feedback is the underlying source of complexity, emergence, and
nonlinearity. Adaptation and evolution require both positive and negative feedback loops
to generate and retain novelty.
Form The visualized physical arrangement of organizations, materiel and actions. Form is
the tangible expression of the design’s function and logic.
Frame “A perspective from which an amorphous, ill-defined problematic situation can be
made sense of and acted upon”. 15 See also environmental frame, problem frame, problem
situation.

United States, JP 1-02.
Eric D. Beinhocker, The Origin of Wealth: Evolution, Complexity, and the Radical Remaking of Economics,
(Boston, MA: Harvard Business School Press, 2006), 12.
14 Schwarz, The Skilled Facilitator, 5.
15 Martin Rein and Donald A. Schön, “Frame-reflective policy discourse,” in Social sciences, modern states,
national experiences and theoretical crossroads, ed. Peter Wagner, Carol H. Weiss, Bjorn Wittrock, and Hellmut
Wollman (Cambridge: Cambridge University Press, 1991), 263.
12
13
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Frame, environmental A “graphic and narrative description that captures the history,
current state, and future goals of relevant actors in the operational environment”.16 The
graphics may include both design drawings and presentation drawings.
Frame, problem A “refinement of the environmental frame that defines, in text and
graphics, the areas for action that will move existing conditions toward the desired end
state. Whereas the environmental frame focuses on actors and relationships, the problem
frame focuses on tensions”. 17
Function An intended purpose for a design. The functions identified in design are always
underpinned by a logic, and form follows from function.
Leadership “The process of influencing people by providing purpose, direction, and
motivation, while operating to accomplish the mission and improve the organization.” 18
Contrast with facilitation.
Logic The principles that guide the reasoning of an actor in a particular situation. See also
form and function.
Major operation “A series of tactical actions (battles, engagements, strikes) conducted by
various combat forces of a single or several services, coordinated in time and place, to
accomplish operational, and sometimes strategic objectives in an operational area. These
actions are conducted simultaneously or sequentially under a common plan and are
controlled by a single commander.”19
Metacognition “Knowledge that takes as its object or regulates any aspect of any cognitive
endeavor”. 20 See also meta-question.
Meta-question Questioning the current line of questioning. Meta-questions are used
during design discourse to enhance critical thinking. See also reflective thinking, Appendix
B.
Narrative “[T]ales that tellers and listeners map onto tellings of personal experience…
Narratives situate narrators, protagonists, and listener/readers at the nexus of morally
organized, past, present, and possible experiences… A narrative of personal experience is
far more than a chronological sequence of events. In his Poetics, Aristotle discerned that
narratives have a thematically coherent beginning, middle, and end… Interweaving human
conditions, conduct, beliefs, intentions, and emotions, it is the plot that turns a sequence of
events into a story or a history… In contrast with paradigmatic thinking, which emphasizes

United States, FM 5-0, 3-10.
United States, FM 5-0, 3-12.
18 United States. FM 6-22, Glossary-3.
19 United States, FM 3-0.
20 John H. Flavell, “Metacognitive development,” in Structural/process models of complex human behavior, ed. J.
M. Scandura and C. J. Brainerd (Alphen a.d. Rejn, The Netherlands: Sijthoff and Noordhoff, 1978).
16

17
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formal categorization, narrative thinking emphasizes the structuring of events in terms of a
human calculus of actions, thoughts, and feelings”. 21 See also discourse.
Nonlinear The output of a system varies disproportionately with the input. In technical
terms, a system is linear if and only if f(a+b)=f(a)+f(b) for all possible inputs a and b;
otherwise it is nonlinear. Assuming a system is linear greatly simplifies analysis, however
almost all real world systems are nonlinear.
Objective The clearly defined, decisive, and attainable goals towards which every military
operation should be directed. The specific target of the action taken (for example, a definite
terrain feature, the seizure or holding of which is essential to the commander’s plan, or, an
enemy force or capability without regard to terrain features). 22 See also planning, end
state.
Operational approach A “visualization of the broad general actions that will produce the
conditions that define the desired end state”. 23
Operational art “The application of creative imagination by commanders and staffs –
supported by their skill, knowledge, and experience - to design strategies, campaigns, and
major operations and organize and employ military forces. Operational art integrates ends,
ways, and means across the levels of war”. 24
Perspective The position or point of view from which events and experiences are
categorized, made sense of and explained. Stakeholders interpret the same problem
situation differently because they have different perspectives.
Planning “Planning helps commanders anticipate events and set in motion the actions that
allow forces to act purposefully and effectively… Planning involves projecting thoughts
forward in time and space to influence events before they occur.”25
Potential The inherent ability or capacity for growth, development, or coming into being.
The potential reveals how much the propensity of the system can be changed through
intervention. 26
Problem An expression of tension between the environment and a sponsor’s guidance
(needs and desires). An operational problem is a discrepancy between the state of affairs as
it is and the state of affairs as it ought to be that compels action to resolve it. 27

Ochs and Capps, “Narrating the Self,” 21-6.
United States, JP 1-02.
23 United States, FM 5-0, 3-14.
24 United States, JP 1-02.
25 United States. FM 3-07.
26 United States, FMI 5-2.
27 United States, Art of Design: Student Text, version 1.0 (Fort Leavenworth, KS: U.S. Army School of Advanced
Military Studies, 2008).
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Problem situation Problems that cannot be explicitly stated without appearing to
oversimplify the situation, ones in which the designation of objectives is itself problematic. 28
Problem statement “[C]learly defines the problem or problem set that commanders must
manage or solve. Commanders can determine the problem statement by comparing the
existing conditions in the operational environment to the desired end state. It broadly
describes the requirements for transformation, acknowledging the anticipated opponents
and obstacles”. 29
Problematization “[T]he analysis of the way an unproblematic field of experience, or a set
of practices which were accepted without question, which were familiar and out of
discussion, becomes a problem, raises discussion and debate, incites new reactions, and
induces a crisis in the previously silent behavior, habits, practices, and institutions”. 30
“Problematization is the search for inconsistencies or incoherence in the logic of the
methods or the deeper structures being applied”. 31 Problematization is essential in design
discourse both for drawing attention to the emergence of a crisis in the current
understanding, and for recognizing the discrepancy between the current system and the
desired system. See also discourse, reframing.
Propensity The organic tendency of the system, which does not account for the influence
of external actions. The propensity of a system is not deterministic. It identifies a range of
possible futures if the system is allowed to evolve without intervention. 32 See also
potential.
Reframing “[A]lternative framing (or reframing) is seeing the situation in ways that extend
beyond our normal expectations in different ways to our default settings”. 33 See also frame.
Shared Understanding A common appreciation of a problem situation among a group of
stakeholders, such as a design team and senior and subordinate commands. Shared
understanding does not imply consensus, since the same situation may be interpreted
differently from different perspectives, but it does at a minimum require all actors to be
aware of the alternative perspectives.

Checkland, Peter. Systems Thinking, Systems Practice. Chichester, West Sussex: John Wiley & Sons, 1981,
154-5.
29 United States, Field Manual 5-0,Operations Process (Draft). Washington, DC: Headquarters, Department of
the Army, 2009, 3-13.
30 Foucault, Michel, and Joseph Pearson. Discourse and Truth: The Problematization of Parrhē sia. 1985.
Available from http://foucault.info/documents/parrhesia/. Accessed 8 December, 2009.
31 Naveh, Shimon, Jim Schneider, and Timothy Challans. The Structure of Operational Revolution: A
Prolegomena. Leavenworth, KS: Booz Allen Hamilton, 2009, 118.
32 United States, FMI 5-2.
33 Loughran, J. John. Developing a Pedagogy of Teacher Education: Understanding Teaching and Learning About
Teaching. London: Routledge, 2006, 96.
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Stakeholder “A person, organisation or group with an interest in or concern about
something”.34 In design, key stakeholders have both high interest and high impact on the
problem situation.
Strategy A prudent idea or set of ideas for employing the instruments of national power in
a synchronized and integrated fashion to achieve theater, national, and/or multinational
objectives. 35 Contrast with tactics.
Synthesis “Combining of separate elements into complex wholes in order to create
something different. It involves putting things together to see how they might work”. 36 See
also system. Contrast with analysis.
System A representation of an entity as a complex whole open to feedback from its
environment. 37
System, closed A system that does not exchange matter, energy, or information with its
environment. A closed system is self-contained and is not significantly affected by external
influences. Contrast with open system.
System, complex adaptive An open system that changes its structure and behavior in
response to external stimuli in order to increase its fitness. See also adaptation, evolution.
System, open A system that exchanges matter, energy, or information with its
environment. An open system changes its structure and behavior over time, so it may
respond differently to the same stimuli. Contrast with closed system.
System of systems Distinguished from large but monolithic systems by the independence
of their components, their evolutionary nature, emergent behaviors, and a spatial or
geographic extent that means information exchange is more important than flows of matter
or energy. 38 See also assemblage.
Systemic Relating to the entire system; holistic; not localized in any one area.
Systems approach, hard: Use of precise and, when possible, quantitative techniques
intended to produce one or more views and a dynamic model of the system of interest. 39
Contrast with soft systems approach.
Systems approach, soft: Use of loosely structured methods to investigate a problem
situation in human activity systems from multiple perspectives in order to identify

King, Thinking Skills Resources, 48.
United States, JP 1-02.
36 King, Thinking Skills Resources, 11.
37 Ryan, What is a systems approach?
38 Maier, Mark W. 1998. "Architecting Principles for Systems-of-Systems". Systems Engineering. 1 (4): 267284.
39 United States, Art of Design v.1.0.
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interventions that are feasible and desirable from all perspectives. 40 Contrast with hard
systems approach.
Tactics: The employment and ordered arrangement of forces in relation to each other. 41
Contrast with strategy.
Tension “The resistance or friction among and between actors”. 42 Tension arises from
differences and can be exploited as a source of transformation.
Thinking, creative Challenges existing habits, patterns and paradigms to generate
relevant responses to unique situations. See also critical thinking, divergent thinking.
Thinking, critical Deliberate, conscious and reflective evaluation of facts, assumptions and
inferences from multiple perspectives in order to appreciate the consequences of actions
and beliefs. See also creative thinking, reflective thinking.
Thinking, convergent “[T]he stage after the problem has been defined, the variables have
been identified and the objectives have been agreed. The designer’s aim becomes that of
reducing the secondary uncertainties progressively until only one of many possible
alternative designs is left as the final solution to be launched into the world”. 43 See also
divergent thinking and convergent thinking.
Thinking, divergent “The act of extending the boundary of a design situation so as to have
a large enough, and fruitful enough, search space in which to seek a solution”.44 See also
creative thinking, convergent thinking and transformative thinking.
Thinking, reflective “[I]n distinction from other operations to which we apply the name of
thought, involves (1) a state of doubt, hesitation, perplexity, mental difficulty, in which
thinking originates, and (2) an act of searching, hunting, inquiring, to find material that will
resolve the doubt, settle and dispose of the perplexity”. 45 See also critical thinking.
Thinking, transformative “[T]he stage of pattern-making, fun, high-level creativity,
flashes of insight, changes of set, inspired guesswork; everything that makes designing a
delight. It is also the critical stage when big blunders can be made, when wishful thinking
or narrow mindedness can prevail and when valid experience and sound judgement are
necessary if the world is not to be saddled with the expensive, useless, or harmful, results
of large but misguided investments of human effort”.46 Transformative thinking bridges the
gap between divergent thinking and convergent thinking.

United States, Art of Design.
United States, JP 1-02.
42 United States, FM 5-0, 3-12.
43 Jones, Design Methods, 68.
44 Jones, Design Methods, 64.
45 Dewey, How We Think, 12.
46 Jones, Design Methods, 66.
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Tolerance The permissible range of variation for a concept, action, or outcome. The
concept of tolerance enables designers to evaluate their strategic sponsor’s guidance and
directives in light of what is acceptable and why, and to consider design actions through a
lens that encompasses a wider space for action over time. 47 Contrast with objective.
Transformation Qualitative and systemic change to a situation. See also transformative
thinking.

47

United States, Art of Design.
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