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This talk is about process—
how we design—
and how we can improve
how we design



So: How do you design?

3Dubberly Design Office  ·  Conversations and models: Secrets to designing great products  ·  September 26, 2016



4Dubberly Design Office  ·  Conversations and models: Secrets to designing great products  ·  September 26, 2016

—Jay Doblin, “A Short Grandiose Theory of Design,” 1987

“At the most basic level, 
design can be described as an event 
that begins with an existing state 
and through some process 
produces a more desirable state.”

Design pioneer Jay Doblin put it succinctly



State 1 Process State 2
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Design as transformation

—after Jay Doblin
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—Herbert Simon, Sciences of the Artificial, 1969

“Everyone designs  
who devises courses of action 
aimed at changing existing situations 
into preferred ones.”

Doblin built on economist Herbert Simon’s famous definition



Existing
State

Designing Preferred
State

—after Herbert Simon
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Design as transformation
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“...every design problem begins 
with an effort to achieve fitness  
between two entities: 
the form in question and its context.”

“The form is the solution to the problem; 
context defines the problem. 
In other words, when we speak of design, 
the real object of discussion is not the form alone, 
but the ensemble comprising the form and its context.”

—Christopher Alexander, Notes on the Synthesis of Form, 1964

Simon published five years after architect Christopher Alexander



Context Designing Form
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Design as transformation

—after Christopher Alexander
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What’s going on?
How does “transformation” work?
What’s inside the “black box”?



? $
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Is designing a random walk?

—after Tim Brennan



research + problem solving = solutions
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Is designing a science?

—after György “George” Pólya



empathy + design thinking = innovation
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Is designing brainstorming with Post-it Notes and pipe cleaners?

—after Tim Brown, IDEO



State 1 Analysis Synthesis State 2

State 1 Designing State 2
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Designing may be divided into two sub-processes



State 1 Observe Reflect Make State 2

State 1 Analysis Synthesis State 2
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Sub-processes may be further divided into three



State 1 Discover Define Develop Deliver State 2

State 1 MakeReflect State 2Observe
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Or maybe four



State 1 Analyze Define Ideate Select Implement State 2

State 1 DevelopDefine State 2Discover Deliver
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Or five



State 1 Accept Analyze Define Ideate Select Implement Evaluate State 2

State 1 Define State 2Ideate SelectAnalyze Implement
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Or seven
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Phase 1
Briefing

Phase 0
Preliminaries

Receive Enquiry Receive Instructions Define Goals Establish Crucial Issues Propose A Course Of ActionDefine 
Constraints

Evaluate Enquiry Estimate Office 
Work Load

Prepare Preliminary Response

Programming Analysis

Preliminaries

Receive Enquiry
Send Acknowledgment
Open Project File
Commence Chart For Recording Progress

Evaluate Enquiry (For Example):
Identify Authority To Whom Answerable
Identify Type Of Task
Identify Class of Product
Define Form Of Submission Required
Define Any Facility Or Free Structure Offered
Define Any Program Limitations Imposed

Estimate Office Work Load
Survey Existing And Projected Programmed
Estimate Manpower Availability

Prepare Preliminary Response
Break Down Task Described Under 0.2 Into An Outline Program
Match Outline Program With Manpower Availability Estimate Set Out Under 0.3.2
Prepare Preliminary Estimate Of Costs
Formulate A Draft Proposal
Check Draft Proposal Estimate
If Necessary, Reiterate From 0.4.1 Until A Satisfactory Proposal Is Drafted
Prepare And Dispatch Fair Copy Of Proposal And Estimate
Bring File And Progress Machinery Up-to-date

Reiterate Section 0 Until Agreement Is Achieved On A Commission To Carry Out Phase 1 -
"Receive Brief, Analyze Problem, Prepare Detailed Program And Estimate", Or Until
Project Is Abandoned 
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Check Draft Proposal And Estimate
If Necessary, Reiterate From 2.2.7 Until A Satisfactory Proposal Is Drafted
Prepare And Dispatch Fair Copy Of Proposal And Estimate
Bring File And Progress Machinery Up To Date
Reiterate Sections 1 And 2, Until Agreement Is Reached To Carry Out Phase 2 - "Collect Data, 
Prepare Performance Specification, Reappraise Proposed Program And Estimate", Or Until
Project Is Abandoned.

Data Collection

Receive Instructions
Send Acknowledgment
Bring Files And Progress Machinery Up To Date

Collect Readily Available Information (For Example On):
Environmental At Point Of Use, Identity Of Users, User Ergonomics, User Motivation, 
Product Function, Product Mechanics, Product Finish, Product Aesthetics, Market Environment, 
Competitive Products, Product Archetype, Brand Predecessors, Maker's House Style, 
Ruling Market Prices, Economic Quantities, Product Facilities, Limiting Dimensions, Materials,
Collect Other Readily Available Information

Classify And Store Data
List Information Topics Handled
Rationalize Topic Headings
Design An Information Classification System
Classify All Information Held
Shelve The Information Gathered

Analysis

Identify Sub-problems
List All The Factors In The Overall Problem
Pair Interdependent Factors So As To Form All Matters Into Sub Problems
List All The Sub-problems Thus Identified
Identify The Apparent Sequence Of Dependence Of Sub-problems Upon One Another
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Draft Revised Proposal And Estimate Approved

Revised Proposal And Estimate Dispatched
Files And Progress Machinery Up To Date

Commission Received to Execute Phase 2
Acknowledgment Dispatched
Files And Progress Machinery Up To Date

Available Information Ready

List Of Information Ready
 
 

Available Information Classified And Shelved

List Of Factors Ready
Interdependence Matrix Ready
List Of Sub-problems Ready
Sub-Problem Network Ready
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2.2.11
2.2.12
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3.0
3.0.1
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3.1
3.1.1-
3.1.19

3.2
3.1.1
3.1.2
3.1.3
3.1.4
3.1.5

4

4.1
4.1.1
4.1.2
4.1.3
4.1.4

Distinguish Problems About Means From 
Problems About Ends
Resolve Problems About Ends As Indicated In Sections 4.2 And 4.3

Analyze Sub-problems About Ends
Select A Problem About Ends From The Network Identified Under 4.1.4
List The Factors In This Sub-problem
Identify The Goal To Be Achieved
Establish The Connection Between The Factors And The Goal
Identify Those Factors Where The Data Values May Be Voluntarily Fixed 
By The Designer
Identify Those Factors Where The Data Values Are Fixed By External Influences
Identify Those Factors Where The Data Are Dependent Variables (For Example, Where 
The Data Are The Solutions To Other Sub-problems)
If Necessary, Revise Network In 4.1.4 So That Problems Which Provide Data For Other 
Problems Are Dealt With In The Right Order, Or Select Another Problem At 4.2.1
Collect Necessary Data (Either Extract Data From Record System 3.2.5 Or Add Fresh Data)
Where Sufficient, Precise Data Is Available, Delineate Maximum Field Of Feasible Solutions 
Where Sufficient Precise Data Is Not Available, Postulate Simplifying 
Assumptions By Plausible Reasoning And Then Delineate A Field Of 
Feasible Solutions
Referring To 4.2.4, Identify The Zone Where Satisfaction Of Goal Is Optimum
Reexamine Section 4.1 And Modify Problem Network As Necessary
Reiterate Section 4.2 Of Each Problem About Ends In The Network

Prepare Performance Specification
Taking Every Combination Of Pairs Of Sub-problems About Ends, Identify Which In Each Pair 
Must Take Precedence If Their Optimum Solutions Are Incompatible
Rank The Complete List Of Sub-problems In Order Of Precedence
Identify Those Pairs Where The Optimum Solutions Are In Fact Mutually Compatible, Referring 
To 4.2.1.2 For Each Sub-problem
Identify Those Paris Where The Optimum Solution Of One Is Compatible With Feasible (But 
Not The Optimum) Solutions Of The Other
Identify Those Pairs Where Feasible Solutions (But Not The Optimum Solutions) 
Are Compatible
Identify Those Pairs Where Feasible Solutions And Optimum Solutions Are Incompatible
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List of Problems About Means Ready
List Of Problems About Ends Ready

List Of Factors In Sub-problem Ready
Goals And Conditions Identified
Connection Between Factors And Goals Or 
Conditions Established
Voluntarily Evaluable Factors Identified
Externally Influenced Factors Identified
Dependently Variable Factors Identified

Revised Network Ready

Necessary Data Ready
 
Simplifying Assumptions Postulated
Field Of Feasible Solutions Delineated

Optimal Solution Identified

All Problems About Ends Resolved

 
Priorities Identified (Ranking Matrix)

Ranked List Of Problems About Ends Ready
Problems With Compatible Optimal Solutions Identified

Problems With Compatible Optimal/Feasible Solutions 
Identified
Problems With Compatible Feasible Solutions Identified

Problems With Incompatible Solutions Identified
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Briefing

Receive Instructions
Send Acknowledgment
Bring Files And Progress Machinery Up To Date
Make Arrangements For Formal Briefing

Define Goals (For Example):
Define Client's Corporate Policy, Trading Policy, Project Aims, Problem Aims, Identify Reasons For 
Examining Problem Now, Define Design Goals

Define Constraints (For Example):
Identify Any National Constraints, Any Trade Constraints, Any Mandatory Company Constraints, 
Any Contractual Constraints, Budgetary Constraints, Marketing Constraints, Manufacturing 
Constraints, Any Other Constraints

Programming

Establish Crucial Issues
Analyze Goals Recorded Under 1.1 And Define Criteria For Measuring Success
Analyze Constraints Identified Under 1.2 And Define Field Available For Maneuver
Identify Crucial Issues

Propose A Course Of Action
Review Experience Of Analogous Problems
Collect Case Histories Of Similar Problems Handled Elsewhere
List Courses Of Action Available
Select A Promising Course Of Action
Test Selected Course Of Action (A Pilot Study?)
In The Light Of Experience With Analogous Problems, Appraise Probable Adequacy Of 
Course Of Action Selected
If Necessary, Reiterate From 2.2.1 Until A Sufficiently Assuring Course Of Action Is Selected
Reappraise Office Workload And Project Facilities
Reappraise Program And Timetable
Formulate Draft Revise Proposal And Estimate (With Special Reports On 1.1, 1.2 And 2.1 If 
Necessary)
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Commission Received To Execute Phase 1
Acknowledgment Dispatched
File And Progress Machinery Up To Date
Arrangements Complete For Formal Briefing

Definition Of Goals Complete

Definition Of Constraints Complete

Criteria For Measuring Success Identified
Field For Maneuver Defined
Crucial Issues Identified

Review Of Experience With Analogous Problems Complete
Collection Of Case Histories Ready
Available Courses Of Action Listed
A Promising Course Of Action Selected
Test Of Selected Course Of Action Completed
Appraisal Of Probable Adequacy Complete

Reappraisal Of Office Work Load And Project Facilities Complete
Reappraisal Of Project Program And Timetable Complete
Draft Revised Proposal And Estimate Ready
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2.2
2.2.1
2.2.2
2.2.3
2.2.4
2.2.5
2.2.6

2.2.7
2.2.8
2.2.9

Select All The Sub-problems Listed Under 4.3.4 And 4.3.5 Which Stand High On The Rank 
Ordered List, And Reexamine Them According To Selection 4.2. Reexamine Assigned 
Values And Simplifying Assumptions At 4.2.11
Reiterate From 4.2.8 As Necessary. If Too Many Incompatibilities Remain, Reiterate Sections 1 
And 2 Seeking Easements.
When All Problems About Ends Have Been Resolved Or As Many Of Them As Seems 
Practicable), Assemble All Their Solutions Into A Performance (Or Design) Specification, 
Ranked Substantially In Accordance With 4.3.2
List Any Remaining Intractable Problems About Ends For Reference To Client And/or For 
Resolution As Creative Problems

Reappraise Program And Estimate
In The Light Of 4.1, 4.2 And 4.3, Restate The Problem Set Out In 1.1
Reappraise The Crucial Issues Set Out In 2.1
Reappraise And If Necessary Reformulate A Course Of Action, Perviously Set Out In 2.2
Where Required, Prepare A Report On The Overall Problems About Ends, Referring To 4.3.9
Reappraise Program And Timetable
Reappraise Office Workload And Project Facilities
Formulate Draft Revised Proposal And Estimate
(With Performance Specification For Approval, And Report On Overall Problem And Ends 
Where Necessary)
Check And Approve Draft Proposal And Estimate
If Necessary Reiterate From 4.4.1 Until A Satisfactory Proposal Is Drafted
Prepare And Dispatch Fair Copy Of Proposal And Estimate
Bring Files And Progress Machinery Up To Date

Reiterate Section 4 Until Agreement Is Reached To Carry Out Phase 3 - "Prepare Outline 
Design Proposal(s)", Or Project Is Terminated.

Where Suitable, Phase 4 - "Develop Prototype Design(s)" And/or Phase 5 - "Prepare (And 
Execute) Validation Studies" May Also Be Commissioned At The Same Time As Phase 3.
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Critical Problems Reexamined

Performance Specification Ready

Remaining Intractable Problems About Ends Listed

Problem Restatement Ready
Reappraised Crucial Issues Listed
Course Of Action Reformulated
Report On Problem About Ends Ready
Program And Timetable Reappraised
Workload And Facilities Reappraised
Draft Revised Proposal, Performance Specification And 
Estimate Ready

Draft Proposal And Estimate Dispatched

Proposal And Estimate Dispatched
Files And Progress Machinery Up To Date

4.3.7

4.3.8

4.3.9

4.4
4.4.1
4.4.2
4.4.3
4.4.4
4.4.5
4.4.6
4.4.7

4.4.8

4.4.9
4.4.10

Synthesis

Receive Instructions
Send Acknowledgment
Bring Files And Progress Machinery Up To Date

Resolve Remaining Problems And Ends (Note That, In General, Solutions To Problems 
About Ends Will Pose Problems About Means)
Reappraise The Performance Specification Prepared Under 4.3.8 And The List Of Intractable 
Problems About Ends Prepared Under 4.3.9 And Prepare A New List Of Unresolved Problems 
About Ends
For Each Problem In The List Prepare Under 5.1.1, List The Factors In The Problem
Identify The Goals To Be Achieved And The Constraints Or Conditions To Be Satisfied

Establish The Connections Between The Factors (Or The Goals And Constraints Or Conditions)
Identify Similar Or Analogous Problems In Prior Experience
Identify Similar Or Analogous Problems Handled Elsewhere
Catalog The Properties Of The Analogous Problems And Reexpress Each Within A 
Common Format
Reexpress Present Sub-problem Within The Format Developed Under 5.1.7

Identify Those Factors In The Sub-problem For Which The Data Values May Be Voluntarily 
Fixed By The Designer
Identify Those Factors In The Sub-problem For Which The Data Values Are Fixed By 
External Influences
Identify Those Factors Where The Data Are Dependent Variables (For Example, Where The 
Data Are The Solutions To Other Sub-problems). If Necessary, Suspend Work On This 
Problem And Select Another At 5.1.1 So That Sub-problems Are Dealt With In The Right Order
Collect Necessary Data (Either Extract Data From Record System 3.2.5 Or Add Fresh Data)
Where Sufficient Precise Data Is Not Available, Postulate Simplifying Assumptions Or Assign
Values By Plausible Reasoning
Where Not Practical Solution Emerges, Vary One Of The Voluntarily Assigned Values And/or
Assumptions (See 5.1.9 And 5.1.13) And Seek Easements
Where This Fails, Reappraise Constraints (See 5.1.10), And Seek Easements
In The Last Resort, Reappraise Goals (See 5.1.3) And Seek Variation
Resolve Problem, Delineating Maximum Field Of Feasible Solutions
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Commission Received To Execute Phase 3
Acknowledgment Dispatched
Files And Progress Machinery Up To Date

Revised List Of Unresolved Problems About Ends Ready

List Of Factors In Sub-problem Ready
Goals And Constraints Or Conditions For 
Sub-problems Identified
Connections Between Factors Established
Analogous Problems In Prior Experience Identified
Analogous Problems Handled Elsewhere Identified
Analysis Of Analogous Problems Complete

Re-expression Of Sub-problem Within Common 
Format Complete
Factors Where Data Values Are Voluntarily Assignable 
Identified
Factors Where Data Values Are Externally Fixed Identified

Factors Where Data Are Dependent Variables Identified

Necessary Data Ready
Simplifying Assumptions Postulated And/or Data 
Values Assigned
No Solution; Assigned Values And/or Simplifying 
Assumptions Varied
No Solution; Constraints Or Conditions Eased
No Solution; Goals Varied
Solution To Sub-problem Ready
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5.0.1
5.0.2
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5.1.5
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5.1.15
5.1.16
5.1.17

If A Variation Or Assumption Has Been Made Under 5.1.13-16 And A Solution Has Emerged,
Refer To Source And Check Prima Facie Acceptability Of Variation Or Assumption. (See Also 
Validation Studies, Section 6.5.) Where Necessary, Reiterate From 5.1.14
Reiterate From 5.1.2 Until All Outstanding Problems About Ends Listed Under 5.1.1 Are 
Resolved
Unite Solutions Prepared Under 5.1.19 With Performance Specification Prepared Under 
4.3.8 To Form A Revised Specification.

Postulate Means For Reconciling Divergent Desiderata In Performance Specification
Examine The Augmented Performance Specification Prepared Under 5.1.20, And Identify 
And Group Those Desiderata Which Appear To Be Inter-related
List The Groups Of Inter-related Desiderata
From The List Prepared Under 5.2.2, Select Those Groups Containing Desiderata Which 
Appear To Be Divergent Or Contradictory
For Each Group Selected Under 5.2.3, Reexpress The Desiderata As The Goals And 
Constraints Or Conditions For One Or More Problems About Means
List The Problems About Means Thus Identified
For Each Problem About Means Listed Under 5.2.5, List The Factors In The Problem
Identify Goals And Constraints Or Conditions In The Sub-problem
Establish The Connections Between The Factors (Goals And Constraints Or 
Conditions)
Identify Similar Or Analogous Problems In Prior Experience
Identify Similar Or Analogous Problems Handled Elsewhere
Catalog The Properties Of The Nearest Analogous Problems And The Elements Of Their
Respective Solutions And Prepare A Problem Element/problem Solution Matrix
Reexpress The Present Problem Within The Same Matrix
Explore Combinations Of Solution Elements
Select A Promising Combination Of Solution Elements As A Hypothesis For Development
Where No Promising Hypothesis Emerges, Reiterate From 5.2.6 In Wider Fields
Reiterate From 5.2.6 Until All Problems About Means Arising From Divergent Desiderata In The
Performance Specification Are Resolved
Assemble Hypothetical Solutions

91, 92, 93, 94, 95-96

79, 95-97

64, 97-98

98-99

99-100
100-101

101-102

102-103
103-104
104-105
105-106

106-107
106-108
107, 108-109
106, 109-110

110-111
111-112
111-113

103, 112-114

96

97

98

99

100
101

102

103
104
105
106

107
108
109
110

111
112
113

114

Prima Facie Validation Of Assumptions And Variations 
Complete

All Problems About Ends Resolved

Revised Performance Specification Ready

Inter-related Desiderata Identified (Interaction Matrix)

List Of Inter-related Desiderata Ready
Groups Containing Divergent Desiderata Identified

Divergent Desiderata Reexpressed As Goals

List Of Problems About Means Ready
List Of Factors In The Sub-problem Ready
List Of Goals And Constraints Or Conditions Read
Connection Between Factors And The Goals And 
Constraints Or Conditions Established
Analogous Problems In Prior Experience Identified
Analogous Problems Handled Elsewhere Identified
Problem Element/solution Matrix Ready
Re-expression Of Sub-problem With Same Matrix Complete

Exploration Of Combinations Of Solution Elements Complete
Hypothesis Selected
No Hypothesis

Solutions-in-principle Assembled

5.1.18

5.1.19

5.1.20

5.2
5.2.1

5.2.2
5.2.3

5.2.4

5.2.5
5.2.6
5.2.7
5.2.8

5.2.9
5.2.10
5.2.11
5.2.12

5.2.13
5.2.14
5.2.15

5.2.16

Develop Solutions In Principle To Problems About Means Arising From Performance 
Specification
Referring To The Performance Specification Prepared Under 5.1.20, The List Of Groups Of 
Interrelated Desiderata Prepared Under 5.2.3, List Those Groups And Single Desiderata Not Yet 
Handled. Add Any Problem About Means Remaining From Those Under 4.1.5
For Each Item Listed Under 5.3.1, Reexpress The Goals And Constraints For One Or More 
Problems About Means
List The Problems About Means Thus Identified
For Each Problem About Means Listed Under 5.3.3, List The Factors In The Problem
Identify Goals And Constraints Or Conditions In The Sub-problem
Establish The Connections Between The Factors (Goals And Constraints Or 
Conditions)
Identify Similar Or Analogous Problems In Prior Experience
Identify Similar Or Analogous Problems Handled Elsewhere
Catalog The Properties Of The Nearest Analogous Problems And The Elements Of Their 
Respective Solutions And Prepare A Problem Element/problem Solution Matrix
Reexpress The Present Problem Within The Same Matrix
Explore Combinations Of Solution Elements
Select A Promising Combination Of Solution Elements As A Hypothesis For Development
Where Not Promising Hypothesis For Development Emerges, Reiterate From 5.3.7 In Wider Field
Reiterate From 5.3.4 Until All Problems About Means Arising From Desiderata In Performance
Specification Are Resolved In Principle
Assemble Hypothetical Solutions

Postulate Outline Overall Solution(s)
Unite The Collection Of Hypothetical Solutions Under 5.2.16 With Those Under 5.3.14
Using The Performance Specification Prepared Under 5.1.20 As A Guide, Take Every 
Combination Of Pairs Of Hypothetical Solutions And Identify Which In Each Pair Should 
Take Precedence If They Should Later Prove To Be Incompatible
Rank The Collection Of Hypothetical Solutions In Order Of Precedence
Taking Every Combination Of Paris Of Hypothetical Solutions From The List Under 5.4.3, 
Beginning With The Pairs Containing The Highest Ranked Solutions, And In The Light Of 
Whatever Information Is Readily Available, Check The Plausibility Of Each Pair's Proving 
To Be Compatible 
Where Probable Incompatibilities Are Identified, Reiterate From 5.3.2

43, 98, 100, 101-115

115-116

116-117
117-118
118-119
119-120

120-121
120-122
121,121-123

120, 123-124
124-125
125-126
125-127

115, 126-128

114, 128-129
98, 129-130

130-131
131-132

115

116

117
118
119
120

121
122
123

124
125
126
127

128

129
130

131
132

List Of Outstanding Inter-related Desiderata Ready

Goals And Constraints For Problems About Means Identified

List Of Problems About Means Ready
List Of Factors In The Sub-problem Ready
Revised List Of Goals And Constraints Or Conditions Ready
Connection Between Factors And The Goals And 
Constraints Or Conditions Established
Analogous Problems In Prior Experience Identified
Analogous Problems Handled Elsewhere Identified
Problem Element/solution Matrix Ready

Re-expression Of Sub-problem With Same Matrix Complete
Exploration Of Combinations Of Solution Elements Complete
Hypothesis Selected
No Hypothesis

Solutions-in-principle Assembled

Combined Collection Of Hypothetical Solutions Ready
Ranking Matrix For Problems About Ends Ready

Ranked List Of Hypothetical Solutions Ready
Compatibility Studies Complete

5.3

5.3.1

5.3.2

5.3.3
5.3.4
5.3.5
5.3.6

5.3.7
5.3.8
5.3.9

5.3.10
5.3.11
5.3.12
5.3.13

5.3.14

5.4
5.4.1
5.4.2

5.4.3
5.4.4

Assemble All The Hypothetical Solutions Into A Suggested Composite Overall Solution, Or 
Range Of Solutions
Reappraise The Proposed Solution(s) In The Light Of The Problem As Set Out In 4.4.1
Reappraise The Proposed Solution(s) In The Light Of Crucial Issues Set Out In 4.4.2
Where Required, Prepare And Submit Sketch Designs (See Note Below)
Reappraise And If Necessary Reformulate A Course Of Action, Previously Set Out In 4.4.3
Reappraise Timetable
Reappraise Facilities
If Necessary, Prepare Revised Proposals
Bring Files And Progress Machinery Up To Date

Note If Sketch Designs Must Be Submitted For Approval At This Stage See 5.4.8, Continue With
Section 6.1 And Then The Whole Of Section 7 For The Sketch Design Only. Reiterate The Whole Of
Section 5 Until A Sketch Design Is Approved And A Commission Is Received To Execute Phase 4.
Proceed With Section 6 In Respect Of The Finished Design.

Development

Receive Instructions
Send Acknowledgment
Bring Files And Progress Machinery Up To Date

Define Design Idea
Using The Most Abstract Or General Medium Available (eg., A Form Of Words), Completely 
Define The Essential Germ Of The Design Idea
Using The Same Medium, Define The Maximum Variation Embraceable By The Design Idea
In The Case Of Sketch Designs Being Prepared Under 5.4.8, Proceed Now With Section 7
In Respect Of Sketch Designs Only.

Erect A Key Model
List Range Of Media For The Representation Of An Embodiment Of The Design Idea
Select The Least Abstract Medium Which Will Exhaustively Describe The Variants Of The
Design Idea (See 6.1.2)
Erect A Key Model Of The Essential Design Idea Showing All It's Variants

132-133

66, 133-134
67, 134-135
215, 135-136
135-137
137-138
138-139
77, 136, 139-140
78, 140-141

140-142
142-143
141, 142, 143-144

131, 133, 135, 142-145

145-146

146-147
146, 147-148

145, 148-149

133

134
135
136
137
138
139
140
141

142
143
144

145

146

147
148

149

Composite Overall Solution(s) Ready

Reappraisal In Light Of Original Problem
Reappraisal In Light Of Crucial Issues Complete
Sketch Designs Ready
Reappraisal And/or Reformulation Of Course Of Action Complete
Reappraisal Of Timetable Complete
Reappraisal Of Facilities Complete
Revised Proposals Ready
Files And Progress Machinery Up To Date

Commission Received To Execute Phase 4
Acknowledgment Dispatched
Files And Progress Machinery Up To Date

Definition Of Essential Germ Of Design Idea Ready

Definition Of Range Of Variation Embraceable By Design 
Idea Ready

List Of Available Media Ready
Medium Selected

Key Model Erected

5.4.5

5.4.6
5.4.7
5.4.8
5.4.9
5.4.10
5.4.11
5.4.12
5.4.13

6.0
6.0.1
6.0.2

6.1
6.1.1

6.1.2

6.2
6.2.1
6.2.2

6.2.3

Develop Sub-problem Mutual Solutions
Take The Combined Collection Of Hypothetical Sub-problem Solutions Under 5.4.1 And, In
The Light Of The Information Employed In Their Respective Resolutions (See Section 5.2 And 
Section 5.3), Identify All Combinations Of Pairs Of Hypothetical Solutions Which Appear To
Involve Inter-acting Development Details.
List The Inter-acting Pairs Thus Identified
Using The Ranked List Of Hypothetical Sub-problem Solutions Prepared Under 5.4.3 As A Guide,
Identify And Plot In The Form Of A Network The Most Desirable Sequence For Detailed 
Development Of The Chain Of Hypothetical Sub-problem Solutions
Select The Earliest Undeveloped Hypothesis In The Network, Referring Where Necessary To
Working Papers Prepared Under Section 5.3, And List The Factors In Developing This 
Hypothesis Into A Material Embodiment
Referring Where Necessary To Working Papers Under Section 5.3, Identify The Goals And 
Constraints Or Conditions In The Sub-problem
Referring Where Necessary To Working Papers Prepared Under Section 5.3, Establish The 
Connections Between The Factors (Goals And Constraints Or Conditions)
Identify Those Factors Where The Data Values May Be Voluntarily Assigned By The Designer
Identify Those Factors Where The Data Values Are Fixed By External Influences
Identify Those Factors Where The Data Are Dependent Variables (For Example, Where The Data 
Are He Solutions To Other Sub-problems)
If Necessary, Revise Network Prepared Under 6.3.3 So That Problems Which Provide Data For
Other Sub-problems Are Dealt With In The Right Order, Or Select Another Problem At 6.3.4
Collect Necessary Data
Where Sufficient, And Sufficiently Precise, Data Is Available, Develop A Model Embodiment
Of The Hypothetical Solution
Where Sufficient Precise Data Is Not Available, Postulate Simplifying Assumptions By
Plausible Reasoning And Develop A Model Embodiment Of The Hypothetical Solution
Test The Embodiment For Fit Within The Framework Of The Key Model
Where Embodiment Is Found To Be Impracticable, Revise Hypothetical Solution By 
Reiterating Section 5.3 For That Sub-problem, And Section 5.4 For The Effect Of A New
Hypothesis On The Overall Design Concept
Reexamine The Inter-action Matrix Prepared Under 6.3.1 And The Network Prepared Under
6.3.3, Revise Network As Necessary And Select Another Sub-problem

129-150

150-151
131, 151-152

118, 152-153

119, 152-154

120, 153, 154-155

155-156
155-157
155-158

158-159

156, 157, 159-160
156, 160-162

156, 160-161

149, 162-163

133, 152, 163-164

150

151
152

153

154

155

156
157
158

159

160

161
162
163

164

Interaction Matrix Ready

List Of Inter-acting Pairs Of Hypothetical
Sub-problem Solutions Ready

List Of Factors In Sub-problem Ready

List Of Goals And Constraints Or Conditions Ready

Connections Between Factors Established

Factors Where Data Values Are Voluntarily Assignable Identified
Factors Where Data Values Are Fixed By External Influences Identified
Factors Where Data Values Are Dependent Variables Identified

Revised Network Ready

Necessary Data Ready

Simplifying Assumptions Postulated
Material Embodiment Ready
Test Of Sub-problem Solution Embodiment With Key
Model Complete

All Hypothetical Sub-problem Solutions Embodied

6.3
6.3.1

6.3.2
6.3.3

6.3.4

6.3.5

6.3.6

6.3.7
6.3.8
6.3.9

6.3.10

6.3.11
6.3.12

6.3.13

6.3.14

6.3.15

Develop Overall Solutions
Unite Model Sub-problem Embodiments Into One Or More Model Overall Solution(s)
Identify Undeveloped Areas In The Design
Reexpress As A Sequence Of Additional Problems For Completion
Develop Each Problem Under 6.4.3 By Reiterating From 6.3.4
Reiterate Section 6.4 Until One Or More Overall Solutions Are Fully Developed
Develop Each Problem Under 6.4.3 By Reiterating From 6.3.4
Reiterate Section 6.4 Until One Or More Overall Solutions Are Fully Developed

Validate Hypotheses
Select And List Those Problems About Ends Where Data Values Where Voluntarily Assigned 
(See 4.2.5, 4.3.7 And 5.2.9)
Select And List Those Problems About Ends Where Simplifying Assumptions Were Made (See
4.2.11, 4.3.7 And 5.1.13)
For Each Problem Listed Under 6.5.1 Or 6.5.2, Formulate Hypotheses Calculated  To Facilitate
The Validation Of The Solution To The Problem (See 4.2.11, 4.2.12, 5.1.17 And 5.1.18)
For Each Hypothesis Under 6.5.3, Design An Experiment To Test The Hypothesis And Validate
The Solution (See Note Below)
Conduct Validation Experiment Or Study As Planned Under 6.5.4
Where The Experiment Or Study Shows That The Solution To The Problem About Ends Is 
Invalid (See 6.5.3), Then Rework The Problem About Ends And All It's Ramifications From 5.1.2
Where The Experiment Or Study Is Inconclusive, Reiterate From 6.5.4
Where The Experiment Or Study Indicates That The Solution To The Problem About Ends Is
Supported, Reiterate From 6.5.3 Until Problems Listed Under 6.5.1 And 6.5.2 Are Validated
Identify And List Those Statements In The Performance Specification (See5.1.20) Which Have 
Not Been Examined Under 6.5.3
Note: Where Necessary, The Problem Of Designing An Experiment Can Be Handled By The 
Procedures Set Out In Section 4 And Section 5. These Procedures Include Appraising The 
Significance Of The Problem Under Investigation And The Amount Of Effort Which Can Be 
Devoted To It's Solution
For Each Statement Listed Under 6.5.9, Formulate Hypotheses Calculated To Facilitate
Validation Of The Statement
For Each Hypothesis Under 6.5.10, Design An Experiment To Test The Hypothesis And Validate
The Statement (See Note On Page 26)
Conduct Validation Experiment Or Study As Planned Under 6.5.11

164-165
149, 165-166
152, 166-167
165, 167-168

165, 167-168

96, 168-169

161, 168-170

169, 170-171

171-172

172-173
173-174

173-175
170, 173-176

98, 169, 170-177

177-178

178-179

179-180

165
166
167
168

168

169

170

171

172

173
174

175
176

177

178

179

180

Model Overall Solution Ready
Underdeveloped Area Identified
New Networks Ready
Overall Solution Ready

Overall Solution Ready

List Of Problems About Ends Containing
Voluntarily Assigned Values Ready
List Of Problems About Ends Containing Simplifying 
Assumptions Ready
Hypotheses Ready

Design For Experiment Or Test Ready

Experiment Or Study Complete
Solution To Problem About Ends Shown To Be Invalid

Result Of Experiment Or Study Inconclusive
All Solutions To Problems About Ends Containing 
Assumptions Now Validated
List Of Untested Statements In Performance 
Specification Ready

Hypothesis Formulated

Design For Experiment Or Study Ready

Experiment Or Study Complete

6.4
6.4.1
6.4.2
6.4.3
6.4.4

6.4.4

6.5
6.5.1

6.5.2

6.5.3

6.5.4

6.5.5
6.5.6

6.5.7
6.5.8

6.5.9

6.5.10

6.5.11

6.5.12

51, 47

Explanation
In the diagrams, time flows from left to right across the page, each 
arrow represents an on-going activity, which takes a greater or lesser 
amount of time. However, there is not attempt to make the length of 
the arrow proportional to the time taken by the activity. The circles at 
each end of the arrow represent the events which open and close an 
activity. Events occur at an instant in time, rather than over a period 
of time. Sometimes more than one activity is required to complete 
an event. Sometimes an event permits more than one activity to 
commence. Events with the suffix "n" must be repeated a number of 
times for different sub-problems. 

The conventions described are common to various forms of network 
analysis, for example critical path planning and PERT.

Check List for Product Designers

Forward & Summary
The check list which accompanied the original series of articles in 
design was regarded by the author as the embodiment of a 
hypothesis on the structure of the design act. Since this was 
published, further fundamental study has been undertaken.

The following check list is thus presented as a second hypothesis, 
which the author recognizes as still naive in places. It is not 
intended to be read as a narrative. Nevertheless, study of the 
summary below might be useful in presenting an overall picture of 
design procedure. The remainder of the check list is offered as a 
design tool, calculated to be useful in the control of most normal 
product design projects.

How to use check list and arrow diagrams
The check list has been set out in the form of a list of activities and 
events according to the conventions of network analysis. The arrow 
diagrams are contained in appendix 2. 

It is suggested that the diagram appropriate to the phase which has 
been reached in the design project in question should be mounted 
on the wall adjacent to the designer's drawing board. As the work 
progresses, the designer should identify events in the check list as 
they take place, and tick them off on the diagram. The links in the 
diagram show what must be done next. Target dates and/or 
estimated working hours can be added where appropriate.

Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem

Where The Experiment Or Study Shows That The Statement In The Specification Is Invalid, Then
Rework The Problems About Ends Embodied In The Statement, And All Their Ramifications, 
From 5.1.1
Where The Experiment Or Study Is Inconclusive, Reiterate From 6.5.11
Where The Experiment Or Study Indicates That The Specification Statement Is Supported, 
Reiterate From 6.5.10 Until All Statements In The Performance Specification Are Validated
Identify And List Those Design Details Where Data Values Were Voluntarily Assigned By The 
Designer (See 6.3.7), And Where Simplifying Assumptions Were Made (See 6.3.13)
For Each Detail Under 6.5.16, Formulate Hypotheses To Facilitate Validation Of The Detail
For Each Hypothesis Under 6.5.17, Design An Experiment To Test The Hypothesis And Validate 
The Detail (See Note After 6.5.9)
Conduct Validation Experiment Or Study As Planned Under 6.5.18
Where The Experiment Or Study Shows That The Design Detail Is Invalid, Then Rework The
Detail Development From 6.3.4
Where The Experiment Or Study Is Inconclusive, Reiterate From 6.5.18
Where The Experiment Or Study Indicates That The Design Detail Is Supported, Reiterate From
6.5.17 Until All Design Details Based Up On Voluntarily Assigned Data And/or Simplifying
Assumptions Are Validated
Taking The Goals Identified Under Section1.1 And 4.4.1 Together With The Constraints Listed 
Under Section 2.1 And The Performance Specification Set Out Under 5.1.20, Formulate
Hypotheses Calculated To Facilitate Validation Of The Overall Design(s) Under 6.4.4
For Each Hypothesis Under 6.5.23, Devise An Experiment To Test The Hypothesis And
Validate The Design (See Note After 6.5.9)
Assemble The Collection Of Proposed Experiments Or Studies Prepared Under 6.5.24
Into A Validation Program
Distinguish Between Validation Experiments Or Studies To Be Carried Out Before
Communication Of The Final Design Solution(s) And Those Which Must Be Carried Out On
Manufactured Models Or Prototypes
Select An Appropriate Validation Experiment Or Study From The List Of Those Which Are To Be
Carried Out Before Communication Of The Final Design Solution(s), And Conduct Experiment
Where The Experiment Or Study Shows That The Design Is Invalid, Then Rework From 5.3.1
Where The Experiment Or Study Indicates That The Design Is Supported, Reiterate From 6.5.23
Where The Design Is Supported, Reiterate From 6.5.27 Until All Studies To Be Carried Out 
Before Communication Of The Final Design Solution(s) Are Complete
Prepare A Report On Those Validation Experiments Or Studies Which Are To Be Carried Out On 
Models Or Prototypes

180-181

180-182
177, 180-183

156, 161, 176, 183-184

184-185
185-186

186-187
187-188

187-189
184, 187-190

17, 66, 98, 134, 
168-191

191-192

192-193

193-194

193-195
194-196

196-197
196-198
196-199

195-200

181

182
183

184

185
186

187
188

189
190

191

192

193

194

195
196

197
198
199

200

Specification Statement Shown To Be Invalid

Experiment Or Study Inconclusive
All Specification Statements Validated

List Of Design Details Based On Assumptions Ready

Hypotheses Formulated
Design For Experiment Or Study Ready

Experiment Or Study Complete
Design Detail Shown To Be Invalid

Experiment Or Study Inconclusive
All Design Details Based Upon Assumptions Now 
Validated

Hypotheses Formulated

Design For Experiment Or Study Ready

Validation Program Ready

Studies To Be Carried Out Before Communication Of 
The Final Design Solution(s) Identified
Studies To Be Carried Out On Prototypes Identified
Experiment Or Study Complete

Design Shown To Be Invalid
Experiment Or Study Inconclusive
All Validation Studies To Be Carried Out Before 
Communication Of The Design Complete
Report On Validation Studies To Be Carried Out On 
Manufactured Models Or Prototypes Now Ready

6.5.13

6.5.14
6.5.15

6.5.16

6.5.17
6.5.18

6.5.19
6.5.20

6.5.21
6.5.22

6.5.23

6.5.24

6.5.25

6.5.26

6.5.27

6.5.28
6.5.29
6.5.30

6.5.31

Activity Activity No EventItem

Communication

Define Communication Needs
Referring To Instructions (See 0.2.1, And Any Subsequent Amendments At 1.0, 3.0, 5.0 
And/or 6.0, Determine Addressee And Channel For Communication Of Design
Similarly Referring To Instructions, And Also To Course Of Action Adopted (See 0.4.6 And
Subsequent Amendments At 2.2.9, 4.4.7 And 5.4.12), Determine Whether The General
Spirit, The Geometry And Performance Or The Detailed Construction Of The Design Is To Be
Communicated
Referring To The Definition Of The Design Idea (6.1.1) And The Statement Of The Range Of
Variation Embraceable By The Design Idea (6.1.2) And Also To The Developed Overall
Solution(s), Appraise What Is To Be Communicated

Select Communication Medium
List All Communication Media Available
Referring To Communication Needs (Section 7.1), Select Suitable Media From The List 
Prepared Under 7.2.1
Referring To Timetable (5.4.10) And Facilities (5.4.11), Select Medium To Be Used In 
Communicating The Design
Reappraise And If Necessary Reformulate Course Of Action (Previously Set Out In 5.4.9)

Prepare Communication
Referring To 7.1.3, List What Is To Be Communicated
Referring To Communication Needs (7.1.1 And 7.1.2), And In Terms Of The Medium 
(7.2.3), Describe Each Item Under 7.3.1
Prepare A Schedule Or Key Diagram Of All Items Described
Prepare A Schedule Or Key Diagram Of All Documents Or Other Media Forming Part 
Of, Or Referred To In, The Communication
Both Within Each Of, And Between, The Two Schedules 7.3.3 And 7.3.4, Index All Items So 
That Both The Correlation And The Tracing Of The Consequences Of Any Subsequent 
Revision Are Facilitated
Check Each Document (Or Other Medium) For Any Deficiency In The Items Described
Check Each Document (Or Other Medium) For Any Deficiency In The Medium Itself
Referring To Communication Needs (7.1), Examine Completed 
Communication
Reappraise, And If Necessary Reformulate, Course Of Action (Reappraised At 7.2.4)

199-201

199-202

145, 146, 199-203

201, 202, 203-204
201, 203, 204-205

138, 139, 205-206

137, 202, 206-207

203, 207-208
168, 202, 206, 
208-209 
208-210
209, 210-211

210, 211-212

210, 211-213
211-214
209, 210, 211, 212, 
213, 214-215
209, 215-216

201

202

203

204
205

206

207

208
209

210
211

212

213
214
215

216

Addressee And Channel For Communication Determined

Depth Of Detail For Communication Determined

Matter For Communication Appraised

List Of Communication Media Ready
List Of Suitable Media Ready

Medium For Communication Selected

Course Of Action Reformulated

List Of Matter For Communication
Item Described

Item Schedule For Key Ready
Document Schedule Or Key Ready

Schedules Cross Indexed

Document Contents Checked
Document Quality Checked
Completed Communication Examined

Course Of Action Reformulated

7

7.1
7.1.1

7.1.2

7.1.3

7.2
7.2.1
7.2.2

7.2.3

7.2.4

7.3
7.3.1
7.3.2

7.3.3
7.3.4

7.3.5

7.3.6
7.3.7
7.3.8

7.3.9

Activity Activity No EventItem

Transmit Information
Make Security And/or Record Copies Of All Documents 
(Or Other Media)
Compile The Communication Set
Check For Completeness
Enclose, Address And Dispatch The Communication
Advise Dispatch Of Communication Through An Alternative Channel
In The Case Of Sketch Designs Prepared Under 5.4.8, Continue Now From 5.4.9.
In The Case Of Final Design Submissions, Await Authority To Terminate Project Or,
Where Necessary, Reiterate From 5.3.1

Winding Up

Wind Up Project
Label And Store Copy Of The Communication As Dispatched
Complete Copyright Or Other Auxiliary Transactions
Complete Financial Transactions And Book Keeping
Formally Discharge Obligations And Close Correspondence
Disengage From Problem And Close Project

Close Records
Store, Return, Dispose Of, Or Write Off All Remaining Materials And Equipment
Destroy All Obsolete And Transitory Material
Collate, Label And Store All Records
Appraise Experience Gained And Adjust Systems And Standards

207, 210, 211, 
216-217
200, 217-218

218-219
218-220

219, 220-221
218-222
218-223
219, 222, 223-224
224-225

225-226
212, 226-227
227-228
228-229

217

218

219
220

221
222
223
224
225

226
227
228
229

Record Copies Ready

Communication Set Compiled

Communication Set Dispatched
Advice Note Dispatched

Communication Filed
Auxiliary Transactions Complete
Financial Transactions And Book Keeping Complete
Correspondence Closed
Project Closed

Materials And Equipment Disposed Of
Redundant Material Disposed Of
Records Stored
Appraisal Of Experience Complete

7.4
7.4.1

7.4.2
7.4.3
7.4.4
7.4.5

8

8.1
8.1.1
8.1.2
8.1.3
8.1.4
8.1.5

8.2
8.2.1
8.2.2
8.2.3
8.2.4

Activity Activity No EventItemActivity Activity No EventItem

30

31

32

12

Postulate Outline Overall Solution(s) (Continued) Receive Instructions Define Design Idea Erect A Key Model Develop Sub-problem Mutual Solutions Develop Overall Solution(s)

Phase 5
Development (Continued)

Validate Hypotheses
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191 >
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Phase 6

Communication

Define Communication Needs
Select Communication Medium
Prepare Communication

Winding Up

Wind Up Project
Close Records

Phase 3

Synthesis

Receive Instructions
Resolve Remaining Problems About Ends
Postulate Means For Reconciling Divergent Desiderata In Performance Specification
Eevelop Solutions In Principle About Means Arising From Performance Specification
Develop Solutions In Principle About Means Arising From Performance Specification
Postulate Outline Overall Solution(s)

Phase 0

Preliminaries

Receive Enquiry
Evaluate Enquiry
Estimate Office Work Load
Prepare Preliminary Response

Phase 1

Briefing

Receive Instructions
Define Goals
Define Constraints

Programming

Establish Crucial Issues
Propose A Course Of Action

Phase 2

Data Collection

Receive Instructions
Collect Readily Available Info.
Classify And Store Data

Analysis

Identify Sub-problems
Analyze Sub-problems About Ends
Prepare Performance Specification
Reappraise Program And Estimate

Phase 4

Development

Receive Instructions
Define Design Idea
Erect A Key Model
Develop Sub-problem Mutual Solution
Develop Overall Solution(s)

Phase 5

Development (Continued)

Validate Hypotheses
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Subdividing steps can continue almost indefinitely,
for example, Bruce Archer’s 229-step design process



Phase 5 (Continued)
Development (Continued)

Validate Hypotheses (Continued)

Phase 6
Communication

Define Communication Needs

Phase 6 (Continued)
Communication (Continued)

Prepare Communication (Continued)

Winding Up

Wind Up Project Close RecordsSelect Communication Medium Prepare Communication

Phase 4 (Continued)
Development (Continued)

Phase 4 (Continued)
Development (Continued)

Phase 4
Development

Phase 3 (Continued)
Synthesis (Continued)

Phase 3 (Continued)
Synthesis (Continued)

Phase 3 (Continued)
Synthesis (Continued)

Phase 3
Synthesis

Phase 2 (Continued)
Analysis (Continued)

Phase 2 (Continued)
Analysis (Continued)

Identify Sub Problems Analyze Sub-problems About Ends Prepare Performance Specification Prepare Performance Specification (Continued) Receive Instructions Resolve Remaining Problems About Ends Resolve Remaining Problems About Ends (Continued) Postulate Means For Reconciling Divergent Desiderata In Performance Specification Develop Solutions In Principle About Means Arising From Performance Specification Postulate Outline Overall Solution(s)Reappraise Program And Estimate

Phase 2
Data Collection

Phase 1 (Continued)
Programming (Continued)

Propose A Course Of Action (Continued) Receive Instructions Collect Readily Available Info. Classify And Store Data

66 38

79

106 120
-or-
118

115

116 150

164

79

171

79

179

153

185

191

116

208

210

79

91

79

Check List for Product Designers 3Check List for Product Designers 2 Check List for Product Designers 4 Check List for Product Designers 5 Check List for Product Designers 6 Check List for Product Designers 7 Check List for Product Designers 8 Check List for Product Designers 9 Check List for Product Designers 10 Check List for Product Designers 11 Check List for Product Designers 12 Check List for Product Designers 13 Check List for Product Designers 14 Check List for Product Designers 15

Phase 1
Briefing

Phase 0
Preliminaries

Receive Enquiry Receive Instructions Define Goals Establish Crucial Issues Propose A Course Of ActionDefine 
Constraints

Evaluate Enquiry Estimate Office 
Work Load

Prepare Preliminary Response

Programming Analysis

Preliminaries

Receive Enquiry
Send Acknowledgment
Open Project File
Commence Chart For Recording Progress

Evaluate Enquiry (For Example):
Identify Authority To Whom Answerable
Identify Type Of Task
Identify Class of Product
Define Form Of Submission Required
Define Any Facility Or Free Structure Offered
Define Any Program Limitations Imposed

Estimate Office Work Load
Survey Existing And Projected Programmed
Estimate Manpower Availability

Prepare Preliminary Response
Break Down Task Described Under 0.2 Into An Outline Program
Match Outline Program With Manpower Availability Estimate Set Out Under 0.3.2
Prepare Preliminary Estimate Of Costs
Formulate A Draft Proposal
Check Draft Proposal Estimate
If Necessary, Reiterate From 0.4.1 Until A Satisfactory Proposal Is Drafted
Prepare And Dispatch Fair Copy Of Proposal And Estimate
Bring File And Progress Machinery Up-to-date

Reiterate Section 0 Until Agreement Is Achieved On A Commission To Carry Out Phase 1 -
"Receive Brief, Analyze Problem, Prepare Detailed Program And Estimate", Or Until
Project Is Abandoned 

1-2
1-3
2-3

1-4

1-5
5-6

4-7
6-7
6-8
7-8
8-9

2, 9-10
3, 10-11

1
2
3

4

5
6

7

8
9

10
11

Enquiry Received
Acknowledgment Dispatched
Project File And Progress Machinery Ready

Report On Evaluation Of Enquiry Ready

Survey Of Office Workload Ready
Estimate Of Manpower Availability Ready

Outline Project Program Ready

Draft Proposal And Estimate Ready
Draft Proposal And Estimate Approved

Proposal And Estimate Dispatched
Files And Progress Machinery Up To Date

0

0.1
0.1.1
0.1.2
0.1.3

0.2
0.2.1
0.2.2
0.2.3
0.2.4
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0.3
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0.3.2

0.4
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Activity

Carry Forward
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n

46
n

43

36
n
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35

27

Check Draft Proposal And Estimate
If Necessary, Reiterate From 2.2.7 Until A Satisfactory Proposal Is Drafted
Prepare And Dispatch Fair Copy Of Proposal And Estimate
Bring File And Progress Machinery Up To Date
Reiterate Sections 1 And 2, Until Agreement Is Reached To Carry Out Phase 2 - "Collect Data, 
Prepare Performance Specification, Reappraise Proposed Program And Estimate", Or Until
Project Is Abandoned.

Data Collection

Receive Instructions
Send Acknowledgment
Bring Files And Progress Machinery Up To Date

Collect Readily Available Information (For Example On):
Environmental At Point Of Use, Identity Of Users, User Ergonomics, User Motivation, 
Product Function, Product Mechanics, Product Finish, Product Aesthetics, Market Environment, 
Competitive Products, Product Archetype, Brand Predecessors, Maker's House Style, 
Ruling Market Prices, Economic Quantities, Product Facilities, Limiting Dimensions, Materials,
Collect Other Readily Available Information

Classify And Store Data
List Information Topics Handled
Rationalize Topic Headings
Design An Information Classification System
Classify All Information Held
Shelve The Information Gathered

Analysis

Identify Sub-problems
List All The Factors In The Overall Problem
Pair Interdependent Factors So As To Form All Matters Into Sub Problems
List All The Sub-problems Thus Identified
Identify The Apparent Sequence Of Dependence Of Sub-problems Upon One Another

29-30

13, 30-31
14, 31-32

31-33
33-34
32, 33, 34-35

33-36

33-37
36-37
37-38

36-38

 

38-39
39-40
40-41
20, 41-42

30

31
32

33
34
35

36

37
 
 

38

 
39
40
41
42

Draft Revised Proposal And Estimate Approved

Revised Proposal And Estimate Dispatched
Files And Progress Machinery Up To Date

Commission Received to Execute Phase 2
Acknowledgment Dispatched
Files And Progress Machinery Up To Date

Available Information Ready

List Of Information Ready
 
 

Available Information Classified And Shelved

List Of Factors Ready
Interdependence Matrix Ready
List Of Sub-problems Ready
Sub-Problem Network Ready

2.2.10

2.2.11
2.2.12

3

3.0
3.0.1
3.0.2

3.1
3.1.1-
3.1.19

3.2
3.1.1
3.1.2
3.1.3
3.1.4
3.1.5

4

4.1
4.1.1
4.1.2
4.1.3
4.1.4

Distinguish Problems About Means From 
Problems About Ends
Resolve Problems About Ends As Indicated In Sections 4.2 And 4.3

Analyze Sub-problems About Ends
Select A Problem About Ends From The Network Identified Under 4.1.4
List The Factors In This Sub-problem
Identify The Goal To Be Achieved
Establish The Connection Between The Factors And The Goal
Identify Those Factors Where The Data Values May Be Voluntarily Fixed 
By The Designer
Identify Those Factors Where The Data Values Are Fixed By External Influences
Identify Those Factors Where The Data Are Dependent Variables (For Example, Where 
The Data Are The Solutions To Other Sub-problems)
If Necessary, Revise Network In 4.1.4 So That Problems Which Provide Data For Other 
Problems Are Dealt With In The Right Order, Or Select Another Problem At 4.2.1
Collect Necessary Data (Either Extract Data From Record System 3.2.5 Or Add Fresh Data)
Where Sufficient, Precise Data Is Available, Delineate Maximum Field Of Feasible Solutions 
Where Sufficient Precise Data Is Not Available, Postulate Simplifying 
Assumptions By Plausible Reasoning And Then Delineate A Field Of 
Feasible Solutions
Referring To 4.2.4, Identify The Zone Where Satisfaction Of Goal Is Optimum
Reexamine Section 4.1 And Modify Problem Network As Necessary
Reiterate Section 4.2 Of Each Problem About Ends In The Network

Prepare Performance Specification
Taking Every Combination Of Pairs Of Sub-problems About Ends, Identify Which In Each Pair 
Must Take Precedence If Their Optimum Solutions Are Incompatible
Rank The Complete List Of Sub-problems In Order Of Precedence
Identify Those Pairs Where The Optimum Solutions Are In Fact Mutually Compatible, Referring 
To 4.2.1.2 For Each Sub-problem
Identify Those Paris Where The Optimum Solution Of One Is Compatible With Feasible (But 
Not The Optimum) Solutions Of The Other
Identify Those Pairs Where Feasible Solutions (But Not The Optimum Solutions) 
Are Compatible
Identify Those Pairs Where Feasible Solutions And Optimum Solutions Are Incompatible

42-43, 
42-44
44-56

17, 44-45
18, 44-46
45, 46-47

47-48
47-49
47-50

42, 50-51

38, 48, 49, 51-52
52-54
48, 52-53, 
53-54

47, 54-55

44, 55-56

56-57

57-58
58-59

58-60

58-61

58-62

43
44

45
46
47

48
49
50

51

52
 
53
54

55

56

57

58
59

60

61

62

List of Problems About Means Ready
List Of Problems About Ends Ready

List Of Factors In Sub-problem Ready
Goals And Conditions Identified
Connection Between Factors And Goals Or 
Conditions Established
Voluntarily Evaluable Factors Identified
Externally Influenced Factors Identified
Dependently Variable Factors Identified

Revised Network Ready

Necessary Data Ready
 
Simplifying Assumptions Postulated
Field Of Feasible Solutions Delineated

Optimal Solution Identified

All Problems About Ends Resolved

 
Priorities Identified (Ranking Matrix)

Ranked List Of Problems About Ends Ready
Problems With Compatible Optimal Solutions Identified

Problems With Compatible Optimal/Feasible Solutions 
Identified
Problems With Compatible Feasible Solutions Identified

Problems With Incompatible Solutions Identified

4.1.5

4.1.6

4.2
4.2.1
4.2.2
4.2.3
4.2.4
4.2.5

4.2.6
4.2.7

4.2.8

4.2.9
4.2.10
4.2.11

4.2.12

4.2.13

4.3
4.3.1

4.3.2
4.3.3

4.3.4

4.3.5

4.3.6

4
4

1 20 26

Briefing

Receive Instructions
Send Acknowledgment
Bring Files And Progress Machinery Up To Date
Make Arrangements For Formal Briefing

Define Goals (For Example):
Define Client's Corporate Policy, Trading Policy, Project Aims, Problem Aims, Identify Reasons For 
Examining Problem Now, Define Design Goals

Define Constraints (For Example):
Identify Any National Constraints, Any Trade Constraints, Any Mandatory Company Constraints, 
Any Contractual Constraints, Budgetary Constraints, Marketing Constraints, Manufacturing 
Constraints, Any Other Constraints

Programming

Establish Crucial Issues
Analyze Goals Recorded Under 1.1 And Define Criteria For Measuring Success
Analyze Constraints Identified Under 1.2 And Define Field Available For Maneuver
Identify Crucial Issues

Propose A Course Of Action
Review Experience Of Analogous Problems
Collect Case Histories Of Similar Problems Handled Elsewhere
List Courses Of Action Available
Select A Promising Course Of Action
Test Selected Course Of Action (A Pilot Study?)
In The Light Of Experience With Analogous Problems, Appraise Probable Adequacy Of 
Course Of Action Selected
If Necessary, Reiterate From 2.2.1 Until A Sufficiently Assuring Course Of Action Is Selected
Reappraise Office Workload And Project Facilities
Reappraise Program And Timetable
Formulate Draft Revise Proposal And Estimate (With Special Reports On 1.1, 1.2 And 2.1 If 
Necessary)

10-12
12-13
11, 12, 13-14
12-15

15-16

15-17

16-18
17-19
18, 19-20

20-21
20-22
21, 22-23
20, 23-24
24-25
21, 25-26

26-27
26-28
21, 27, 28-29

12
13
14
15

16

17

18
19
20

21
22
23
24
25
26

27
28
29

Commission Received To Execute Phase 1
Acknowledgment Dispatched
File And Progress Machinery Up To Date
Arrangements Complete For Formal Briefing

Definition Of Goals Complete

Definition Of Constraints Complete

Criteria For Measuring Success Identified
Field For Maneuver Defined
Crucial Issues Identified

Review Of Experience With Analogous Problems Complete
Collection Of Case Histories Ready
Available Courses Of Action Listed
A Promising Course Of Action Selected
Test Of Selected Course Of Action Completed
Appraisal Of Probable Adequacy Complete

Reappraisal Of Office Work Load And Project Facilities Complete
Reappraisal Of Project Program And Timetable Complete
Draft Revised Proposal And Estimate Ready

1

1.0
1.0.1
1.0.2
1.0.3

1.1
1.1.1-
1.1.6

1.2
1.2.1-
1.2.8

2

2.1
2.1.1
2.1.2
2.1.3

2.2
2.2.1
2.2.2
2.2.3
2.2.4
2.2.5
2.2.6

2.2.7
2.2.8
2.2.9

Select All The Sub-problems Listed Under 4.3.4 And 4.3.5 Which Stand High On The Rank 
Ordered List, And Reexamine Them According To Selection 4.2. Reexamine Assigned 
Values And Simplifying Assumptions At 4.2.11
Reiterate From 4.2.8 As Necessary. If Too Many Incompatibilities Remain, Reiterate Sections 1 
And 2 Seeking Easements.
When All Problems About Ends Have Been Resolved Or As Many Of Them As Seems 
Practicable), Assemble All Their Solutions Into A Performance (Or Design) Specification, 
Ranked Substantially In Accordance With 4.3.2
List Any Remaining Intractable Problems About Ends For Reference To Client And/or For 
Resolution As Creative Problems

Reappraise Program And Estimate
In The Light Of 4.1, 4.2 And 4.3, Restate The Problem Set Out In 1.1
Reappraise The Crucial Issues Set Out In 2.1
Reappraise And If Necessary Reformulate A Course Of Action, Perviously Set Out In 2.2
Where Required, Prepare A Report On The Overall Problems About Ends, Referring To 4.3.9
Reappraise Program And Timetable
Reappraise Office Workload And Project Facilities
Formulate Draft Revised Proposal And Estimate
(With Performance Specification For Approval, And Report On Overall Problem And Ends 
Where Necessary)
Check And Approve Draft Proposal And Estimate
If Necessary Reiterate From 4.4.1 Until A Satisfactory Proposal Is Drafted
Prepare And Dispatch Fair Copy Of Proposal And Estimate
Bring Files And Progress Machinery Up To Date

Reiterate Section 4 Until Agreement Is Reached To Carry Out Phase 3 - "Prepare Outline 
Design Proposal(s)", Or Project Is Terminated.

Where Suitable, Phase 4 - "Develop Prototype Design(s)" And/or Phase 5 - "Prepare (And 
Execute) Validation Studies" May Also Be Commissioned At The Same Time As Phase 3.

48, 53, 60, 61, 62-63

58, 59, 63-64

63-65

51, 64, 65-66
20, 66-67
67-68
18, 64, 65, 66, 68-69
43, 69-70
69-71
70, 71, 72

72-73

34, 73-74
35, 74-75

63

64

65

66
67
68
69
70
71
72

73

74
75

Critical Problems Reexamined

Performance Specification Ready

Remaining Intractable Problems About Ends Listed

Problem Restatement Ready
Reappraised Crucial Issues Listed
Course Of Action Reformulated
Report On Problem About Ends Ready
Program And Timetable Reappraised
Workload And Facilities Reappraised
Draft Revised Proposal, Performance Specification And 
Estimate Ready

Draft Proposal And Estimate Dispatched

Proposal And Estimate Dispatched
Files And Progress Machinery Up To Date

4.3.7

4.3.8

4.3.9

4.4
4.4.1
4.4.2
4.4.3
4.4.4
4.4.5
4.4.6
4.4.7

4.4.8

4.4.9
4.4.10

Synthesis

Receive Instructions
Send Acknowledgment
Bring Files And Progress Machinery Up To Date

Resolve Remaining Problems And Ends (Note That, In General, Solutions To Problems 
About Ends Will Pose Problems About Means)
Reappraise The Performance Specification Prepared Under 4.3.8 And The List Of Intractable 
Problems About Ends Prepared Under 4.3.9 And Prepare A New List Of Unresolved Problems 
About Ends
For Each Problem In The List Prepare Under 5.1.1, List The Factors In The Problem
Identify The Goals To Be Achieved And The Constraints Or Conditions To Be Satisfied

Establish The Connections Between The Factors (Or The Goals And Constraints Or Conditions)
Identify Similar Or Analogous Problems In Prior Experience
Identify Similar Or Analogous Problems Handled Elsewhere
Catalog The Properties Of The Analogous Problems And Reexpress Each Within A 
Common Format
Reexpress Present Sub-problem Within The Format Developed Under 5.1.7

Identify Those Factors In The Sub-problem For Which The Data Values May Be Voluntarily 
Fixed By The Designer
Identify Those Factors In The Sub-problem For Which The Data Values Are Fixed By 
External Influences
Identify Those Factors Where The Data Are Dependent Variables (For Example, Where The 
Data Are The Solutions To Other Sub-problems). If Necessary, Suspend Work On This 
Problem And Select Another At 5.1.1 So That Sub-problems Are Dealt With In The Right Order
Collect Necessary Data (Either Extract Data From Record System 3.2.5 Or Add Fresh Data)
Where Sufficient Precise Data Is Not Available, Postulate Simplifying Assumptions Or Assign
Values By Plausible Reasoning
Where Not Practical Solution Emerges, Vary One Of The Voluntarily Assigned Values And/or
Assumptions (See 5.1.9 And 5.1.13) And Seek Easements
Where This Fails, Reappraise Constraints (See 5.1.10), And Seek Easements
In The Last Resort, Reappraise Goals (See 5.1.3) And Seek Variation
Resolve Problem, Delineating Maximum Field Of Feasible Solutions

74-76
76-77
75, 76, 77-78

64, 65, 69, 76-79

79-80
79-81

80, 81-82
82-83
82-84
83, 84-85

82, 85-86

86-87

86-88

86-89

88, 89-90
87, 88, 89-91

90, 91-92

92-93
93-94
90, 91, 92, 93, 94-95

76
77
78

79

80
81

82
83
84
85

86

87

88

89

90
91

92

93
94
95

Commission Received To Execute Phase 3
Acknowledgment Dispatched
Files And Progress Machinery Up To Date

Revised List Of Unresolved Problems About Ends Ready

List Of Factors In Sub-problem Ready
Goals And Constraints Or Conditions For 
Sub-problems Identified
Connections Between Factors Established
Analogous Problems In Prior Experience Identified
Analogous Problems Handled Elsewhere Identified
Analysis Of Analogous Problems Complete

Re-expression Of Sub-problem Within Common 
Format Complete
Factors Where Data Values Are Voluntarily Assignable 
Identified
Factors Where Data Values Are Externally Fixed Identified

Factors Where Data Are Dependent Variables Identified

Necessary Data Ready
Simplifying Assumptions Postulated And/or Data 
Values Assigned
No Solution; Assigned Values And/or Simplifying 
Assumptions Varied
No Solution; Constraints Or Conditions Eased
No Solution; Goals Varied
Solution To Sub-problem Ready

5

5.0
5.0.1
5.0.2

5.1

5.1.1

5.1.2
5.1.3

5.1.4
5.1.5
5.1.6
5.1.7

5.1.8

5.1.9

5.1.10

5.1.11

5.1.12
5.1.13

5.1.14

5.1.15
5.1.16
5.1.17

If A Variation Or Assumption Has Been Made Under 5.1.13-16 And A Solution Has Emerged,
Refer To Source And Check Prima Facie Acceptability Of Variation Or Assumption. (See Also 
Validation Studies, Section 6.5.) Where Necessary, Reiterate From 5.1.14
Reiterate From 5.1.2 Until All Outstanding Problems About Ends Listed Under 5.1.1 Are 
Resolved
Unite Solutions Prepared Under 5.1.19 With Performance Specification Prepared Under 
4.3.8 To Form A Revised Specification.

Postulate Means For Reconciling Divergent Desiderata In Performance Specification
Examine The Augmented Performance Specification Prepared Under 5.1.20, And Identify 
And Group Those Desiderata Which Appear To Be Inter-related
List The Groups Of Inter-related Desiderata
From The List Prepared Under 5.2.2, Select Those Groups Containing Desiderata Which 
Appear To Be Divergent Or Contradictory
For Each Group Selected Under 5.2.3, Reexpress The Desiderata As The Goals And 
Constraints Or Conditions For One Or More Problems About Means
List The Problems About Means Thus Identified
For Each Problem About Means Listed Under 5.2.5, List The Factors In The Problem
Identify Goals And Constraints Or Conditions In The Sub-problem
Establish The Connections Between The Factors (Goals And Constraints Or 
Conditions)
Identify Similar Or Analogous Problems In Prior Experience
Identify Similar Or Analogous Problems Handled Elsewhere
Catalog The Properties Of The Nearest Analogous Problems And The Elements Of Their
Respective Solutions And Prepare A Problem Element/problem Solution Matrix
Reexpress The Present Problem Within The Same Matrix
Explore Combinations Of Solution Elements
Select A Promising Combination Of Solution Elements As A Hypothesis For Development
Where No Promising Hypothesis Emerges, Reiterate From 5.2.6 In Wider Fields
Reiterate From 5.2.6 Until All Problems About Means Arising From Divergent Desiderata In The
Performance Specification Are Resolved
Assemble Hypothetical Solutions

91, 92, 93, 94, 95-96

79, 95-97

64, 97-98

98-99

99-100
100-101

101-102

102-103
103-104
104-105
105-106

106-107
106-108
107, 108-109
106, 109-110

110-111
111-112
111-113

103, 112-114

96

97

98

99

100
101

102

103
104
105
106

107
108
109
110

111
112
113

114

Prima Facie Validation Of Assumptions And Variations 
Complete

All Problems About Ends Resolved

Revised Performance Specification Ready

Inter-related Desiderata Identified (Interaction Matrix)

List Of Inter-related Desiderata Ready
Groups Containing Divergent Desiderata Identified

Divergent Desiderata Reexpressed As Goals

List Of Problems About Means Ready
List Of Factors In The Sub-problem Ready
List Of Goals And Constraints Or Conditions Read
Connection Between Factors And The Goals And 
Constraints Or Conditions Established
Analogous Problems In Prior Experience Identified
Analogous Problems Handled Elsewhere Identified
Problem Element/solution Matrix Ready
Re-expression Of Sub-problem With Same Matrix Complete

Exploration Of Combinations Of Solution Elements Complete
Hypothesis Selected
No Hypothesis

Solutions-in-principle Assembled

5.1.18

5.1.19

5.1.20

5.2
5.2.1

5.2.2
5.2.3

5.2.4

5.2.5
5.2.6
5.2.7
5.2.8

5.2.9
5.2.10
5.2.11
5.2.12

5.2.13
5.2.14
5.2.15

5.2.16

Develop Solutions In Principle To Problems About Means Arising From Performance 
Specification
Referring To The Performance Specification Prepared Under 5.1.20, The List Of Groups Of 
Interrelated Desiderata Prepared Under 5.2.3, List Those Groups And Single Desiderata Not Yet 
Handled. Add Any Problem About Means Remaining From Those Under 4.1.5
For Each Item Listed Under 5.3.1, Reexpress The Goals And Constraints For One Or More 
Problems About Means
List The Problems About Means Thus Identified
For Each Problem About Means Listed Under 5.3.3, List The Factors In The Problem
Identify Goals And Constraints Or Conditions In The Sub-problem
Establish The Connections Between The Factors (Goals And Constraints Or 
Conditions)
Identify Similar Or Analogous Problems In Prior Experience
Identify Similar Or Analogous Problems Handled Elsewhere
Catalog The Properties Of The Nearest Analogous Problems And The Elements Of Their 
Respective Solutions And Prepare A Problem Element/problem Solution Matrix
Reexpress The Present Problem Within The Same Matrix
Explore Combinations Of Solution Elements
Select A Promising Combination Of Solution Elements As A Hypothesis For Development
Where Not Promising Hypothesis For Development Emerges, Reiterate From 5.3.7 In Wider Field
Reiterate From 5.3.4 Until All Problems About Means Arising From Desiderata In Performance
Specification Are Resolved In Principle
Assemble Hypothetical Solutions

Postulate Outline Overall Solution(s)
Unite The Collection Of Hypothetical Solutions Under 5.2.16 With Those Under 5.3.14
Using The Performance Specification Prepared Under 5.1.20 As A Guide, Take Every 
Combination Of Pairs Of Hypothetical Solutions And Identify Which In Each Pair Should 
Take Precedence If They Should Later Prove To Be Incompatible
Rank The Collection Of Hypothetical Solutions In Order Of Precedence
Taking Every Combination Of Paris Of Hypothetical Solutions From The List Under 5.4.3, 
Beginning With The Pairs Containing The Highest Ranked Solutions, And In The Light Of 
Whatever Information Is Readily Available, Check The Plausibility Of Each Pair's Proving 
To Be Compatible 
Where Probable Incompatibilities Are Identified, Reiterate From 5.3.2

43, 98, 100, 101-115

115-116

116-117
117-118
118-119
119-120

120-121
120-122
121,121-123

120, 123-124
124-125
125-126
125-127

115, 126-128

114, 128-129
98, 129-130

130-131
131-132

115

116

117
118
119
120

121
122
123

124
125
126
127

128

129
130

131
132

List Of Outstanding Inter-related Desiderata Ready

Goals And Constraints For Problems About Means Identified

List Of Problems About Means Ready
List Of Factors In The Sub-problem Ready
Revised List Of Goals And Constraints Or Conditions Ready
Connection Between Factors And The Goals And 
Constraints Or Conditions Established
Analogous Problems In Prior Experience Identified
Analogous Problems Handled Elsewhere Identified
Problem Element/solution Matrix Ready

Re-expression Of Sub-problem With Same Matrix Complete
Exploration Of Combinations Of Solution Elements Complete
Hypothesis Selected
No Hypothesis

Solutions-in-principle Assembled

Combined Collection Of Hypothetical Solutions Ready
Ranking Matrix For Problems About Ends Ready

Ranked List Of Hypothetical Solutions Ready
Compatibility Studies Complete

5.3

5.3.1

5.3.2

5.3.3
5.3.4
5.3.5
5.3.6

5.3.7
5.3.8
5.3.9

5.3.10
5.3.11
5.3.12
5.3.13

5.3.14

5.4
5.4.1
5.4.2

5.4.3
5.4.4

Assemble All The Hypothetical Solutions Into A Suggested Composite Overall Solution, Or 
Range Of Solutions
Reappraise The Proposed Solution(s) In The Light Of The Problem As Set Out In 4.4.1
Reappraise The Proposed Solution(s) In The Light Of Crucial Issues Set Out In 4.4.2
Where Required, Prepare And Submit Sketch Designs (See Note Below)
Reappraise And If Necessary Reformulate A Course Of Action, Previously Set Out In 4.4.3
Reappraise Timetable
Reappraise Facilities
If Necessary, Prepare Revised Proposals
Bring Files And Progress Machinery Up To Date

Note If Sketch Designs Must Be Submitted For Approval At This Stage See 5.4.8, Continue With
Section 6.1 And Then The Whole Of Section 7 For The Sketch Design Only. Reiterate The Whole Of
Section 5 Until A Sketch Design Is Approved And A Commission Is Received To Execute Phase 4.
Proceed With Section 6 In Respect Of The Finished Design.

Development

Receive Instructions
Send Acknowledgment
Bring Files And Progress Machinery Up To Date

Define Design Idea
Using The Most Abstract Or General Medium Available (eg., A Form Of Words), Completely 
Define The Essential Germ Of The Design Idea
Using The Same Medium, Define The Maximum Variation Embraceable By The Design Idea
In The Case Of Sketch Designs Being Prepared Under 5.4.8, Proceed Now With Section 7
In Respect Of Sketch Designs Only.

Erect A Key Model
List Range Of Media For The Representation Of An Embodiment Of The Design Idea
Select The Least Abstract Medium Which Will Exhaustively Describe The Variants Of The
Design Idea (See 6.1.2)
Erect A Key Model Of The Essential Design Idea Showing All It's Variants

132-133

66, 133-134
67, 134-135
215, 135-136
135-137
137-138
138-139
77, 136, 139-140
78, 140-141

140-142
142-143
141, 142, 143-144

131, 133, 135, 142-145

145-146

146-147
146, 147-148

145, 148-149

133

134
135
136
137
138
139
140
141

142
143
144

145

146

147
148

149

Composite Overall Solution(s) Ready

Reappraisal In Light Of Original Problem
Reappraisal In Light Of Crucial Issues Complete
Sketch Designs Ready
Reappraisal And/or Reformulation Of Course Of Action Complete
Reappraisal Of Timetable Complete
Reappraisal Of Facilities Complete
Revised Proposals Ready
Files And Progress Machinery Up To Date

Commission Received To Execute Phase 4
Acknowledgment Dispatched
Files And Progress Machinery Up To Date

Definition Of Essential Germ Of Design Idea Ready

Definition Of Range Of Variation Embraceable By Design 
Idea Ready

List Of Available Media Ready
Medium Selected

Key Model Erected

5.4.5

5.4.6
5.4.7
5.4.8
5.4.9
5.4.10
5.4.11
5.4.12
5.4.13

6.0
6.0.1
6.0.2

6.1
6.1.1

6.1.2

6.2
6.2.1
6.2.2

6.2.3

Develop Sub-problem Mutual Solutions
Take The Combined Collection Of Hypothetical Sub-problem Solutions Under 5.4.1 And, In
The Light Of The Information Employed In Their Respective Resolutions (See Section 5.2 And 
Section 5.3), Identify All Combinations Of Pairs Of Hypothetical Solutions Which Appear To
Involve Inter-acting Development Details.
List The Inter-acting Pairs Thus Identified
Using The Ranked List Of Hypothetical Sub-problem Solutions Prepared Under 5.4.3 As A Guide,
Identify And Plot In The Form Of A Network The Most Desirable Sequence For Detailed 
Development Of The Chain Of Hypothetical Sub-problem Solutions
Select The Earliest Undeveloped Hypothesis In The Network, Referring Where Necessary To
Working Papers Prepared Under Section 5.3, And List The Factors In Developing This 
Hypothesis Into A Material Embodiment
Referring Where Necessary To Working Papers Under Section 5.3, Identify The Goals And 
Constraints Or Conditions In The Sub-problem
Referring Where Necessary To Working Papers Prepared Under Section 5.3, Establish The 
Connections Between The Factors (Goals And Constraints Or Conditions)
Identify Those Factors Where The Data Values May Be Voluntarily Assigned By The Designer
Identify Those Factors Where The Data Values Are Fixed By External Influences
Identify Those Factors Where The Data Are Dependent Variables (For Example, Where The Data 
Are He Solutions To Other Sub-problems)
If Necessary, Revise Network Prepared Under 6.3.3 So That Problems Which Provide Data For
Other Sub-problems Are Dealt With In The Right Order, Or Select Another Problem At 6.3.4
Collect Necessary Data
Where Sufficient, And Sufficiently Precise, Data Is Available, Develop A Model Embodiment
Of The Hypothetical Solution
Where Sufficient Precise Data Is Not Available, Postulate Simplifying Assumptions By
Plausible Reasoning And Develop A Model Embodiment Of The Hypothetical Solution
Test The Embodiment For Fit Within The Framework Of The Key Model
Where Embodiment Is Found To Be Impracticable, Revise Hypothetical Solution By 
Reiterating Section 5.3 For That Sub-problem, And Section 5.4 For The Effect Of A New
Hypothesis On The Overall Design Concept
Reexamine The Inter-action Matrix Prepared Under 6.3.1 And The Network Prepared Under
6.3.3, Revise Network As Necessary And Select Another Sub-problem

129-150

150-151
131, 151-152

118, 152-153

119, 152-154

120, 153, 154-155

155-156
155-157
155-158

158-159

156, 157, 159-160
156, 160-162

156, 160-161

149, 162-163

133, 152, 163-164

150

151
152

153

154

155

156
157
158

159

160

161
162
163

164

Interaction Matrix Ready

List Of Inter-acting Pairs Of Hypothetical
Sub-problem Solutions Ready

List Of Factors In Sub-problem Ready

List Of Goals And Constraints Or Conditions Ready

Connections Between Factors Established

Factors Where Data Values Are Voluntarily Assignable Identified
Factors Where Data Values Are Fixed By External Influences Identified
Factors Where Data Values Are Dependent Variables Identified

Revised Network Ready

Necessary Data Ready

Simplifying Assumptions Postulated
Material Embodiment Ready
Test Of Sub-problem Solution Embodiment With Key
Model Complete

All Hypothetical Sub-problem Solutions Embodied

6.3
6.3.1

6.3.2
6.3.3

6.3.4

6.3.5

6.3.6

6.3.7
6.3.8
6.3.9

6.3.10

6.3.11
6.3.12

6.3.13

6.3.14

6.3.15

Develop Overall Solutions
Unite Model Sub-problem Embodiments Into One Or More Model Overall Solution(s)
Identify Undeveloped Areas In The Design
Reexpress As A Sequence Of Additional Problems For Completion
Develop Each Problem Under 6.4.3 By Reiterating From 6.3.4
Reiterate Section 6.4 Until One Or More Overall Solutions Are Fully Developed
Develop Each Problem Under 6.4.3 By Reiterating From 6.3.4
Reiterate Section 6.4 Until One Or More Overall Solutions Are Fully Developed

Validate Hypotheses
Select And List Those Problems About Ends Where Data Values Where Voluntarily Assigned 
(See 4.2.5, 4.3.7 And 5.2.9)
Select And List Those Problems About Ends Where Simplifying Assumptions Were Made (See
4.2.11, 4.3.7 And 5.1.13)
For Each Problem Listed Under 6.5.1 Or 6.5.2, Formulate Hypotheses Calculated  To Facilitate
The Validation Of The Solution To The Problem (See 4.2.11, 4.2.12, 5.1.17 And 5.1.18)
For Each Hypothesis Under 6.5.3, Design An Experiment To Test The Hypothesis And Validate
The Solution (See Note Below)
Conduct Validation Experiment Or Study As Planned Under 6.5.4
Where The Experiment Or Study Shows That The Solution To The Problem About Ends Is 
Invalid (See 6.5.3), Then Rework The Problem About Ends And All It's Ramifications From 5.1.2
Where The Experiment Or Study Is Inconclusive, Reiterate From 6.5.4
Where The Experiment Or Study Indicates That The Solution To The Problem About Ends Is
Supported, Reiterate From 6.5.3 Until Problems Listed Under 6.5.1 And 6.5.2 Are Validated
Identify And List Those Statements In The Performance Specification (See5.1.20) Which Have 
Not Been Examined Under 6.5.3
Note: Where Necessary, The Problem Of Designing An Experiment Can Be Handled By The 
Procedures Set Out In Section 4 And Section 5. These Procedures Include Appraising The 
Significance Of The Problem Under Investigation And The Amount Of Effort Which Can Be 
Devoted To It's Solution
For Each Statement Listed Under 6.5.9, Formulate Hypotheses Calculated To Facilitate
Validation Of The Statement
For Each Hypothesis Under 6.5.10, Design An Experiment To Test The Hypothesis And Validate
The Statement (See Note On Page 26)
Conduct Validation Experiment Or Study As Planned Under 6.5.11

164-165
149, 165-166
152, 166-167
165, 167-168

165, 167-168

96, 168-169

161, 168-170

169, 170-171

171-172

172-173
173-174

173-175
170, 173-176

98, 169, 170-177

177-178

178-179

179-180

165
166
167
168

168

169

170

171

172

173
174

175
176

177

178

179

180

Model Overall Solution Ready
Underdeveloped Area Identified
New Networks Ready
Overall Solution Ready

Overall Solution Ready

List Of Problems About Ends Containing
Voluntarily Assigned Values Ready
List Of Problems About Ends Containing Simplifying 
Assumptions Ready
Hypotheses Ready

Design For Experiment Or Test Ready

Experiment Or Study Complete
Solution To Problem About Ends Shown To Be Invalid

Result Of Experiment Or Study Inconclusive
All Solutions To Problems About Ends Containing 
Assumptions Now Validated
List Of Untested Statements In Performance 
Specification Ready

Hypothesis Formulated

Design For Experiment Or Study Ready

Experiment Or Study Complete

6.4
6.4.1
6.4.2
6.4.3
6.4.4

6.4.4

6.5
6.5.1

6.5.2

6.5.3

6.5.4

6.5.5
6.5.6

6.5.7
6.5.8

6.5.9

6.5.10

6.5.11

6.5.12

51, 47

Explanation
In the diagrams, time flows from left to right across the page, each 
arrow represents an on-going activity, which takes a greater or lesser 
amount of time. However, there is not attempt to make the length of 
the arrow proportional to the time taken by the activity. The circles at 
each end of the arrow represent the events which open and close an 
activity. Events occur at an instant in time, rather than over a period 
of time. Sometimes more than one activity is required to complete 
an event. Sometimes an event permits more than one activity to 
commence. Events with the suffix "n" must be repeated a number of 
times for different sub-problems. 

The conventions described are common to various forms of network 
analysis, for example critical path planning and PERT.

Check List for Product Designers

Forward & Summary
The check list which accompanied the original series of articles in 
design was regarded by the author as the embodiment of a 
hypothesis on the structure of the design act. Since this was 
published, further fundamental study has been undertaken.

The following check list is thus presented as a second hypothesis, 
which the author recognizes as still naive in places. It is not 
intended to be read as a narrative. Nevertheless, study of the 
summary below might be useful in presenting an overall picture of 
design procedure. The remainder of the check list is offered as a 
design tool, calculated to be useful in the control of most normal 
product design projects.

How to use check list and arrow diagrams
The check list has been set out in the form of a list of activities and 
events according to the conventions of network analysis. The arrow 
diagrams are contained in appendix 2. 

It is suggested that the diagram appropriate to the phase which has 
been reached in the design project in question should be mounted 
on the wall adjacent to the designer's drawing board. As the work 
progresses, the designer should identify events in the check list as 
they take place, and tick them off on the diagram. The links in the 
diagram show what must be done next. Target dates and/or 
estimated working hours can be added where appropriate.

Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem Activity Activity No EventItem

Where The Experiment Or Study Shows That The Statement In The Specification Is Invalid, Then
Rework The Problems About Ends Embodied In The Statement, And All Their Ramifications, 
From 5.1.1
Where The Experiment Or Study Is Inconclusive, Reiterate From 6.5.11
Where The Experiment Or Study Indicates That The Specification Statement Is Supported, 
Reiterate From 6.5.10 Until All Statements In The Performance Specification Are Validated
Identify And List Those Design Details Where Data Values Were Voluntarily Assigned By The 
Designer (See 6.3.7), And Where Simplifying Assumptions Were Made (See 6.3.13)
For Each Detail Under 6.5.16, Formulate Hypotheses To Facilitate Validation Of The Detail
For Each Hypothesis Under 6.5.17, Design An Experiment To Test The Hypothesis And Validate 
The Detail (See Note After 6.5.9)
Conduct Validation Experiment Or Study As Planned Under 6.5.18
Where The Experiment Or Study Shows That The Design Detail Is Invalid, Then Rework The
Detail Development From 6.3.4
Where The Experiment Or Study Is Inconclusive, Reiterate From 6.5.18
Where The Experiment Or Study Indicates That The Design Detail Is Supported, Reiterate From
6.5.17 Until All Design Details Based Up On Voluntarily Assigned Data And/or Simplifying
Assumptions Are Validated
Taking The Goals Identified Under Section1.1 And 4.4.1 Together With The Constraints Listed 
Under Section 2.1 And The Performance Specification Set Out Under 5.1.20, Formulate
Hypotheses Calculated To Facilitate Validation Of The Overall Design(s) Under 6.4.4
For Each Hypothesis Under 6.5.23, Devise An Experiment To Test The Hypothesis And
Validate The Design (See Note After 6.5.9)
Assemble The Collection Of Proposed Experiments Or Studies Prepared Under 6.5.24
Into A Validation Program
Distinguish Between Validation Experiments Or Studies To Be Carried Out Before
Communication Of The Final Design Solution(s) And Those Which Must Be Carried Out On
Manufactured Models Or Prototypes
Select An Appropriate Validation Experiment Or Study From The List Of Those Which Are To Be
Carried Out Before Communication Of The Final Design Solution(s), And Conduct Experiment
Where The Experiment Or Study Shows That The Design Is Invalid, Then Rework From 5.3.1
Where The Experiment Or Study Indicates That The Design Is Supported, Reiterate From 6.5.23
Where The Design Is Supported, Reiterate From 6.5.27 Until All Studies To Be Carried Out 
Before Communication Of The Final Design Solution(s) Are Complete
Prepare A Report On Those Validation Experiments Or Studies Which Are To Be Carried Out On 
Models Or Prototypes

180-181

180-182
177, 180-183

156, 161, 176, 183-184

184-185
185-186

186-187
187-188

187-189
184, 187-190

17, 66, 98, 134, 
168-191

191-192

192-193

193-194

193-195
194-196

196-197
196-198
196-199

195-200

181

182
183

184

185
186

187
188

189
190

191

192

193

194

195
196

197
198
199

200

Specification Statement Shown To Be Invalid

Experiment Or Study Inconclusive
All Specification Statements Validated

List Of Design Details Based On Assumptions Ready

Hypotheses Formulated
Design For Experiment Or Study Ready

Experiment Or Study Complete
Design Detail Shown To Be Invalid

Experiment Or Study Inconclusive
All Design Details Based Upon Assumptions Now 
Validated

Hypotheses Formulated

Design For Experiment Or Study Ready

Validation Program Ready

Studies To Be Carried Out Before Communication Of 
The Final Design Solution(s) Identified
Studies To Be Carried Out On Prototypes Identified
Experiment Or Study Complete

Design Shown To Be Invalid
Experiment Or Study Inconclusive
All Validation Studies To Be Carried Out Before 
Communication Of The Design Complete
Report On Validation Studies To Be Carried Out On 
Manufactured Models Or Prototypes Now Ready

6.5.13

6.5.14
6.5.15

6.5.16

6.5.17
6.5.18

6.5.19
6.5.20

6.5.21
6.5.22

6.5.23

6.5.24

6.5.25

6.5.26

6.5.27

6.5.28
6.5.29
6.5.30

6.5.31

Activity Activity No EventItem

Communication

Define Communication Needs
Referring To Instructions (See 0.2.1, And Any Subsequent Amendments At 1.0, 3.0, 5.0 
And/or 6.0, Determine Addressee And Channel For Communication Of Design
Similarly Referring To Instructions, And Also To Course Of Action Adopted (See 0.4.6 And
Subsequent Amendments At 2.2.9, 4.4.7 And 5.4.12), Determine Whether The General
Spirit, The Geometry And Performance Or The Detailed Construction Of The Design Is To Be
Communicated
Referring To The Definition Of The Design Idea (6.1.1) And The Statement Of The Range Of
Variation Embraceable By The Design Idea (6.1.2) And Also To The Developed Overall
Solution(s), Appraise What Is To Be Communicated

Select Communication Medium
List All Communication Media Available
Referring To Communication Needs (Section 7.1), Select Suitable Media From The List 
Prepared Under 7.2.1
Referring To Timetable (5.4.10) And Facilities (5.4.11), Select Medium To Be Used In 
Communicating The Design
Reappraise And If Necessary Reformulate Course Of Action (Previously Set Out In 5.4.9)

Prepare Communication
Referring To 7.1.3, List What Is To Be Communicated
Referring To Communication Needs (7.1.1 And 7.1.2), And In Terms Of The Medium 
(7.2.3), Describe Each Item Under 7.3.1
Prepare A Schedule Or Key Diagram Of All Items Described
Prepare A Schedule Or Key Diagram Of All Documents Or Other Media Forming Part 
Of, Or Referred To In, The Communication
Both Within Each Of, And Between, The Two Schedules 7.3.3 And 7.3.4, Index All Items So 
That Both The Correlation And The Tracing Of The Consequences Of Any Subsequent 
Revision Are Facilitated
Check Each Document (Or Other Medium) For Any Deficiency In The Items Described
Check Each Document (Or Other Medium) For Any Deficiency In The Medium Itself
Referring To Communication Needs (7.1), Examine Completed 
Communication
Reappraise, And If Necessary Reformulate, Course Of Action (Reappraised At 7.2.4)

199-201

199-202

145, 146, 199-203

201, 202, 203-204
201, 203, 204-205

138, 139, 205-206

137, 202, 206-207

203, 207-208
168, 202, 206, 
208-209 
208-210
209, 210-211

210, 211-212

210, 211-213
211-214
209, 210, 211, 212, 
213, 214-215
209, 215-216

201

202

203

204
205

206

207

208
209

210
211

212

213
214
215

216

Addressee And Channel For Communication Determined

Depth Of Detail For Communication Determined

Matter For Communication Appraised

List Of Communication Media Ready
List Of Suitable Media Ready

Medium For Communication Selected

Course Of Action Reformulated

List Of Matter For Communication
Item Described

Item Schedule For Key Ready
Document Schedule Or Key Ready

Schedules Cross Indexed

Document Contents Checked
Document Quality Checked
Completed Communication Examined

Course Of Action Reformulated

7

7.1
7.1.1

7.1.2

7.1.3

7.2
7.2.1
7.2.2

7.2.3

7.2.4

7.3
7.3.1
7.3.2

7.3.3
7.3.4

7.3.5

7.3.6
7.3.7
7.3.8

7.3.9

Activity Activity No EventItem

Transmit Information
Make Security And/or Record Copies Of All Documents 
(Or Other Media)
Compile The Communication Set
Check For Completeness
Enclose, Address And Dispatch The Communication
Advise Dispatch Of Communication Through An Alternative Channel
In The Case Of Sketch Designs Prepared Under 5.4.8, Continue Now From 5.4.9.
In The Case Of Final Design Submissions, Await Authority To Terminate Project Or,
Where Necessary, Reiterate From 5.3.1

Winding Up

Wind Up Project
Label And Store Copy Of The Communication As Dispatched
Complete Copyright Or Other Auxiliary Transactions
Complete Financial Transactions And Book Keeping
Formally Discharge Obligations And Close Correspondence
Disengage From Problem And Close Project

Close Records
Store, Return, Dispose Of, Or Write Off All Remaining Materials And Equipment
Destroy All Obsolete And Transitory Material
Collate, Label And Store All Records
Appraise Experience Gained And Adjust Systems And Standards

207, 210, 211, 
216-217
200, 217-218

218-219
218-220

219, 220-221
218-222
218-223
219, 222, 223-224
224-225

225-226
212, 226-227
227-228
228-229

217

218

219
220

221
222
223
224
225

226
227
228
229

Record Copies Ready

Communication Set Compiled

Communication Set Dispatched
Advice Note Dispatched

Communication Filed
Auxiliary Transactions Complete
Financial Transactions And Book Keeping Complete
Correspondence Closed
Project Closed

Materials And Equipment Disposed Of
Redundant Material Disposed Of
Records Stored
Appraisal Of Experience Complete

7.4
7.4.1

7.4.2
7.4.3
7.4.4
7.4.5

8

8.1
8.1.1
8.1.2
8.1.3
8.1.4
8.1.5

8.2
8.2.1
8.2.2
8.2.3
8.2.4

Activity Activity No EventItemActivity Activity No EventItem

30

31

32

12

Postulate Outline Overall Solution(s) (Continued) Receive Instructions Define Design Idea Erect A Key Model Develop Sub-problem Mutual Solutions Develop Overall Solution(s)

Phase 5
Development (Continued)

Validate Hypotheses

 < 35  < 3575 >

 < 3474 >

75 >

 < 3474 >

< 78 < 78 < 78141 >

< 77140 >

141 >

< 77140 >

141 >

< 77140 >

< 144 < 144 < 144

< 141

< 144

201 >

201 >

< 143219 >

201 >

< 143219 >

201 >

< 143219 >

< 144221 >

< 143219 >

< 200218 >

221 >

< 143219 >

< 137207 >

< 138206 >

< 139

< 168

< 200

< 145
< 146

206 >

209 >

218 >

203 >

203 >

< 17

< 18 < 18 < 18

< 1745 >45 > < 17 < 17 < 17

< 64

< 98 < 98 < 98 < 98 < 98191 >
< 137207 >
< 98191 >
< 138206 >
< 156184 >

< 145203 >
< 161184 >
< 146203 >

< 66191 >
< 139206 >

< 168209 >

191 >
< 137207 >
< 98177 >
< 138206 >
< 156184 >

< 145203 >
< 161170 >
< 146203 >

< 66191 >

< 96169 >

< 139206 >

191 >
< 137207 >
< 98177 >
< 118153 >
< 119154 >
< 66191 >
< 145203 >
< 131152 >

< 114150 >

< 146203 >

< 138206 >

< 133164 >

< 139206 >

< 96169 >
< 120155 >

191 >

< 98177 >
< 118153 >
< 119154 >
< 66135 >

< 131145 >

< 114150 >

< 67135 >

< 120155 >

< 
13

3

16
4 >

< 96169 >

191 >

< 98177 >

< 66135 >

< 43115 >

< 96169 >

< 67135 >

15
0 

>

191 >

< 66135 >

< 43115 >

< 67135 >

98 >

191 >

< 6479 >

< 66135 >

< 43115 >

< 67135 >

191 >

69 >

< 2067 >

< 4370 >

69 >

< 2067 >

< 4370 >

69 >

< 2067 >

Phase 6

Communication

Define Communication Needs
Select Communication Medium
Prepare Communication

Winding Up

Wind Up Project
Close Records

Phase 3

Synthesis

Receive Instructions
Resolve Remaining Problems About Ends
Postulate Means For Reconciling Divergent Desiderata In Performance Specification
Eevelop Solutions In Principle About Means Arising From Performance Specification
Develop Solutions In Principle About Means Arising From Performance Specification
Postulate Outline Overall Solution(s)

Phase 0

Preliminaries

Receive Enquiry
Evaluate Enquiry
Estimate Office Work Load
Prepare Preliminary Response

Phase 1

Briefing

Receive Instructions
Define Goals
Define Constraints

Programming

Establish Crucial Issues
Propose A Course Of Action

Phase 2

Data Collection

Receive Instructions
Collect Readily Available Info.
Classify And Store Data

Analysis

Identify Sub-problems
Analyze Sub-problems About Ends
Prepare Performance Specification
Reappraise Program And Estimate

Phase 4

Development

Receive Instructions
Define Design Idea
Erect A Key Model
Develop Sub-problem Mutual Solution
Develop Overall Solution(s)

Phase 5

Development (Continued)

Validate Hypotheses
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Subdividing steps can continue almost indefinitely,
for example, Bruce Archer’s 229-step design process



State 1 Accept Analyze Define Ideate Select Implement Evaluate State 2

State 1 Define State 2Ideate SelectAnalyze Implement
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However, after about seven steps, 
remembering the steps becomes difficult

See George A. Miller’s “The Magic Number Seven Plus or Minus Two, Some Limits on Our Capacity for Processing Information,” 1956



22Dubberly Design Office  ·  Conversations and models: Secrets to designing great products  ·  September 26, 2016

Short, linear models of the design process are common,
because they solve a very particular business problem:

They enable sales of design services

–– We will deliver X in Y days for $Z, 
fixed fee-for-service vs unlimited time-and-materials

–– We will follow steps A, B, and C to get to X

–– We’ve done this before; so your risk is minimized;
in fact, we’re so confident, we will guarantee our fee,
(unless, of course, you change something) 
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The linear structure is crucial to the sale—
because it’s bounded, finite, and deterministic

–– Has a clear beginning and end,
suggesting the process is not open-ended

–– Has clear stages, 
suggesting rationality, rigor, and repeatability

–– Proceeds in one direction,
suggesting it can be measured and managed



24Dubberly Design Office  ·  Conversations and models: Secrets to designing great products  ·  September 26, 2016

Unfortunately, life is often messy
Unexpected events complicate things
Clients and designers change their minds



25Dubberly Design Office  ·  Conversations and models: Secrets to designing great products  ·  September 26, 2016

The truth is: 
designing is rarely bounded, finite, or deterministic;
it’s almost always open-ended, particular, and contingent

–– Starting and stopping conditions are arbitrary

–– The process is iterative; feedback drives improvement

–– It’s also recursive; playing out in-the-large and in-the-small
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—Horst Rittel, “On the Planning Crisis: Systems Analysis of the ‘First and Second Generations,’” 1972

“You stop for any planning problem,  
because you have run out of time, money, or patience; 
but that has nothing to do with the logic of the problem, 
and you can always try to do better.”

The design process rarely reaches a clear stopping point
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If the design process 
has no clear stopping point,
it’s not a recipe

That means, we need a different model,
a model that’s less mechanical
and more organic
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—Terry Winograd, Bringing Design to Software, 1996

“There is no direct path between  
the designer’s intention and the outcome.  
As you work a problem, you are continually 
in the process of developing a path into it, 
forming new appreciations and understandings  
as you make new moves.”

Computer scientist Terry Winograd describes the reality of designing
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Some design process models indicate iteration,
with a feedback loop, spiral, or helix



observe

make

reflect
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A simple feedback loop

—Hugh Dubberly and Shelley Evenson



im
plem

ent

iterate
illum

inate
incubate

prepare

through conversations
w

ith experience + values 

to understand
to integrate

through conversations 

with context + constitu
ents

with
 at

te
nt

ion

with
 op

en
ne

ss

through conversations 

with tools + materials

to search
to envision

exploratory
research

ev
al

ua
tiv

e
re

se
ar

ch

generative

research
observe

make

reflect
31

A system of feedback loops



Discover Define Develop Deliver
Research

General Problems
(Input)

Specific Problems
(Plan)

Specific Solutions
(Output)

Insights Ideation Prototypes

Diverge Converge Diverge Converge

32Dubberly Design Office  ·  Conversations and models: Secrets to designing great products  ·  September 26, 2016

A double diamond indicating divergence and convergence



Accept

Analyze

Define

Ideate

Select

Implement

Evaluate
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A waterfall with multiple feedback loops

—after Don Koberg and Jim Bagnall, The Universal Traveler, 1972
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“... adaptation is a mutual phenomenon referring 
to the context’s adaptation to the form  
as much as the form’s adaptation to the context...”

—Christopher Alexander

What Alexander calls “fit” is based on continuous symmetrical feedback



Context Form
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In Alexander’s original model,
the arrow points in both directions



Context Form
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Two arrows might be more clear;
context and form interact, co-evolve 



Market Product
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In other words,
products have conversations with markets:
the market teaches the product,
and the product teaches the market

Product stands for simple products, 
services, systems, 
and product-service ecologies.



Context Form

Designer

Mental 
picture
of context

Mental 
picture
of form
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Something’s missing: the designer,
interacting with the situation and materials
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“A designer... shapes the situation, 
...the situation ‘talks back,’ 

In a good process of design,  
the designer reflects-in-action  
on the construction of the problem, 
the strategies of action, 
or the model of the phenomena...”

—Donald Schön, The Reflective Practitioner, 1984

Sociologist Donald Schön describes these conversations



Context Form

40Dubberly Design Office  ·  Conversations and models: Secrets to designing great products  ·  September 26, 2016

Designers rarely work in isolation;
they’re often engaged in conversation
with clients, engineers, suppliers, and many others



Product Managers

Engineers

Product

Critics

Designers

Users

Competitors

Product teamMarketplace
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“Providers” are constantly in conversation with “consumers;”
services are co-created at the point of delivery

Some conversations are 
with the marketplace.

Those conversations 
are difficult to manage,
though smart, connected 
products are creating new 
possibilities.

Some conversations are 
with the product team.

Those conversations 
cannot be controlled,  
but they can be supported. 
That is, managers, 
engineers, and designers 
can create conditions 
in which the right 
conversations flourish.
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Conversation takes place in three domains

Between you and yourself,
e.g., a soccer player weighs 
options for a kick

Between you and another person,
e.g., two players pass the ball 
back and forth

Between one group and another,
e.g., two teams interact 
throughout a match
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So: How do we ensure
a good process of design
in all three domains?

“... reflect[ion]-in-action  
on the construction of the problem, 
the strategies of action, 
or the model of the phenomena...”
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Steve Jobs knew a thing or two about great products

How did he define and refine that soul?
Through conversation.

“Design is the fundamental soul  
of a man-made creation...”

—Steve Jobs, Fortune, January 24, 2000
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The partnership between Steve Jobs and Jony Ive is famous.
What’s rarely discussed is what it means, what we can learn from it.
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It was an on-going conversation that built a relationship and trust.

“We had lunch together pretty much every day. 

He would spend many afternoons a week  
in the design studio, and we became very  
close friends.”

—Jony Ive, Financial Times, March 13, 2015
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The Jobs-Ives conversation is not unique; pretty much everywhere
you find great design sustained over time, you find such conversations.

Adriano Olivetti + Marcello Nizzoli

Walter Paepke + Herbert Bayer

Tom Watson, Jr. + Eliot Noyes

Artur & Erwin Braun + Dieter Rams

William Paley + William Golden

Frank Stanton + Lou Dorfsman

Max Dupree + George Nelson

Hans Knoll + Florence Schust

Martha Stewart + Gael Towey & Eric Pike 

Steve Jobs + Jonathan Ive

Ed Catmull + John Lasseter

= Olivetti

= Container Corp.

= IBM

= Braun

= CBS

= CBS

= Herman Miller

= Knoll

= Martha Stewart

= Apple

= Pixar
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Pixar has made 17 hit movies—in a row—by design, not luck.
Founder Ed Catmull explains how in his book, Creativity, Inc.
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Story meetings at Pixar—conversations, without laptops,  
supported by a dedicated project room, lots of sketches,  
a high-info-density physical environment.
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Increasingly, venture capital (VC) and business consulting firms 
are bringing senior designers into their conversations.

–– Google Ventures named Braden Kowitz “Design Partner”
–– Khosla hired Irene Au, former head of design at Google
–– Kleiner-Perkins hired John Maeda, former RISD President 

–– Accenture bought European service design firm Fjord
–– Deloitte bought design planning firm Doblin Group
–– McKinsey bought SF product design firm Lunar

These firms didn’t hire these designers to make wireframes;
they hired them to change the nature of their conversations.
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Generative conversations
with pairs collaborating 
take place at all levels 
and across many disciplines.
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Art Director Lee Clow + Copywriter Steve Hayden
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Copywriter Peggy Olsen + Art Director Don Draper
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Composer Richard Rodgers + Lyricist Oscar Hammerstein
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Director Steven Spielberg + Composer John Williams 
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Agent Fox Mulder (believer) + Agent Dana Scully (skeptic)
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Pair Programming



Separate Peripheral Central Integrated

Design as external resource

Design thinking and methods 
have no continuous presence 
in the organization. 

They are add-ons,
limited to traditional problems: 
form, communication, function.

Design as part of the organization

Design thinking and methods 
practiced somewhere within 
the organization. 

They apply to specific 
products and services.

Design at the core 
of the organization

Design thinking and methods 
are highly visible and 
take a central position.

They unify products and 
services across an organization;
apply to corporate design
and brand strategy.

Design integral to all aspects 
of the organization

Design thinking and methods
are being applied at an 
organization’s top level 
as means to inquire into 
a wide range of organizational 
problems with the aim to 
develop integrated solutions.
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The quality of the conversation depends on the relationship
between a design group and the organization that it supports.

—Sabine Junginger, 2009



Are those 
the kinds 
we want?

Manager Designer

What kinds 
of conversations 
are we having?

Is that 
the kind 
we want?

What kind 
of relationship 
do we have with 
the organization?
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Mature organizations have conversations about conversations;
managers and designers ask themselves and their colleagues:



Manager Designer

Goals Goals

Means Means
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Controlling
Manager tells designer what to do and how to do it

Hallmark of a traditional 
industrial-age organization;
may be appropriate for new 
or under-performing employees

e.g., “Make the logo bigger.”

—after Paul Pangaro and Gordon Pask



Manager Designer

Goals Goals

Means Means
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Mentoring
Manager sets goals and discusses means with designer

Enlightened managers realize 
that teaching is a key responsibility

e.g., “What’s the best way 
to make sure our name really pops?”



Manager Designer

Goals Goals

Means Means
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Delegating
Manager sets goal and leaves means to the designer

Good managers get out of the way 
of good employees
and let them to do their jobs

e.g., “Make sure this ad gets noticed.”



Manager Designer

Goals Goals

Means Means
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Collaborating
Manager and designer set goals together

Information-age management 
is less hierarchical
and more collegial

e.g., “Which methods
of engaging customers 
are right for us?”



Manager

Existing language, procedures, and people Existing 
classes of 
problems

Designer

Goals Goals

Means

are sufficient for

Means
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So far, we have assumed problems are familiar,
and standard operating procedures are effective



Manager

Existing language, procedures, and people Existing 
classes of 
problems

Designer

Goals Goals

Means

are sufficient for

Means

New
classes of 
problems

challenge
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More and more organizations face unfamiliar problems
and find existing procedures are less and less effective



Existing language, procedures, and people

New language:
new questions,
new distinctions, 
new connections, 
new frames,

which come from conversations about language

Existing 
classes of 
problems

New
classes of 
problems

are sufficient for

require

Manager Designer
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Inventing
Manager and designer develop new language



Who should 
be in the 
conversations?

Manager Designer

What are 
the right goals 
and procedures?

What are 
the right frames 
and questions?

What conversations 
should we be having?
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Bootstrapping
Manager and designer develop new conversations
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Ok. How does conversation work?



Info Source
Message Received

Signal
Signal

Noise

Channel

Message
Transmitter

Noise
Source

Receiver Destination
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Conversation requires communication,
though communication is not conversation

See Claude Shannon, “A Mathematical Theory of Communication,” 1948



Shared Experience

Shared Context

Shared Language
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In addition to communication, conversation requires 
shared context, experience, and language



≠
Square box
≠
round box
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Conversation begins with distinctions, noticing differences, 
suggesting boundaries,* e.g., up/down, front/back, inside/outside

*See Gregory Bateson’s Steps to an Ecology of Mind: Collected Essays in Anthropology, 1972, 
“a bit of information is a difference that makes a difference.”

See also G. Spenser Brown’s Laws of Form, 1969, 
“we cannot make an indication without drawing a distinction.”



≠

We might call 
them cubes and 
cyclinders.

I see 
the new distinction 
you’re making.

≠
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Conversations about distinctions may lead to understanding



≠ ≠

≠ ≠=
I believe
we understand
the distinction
in the same way.
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Further conversations may lead to agreement



≠ ≠= ≠ ≠=

≠

Perhaps we should 
build the cube.

≠
Now that we see
the world in a new way,
what should we do?
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Further conversations may lead to action



Sketches Schematics Prototypes
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Conversation is aided by showing what we mean,
e.g., sketches, schematics, prototypes, etc.



Unselfconscious design Selfconscious design Mediated design
Direct making Working it out in your head Creating shared representations

C1 F1

Context Form

Actual world C1 F1

Context Form

Actual world

C2 F2 Mental picture

C1 F1

Context Form

Actual world

C2 F2 Mental picture

C3 F3
Formal picture of
mental picture
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Alexander’s thesis is summed up in his original diagram

—after Christopher Alexander
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“...physical clarity cannot be achieved in a form 
until there is first some programmatic clarity  
in the designer’s mind and actions;  
and that for this to be possible, in turn,  
the designer must first trace his design problem  
to its earliest functional origins  
and be able to find some sort of pattern in them.”

—Christopher Alexander

Alexander spells out why modeling is key to design



Distinction

Understanding

Agreement

Action
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In sum: design is conversation for action,
and models help the conversation converge.



1. Product
2. Smart product

Software

3. Smart, connected product

Remote
devices

Software

4. Product system

Planters

Combine
harvesters

Tillers

Tractors

Farm
Equipment

System

Remote
devices

Software

5. Systems of systems

Irrigation
System

Irrigation nodes

Irrigation
application

Field
sensors

Weather Data
System

Weather data
application

Weather forecastsWeather maps

Rain, humidity,
temperature sensors

Farm
Management

System

Seed
Optimization

System
Seed database

Farm performance
database

Seed optimization
application

Planters

Combine
harvesters

Tillers

Tractors

Farm
Equipment

System

Remote
devices

Software
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Related ideas

Increasingly, products are embedded in systems
and systems-of-systems (product-service ecologies),
and systems design requires models

—Michael Porter and James Heppelmann, “How Smart, Connected Products Are Transforming Competition,” 
Harvard Business Review, November 2014
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Related ideas

We are beginning to build “intelligent agents,”
so called “artificial intelligences”

In some areas, they already surpass human abilities;
yet AIs coupled with humans may be even more powerful

Designing these couplings,
creating the possibility of human-computer conversation,
is unexplored territory and an important challenge

Amazon Echo with Alexa



Meta-Designer

creates conditions 
in which

creates conditions 
in which

acts on

teaches teaches teaches

Designer

User

Product
(physical or 

virtual artifact)
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Related ideas

The future of design is designing for conversation,
creating opportunities in which others can have conversations for action—
creating opportunities for others to design.
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