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Engineering Negotiation 

ω Complex systems increasingly 

frequently pulling in multiple 

stakeholders 

φ Adds ósocioô dimension even if project 

may originally be viewed as strictly 

technical 

ω óStakeholder incompatibilityô drives 

project cancellations 

φ Can occur despite large feasible domain 

meeting requirements 

 
http://www.losangeles.af.mil/library/factsheets/factsheet.asp?id=5308 

Emergent need to improve negotiation between differing interests  
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Tradespace Exploration (TSE) 

ω Multi-attribute Tradespace Exploration (MATE) maps system 

concepts into design variables and stated stakeholder preferences 

into performance attributes/utility functions 

 

 

 

ω Key goal: move away from point design analysis to better 

understand the problem via trends in outcomes (perceived value 

space) 

ω Interest in applying to multi-stakeholder problems, as a means of 

clearly illustrating relationships between varying needs 

 

Paradigm 

emphasizes looking 

at a large set of 

alternatives and their 

outcomes 

Can TSE be an effective technique for designing systems shared by 

multiple stakeholders? 
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Multi -Stakeholder TSE (MSTSE) 

ω Tradespace approaches 

(e.g. MATE) are a natural 

extension of many of the 

ideas central to principled 

negotiation 

ω Early application of MSTSE 

was developed heuristically 

by applying the practices of 

standard TSE 

 

Å Depersonalizes 

differing goals 

Å Focuses on interests 

(preferences) 

Å Uses objective metrics 

to evaluate choices 

Å Creates and explores 

many options 

We should revisit MSTSE and evaluate the framing 

match of TSE techniques for multiple stakeholders 
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Framing 

ω Framing effects: differences in behavior driven by 

differences in the presentation of information   

ω Prospect theory Ą considerable empirical evidence 

that people frame decisions using reference points to 

define ógainsô and ólossesô 

 
ω Asymmetrical perceived value 

around the reference point makes 

losses more impactful than gains 

 
Proper selection of a reference point is critical to 

good decision making 
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TSE Framing 

ω What reference points exist in TSE? 

φ Utility = 1, complete satisfaction of needs 

φ Pareto front, cost-benefit efficiency 

o Too optimistic for multi-stakeholder problems? 
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TSE Framing 

ω What reference points exist in TSE? 

φ Utility = 1, complete satisfaction of needs 

φ Pareto front, cost-benefit efficiency 

o Too optimistic for multi-stakeholder problems? 

 

ω Problem is increasing in sophistication 
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Reframing TSE for Multiple 
Stakeholders 

ω Best Alternative to a Negotiated 

Agreement (BATNA) as reference point 

φ Accepted boundary between true gains and 

losses in a negotiation 

φ Nominally less efficient than Pareto front, or 

there is no reason to negotiate 

φ Must explicitly draw BATNAs into the problem 

formulation 

ω Increase information availability of 

group problem: other peopleôs interests 

and preferences 

φ Keep value indicators for other participants 

prominent by exploiting additional dimensions 

(color, transparency, etc.) 

φ Reduce positional bargaining / attachment to 

one-sided solutions 
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Reframing TSE for Multiple 
Stakeholders 

ω Best Alternative to a Negotiated 

Agreement (BATNA) as reference point 

φ Accepted boundary between true gains and 

losses in a negotiation 

φ Nominally less efficient than Pareto front, or 

there is no reason to negotiate 

φ Must explicitly draw BATNAs into the problem 

formulation 

ω Increase information availability of 

group problem: other peopleôs interests 

and preferences 

φ Keep value indicators for other participants 

prominent by exploiting additional dimensions 

(color, transparency, etc.) 

φ Reduce positional bargaining / attachment to 

one-sided solutions 

 

 

Tradespace axes use 

BATNA as origin 

+ 

Rotate graph to inhibit 

trained reaction to seek 

Pareto front 

Color by tradeoff type 

(quadrant) 

+ 

Transparency by 

efficiency 
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Experimental Tradespace 
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Experimental Tradespace 

I  

II  

III  

IV 
I  

II  

III  

IV 

On Pareto Front 

40+% removed 

from Pareto Front 
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Controlled MSTSE Experiment 

ω Two-subject ñbuy a used carò case 

between roommates (ñNatò and ñVicò) 

ω Separately defined benefit / cost 

metrics and BATNAs 

φ Allowed to impose personal preferences on 

desired tradeoffs 

ω Access to basic data visualization (not 

analytic) tools suite 

φ Marking of designs of interest 

φ Logical filtering 

φ Table view of design attributes 

ω Treatment determined by use of classic 

or experimental tradespace view 

ω 40 minute maximum exploration time 

φ Agree on a car or accept BATNA 

 

Control 

Treatment 
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Data Collection 

ω Questionnaire (closed) 

ω Questionnaire (open) 

ω Offers and Outcomes 

ω Observational Coding 
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Data Collection 

ω Questionnaire (closed) 

ω Questionnaire (open) 

ω Offers and Outcomes 

ω Observational Coding 

ÅAll Participants verified 

engineering students / 

degree holders 

Å18 male, 8 female 

ÅOnly 4 subjects with 

TSE experience 

Sample size and student 

population are the main threats 

to external validity 
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Identifying Gains 

ω Subjects asked to circle the region of the tradespace which 

they would have preferred to the BATNA (ñgainsò region) 

ω ñRationalò response: 

ω 5/12 control, 12/13 treatment (p=0.0095) 

Q2 + optional Q1/Q3 from the 

Pareto front moving inward 

Treatment improves grasp of gains vs. losses 

Rational 

Other 
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Outcomes 

ω No significant differences in time to complete or 

solution quality 

φ Good: problem was intended to be easy enough to solve 

effectively with basic tools 
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Outcomes (2) 

Both subjects in Q2 

FPN minimax solution (ID# 26) 

Modal solution (ID# 42) 

One subject in Q1 

Å Dual Q2 solutions were 

chosen 1/6 control, 4/7 

treatment trials 

Å One group found the 

FPN minimax 

Å Modal solution is 

minimax with at least 

one subject in Q2 

Å Most Q1 solutions end 

up being dual Q1 (gold-

plated) 

Treatment group appears to prefer hill-climbing 

(dual Q2) solutions, while control prefers gold-

plated Q1 designs 
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Offers 

ω Control 

φ ñOutside-inò 

φ Skims the Pareto 

front 

ω Treatment 

φ ñInside-outò 

φ Clusters in Q2 

φ May need additional 

exploration support 

 

NAT VIC 
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