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Research on behaviourand procedural biasesn MCDA

 |Imbalance between the
Importance of the

objectives hierarchy and the |,

amount of research.

* Moststudies carried out 15
30 years ago with students
In hypothetical decision
situations.

« Are findingsof prior studies
replicatedin reatworld
application®

Possiblebiases and factorsaffecting
weights

The splitting bias
« Range insensitivity bias
« Equalisingias

« Weighting method (e.g. swing, trade
off, AHP)

Weightingtechnique (hierarchical or
non-hierarchical

« Locationof the objective
 Numberof objectives/subobjectives
Type of objectivedttribute
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Researchguestions

— RQ1Howdothe size and structure of an objectives hierarchy
affect the weights obbjectives?

— RQ2 Howareweightsdistributedacrosseconomicand
environmentalobjective®

— RQ3 Is there support for thequalisingoias?
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Meta-analysis & material

Widely used in social and medical science, ecology and
economics

Efficient method to combine and analyse large amount of
Information

Not used in MCDA to analyse weight distributions of objectives
=>Methodologicalobjective examinebenefitsandlimitations

61 environmental and energMCDA cases

230 weight schemes
* Weights assigned kg stakeholder or an average over stakeholders
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Large variety in the cases

* 25 countries - Whogave weights?
« Switzerland, USaAndFinland . Stakeholders (33)

« Applicationareas - Experts (17)
* Waterresources (22ases) « Policy makers or decision
« Energy planning (25 makers (3)

w
w

« Forestry (4)

« Methods to gather |
preferences m China (2)

M Australia (5)

W
o

- Interviews (26 ) g = Finland (6)
+ Questionnaires (17) = &2 = Greece (3)
«  Workshops (16) g 15 . = ltaly (5)
- MCDAmMethods 2 | | = Portugal (2)
 MAVT 24) S == - W Spain (4)
e AHP (20) - } ‘ = Switzerland (8)
0 T . ‘ ]
’ PROM ETH EE (6) 1995-2000 2001-2005 2006-2010 2011-2015 s

Year of publication Turkey (2)
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Hierarchy terminology

Hierarchy branch Ot\)/erall
objective
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Globalweight: the local weight of the objective is multiplied with the local
weights of its parental objectives.



Great diversity in the objectives hierarchies

* Numberof lowestlevelobjectives(LLO}%

Minimum 3, maximum 51

* Number of hierarchy levels

Minimum 1, maximum 5

Number of hierarchy levels
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Number of lowest level objectives
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Verydeepandbroad
(Georgopoulowet al., 1997)
* 5levels 15 LLOs

;I
O o o o

Flatand narrow
(Linkovet al., 2006)
e 1level 4LLOs



RQ1: How does the size and structure of an
objectives hierarchy affect the weights of
objectives?

Three analyses:
1. Hghest weights of the lowedevel objectives

2. Percentagef objectivesgetting very lowweight
3. Effectof the asymmetry of the hierarchy



eéawag

aquatic research

RQ1 (1/3):The number of loweslevel objectives vs. their
highest globaleights

= 07 Reasondor largevariance
> 06 * () Veryunevenallocationof weightsto
L ’ gone i parentalobjectives
§ 0,5 ;‘ ® 2 (i)  Asymmetryof hierarchybranches
L 4
o 9
: E OI4 “0. ; : » :
_g o . Y % Potentialproblemof largehierarchies
% -§ 0,3 Most important objective(s are
3 02 * inappropriatelyoverriddenby a number
(7 ’ o o ¢ of leastimportant objectives
£ 01 * Y.+ —
T 00 | | | | | |
0 10 20 30 40 50 60
Number of lowest-level objectives

r=0.512,p<0.001n=230



RQ1 (2/3): Percentagef the lowest level objectives geﬁamg%gry

low globalweight (>KD.05)
|
100 :
— = Potentialproblem
v oo * . . . .
>0 20 ¥ Includingmanyobjectivesof minor
< 3 - " *s Importance makesthe MCD/Aorocess
0 ?, o O+ lessefficientandkeytrade-offs less
g w T visible
5 E R XA
v O 40 el
oo &0 e o 0 ¢
B 8 .. .'o.0
5 = 20 o "0,’
S B %, . r=0.86 p<0.001, n=230
a _'g" 0 0000000044
0 20 40 60
Number of lowest-level objectives

« > 15 loweslevel objectives 7 (n=51 weight schemes)
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RQ1(3/3): Effect of the asymmetry of the hierarchy: comparison
of mean weights in the smallest and largest hierarchy branch

oo

.f’-\llf’-\i, B1 B2 B2 C1C2C3C4
_I_l

Wy = average(wa;, Wez) We= E"'-“EI'EEE{W{:LWEE:W{:;,W{:L}

* Themean weight was higher in the smallest branch than in the
largestbranch, 71%wveight schemes (n=103)

* In 85% of the weight schemes, the lowdsvel objective
receiving the highest global weight was in the smallest branch

(n=69.



RQ2: Howare weights distributed acroseconomic and
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environmental objectives?

* In 77%o0f the incidentsenvironmentalobjectivehad higherweight
* Environmentabbjectives: mean 0.3gh=124)
* Economimbjectives: mean 0.22

Weight of economic objectives

1

0,8

0,6

0,4

0,2

0

= Possible reasons:
¢« Significanenvironmentalimpacts
« Largemumber ofenvir objectives
. * Overrepresentationof stakeholders
W o who do not have to carry theosts
$ 2 ¢ M « Morallyand ethically important
5 . . . $ objectives receive more weight
IR « Range insensitivity bias
K Q’o % o ’I':f %
® . ,‘,: % V00, $ee,
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Weight of environmental objectives



RQ3:Isthere support for theequalisingbias? o

(e.g.Montibellerand vonWinterfeldt 2015

 The comparison of the 08 . . e
highestand lowest weights o, * .
of the mainobjectives L6 st tw
. «Averagewveightcases 2 os ’: . /°/
were excluded g 04 fg @ te, -
£o3 Ll 2
=

*oe0 *
0.2 *e

 Themean of the highest i /

weights 0.43 (n=96) 00 / o
« Themean of thelowest 00 01 02 03 04 05 06 0,7 08
Weights 0.15 Lowest weight

r=0.20,p<0.056, n=9¢



Conclusions gawag

« Earlier findings supported
« Hierarchy affects weights

* Meta-analysis
* “Bl redyyes vi ew’

IN many ways

Asymmetrybias—a new bias
In the MCDAield?

Equalisindpias not supported.

Nomeans to determine
whether the given weights
refl ect part.i

C |

Recommendations regarding

objectives hierarchy and
weight elicitation.

Testingandformulating
conjectures

Heteregoneougases

MCDAapplicationgprovide
goodopportunitiesfor further
analyses

Better documentation of
veaghttelicigtio goocealures.
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EXTRA SLIDES
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Hypotheses

Lowest weight lower
than in hierarchy 1

Highest weight higher
than in hierarchy 1




Data collected from the selected articles

Type of information

General
Structure of the
objectiveshierarchy

Numberof objectives

Costsin the hierarchy

Weight elicitation
method

Sourceof preferences

Method to collect
prefences

Presentation of
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Characteristics

Authors; Year; Country of application; Country of first author; Application ¢
Number of main objectives; Number of hierarchy levels; Number of hierar
branches at the top level of the hierarchy; Number of lowlestl objectives
Economic, Technical, So@oonomic, Social, Environmental, Risks, Other
objectives

Main objective (either divided or not divided into sobjectives); Sub
objectives of the economic objective; Not included in the analysis
Bottom-up; Topdown; Hierarchical weighting; Nedmerarchical weighting;
Unclear

Decision makers; Policy makers; Experts; Students; Hypothetical, Authors

Unclear
Questionnaire or Survey; Workshop; Interviews, Literature, Unclear

Individually; Group mean; Mean across all participants; Number of weight

2 0 2 S OwelgsS & ¢ profiles
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Characteristics of the objectives hierarchigs=61)

Standard
Mean Minimum Maximum

deviation
Number of top level objectives 4.7 3.1 2 18
Number of lowestevel
objectives 14.6 8.2 3 51
Total number of objectives 19.3 11.4 4 73
Number of hierarchy levels 2.3 0.9 1 5
Number of lowesievel economic
objectives (n=51) 3.1 2.4 0 10
Number of lowesievel social
objectives (n=39) 3.8 2.8 0 17

Number of lowesievel

environmental objectives (n=56) 5.7 7.3 1 51
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Analysis 2b: Comparison of weights of social and economic objectives

(n=124)

The difference in the mean weights was statistically significant

(Related-Samples Sign Test, Z=28, p<0.001, n=96).

Weight of economic objectives

0,8

Weight of social objectives

0,8

gOOO



eéawag

aquatic research

¢ ¢ rsymmetrybiast

» Occurs ircases where a hierarchy consists of branches that have a
different number of subbbjectives.

« Similaritieswith the splitting bias but is opposite and occurs only in the
hierarchical weighting procedure.

 Thephenomenon has received little attention in the MCDA literature.

« Assigningveights taking into account both the number of sabjectives
and theirranges is very demanding.

Example:Assume that akub-objectives are
globally of equaimportance. Theghould thus
I I each receive a global weight df10 (0.1).

] |
| A | | o | C | Togive the intended global weights to the sub
|

I L | |1 objectives, the objectiv€should receive a 2.5
Al A2 B1B2B3Cl.... C5 times higher weight than the objective A.




