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OUTLINE

Qverview of Multi-Criteria Value Measurement:

Measuring the relative value of options in each criterion:

Numerical and
non-numerical approaches (MACBETH)

 Criteria weighting procedures

Slides available in: alfa.ist.utl.pt/~cbana/

Demonstration of M\-MACBETH
Download Trial versionin:  www.umh.ac.be/~smq/
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Detine My key concerns are:
criteria - Good snorkelling
e Spectacular scenery

* Remote beaches
 Fair flight price
Value tree e Short travel time

—|LARRY'S ISLAND CHOICE CONCERNS

—IBENEFIT CONCERNS

Good snorkelling

Spectacular scenery

Remote beaches

—J] COST CONCERNS

]Fair flight price

]Short travel time
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Evaluation framework:

V(a) - V(b) = zn: K, [v.(a)-v, ()
=1

With:

V() overall value of option ®

Vj(°) partial value (score)
of option

Additive value model

v;(best;) =100, 0
v;(worst;) =0, [J]

V(best allover) =100

V(worst allover) =0

4

In terms of criterion |

K. scaling constant
(relative weight)

n
ij =1 and kj >0 (J=1,...,n)
=1

of criterion |
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Scoring the options against each criterion:

Techniques for cardinal (interval)
value measurement
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Numerical approaches

“Direct rating,
ratio estimation, category estimation, curve drawing

are versions of numerical estimation methods

In which respondents are presented with some

anchored scale and asked to rate or otherwise

estimate numerically the attractiveness of the
stimulus relative to the anchors.”

(von Winterfeldt & Edwards, 1986)
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Example 1: Larry’s “Spectacular scenery” concern

HLAF{FW'S ISLAND CHOICE CONCERNS

4IBENEFIT CONCERNS

Good snorkelling

Spectacular scenery

Remote beaches

—l COST CONCERNS
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Building (interval) value functions

a value function
enables to transform
Impacts into scores
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Example 2: Larry’s “Fair flight price” concern

HLAFIFW'S ISLAND CHOICE CONCERNS

4IEEI"-.IEFIT CONCERNS

—J COST CONCERNS

Fair flight price } Operationalization:

Shonrt travel time

Natural descriptor of impacts:
“Price of return ticket in $ US”
(a quantitative attribute)
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Linear value function: Proportional scores

Common when the concern has a natural numerical descriptor

M Fair flight price: ¥Yalue Fun: =|0O] x|
Impact on COST CONCERNS
100
500
Up il 250 500§ s
? — least attractive cost
Vg(?) = _ _ x 100
most attractive cost — least attractive cost
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Building (interval) value functions:
“Bisection” or “mid-point splitting” approach

“In

bisection techniques

a most preferred stimulus and a least preferred
stimulus are identified, and subsequently a
midpoint stimulus is found that is equidistant
from both extremes.”

(von Winterfeldt & Edwards, 1986)
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Example 3: Larry’s “Short travel time” concern

HLAHF{Y'S ISLAND CHOICE CONCERNS

4IEEI"~.IEFIT CONCERNS

—J] COST CONCERNS

Fair flight price

Short travel time

} Operationalization:

Indirect descriptor of impacts:
“Travel time in minutes”
(a quantitative attribute)

Department of Operational Research, LSE - “Multi-Criteria Value Measurement”, Carlos A. Bana e Costa (JAN 2002)




Non-linear value function: Bisection technique

B Short travel time: Yalue Fu - 10| %|

Impact on COST COMCERMS

100 Find ‘? min.’ so that

the difference In attractiveness between
‘O min.” and ‘? min.’

N
i is equal to
D the difference In attractiveness between
P ‘“2min.’ and ‘100 min.’
Ly il 50 100 1min.

v(0O min.) - v(? min.) = v(? min.) - v(100 min.)

Similar questions to find
the midpoints 25 and 75

Piecewise linear value function or curve fitting
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Non-numerical approaches: MACBETH

What to do when evaluators
do not feel comfortable
In directly scoring the options?

Use MACBETH
(Measuring Attractiveness by a
Categorical Based
Evaluation Technigue)

An interactive approach to guide the construction of an interval
value scale, based on qualitative value judgments
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How does it work?

MACBETH uses a simple question-answer protocol
which involves only two options in each question:

Ask the evaluator to pair-wise compare options

by given a gualitative judgement

of the difference In attractiveness

between each two options [T wen weak

[ weak

For x and y such that
y [T moderate

X is preferred to y,
the difference in attractiveness v strong

between x and y IS: [ . strong

[T estreme
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Example 4: Larry’s “Remote beaches” concern
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Interactive discussion of inconsistency
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Qualitative descriptor

Example 5: Larry’s “Good snorkelling” concern

HLARFW'S ISLAND CHOICE CONCERNS

—I BENEFIT CONCERNS

Good snorkelling

— Descrptar levels :

Spectacular scenery

Remote beaches

—J] COST CONCERNS

} Operationalization:

Qualitative descriptor of impacts
(constructed attribute):

M arnes: Shiort
I F xcelent znorkeling nearby hotel Euchear
2 |Good shorkeling nearby kotel GoodMear
3 |Excellent snorkeling but aut-of-the-way EwcOut
4 |Good zhorkeling but out-of-the-way GoodCut
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Preference scale: MACBETH
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Weighting procedures:
TRADEOFF PROCEDURE
(Keeney & Raiffa, 1976)

SWING WEIGHTING PROCEDURE
(von Winterfeldt & Edwards, 1986)

MACBETH
(Bana e Costa & Vansnick, 1997, 1999)
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Adapted from Prof. Larry Phillips’ week-2 lecture

Swing weighting procedure

m SHARE Criterion

Size Share
Options Data Options Data
(T) STAT QUO 10 A 100 7 (2) (T) STAT QUO 5 4 100 7 (6)
@ +CNSMRS 100 @ +CNSMRS 30
@ +PROMTN 1 75 7 @ +PROMTN g 75 7 (q)
(4) +PRDCTS (4) +PRDCTS 1)
(5) HI QUAL 0 50 — (5) HI QUAL 0 50 —“
@ DISTRBTN 0 (5] @ DISTRBTN 100
25 ) 25 z

This swing in <05 ...is half

preference... 0 —6] this swing. o —5)

Swing 50 100

weights:

“How big is the difference, and how much do you care about it?”

Department of Operational Research, LSE - “Multi-Criteria Value Measurement”, Carlos A. Bana e Costa (JAN 2002)



SWING WEIGHTING PROCEDURE

The swing procedure starts from an alte mative with the worstimpacts in all the crite na
The evaluatoris allowed to change from worstimpactto bestin one PV.

He orshe is asked which "swing" from worst to the bestimpactwould resultin the largest,
second largest, etc., improvement of global attractive ness. The cnterion with the most
preferred swing is assigned 100 points.

The magnitudes ofall other swings are expressed as percentages of the largestswing.
The denved percentages are the raw weights thatare normalized to yield final weights.
(Adapted from Weber &Borcherding, 1993.)

C1 C2 C3 C4 C5 C6
PHIS ICAL CULTURAL DELAY IN TENANT ACTION PL. ACTION
INJURIES VALUES ACTION MOTIVATION AREAS AREAS
BEST
PLAUSIBLE IMINENT CLASSIFIED 20 | STRONG ALL THE IN APL.
IMPACT RISK BUILDING YEARS MOTIVATION| | BUILDING AREA
A A A A A A
OR OR OR OR OR
WORST
PLAUSIBLE | ABSENCE || NORMAL || 0 J NORMAL || ONE | OUTOF
IMPACT OF RISK BUILDING YEARS MOTIVATION FLAT PL. AREA
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C6 Cl C5 C2 C4 C3
INAPL
AREAS IMINENT
RISK
”””””””” ALL THE
7777777777777777777777777777777777 BUILDING
CLASSIFIED STRONG
777777777777777777777777777777777777777777777777777 BUILDING | [MOTIVATION
20
77777777777777777777777777777777777777777777777777777777777777777777777777777777777777 YEARS
OUT OF ABSENCE ONE NORMAL NORMAL 0
PL. AREAS OF RISK FLAT BUILDING | |[MOTIVATION YEARS
100 90 70 50 50 30
0,256 0,231 0,18 0,128 0,128 0,077
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MACBETH weighting procedure

Share Size
Options Data Options Data
(1) STAT QUO g 100 7 (8) (1) STAT QUO 10 100 7 ()
(2) +CNSMRS 30 (2) +CNSMRS 100
@ +PROMTN 50 [y By @ +PROMTN 10 75 7
(4) +PRDCTS 7 1) (4) +PRDCTS 1
(5) HI QUAL 50 ‘ﬁ (5) HI QUAL 501 A4
(6) DISTRBTN 1do (6) DISTRBTN 0 “
25 Z 251 (1)
‘ﬂ
0 —5) 0 — 6
The difference in attractiveness ...this swing, is: very weak

between this swing and...
weak

—
.
[~ moderate
1~
=

v. strong

[~ extieme
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The has the strongest theoretical foundation
(Keeney and Raiffa, 1976). The key idea is to compare two
options described on two criteria (for the remaining criteria both
options have identical impacts). One option has the best impact
on the first and the worst impact on the second criterion, the
other has the worst on the first and the best on the second
criterion. By choosing the preferred option out of the two the
decision-maker decides on the “more important” criterion.

The critical step is the adjustment of the impact level in order to
yield indifference between the two options. This is typically done
by either worsening the chosen option in the best impact or
Improving the non-chosen option in the worst impact.

Such differences have to be elicited for the n - 1 meaningfully
selected pairs of options. If the local value functions are known,
numerical values for the scaling constants can be derived.

(Weber & Borcherding, 1993)
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Tradeoff procedure C

e

bESti O (V\DrStr, bEStJ)

. - reference criterion
C. - other criteria (j # 1)

]
(worst, best;, ...) ~ (g,(ind’) worst;, ...)
V(worst, best;, ...) =V(g/(ind’) worst;, ...)

ki .v(worst,) +k;.v(best;) + ...
= k..v(gind’)) + k;.v,(worst ) + ...

k,.0 +k .100 = K, .v,(g,(ind1)) + k;.0

100 k; = k, .v,(g/(ind))

—
...... g:(ind?). . .. .best &
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V( a, Xj) SENSITIVITY ANALYSIS ON THE WEIGHTS

R eputation / Competing Capacity
Competing Capacity
1

100 oo

ompa. 1
omp. 2
Meutral

&0

_omp. 3

Vi(a, %) =x.v,(a) +(1-x,).

V(a) —k.v,(a)
1-k,
X .

Do 0.5 1.0 Feputation J
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