Multi-Objective Decision Analysis
for Personal Decisions

Eric Johnson, April 2024



Multi-Objective Decision Analysis (MODA) can be useful for L
large personal decisions. =5

House Car Job
— School — Fun — Responsibilities
— Commute — Price — Salary
— Price — Repair — Colleagues
— Size — Safety — Location
— Neighborhood — Gas — Hours
— Safety — Other — Other

— Other
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} Agenda

— Making sense of it

— Pressure-testing data
— Supporting revision
— Examples
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} Sort by score and color-code value components.

— Value

— This is main sheet of my 2020 decision
about buying a house.

— Roughly 50 rows by 50 columns, including
raw data and value calculations.

— Score is the leftmost color-coded column.

— Some value components have a lot of
impact; others not so much.
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Put the most important info at left and top (FreezePanes).

i Summary Val mponent
Identity score LT e IO S Supporting data

] Address Town Net | school com price tax roo tran walk cri gar extr pool cen av price br bath roo sgft
9 mute ms sit to me age a AIC ail ms

317 Dundee P  Devon (2) 4 1 1 6 6 1 1 0 (0) 0 0. 600 4 25 1 2205
10 | , .
11 8 Hackney Way Harleysville 5 6 7 1 1 (2 2 2 1 (00 (00 0 0. 445 5 25 1 2272
. 1 Golf Rd Havertown . 6 3 0 1 4 4 0 1 0 (00 O 0. 500 4 45 1 1950
5 §353 S 5 7 2 1 10 @ @11 o0 1 0 05520 4 3 1 2660

12 E Central Av  Paoli |; (2) . 4 1 (2 6 6 (1) 1 (0) (0) 0 1. 599 4 25 05 1792

Sorted with best on top and most important on the left.
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Center each value component on zero, so that we can
color code all the components.

51
6
7| {
8 | W
A 1 sqft

9 Excel Conditional Formatting is very helpful | [+]

317 Du File Home  Insert Page Layout  Formulas Data Review View Automate  Developer 2205
10 | [Q'lll & ‘ Arial w10 v | = E — ‘ Number  ~ @Conditional Formatting ~

8 Hack 2272
(1] —

1 Golf Rd Havertown 6 H 0o 1 4 4 0 1 0 (O 0 0. 500 4 45 1 1950
T B e 0

2053 Trumbauer 1 2660
13 |Rd The component formulae usually multiply the datum by the weight and subtract the offset,

which is manually typed in as the average of all the options' components.
12 E Central Ay Paoli 15| @) . @ 1 @2 6 6 (1) 1 (0 (0 0 1 599 4 25 05 1792

2024 SDP Conference
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— Making sense of it

— Pressure-testing data
— Supporting revision
— Examples
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If you score dimensions without explicitly defining a

GSK
scale, put the verbal description right next to the score.
Extras score is $k/yr equiv. Hyperlink to Google o .
Hyperlink to It's right next to the _maps next to 1: lively o pel:( t'me
source data description of the extras. neighborhood score  0: meh Ll
station and
Address Town Net |pool Notes extra com x Location v« Transit ride downtown
mut tc
Walk to Berwyn or
317 Dundee Pl Devon 0 Brick patio. 10 20 1 Devon. Across tracks 1 3 min walkto Devon 13
from shopping
. . 14 min drive to
8 Hackney Way  Harleysville 0 siding. 26 1 Hotels and 1-476. 0 7
Lansdale
1 Golf Rd Havertown 0 3 br+garage loft office. Who!e M Map not impressive, 0.8 10 min drive to 1
EE— house standby generator. Piano? but we loved it. Wynnewood
2053 Trumbauer Lansdale Bl 1 Huge house 10 25 1 Near Towamencin 0 11 min drive to 8
Rd creek Lansdale
Huge gorgeous tree. Thin office
porch. Piano barely fits in living
12 E Central Av  Paoli 15 | 0 room. Dining table has to go 21 Walk to Paoli 1 4 min walk to Paoli 13

Arumeataire Minhe ana hathranam
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Carving out parts of the problem allows them to be
carefully considered ... on a different sheet.

Look up the data for
crime (by township)
and school (by district)

Address Town Net| Crime crni School sche
9 E] E LookuErE] Looqu] B
317 Dundee Pl  Devon Easttown T 1 Conestog -5 _
10
o 8 Hackney Way Harleysville Towamenci 0 North Per 7
. 1 Golf Rd Havertown Haverford ' 2 Haverford 14
- §353 Trumbauer Lansdale Lansdale 3 North Per 7

12 E Central Av  Paoli Tredyffrin ' 3 Conestog -5

The scores for crime and
school are lookups from sheets
that address those issues.
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} The analysis of schools integrates many sources.

" Identity, score Value components Intermediate calculations

fre School school Nlche GS i T/S Avg 5 N i N I NC Nsafe GS ! 68’ WebSItéGS CoIIege GS GS NAca-
H ' ; avg | avg ! cost i Acad Teach Prep 2 CR SP i i Readiness | Student : T/S demlcs
: : : P2 5 2 ; 2 5 i : i i Progress

P41 19014550 4 i 4 i 4 (4310080 ; |

ENonh Penn

Freq of
reference
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} Crime drill-down is similar to school drill-down.

Intermediate

— Value components . Raw data
Identity, score calculations
2 httpo., vevevecigiauns.com/ 10000 2000 100 3 v p v v
impact escler rape | aggravated | larceny our | pop /imputed aggravated larceny — murder prop prop
3 ﬁ% town Sk/ f manslaugher SSSa ek share 100ks rape assault theft | manslaugher f@P€ incidents  inc/100k
4 | 1  Abington Twp 0.1 03 02 0001 6 1.0 52 1037 0 1 1258 2200
6| 0 ChesterTwp 18 0.7 10 01 0003 1 1.0 30 55 0 1 95 1,100
7| 0  Collegevile = 2.0 o0 17 0.2 01 0009 0 1.0 2 33 0 1 45 1,300
8 | 0  Doylestown 7.0 35 29 04 02 0004 1 4.1 12 148 1 179 2,100
9 | 3 EasttownTwp 1.2 o0 01 00 01 1 0004 1 1 1 84 0 98 1300
10| 0  FrazerTwp = 2.1 16 100 = 05 0008 | .0 1.0 0 224 0 1 228 6,000
11| 1 | HatfieldTwp = 19 07 0.1 01 1 0002 2 20 6 184 0 2 216 1300
12| 0 Hatboro 004" © 00 00 00 @ 01 0005 | 1 0 0 60 0 75 1,300
13| 10 Haverford Twp 1.9 07 01 01 1 0001 4 5.0 10 605 0 5 696 1700
15| 5 | Lansdale 3.0 16 03 01 1 .0003 .1 3.0 12 173 0 3 196 1700
Freq of
reference

— | had to do the math to make the data per-capita.
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Allowing pairwise comparisons of options supports
pressure-testing of attribute weights

A B [C D E F G H I |J|K|LIM|N O P QR S T U|V W X Y |Z A| AB |AC| AD

|AE AF AG

AH

[ 12 € central av v i 15 22 36 9 2464 59 13 9 -2 -1 1 1. 599 4 25 05 1792 4 1928 1 1 Trerx:"" 34 g:“esm 5 6 0
1—
» [1Gorra v [town . --60 34 5 1137 43 2 9 2 -1 A1 0. 500 4 45 1 1950 2 1935 1 1 Ha;:”::"d 1.9 Haverford 14 7 0
3| diff 3| 116 167 69 5 3526 16 15 - -4
4
5 | offset 4 28 38 7 6 M1 2 2 4 0 0 1
6 avg 0 0 0 0 0 1 0 0 0 0 0 0
7| stdev 8 7 5 28 24 30 24 2117 07 04 02
8 | weight 1 83 -07 1 7 13 8 -1 49 07 14 07

Address Town Net | school com price tax roo tran walk cri gar extr pool cen av price br bath roo sgft acrebuilt gar cent  Crime cri  School schctax pool

9 [~ [~ [+]+1  [v]muf~] [+] [v]nf~]siv]to[+][n~]a[~]a[+] [v]AM~] [~]{~] [+][[~] [+In~] [+][+] [+]af~]AQ~] Lookuj~|n~| Looky~| [+] [+] [+]

Huge gorgeous tree. Thin office
porch. Piano barely fits in living
room. Dining table has to go
downstairs. Only one bathroom
upstairs.

3 br+garage loft office. Whole
house standby generator. Piano?

Notes

— The drop-downs let you select any two options and compare them right

at the top of the spreadsheet.
— Do | really believe that this one is better than that one?
— Or am | over/under valuing one of the attributes?
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— Pressure-testing data
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— Examples
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Using MODA is an evolutionary process, and the tools we
use must support this evolution.

Kinds of Evolution

— Definitions of criteria
evolve.

— Weights of criteria
evolve.

— commute time, sq ft
— Options get added.

— We gather information
about the options.

Examples of Evolving Definitions

Car age => reliability

Nature of work => capturing expertise in a
model, decision process, doing other stuff

Home location => commute time, walk to
commerce & transit

Home size => rooms
Home: add safety & groundskeeping
Home view => nature, water, distance
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} Let yourself get the structure right.

— Be willing to move rows or columns around to make a tool that lets you
do the kind of thinking you need to do.

— Use robust spreadsheet techniques:

— =INDEX( dataColumn, MATCH( item, keyColumn, 0) )
rather than VLOOKUP, so that you can rearrange columns if needed.

— When summing across a group of columns (e.g. value components),
put little empty columns to left and right, and sum from these. This
way, if you move the first or last data column into the middle, your

SUM still picks up all the columns.
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} Cars

G37 X 4d sedt -

Lookups from
Consumer Reports
data

sunroof, Bose o,
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6  hnfntiG 2010 7.5 30 17 2 18 15 40 10 45 220 36 18 27 premium pkg, < -
seats, Bose s ~
steering whee -
4D sedan.

15 Mazda 6 2010 538 63 19 31 41 31 -2 42 4 438 150 11 21 1
sport pkg, 4 ¢y -

Difference 1.7 115 49 -15 -38 -13 17 .
offset 14 -124 -8 57 -1 1
av X . 17.8 63
st¢ Options Value components Intermediate calcs <1 22 Raw data
par.
model ye va fun price repai safe gas extra row repair fun safe eff pric odo mpg ex
B ﬂD r age e tra
350Z touring 2

1 Nissan Z 2006 30 2 18 5 14 49 10 45 118 16.0 79 18 1.7 http://w CD changer, p

o heated leather

2  Ford Mustang 2008 8.9 10 15 6 -14 7 40 10 48 88 150 31 16 -2 hitp:iw 2d coupe.V6 ¢

3 Nissan Z 2007 8.7 258 2 p=2ag 13 14 45 10 45 100 176 48 19 -1 hitp/liw 350Z enthusia
G35 X 4d sed:

4 Infiniti G 2008 84 x =7 U (! 10 4010 46 108 180 80 17 2.5 hitp://w nav system, h

There were a lot of cars,
so the pairwise

. comparison was important




> Drill-down data for Cars

Safety . Repair
E] notes 2006 2007 2003 2009 2010 2011 2012 2013 2014 fun F:::f 2006 2007 2008 2009 2010 2011 2012 2013 2014
Acura T
Audi A4
Audi S4
Cadillac CTS
Ford Focus  sedan 74
Ford Mustang V8 83
Honda Accord V6
Hyundai Sonata V6 80
Infiniti G sedan
Lexus IS Vg
Mazda 3 78
Mazda 6 85
Nissan Z 86
Subaru Impreza sedan 82
Toyota Camry  SE
VW GTI ~Golf 44 44 44
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4 A B |[C| D E F G H I J K L N ) B Q
1 offset 102 @ 22 -2 -20 -1
2 avg - -0 0 -0 -
3| stdev @28 | | 23 0 15 9 LA R N
4 . 1 5 . 80 50 -4
5 Options —— Value components — Intermediate calcs Raw data
| fotzs salary hours fpster. town colleagues ........... housing; town : ratl salary:hours f.oster. town colleagues ¢
6, value rationality cost : quality : score rationality score
Pharsight decision ent
7| cPDP | 18 14 11 -6 -1 30 5 6 120 : 45 e Bay Area name1 0
Pharsight 18 ¢ 2 17 6 5 0 5 10 120 | 5o jdevelopment. oo nea i oname2 | 8
8 | strategy
g | AEP 22 A2 3 10 1 15 7 -3 90 40 p°";fr’afe" Dallas = named i 0
10 | Aventis 12 8 -6 9 -1 18 9 -5 110 project mgmt: Jersey
Plizer | & 8 2 5 A 2% 0 .0 110 | 50 PMA™MACO o vork  names | -4
11 economics
12| Schering : 1 28 213 9 b 18 9 10 130 : 60 . sameold - Jersey - namel @ -4
13 Abt -16 18 : -22 -3 -5 4 25 A -3 120 ¢ 60 : smartCRO Boston name6 : -1.0
14 | Covance : -19 -22 2 -3 4 -0 18 3 -3 smartCRO : Washington | name9 -2
15| Brattle : -26 -22 2 -3 -5 2 25 A -3 smartCRO Boston name8 2
NECM . 10 2 5 4 25 1 0 60 | 55 | PhAMACcO- - gogon | nametd | 6
16 economics
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} Apartments

[Teec ) P - e 278 327 27 46 -z 62 92 69 -d9 34 30 29 % FLRTS -1 -30 4 -4 22 5 21

| PR v s |- an | e .57 6 3% 62 58 -89 51 -4 30 29 -% 27 2 39 10 -4 -2 22 5 -4
S| - 400 -ed 350 30 - - - - 17 -40 -40 - -2 - - 30
| - 4789 1202 23 453 4gd 3 3 1 30 9 5 [ H
' Options o e 4w % % Lots of value components ; . % T Intermediate calcs Raw data
280 146 143 ¥z 38 o 17 7 1% 1 5 1
-1 12 350 40 530 Zv. .. . .. . .- .- . w0 50 40 40 30 30 1
manthl offective wpreale K o wld  rafe  walk fitnerr  vieuof  walkta  neara secfar  walkte  quiet wtilitier  third  recond  air tennir extrar J— effoctiv | . K K'r K'r ) : - il art
B v lzem[ T ke [ BN nal _eamd 1 e el kel T E L bedd Thath @ e [Fl[=] =[]+ comd v | = | <] T~ T+ v el +
The Chateau ) i 327 27 46 -z sz 9z -69 -8 34 30 29 -3 FET - 30 4 - -2z 5 21 1700 1233 1225 238 4% 48 48 10 10 10 1.0 1.0 -
RedHaukRanch 294 15 -23 -1 4% 38 62 9z 3 -16 -4 30 -29 -3 -5 z -1 10 21 23 28 5 21 1495 1014 1014 1014 d¢ 44 45 - w7 1.0 k) 1.0
Lortan apt 4 15 21 27 A [ T 17 34 5 28 E] -4 2 -1 10 -4 -4 1 5 -4 1475 1017 950 1050  d% 48 48 k) w3 3 k) K]
ElCamina canda 528 i 1% 211 3 43 8 2 92 -3 17 34 s 28 -3 -6 2 -1 10 1" -6 1 5 % M5 1017 $50 1100 45 45 a5 k) w3 3 k) 1.0
Louira 526 3% -2z ;7 27 46 -z sz 9z -89 -48 34 30 4 -3 27 A -1 -30 -4 -6 -2z 5 -4 1400 900 900 900 48 48 48 10 10 10 1.0 - -
Eqams Canda 520 1 42 21 3 4% 3 -2z 9z -3 17 34 30 21 -3 -5 z -1 10 1" -6 1 5 -4 1715 933 $00 1000 45 a5 a5 k) R ] 1.0 k) 1.0
The Summit at Skyline 289 197 -$2 23 149 46 88 22 58 -3 -4 34 s 28 -% % 1 -1 10 1" 2 1 5 -4 1592 933 $00 1000 30 35 28 - R ] 1.0 10 1.0
Land'rEnd 210 27 63 23 %3 46 -2 -2z 5% 3 17 34 -7 24 22 6 -H -1 10 ] -2z -5 a1 1562 366 866 866 27 24 2 - R ] 1.0 - -
Serramante Ridge 206 159 27 23 159 46 -2 -2z 5% 3 34 34 5 34 -3 6 19 -1 10 1" 3 28 -5 -4 1630 396 4§58 915 29 32 28 - R ] 1.0 1.0 -
Skyline Hoiqhtr 198 285 252 23 148 46 -2 -zz 5% 3 34 34 30 34 -3 6 18 -1 -3 1" -5 2% -5 -4 1503 792 792 792 30 33 24 - 3T 1.0 1.0 -
Avalon Pacifica 135 $3 -2 -23 136 46 .45 -zz 5% 3 34 -4 s 21 -% 6 19 -1 10 1" 2 1 -5 -4 1706 1000 $00 100 32 5 15 - R 1.0 1.0 3
Erirbano Condo 159 -3 a4z -z -57 46 8% 62 58 -89 51 -d6 30 -29 % 27 z 39 10 -4 -z -2z 5 £al 2100 1370 1370 1370 51 67 a3 - 10 10 1.0 3 1.0
Eellvus fptr 131 M4 22 23 27 - 2 62 9z -89 -48 34 30 -4 -3 27 2z -1 -30 1" -6 1 5 -4 1475 900 $00 950 43 48 48 - 10 10 3 k) 7
Calma apt 13 smN 3z 37 203 4% 38 188 9z -3 -48 3 .45 29 I - R -1 -30 -4 -3 -2z -5 -4 1250 1033 $00 1150 25 25 25 1.0 - - 1.0 - 1.0
Avalon at CedarRidge 105 62 -54 -23 149 46 -2 -2z 5% 3 34 $ s 21 -% % 19 -1 10 1" -6 1 -5 -4 1727 957 957 957 30 33 29 - R ] 1.0 10 -
Skyline Vieu 101 B 3% -23 43 46 -2 -zz 5% 3 17 34 s 21 -3 -6 2 -1 10 1" 2 -2z -5 -4 1783 1033 800 1150 3 37 28 - R ] 1.0 k) -
Treotaps fptr 23 260 235 23 1 4 3 -2z 58 3 17 -4 -45 21 -3 % -n -1 -30 -4 -3 -2z -5 -4 1529 306 $06 80 34 37 32 - R ] 1.0 - 1.0
Harizans Wart -12 -75 4% 23 139 46 -2 -zz 5% 3 34 -4 s 34 2z 6 19 -1 -30 1" 2 2% -5 -4 1363 920 920 920 3 38 28 - R ] 1.0 1.0 -
Average -% -0 3 o -21 -0 0 o0 -0 -0 ] -0 -0 -0 0 -0 ] -0 -0 ] -0 ] -0 1789 1013 968 1035 47 50 4% A KR ] K & 6
CryrralSparTerrace 20 164 62 -23 109 46 M2 63 5% 3 1 -4 30 -2 -3 % 1 -1 10 -9 -7 -2z -5 21 1625 950 950 950 34 37 33 - 5 7 1.0 1.0 -
Skyline Torrace 62 22 9% -23 4 M -2 62z 5% 3 51 3 -45 24 -3 6 19 -1 10 4 - -2z -5 -4 76T 1083 1000 1125 a7 a5 - 0 7 3 1.0 -
The Avalan -1 -1 5% 23 3 308 88 22 92 -16 2] -45 -4 E] 27 - -1 10 -9 3 28 -5 -4 1300 1050 1050 1050 45 45 45 - 10 3 - 1.0
Hamptan Place -152 248 4 -23 3 43 s 22 92 3 17 -4 30 2 -% -6 2 -1 10 2 -6 28 -5 -4 2036 1036 1036 1036 45 a5 a5 - R 3 3 1.0
ElDarado 324 -4t 145 -23 487 46 3% 20 58 3 17 34 -7 -4 -3 6 % -1 -3 -9 3 1 5 -4 2200 1123 123 23 &4 4 7] - K ] 1.0 5 1.0
HorthParkdper (G) =331 -180 15 -23 3 43 -z -2z 92 A 17 3 30 -29 -3 -5 z -1 10 -4 3 -2z 5 -4 1968 1014 1014 1014 45 a5 a5 - R ] 3 7 -
Archrtane 427 =278 103 23 7 46 38 62 58 3 -d9 -46 E -4 27 2 -1 -3 -4 6 22 5 21 2067 416 916 916 57 54 56 - 10 10 1.0 k) 1.0
Eelmant Terrace 431 7% 18 -23 28 46 Mz 62 -5 -89 51 -4 -7 4% % 23 % -1 10 -9 -% -2z 5 -4 1567 100 1100 1100 74 # il - 0 5 1.0 5 -
Cherapoake Paint 447 AT M -23 - 4 3 62 58 3 -16 -4 -45 21 -3 27 - -1 -30 -9 3 28 -5 -4 2267 1094 1094 1094 56 57 56 - 10 10 1.0 - 1.0
Lantern Cave -495 [eETEl 29 23 424 4 38 62 58 3 17 3 s 21 -3 27 z -1 10 1" 21 1 5 1" 2467 1026 1026 1026 59 6z 57 - 10 10 1.0 7 1.0
Creokside =278 233 -3 - 21 22 92 69 -4 3 45 29 -% -4 2 -1 10 -4 6 22 -5 -4 2067 208 808 308 53 54 52 - R ] 1.0 7 k]
VillaSorena -145 48 3T - 46 8% 188 58 -89 -4 3 45 29 -% -6 2 -1 10 -4 9 -2z -5 -4 1933 26 26 26 56 57 56 1.0 - 3 1.0 k) 1.0
Erirtol Cammans B R ) 23 42t 4 8% -2z 58 -9 -48 -4 45 29 -3 -6 2z -1 10 -9 13 1 -5 -4 267 100 1100 1100 3% 9% 83 - I ] 1.0 7 1.0
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} Summary: Ways to use MODA for Personal Decisions

— FreezePanes and color coding helps you make sense of data.

— Juxtaposing scores with supporting data helps pressure-test scores.
— Comparing pairs of options helps you pressure-test weights.

— Drill-down sheets handle important sub-issues in an orderly way.

— Using border-row summations and index/match lookups makes
spreadsheet evolution straightforward.

2024 SDP Conference 21



