
 

-o
tl

a
A

D
D

 
0

5
2

/
 7

10
2

 +b
ehhh

a*GM
FTSH

9  NBSI 1-4777-06-259-879  )detnirp( 
 NBSI 8-5777-06-259-879  )fdp( 

 L-NSSI  4394-9971
 NSSI 4394-9971  )detnirp( 
 NSSI 2494-9971  )fdp( 

 
ytisrevinU otlaA  

ecneicS fo loohcS  
sisylanA smetsyS dna scitamehtaM fo tnemtrapeD  

 if.otlaa.www

 + SSENISUB
 YMONOCE

 
 + TRA

 + NGISED
 ERUTCETIHCRA

 
 + ECNEICS

 YGOLONHCET
 

 REVOSSORC
 

 LAROTCOD
 SNOITATRESSID

 n
en

it
ha

L .
J 

sa
mo

uT
 e

vi
tc

ep
sr

ep
 l

ar
oi

va
he

b 
ci

me
ts

ys
 a

 h
ti

w 
gn

iv
lo

s 
me

lb
or

p 
de

sa
b l

ed
o

m f
o 

ec
it

ca
rp

 e
ht 

gn
iv

or
p

mI
 y

ti
sr

ev
i

n
U 

otl
a

A

 7102

 sisylanA smetsyS dna scitamehtaM fo tnemtrapeD

fo ecitcarp eht gnivorpmI  
melborp desab ledom  

cimetsys a htiw gnivlos  
 evitcepsrep laroivaheb

 nenithaL .J samouT

 LAROTCOD
 SNOITATRESSID



 seires noitacilbup ytisrevinU otlaA
SNOITATRESSID LAROTCOD  052 /  7102

desab ledom fo ecitcarp eht gnivorpmI  
cimetsys a htiw gnivlos melborp  

 evitcepsrep laroivaheb

 nenithaL .J samouT

fo rotcoD fo eerged eht rof detelpmoc noitatressid larotcod A  
eht fo noissimrep eht htiw ,dednefed eb ot )ygolonhceT( ecneicS  

ta dleh noitanimaxe cilbup a ta ,ecneicS fo loohcS ytisrevinU otlaA  
 .noon 21 ta 8102 yraunaJ 91 no loohcs eht fo E llah erutcel eht

 ytisrevinU otlaA
 ecneicS fo loohcS

 sisylanA smetsyS dna scitamehtaM fo tnemtrapeD
 yrotarobaL sisylanA smetsyS



 srosseforp gnisivrepuS
 ytisrevinU otlaA ,neniälämäH .P omiaR rosseforP

 ytisrevinU otlaA ,nenatriV iaK rosseforP
 

 rosivda sisehT
 ytisrevinU otlaA ,neniälämäH .P omiaR rosseforP

 
 srenimaxe yranimilerP

 airtsuA ,anneiV fo ytisrevinU ,arehcsteV floduR rosseforP
 ASU ,retneC tnempoleveD dna hcraeseR reenignE ymrA SU ,vokniL rogI .rD

 
 tnenoppO

 ASU ,ytisrevinU ekuD ,yeneeK hplaR rosseforP

 seires noitacilbup ytisrevinU otlaA
SNOITATRESSID LAROTCOD  052 /  7102

 
 © 7102   nenithaL .J samouT

 
 NBSI 1-4777-06-259-879  )detnirp( 
 NBSI 8-5777-06-259-879  )fdp( 

 L-NSSI  4394-9971
 NSSI 4394-9971  )detnirp( 
 NSSI 2494-9971  )fdp( 

:NBSI:NRU/if.nru//:ptth  8-5777-06-259-879
 

 yO aifarginU
 iknisleH  7102

 
 dnalniF

 
 :)koob detnirp( sredro noitacilbuP

 if.otlaa@sm-sisylana.smetsys
 



 tcartsbA
  otlaA 67000-IF ,00011 xoB .O.P ,ytisrevinU otlaA  if.otlaa.www

 rohtuA
 nenithaL .J samouT

 noitatressid larotcod eht fo emaN
 evitcepsrep laroivaheb cimetsys a htiw gnivlos melborp desab ledom fo ecitcarp eht gnivorpmI

 rehsilbuP  ecneicS fo loohcS

 tinU  sisylanA smetsyS dna scitamehtaM fo tnemtrapeD

 seireS seires noitacilbup ytisrevinU otlaA  SNOITATRESSID LAROTCOD  052 /  7102

 hcraeser fo dleiF  hcraeseR snoitarepO dna smetsyS

 dettimbus tpircsunaM  7102 rebmetpeS 11  ecnefed eht fo etaD  8102 yraunaJ 91

 )etad( detnarg hsilbup ot noissimreP  7102 rebmevoN 9  egaugnaL  hsilgnE

 hpargonoM  noitatressid elcitrA  noitatressid yassE

 tcartsbA
srotcaf tnatropmi tsom eht netfo era stcepsa larudecorp dna anemonehp laroivaheb ,ecitcarp nI  
dessucsid sah erutaretil reilraE .gnivlos melborp desab ledom ni sseccus llarevo eht gninimreted  
noitnetta elttil ,revewoH .sesaib evitingoc sa hcus anemonehp laroivaheb dna secitcarp larudecorp  

gnivlos melborp eht dna anemonehp laroivaheb neewteb ecnednepedretni eht ot diap neeb sah  
gnivlos melborp desab ledom ni ecnedneped htap fo aedi eht secudortni noitatressiD sihT .ssecorp  
-sys a sreffo aedi sihT .gnivlos melborp desab ledom fo hcnarb a si hcihw ,sisylana noisiced ni dna
-onehp laroivaheb rehto dna sesaib evitingoc fo tcapmi llarevo eht gnirutpac rof evitcepsrep cimet

erehT .ssecorp gnivlos melborp eht ni nekat spets fo ecneuqes eht ot srefer htap mret ehT .anem  
-ffa srotcaf ehT .rettam nac htap eht fo eciohc eht dna dewollof eb ot shtap evitanretla yllausu era
,dewollof sessecorp eht sa llew sa ,maet gnivlos melborp eht fo roivaheb eht edulcni htap eht gnitce  

fo aedi ehT .ecnatsni rof ,tnemnorivne gnivlos melborp eht dna ,desu seuqinhcet gniledom eht  
-isnoc sedulcni noitatressiD sihT .srotcaf eseht fo noitcaretni cimanyd eht ot noitnetta sward shtap
seitlucfifid dna ,stceffe laroivaheb fo noitalumucca eht ,tniop gnitrats eht fo tceffe eht fo snoitared  

 .htap eht gnignahc ni
-orp gnivlos melborp desab ledom fo tnemeganam eht troppus nac evitcepsrep htap eht gnikaT   

rieht no tcefler ot maet gnivlos melborp eht pleh ot tsilkcehc a sedivorp noitatressiD sihT .stcej  
-borp eht taht ksir eht ecuder pleh ot debircsed era serudecorP .srevird sti fo erawa eb ot dna htap

pleh nac evitcepsrep htap eht ,sisylana noisiced nI .htap roop a no kcuts steg tcejorp gnivlos mel  
dliub stceffe rieht nehw yllaicepse nrecnoc a era sesaiB .sesaib evitingoc fo stceffe eht gnitagitim ni  
-emos si ti taht swohs noitatressiD sihT .ssecorp sisylana noisiced eht ni dewollof htap eht gnola pu
eno ,lareneg nI .rehto hcae tuo lecnac sesaib fo stceffe eht hcihw gnola shtap dnfi ot elbissop semit  
sihT .sevitanretla niatrec fo rovaf ni pu dliub sesaib fo stceffe eht erehw shtap diova ot yrt dluohs  
evitceffe eb ot nwohs era seuqinhcet esehT .seuqinhcet noitagitim saib wen secudortni noitatressiD  

 .ssecorp sisylana noisiced a ni
-norivnE .noitatressiD siht ni dessucsid evitcepsrep cimetsys rehtona si sisylana noisiced oiloftroP   

,snoitca fo noitanibmoc a dnfi ot si ksat eht erehw smelborp oiloftrop netfo era snoisiced latnem  
hcaorppa lanoitidart eht ,smelborp noisiced eseht nI .sevitcejbo llarevo eht teem ot ,oiloftrop a .e.i  
detareneg soiloftrop evitanretla etaulave ot ssecorp sisylana noisiced dradnats a wollof ot neeb sah  
ni sksir etaerc ecnedneped htap dna sesaib woh sebircsed noitatressiD sihT .strepxe yb yllaunam  

rof seitilibissop wen setaerc dna sksir eseht diova spleh hcaorppa oiloftrop ehT .sessecorp hcus  
oiloftrop evitanretla fo sisehtnys a dna weiver a stneserp noitatressiD sihT .tnemegagne redlohekats  

oiloftrop esu sreledom latnemnorivne pleh ot depoleved si krowemarf A .sehcaorppa gniledom  
 .sisylana noisiced

 sdrowyeK latnemnorivne ,gnikam noisiced airetirc-itlum ,hcraeser lanoitarepo laroivaheB  
evitingoc ,evitcepsrep smetsys ,ecnedneped htap ,gnikam noisiced oiloftrop ,gnilledom  

 gnisaibed ,sesaib
 )detnirp( NBSI  1-4777-06-259-879  )fdp( NBSI  8-5777-06-259-879

 L-NSSI  4394-9971  )detnirp( NSSI  4394-9971  )fdp( NSSI  2494-9971

 rehsilbup fo noitacoL  iknisleH  gnitnirp fo noitacoL  iknisleH  raeY  7102

 segaP  201  nru :NBSI:NRU/fi.nru//:ptth  8-5777-06-259-879





 ämletsiviiT
  otlaA 67000 ,00011 LP ,otsipoily-otlaA  if.otlaa.www

 äjikeT
 nenithaL .J samouT

 imin najriksötiäV
nesimeetsys nenimatnarap nedietnätyäk nusiaktarnamlegno nesietsurepillaM  

 alluva namlukökänsimytyättyäk

 ajisiakluJ  uluokaekrok nedieteitsureP

 ökkiskY  sotial nisyylanaimeetsys aj nakiitametaM

 ajraS seires noitacilbup ytisrevinU otlaA  SNOITATRESSID LAROTCOD  052 /  7102

 alasumiktuT  sumiktutoitaarepo aj -imeetsyS

 mvp neskutiojrikisäK  7102.90.11  äviäpsötiäV  8102.10.91

 äviäpsimätnöym navulusiakluJ  7102.11.90  ileiK  itnalgnE

 aifargonoM  ajriksötiävilekkitrA  ajriksötiäveessE

 ämletsiviiT
nädieh aj atnimiot neijutsillaso tavo ätiöjiket äisieksek assusiaktarnamlegno assesietsurepillaM  

ätietnätyäk äivyttiil nihiessesorp ytletisäk no asseduusillajrik assammeiA .tissesorp asnamaarues  
-kutukiavorouv nediäN .aimuoniv aisiviitingok netuk ätiöimli äivyttiil neesimytyättyäk netsimhi aj
-uppiiruklop näälletise assajriksötiäv ässäT .atoimouh naakiruuj yttetinniik elo naaknetiuk ie nees
.ellitnek nisyylanasötääp nesiettiovatinom aj nusiaktarnamlegno nesietsurepillam etisäk neduuv  
aj neimuoniv netsiviitingok naamattomhah aattua akoj ,namlukökän nesimeetsys oul etisäk ämäT  
-tarnamlegno uutsodoum ukloP .atsutukiavsianokok nediöimli neivyttiil neesimytyättyäk nedium
nulop aj ,allojrat äsneely no ajuklop aisiotheothiaV .atsujtek netleksa iat nediehiav nissesorpusiak  
assaum nuum neuppiir elliulop ire äytääp naadiov assitkejorpsunnillaM .ätsytikrem no allannilav  

ätsiytetyäk aj atsiessesorp atsiutarues ,ätsötsiräpmyusiaktarnamlegno ,atsannimiot neijutsillaso  
naatidhop ässöyt ässäT .ätiöimli aisimaanyd niise aatson atsulop sutajA .atsiokiinketsunnillam  

aj atsimutuasak netsutukiav nannimiot nesimhi ,ätsytikrem nejotnilav neiväthet assula nitkejorp  
 .attuekiav nesimathiav nulop

-orp neivätnydöyh ausiaktarnamlegno atsietsurepillam aekut iov amlukökänuklop ässönnätyäK   
assesimattomhah nulop aattua akoj ,atsilsutsikrat näätetise assajriksötiäv ässäT .aatnillah neitkej  

ajopat naatavuk assajriksötiäv ässät iskäsiL .assesimatsinnut nediöjiket neivattukiav nuuklop aj  
-neveil aattua amlukökänuklop ässisyylanasötääP .äiksir nesimutuimuj ellulop ellonhek äätnehäv
-ukiav nediin soj ,itsesiytire amlegno tavo tamuoniV .atsutukiav neimuoniv netsiviitingok näämät
atioj ,ajuklop äätyöl atsillodham no suksoj ätte ,näätetyän assajriksötiäv ässäT .tavutnaasak teskut  

itsesielY .asnesiot tavaomuk teskutukiav neimuoniv neivytnys assiehiav ire asseattejluk niktip  
-otheothiavsötääp niknedioj tavutnaasak teskutukiav neimuoniv allioj ,ajuklop äättläv isilut neatto
ämäN .iskesimätneveil netsutukiav neimuoniv atiokiinket aisuu näälletise ässöyt ässäT .iskude nej  

 .assissesorpisyylanasötääp ässääre iskivimiot naatetioso
-mY .amlukökän nenimeetsys ävätletisäk assajriksötiäv ässät neniot no isyylanasötääpoiloftroP   

-ianokokedipnemiot avipos aatsodoum aneetsaah niesu no assoetneskötääp assaveksok äötsiräp
-othiav tavoul tajitnutnaisa asseattellevos äämletenemetiovatinom ätsietnireP .oiloftrop ile ,suus

aj tamuoniv nulettaja ätte ,äniksir no ässäT .aupa neillamoiloftrop namli atioiloftrop aisiothe  
-sötääpoiloftrop akniuk näätetise assajriksötiäv ässäT .iskamlegno tavutsodoum suuvuppiiruklop
-oiloftrop aatnillam ajopat aisiotheothiav naatavuk aj ,tiksir ämän näämättläv aattua iov isyylana
-kymysykötsiräpmy syheketiiv naadoul atsiehiav nesimatlevos nisyylanasötääpoiloftroP .äiskötääp

 .iskeut neijatnillam nedienutsiokire niis

 tanasniavA ,oketneskötääp nenireetirkinom ,isyylanaoitaarepo nenilleskumiktutsimytyättyäK  
,amlukökänimeetsys ,suuvuppiiruklop ,oketneskötääpoiloftrop ,sunnillamötsiräpmy  

 nenimätneveil neimuoniv ,tamuoniv tesiviitingok
 )utteniap( NBSI  1-4777-06-259-879  )fdp( NBSI  8-5777-06-259-879

 L-NSSI  4394-9971  )utteniap( NSSI  4394-9971  )fdp( NSSI  2494-9971

 akkiapusiakluJ  iknisleH  akkiaponiaP  iknisleH  isouV  7102

 äräämuviS  201  nru :NBSI:NRU/fi.nru//:ptth  8-5777-06-259-879





 

Publications 

This dissertation consists of a summary and of the following papers. 

I. Hämäläinen, R.P., Lahtinen, T.J. 2016. Path Dependence in Op-

erational Research - How the Modeling Process Can Influence 

the Results. Operations Research Perspectives, 3: 14-20. 

II. Lahtinen, T.J., Guillaume, J.H.A., Hämäläinen, R.P. 2017. Why 

Pay Attention to Paths in the Practice of Environmental Model-

ing? Environmental Modeling & Software, 92: 74-81. 

III. Lahtinen, T.J., Hämäläinen, R.P. 2016. Path Dependence and Bi-

ases in the Even Swaps Decision Analysis Method. European 

Journal of Operational Research, 249(3): 890-898. 

IV. Lahtinen, T.J., Hämäläinen, R.P., Jenytin, C. 2017. A Systemic 

Perspective on Bias Mitigation in Decision Analysis. Submitted 

manuscript, 22 pages. 

V. Lahtinen, T.J., Hämäläinen, R.P., Liesiö, J. 2017. Portfolio Deci-

sion Analysis Methods in Environmental Decision Making. Envi-

ronmental Modeling & Software, 94: 73-86. 

Contributions of the author in the papers 

Paper I: Lahtinen and Hämäläinen wrote the text together. Lahtinen as-

sisted Hämäläinen in developing the ideas in the paper. Paper II: 

Lahtinen was responsible for the main part in writing the text. Lahtinen, 

Guillaume, and Hämäläinen jointly developed the ideas in the paper. 

Paper III: Lahtinen was responsible for the main part in writing the 

text. Lahtinen designed the experiments and analyzed the data. 

Lahtinen and Hämäläinen collaborated in developing the ideas in the 

paper. Paper IV: Lahtinen initiated the paper and wrote the text. Hämä-

läinen provided comments. Lahtinen was the principal designer of the 

computational analysis. Jenytin did the programming and helped 

Lahtinen analyze the results. Paper V: Lahtinen was responsible for the 

main part in writing the text. Hämäläinen initiated the paper. Lahtinen, 

Hämäläinen, and Liesiö collaborated in developing the ideas in the pa-

per.





 

 

Acknowledgements 

Many people have influenced this dissertation and my academic path. I 
am very thankful for all the help, support, and inspiration that I have re-
ceived. 

Raimo, working with you has been very rewarding and fun. I am proud 
to have been your student and I will forever be grateful for your all-en-
compassing teaching. Juuso, Joseph, and Cosmo, thank you for the 
work we did together. Professor Vetschera and Dr. Linkov, thank you 
for your insightful and encouraging comments in the preliminary exam-
ination of this dissertation. Colleagues from the Systems Analysis La-
boratory, thank you for our years together. I have been lucky to be 
around so bright and skilled people. Antti Punkka, thank you for the en-
couragement at the beginning of my academic journey. Ilkka, Yrjänä, 
Pekka, Vilma, and Anton, thank you for your companionship along the 
way. My gratitude goes also to my friends outside of work and to my 
family. You are an endless source of inspiration, fulfillment, and joy. 
Tatu, you have been the best friend I can imagine. To my parents I am 
thankful for the consistent support. 

Going through doctoral studies has been great. I have had the oppor-
tunity to read, think, discuss, and write in an intellectually stimulating 
environment. I have begun to see the breadth, the depth, and the value 
of the knowledge and wisdom that humanity has accumulated over 
time. This makes me feel both humbled and empowered. 

 

Espoo, 4 December 2017  
Tuomas Lahtinen





 

 

Contents of the summary 

1. Introduction ................................................................................... 1 

2. Background ................................................................................... 3 

2.1 On Model Based Problem Solving ............................................ 3 

2.2 On Decision Analysis ................................................................ 4 

3. Contributions of the papers .......................................................... 5 

3.1 Path perspective ........................................................................ 5 

3.2 Contributions by paper ............................................................. 7 

4. Discussion .................................................................................... 11 

4.1 Practical implications .............................................................. 11 

4.2 Avenues for future research ..................................................... 12 

References............................................................................................... 15 





1 

 

1. Introduction 

Model based problem solving and decision analysis projects are fre-

quently carried out in government agencies, companies, and other or-

ganizations around the world. The application areas range from high 

stakes environmental decision making to business analytics. Today, ad-

vanced software support makes it easier than ever to produce analyses 

that look convincing and scientific to most people. Yet, success in model 

based problem solving requires more than just technical and mathemat-

ical competence. It is important to understand and be able to manage 

procedural and behavioral issues as well (Hämäläinen et al. 2013).  

Behavioral Operational Research is a new scientific area that aims to 

improve the practice of model based problem solving by taking into ac-

count the behavioral aspects involved (Hämäläinen et al. 2013, Franco 

and Hämäläinen 2016). So far, these aspects have been studied mainly 

in decision analysis and in system dynamics (for overviews, see, e.g. 

French et al. 2009, Sterman 2000), which are subdisciplines of model 

based problem solving. In decision analysis modelers work directly with 

preferences and other subjective inputs provided by decision makers 

and stakeholders. Therefore, natural research questions have been, e.g. 

how cognitive biases affect these inputs (see, e.g. Clemen 2008), and 

how to work interactively with stakeholders (see, e.g. Franco and 

Montibeller 2010). In the general literature on model based problem 

solving, the importance of behavioral and procedural aspects was 

acknowledged early (see, e.g. Churchman and Schainblatt 1965, Hilde-

brandt 1981), but the subsequent interest has been sporadic (Meredith 

2001, Franco and Hämäläinen 2016).  

This Dissertation takes a systemic perspective to improve the under-

standing and management of behavioral phenomena in model based 

problem solving. It is important to pay attention to the overall effects of 



 

2 

cognitive biases and other behavioral phenomena. These overall effects 

result from the interaction of all the factors in the socio-technical sys-

tem that emerges in the problem solving situation. This system consists 

of the members of the problem solving team, the processes followed, the 

techniques used, the problem context, and the external environment, 

for instance. In the earlier literature, little attention has been paid to the 

interdependence between behavioral phenomena and the problem solv-

ing process.  

This Dissertation aims to i) improve the planning and management of 

model based problem solving projects (Papers I and II), ii) help mitigate 

biases in decision analysis processes (Papers III and IV), and iii) sup-

port environmental decision makers in utilizing portfolio methods (Pa-

per V).  

Paper I introduces the concept of path dependence in model based 

problem solving. In practice, the results of a modeling process can de-

pend on the path followed. Alternative paths are almost always availa-

ble. This paper studies the drivers and implications of path dependence 

on different scales.  

Paper II describes how the path perspective can help to improve the 

planning and management of model based problem solving projects. 

This paper draws examples from environmental modeling, where a typi-

cal problem is participatory and includes multiple sources of uncertain-

ties. These factors increase the need to reflect on the path taken.  

Paper III presents a behavioral experiment that demonstrates the exist-

ence of biases and path dependence in a decision analysis process. This 

paper also describes how biases can create path dependence in decision 

analysis in general. 

Paper IV is focused on ways to mitigate cognitive biases in decision 

analysis. This paper presents four bias mitigation techniques and evalu-

ates them computationally.  

Paper V describes how environmental modelers can benefit from using 

portfolio decision analysis methods. This paper presents a synthesis and 
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a review of portfolio modeling approaches and a framework for using 

portfolio decision analysis. 

2. Background 

2.1 On Model Based Problem Solving 

“A model is an abstract description of the real world; it is a simple rep-

resentation of more complex forms, processes, and functions of physical 

phenomena or ideas” (Rubinstein 1975). Modeling can support problem 

solving in various ways. For instance, models can help to generate alter-

natives or solution candidates, to evaluate alternative policies or sys-

tems, and to automate routine decision making (see, e.g. Brill et al. 

1982, Pidd 1999). In general, developing and using models can help to 

organize one’s thinking and to increase understanding of the situation 

under study (see, e.g. Rubinstein 1975).  

Traditionally, a model based problem solving process is seen to consist 

of stages (see, e.g. Churchman et al. 1957). Typical stages include: 1. De-

fining the situation under study, e.g. identifying objectives and the 

scope of the problem. 2. Developing models, e.g. specifying the assump-

tions used and the key variables. 3. Data collection, estimation of the 

magnitudes of parameter values, and the elicitation of preferences. 4. 

Solving the models. 5. Evaluating and using the models, e.g. comparing 

results against data or expert judgment, performing sensitivity and 

what-if analyses. 6. Using results of the models to inform the decision 

makers and communicating the insights to stakeholders. These stages 

are not always carried out in the same order and one can iterate be-

tween them. 

In practice, there are almost always many plausible and justifiable ways 

to carry out each stage in the modeling process. Choices made by the 

problem solving team drive the progression through the stages (Hämä-

läinen et al. 2013). Therefore, it is not surprising that different problem 

solving teams can obtain different results when the same problem is 
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given to them (see, e.g. Mulvey 1979, Richels 1981, Linkov and Burmis-

trov 2003). Members of the problem solving team typically include 

modelers, subject matter experts, problem owners, and stakeholders. 

2.2 On Decision Analysis 

Decision analysis is a subdiscipline of model based problem solving. 

Technically, decision analysis aims to help decision makers evaluate al-

ternatives in the face of multiple conflicting objectives and uncertainties 

(see, e.g. Keeney and Raiffa 1976). In practice, increased insight is often 

the overall goal in decision analysis processes (see, e.g. Howard 1980, 

Keeney 1982). The benefits may also include, for instance, improved 

communication, greater transparency, and the identification of the con-

flicting views among the stakeholders. 

The decision analysis process aims to comprehensively identify, expli-

cate, and analyze the facts and values that are relevant to the decision 

problem at hand. A typical process includes the following stages (see, 

e.g. Keeney 1982). 1. Identifying the objectives of the decision makers 

and stakeholders. 2. Developing alternative courses of action. 3. Deter-

mining attributes for measuring the achievement of the objectives. 4. 

Estimating the consequences of the alternatives in the attributes. 5. 

Eliciting the decision maker’s preferences and developing value models 

for evaluating the alternatives. 6. Analyzing the performances of the al-

ternatives and conducting sensitivity analyses. There are usually differ-

ent ways to carry out each of these stages. Revisiting earlier stages is 

also possible. In portfolio decision making, the problem is to find a com-

bination of actions with desirable overall consequences (see, e.g. Salo et 

al. 2011). Then additional stages are needed in the decision process in 

order to identify and model interactions across the set of action candi-

dates, to develop models to calculate the overall consequences of alter-

native portfolios, to to specify the problem constraints, and to identify 

non-dominated portfolios by using optimization techniques. 

The Even Swaps process (Hammond et al. 1998) is one approach to help 

the decision maker identify her most preferred alternative. This process 

can be carried out after the decision alternatives have been specified 
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and their consequences have been estimated in the attributes. In the 

Even Swaps process the decision maker’s preferences are not captured 

with a value model as in a typical decision analysis process. Instead, the 

decision maker performs a sequence of even swap tasks. In these tasks, 

the decision maker modifies an alternative in two attributes in order to 

create a preferentially equivalent hypothetical alternative. The goal is to 

create situations where a modified alternative either dominates, or is 

dominated by, another alternative. Even swap tasks are carried out until 

only one alternative remains non-dominated. 

An important practical issue in decision analysis is coping with cogni-

tive biases when preferences and other subjective inputs are elicited 

from decision makers and stakeholders. There have been many sugges-

tions on how to mitigate the effects of biases (see, e.g. Montibeller and 

von Winterfeldt 2015). However, the number of studies analyzing the ef-

fectiveness of these suggestions remains very limited.  

3. Contributions of the papers 

3.1 Path perspective 

Papers I and III introduce the concept of path dependence in model 

based problem solving and in decision analysis, respectively. Paper II 

describes how taking the path perspective can support the management 

of model based problem solving and decision making projects. Paper IV 

uses the path perspective in the mitigation of biases in decision analysis. 

Paper V describes how path dependence can create risks in a decision 

making approach used traditionally in environmental portfolio prob-

lems. 

The term path refers to the sequence of steps taken in the problem solv-

ing process, or alternatively to the trajectory describing how a problem 

solving project develops over time. In the practice of model based prob-

lem solving, there are usually alternative paths to be followed and the 

choice of the path can matter. Path dependence is an integrative concept 
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because it draws attention to all the factors that shape the path. These 

factors can relate to the behavior of the problem solving team, as well as 

the processes followed, the modeling techniques used, and the problem 

solving environment, for instance. The path perspective emphasizes the 

sequential nature and dynamics of modeling processes. Examples in-

clude the effect of the starting point (see, e.g. Papers I, II and V), the ac-

cumulation of behavioral effects along the path (see, e.g. Papers III and 

IV), and that changing the path at an intermediate step can be difficult 

(see, e.g. Paper II).  

Path dependence is not a risk as such. In most cases, there are likely to 

be different paths that can lead to useful outcomes. However, a risk 

emerges from the possibility that a modeling process may follow and get 

stuck on a poor path. Optimistically, one may think that mistakes along 

the path are usually easy to notice and correct. Papers I and II explain 

why this might not be the case. A modeling process can get stuck on a 

certain path, for example, due to budget and time constraints, hidden 

motives, cognitive biases such as anchoring (Tversky and Kahneman 

1974) and confirmation bias (Nickerson 1998), and also due to a social 

environment that causes people to hold back critical opinions on the 

path taken (see, e.g. Janis 1982).  

Paths discussed in this Dissertation: 

 Paths in modeling and decision analysis projects in general. A 

starting point of such a path can be the initial meeting between 

modelers and problem owners. The end of the path can be, e.g., 

the point when a final report is delivered, or when problem own-

ers have decided on a course of action. However, clear starting 

and ending points do not necessarily exist. 

 Paths in preference elicitation processes. A path consists of the 

sequence of preference elicitation tasks carried out by the deci-

sion maker.  

 Paths in the Even Swaps process. A path consists of a sequence of 

even swap tasks carried out by the decision maker. 
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 Paths in the generation of portfolios without modeling support. A 

path is the order in which different actions are considered and 

added into the portfolio. 

 “Historical” paths in the development of research communities, 

organizations, etc. These paths relate to general trends such as 

the popularity of methods, ideas and research topics.  

The last item relates closely to the concept of path dependence dis-

cussed in economics (David 1985, Arthur 1989) and organizational deci-

sion making (Sydow et al. 2009), for instance. 

3.2 Contributions by paper 

A summary of the contributions of each paper is provided in Table 1. 

Paper I describes how path dependence can emerge in model based 

problem solving processes in general. In modeling, the path is driven by 

systemic phenomena, learning, the procedures used, behavioral and 

motivational phenomena, uncertainties, and the external environment. 

The awareness and understanding of these drivers can help modelers to 

manage their problem solving processes better. This paper describes 

several mechanisms, which may cause a problem solving team to be-

come anchored to their initial approach. Procedures to cope with path 

dependence are identified and discussed. These include starting the 

modeling process by carefully exploring the goals and objectives of the 

stakeholders, openness to multiple approaches, creating multiple paral-

lel modeling processes, and adaptive problem solving. 

Paper II clarifies why and how to pay attention to paths in model based 

problem solving projects. This paper draws examples from environmen-

tal modeling, but the conclusions are applicable to model based prob-

lem solving in general. This paper elucidates how the path perspective 

can i) help plan and manage modeling projects, ii) help communicate 

about the practice of modeling, and iii) provide a lens for understanding 

the role of behavioral effects in modeling. This paper develops a frame-

work, which is intended to help modelers reflect on their paths. The 

framework classifies path related phenomena based on their origins and 
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their possible effect. These phenomena may affect choices at the forks 

on the path, give a reason to redirect the path, and make it difficult to 

change the path taken. This paper also develops a checklist for the prac-

titioner. This checklist supports detecting forks, evaluating alternative 

paths, and recognizing situations where changing the path may be desir-

able.  

Paper III shows that decision analysis processes can be path dependent. 

A major reason is that the impact of cognitive biases can depend on the 

path followed. On some paths, the effects of biases may accumulate or 

build up such that one alternative becomes favored in the decision pro-

cess. It is also possible that the effects of biases cancel out each other. 

This paper presents a behavioral experiment that shows the existence of 

path dependence in the Even Swaps process (Hammond et al. 1998). 

This is explained by the accumulated effect of two well known cognitive 

biases. These are the loss aversion bias (Tversky and Kahneman 1991) 

and the measuring stick bias, which is also called the scale compatibility 

bias (Tversky et al. 1988, Delquié 1993). This paper suggests ways to 

mitigate the effects of these biases. 

Paper IV develops and evaluates techniques for bias mitigation in deci-

sion analysis. These techniques are based on the ideas introduced in Pa-

per III. The basic idea is to look for paths where the overall effect of bi-

ases is minimal. The first new technique is to introduce a virtual refer-

ence alternative in the decision problem. The second one is to introduce 

a virtual measuring stick attribute. The third approach is to rotate the 

reference point used. The fourth one is the intermediate restarting of 

the process in order to eliminate the impacts of biases that have accu-

mulated during the earlier steps. A computational analysis demon-

strates that these techniques help to mitigate biases in the Even Swaps 

decision analysis process. It is described how these techniques could be 

used with other decision analysis processes as well. This paper demon-

strates that a computational approach helps to take a systemic perspec-

tive on debiasing. In particular, this approach enables assessing the 

overall effect of multiple biases that occur on different steps along the 
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decision making process. Earlier literature has mostly considered the ef-

fects of biases in isolated steps of the decision analysis process. 

Paper V reviews portfolio modeling approaches and provides a frame-

work to help environmental modelers use portfolio decision analysis in 

practice. An illustrative case dealing with an environmental decision is 

presented. This case is analyzed using a portfolio decision analysis 

method called Robust Portfolio Modeling (Liesiö et al. 2007). In envi-

ronmental portfolio problems, the traditional approach has been to fol-

low a standard decision analysis process to evaluate alternative portfo-

lios generated by experts without modeling or optimization support. 

This paper describes how biases and path dependence create risks in 

such an approach. Furthermore, when the traditional approach is used, 

it can be impossible to consider all combinations of actions even in 

moderate sized problems (e.g. 10 action candidates), because the num-

ber of combinations is too high. Portfolio modeling alleviates these con-

cerns because all action candidates can be included simultaneously in 

the same analysis. Use of portfolio decision analysis also creates new 

possibilities for stakeholder engagement. The participants of the process 

can easily suggest actions to be included in the same analysis together 

with all the other action candidates. This can help create a sense of 

shared ownership of the process. 
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Table 1: Summary of the papers.  

 Contexts Main objectives Main results 
I Model based 

problem solving 
in general. 

To demonstrate 
the existence of 
path dependence 
and to describe its 
origins. 
 

Path dependence can 
originate from systemic 
phenomena, learning, 
procedure, behavior, 
motivation, uncertainty, 
and external environ-
ment. There are pro-
cedures for coping with 
path dependence. 
 

II Model based 
problem solving 
projects. Envi-
ronmental mo-
deling. 

To describe how 
the path perspec-
tive can help to im-
prove the practice 
of model based 
problem solving. 

Taking the path per-
spective can help model-
ers to navigate their 
paths in a reflective 
mode. A checklist for 
planning and managing 
modeling projects. 
 

III Decision analy-
sis processes.  
The Even Swaps 
process. 

To study path de-
pendence experi-
mentally in a deci-
sion analysis pro-
cess. 

Path dependence exists 
in the Even Swaps pro-
cess. This can be ex-
plained by the accumu-
lated effect of the loss 
aversion and the meas-
uring stick biases. 
 

IV Decision analy-
sis processes.  
The Even Swaps 
process. 

To develop bias 
mitigation tech-
niques and to eval-
uate them compu-
tationally.  

New bias mitigation 
techniques are effective. 
The computational ap-
proach helps assess the 
overall impact of biases. 
 

V Portfolio deci-
sion analysis 
processes. Envi-
ronmental deci-
sion making. 

To help environ-
mental modelers to 
use portfolio deci-
sion analysis. 

Portfolio decision analy-
sis offers new possibili-
ties for environmental 
decision making. A 
framework for using 
portfolio decision analy-
sis. 
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4. Discussion 

4.1 Practical implications 

This Dissertation helps to understand the impact of behavioral phenom-

ena in model based problem solving. In practice, behavioral phenomena 

and procedural aspects are often the most important factors determin-

ing the overall success in model based problem solving. Participatory 

environmental problem solving is one application area where these fac-

tors are particularly important.  

The notion of path dependence helps to acknowledge that alternative 

paths are usually available in model based problem solving and that the 

choice of path can matter. Increased understanding of path related phe-

nomena can improve one’s ability to identify and evaluate alternative 

paths. The path perspective can be useful for anyone working with 

model based problem solving. In modeling projects, reflecting on the 

path and its drivers can help to notice forks on the path and to redirect 

the path if needed.  Practitioners may find interest in the procedures to 

cope with path dependence described in Paper I, and in the framework 

and in the checklist developed in Paper II. 

In decision analysis, an important practical issue is to mitigate biases in 

the subjective inputs elicited from stakeholders. Papers III and IV show 

that in the mitigation of biases it can be useful to consider the entire 

path followed in the decision analysis process. It may be possible to find 

paths along which the effects of biases cancel out each other. In general, 

one should at least try avoid situations where the effects of biases build 

up in favor of a certain alternative. Paper IV describes techniques, which 

are shown to be effective at mitigating cognitive biases in the Even 

Swaps process. These techniques are likely to be applicable also with 

other decision analysis methods, such as swing and trade-off methods 

for the elicitation of attribute weights. 
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Environmental decisions are often portfolio problems, where a combi-

nation of actions is needed to create a successful management policy. 

Paper V describes tools and provides a framework to help environmen-

tal managers and modelers address such problems. The framework in-

cludes the most important steps and tasks needed to analyze a portfolio 

decision problem. 

4.2 Avenues for future research 

The idea of path dependence can be seen as an integrative perspective in 

Behavioral Operational Research. When studying cognitive biases and 

other behavioral phenomena in model based problem solving, it is im-

portant to pay attention to their overall effects. The overall effects result 

from the interaction of all the factors in the problem solving process. 

This Dissertation provides several directions for future research on the 

management of modeling projects. It could be evaluated how to best 

take the path perspective into account already when commissioning a 

modelling project. Moreover, the idea of parallel modeling teams should 

be tested in practice and developed further. One question that is likely 

to arise in practice is how to compare the results obtained by different 

teams.  Another interesting topic would be to study how the principles 

of systems intelligent leadership (Saarinen and Hämäläinen 2004) 

might help to manage modeling projects and to work interactively with 

stakeholders. The path perspective relates closely to five dimensions of 

systems intelligence (Törmänen et al. 2016). These are systems percep-

tion, reflection, spirited discovery, wise action, and effective responsive-

ness. 

In decision analysis, a systemic perspective is needed when assessing 

the effects of cognitive biases and evaluating bias mitigation methods. 

Earlier literature has identified a number of biases. However, these have 

been analyzed mostly in isolated steps of the decision analysis process. 

This Dissertation shows that one should also consider the possibility 

that the effects of biases build up or accumulate. The effects of biases 

may also interact with each other. A computational approach could be 



 

13 

more generally used for supporting the design and evaluation of new 

bias mitigation methods. 

In environmental decision making, the portfolio approach should be 

tested in practice. This is likely to evoke a number of interesting re-

search questions. For example, procedures for creating the portfolio 

model interactively with stakeholders are likely to be needed. It might 

also be useful to develop better tools for supporting situations with 

strong non-linearities or a high number of interactions across the set of 

actions.  

This Dissertation identifies a number of behavioral phenomena that can 

influence the problem solving path, as well as phenomena that can 

emerge due to the path followed. A natural theme for future research is 

to consider these phenomena in more detail and in different contexts. 

Paying attention to behavioral effects is important particularly when us-

ing models to support high stakes policy decision making, such as the 

development of climate policies. Greater understanding of behavioral 

phenomena is likely to increase transparency of model based problem 

solving and to help run modeling projects more successfully.
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