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Summary 
Constructing new or renovating existing infrastructure is necessary to keep the condition of 

infrastructure at the appropriate level. The authorities responsible for this infrastructure, 

issue public tenders to select contractors for the necessary construction work. In recent 

years, these types of construction projects have been regularly procured through integrated 

contracts in which a contractor becomes responsible for completion of multiple project 

phases. This encourages contractors to include life-cycle-oriented design optimizations in 

their bid. For example, optimizations in the buildability are possible if a contractor is 

responsible for both the design and construction of a project. The contractor must take into 

account the long-term effects of the optimizations in his search for an economically viable 

solution. Contractors must make design decisions to find a solution that incorporates the 

conflicting needs and requirements. This often involves designing several alternatives, many 

of which have different levels of abstraction and are based on the client's preferred design 

or on the functional requirements set.  

 

Both the abstraction and the level of detail of contractual requirements, the number of 

requirements, the required integral and multidisciplinary approach and the increased 

importance of stakeholder management increase the complexity of both the tender, 

construction and maintenance phases of infrastructure projects. Contractors are trying to 

deal with the increased complexity of projects through the use of systems engineering as a 

design methodology, to ensure conformity to the specifications and requirements of their 

design and decision-making processes. The purpose of systems engineering is to gain a 

better understanding of customer demand and use this understanding to improve decision 

making throughout the life cycle. Multi-criteria decision analysis (MCDA) is commonly used 

to support decision making throughout the entire systems engineering process. MCDA 

supports conflict resolution and compliance with stakeholder needs, requirements, and 

preconditions. At the same time, the interactions between requirements, subsystems and 

preconditions are full of risk because detailed design information, resources and time are 

scarce in a tender. Consciously managing risk in tenders is essential for preparing a bid since 

the decisions made in this phase can have significant consequences for both the schedule 

and the costs. The decisions can have consequences for both the result of the effort made, 

for example a relatively high bid in case of overestimation of the risks, and for the result 

after realization, for example a relatively low bid in case of underestimation of the risks. Risk 

is defined as the extent to which there is uncertainty about whether significant and/or 

disappointing outcomes of decisions can be realized. A prerequisite for assessing risk is to 

be aware of the risks and to perceive a decision as risky. In literature substantial effort has 

been made to improve the risk assessment, but there is a lack of assessment approaches that 

can support the impact of risks on the different project objectives. Moreover, the available 

assessment tools in literature suffer from low usability in practice as professionals often rely 

on their experience and knowledge when making decisions. Potential risks are easily 

neglected or overlooked in a context where time and resources are scarce, available 
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assessment tools are hardly applied and decisions are based on experience and knowledge. 

This raises the question to what extent contractors are aware of the role of risk in making 

design decisions and how risk awareness can be raised. The increased complexity also affects 

the quality of decisions when they are made based on knowledge, experience and intuition. 

The quality of decisions made during tenders can be assessed by their actual outcome or 

based on the process of making a decision. The emphasis in this study is on the latter because 

the outcome of a decision is unknown at the time the tender is submitted. The design space 

of projects has grown in such a way that multiple disciplines are required to reach a solution. 

The possible alternatives within this multidisciplinary and integrated perspective have grown 

accordingly and do not correspond with the engineers' frame of reference. In addition to 

the risk awareness of contractors, it is therefore also important to take into account the risk 

perception of engineers.    

 

The aim of this dissertation is to increase the understanding about the risk awareness of 

contractors in integrated design decisions during the tender phase of complex infrastructure 

projects. It also aims at suggesting possible direction for raising risk awareness of contractors 

when making integrated design decisions. The central research question is: To what extent are 

contractors aware of risks when making design decisions in infrastructure tenders and how can risk awareness 

be raised? This main question is divided into four sub-questions which make up the chapters 

of this dissertation. The first sub-question addresses the challenges in making design 

decisions when systems engineering is applied in infrastructure tenders. The second sub-

question is about the suitability of MCDA to ensure decision quality. The third sub-question 

provides insight into the decision-making behaviour of engineers by altering the risk 

representation in an MCDA tool. The last sub-question combines these insights and alters 

the decision-making process to raise risk awareness.  

 

Chapter 2 explores the challenges in making design decisions when systems engineering and 

multi-criteria-analysis techniques are applied in a large infrastructure tender. Based on a 

tender for the reconstruction of a main traffic junction, it becomes clear that contractors 

apply systems engineering because they believe it reduces the complexity of projects and 

they have structured their design processes accordingly. However, it is still a challenge for 

contractors to deal with uncertainties in their decision-making process due to the low level 

of specifications provided. This is partly caused by the limitation in time, capacity and 

feasibility to perform additional research during the tender phase. As a result, contractors 

struggle to design a solution that will not only persuade the client but will also deliver an 

economically viable solution. The decision-making process therefore benefits from dealing 

with design uncertainty more explicitly. Making design uncertainty explicit is a first step that 

allows for finding methods that provide early understanding of the impact of design 

decisions.  
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Based on the challenges that contractors have in identifying uncertainties and incorporating 

these in their decision-making, chapter 3 examines whether MCDA is suitable to ensure 

decision quality of the decision-making process given several alternatives. Whether MCDA 

is also suitable for indicating the correctness of a solution within all possible solutions is 

beyond the scope of this study. MCDA structures the different solutions of the decision-

making problem as well as the considerations and preferences of the stakeholders. As such, 

the use of MCDA enhances the quality of the decision-making process. High-quality 

decisions are characterized by a decision-process based on an appropriate frame, creative 

and feasible alternatives, reliable and unbiased information, desired outcomes, the logic by 

which the decision was made, and commitment of  all stakeholders. The suitability of 

MCDA to ensure the quality of design decisions has been investigated in a case study. The 

case study shows that an MCDA defines the “what” in terms of structuring the decision 

problem, but not “how” this should be done. It also shows that decision-makers rely on 

their experience and knowledge when making decisions. An explicit consideration of 

decision quality can support the “how” by defining each criterion and evaluating whether 

the quality of the available information is aligned with the defined problem. Chapter 3 thus 

contributes to the application of MCDA by showing that 1) decision-making in tenders is 

based on the experience and knowledge of the engineers involved and 2) inappropriately 

used MCDA tools and methods can give the impression of soundly underpinned evaluation 

of alternatives is while the uncertainties are neglected, leading to premature decisions of low 

quality.  

 

The practical application of systems engineering and MCDA shows that decisions in 

infrastructure tenders are made by relying on the knowledge, insight, experience and 

intuition of engineers. Risks associated with the different alternatives are often overlooked. 

A prerequisite for the assessment of the risks is that engineers are aware of the risks and 

that, in addition, a process is in place to bring together the individual perceptions into a 

shared assessment of the risks. Chapter 4 examines whether adjustments to the 

representation of risks in a trade-off matrix (ToM) can influence the risk perception of 

engineers. In comparable studies this is researched based on experimental settings, in a 

controlled environment and with fictitious and simplified choice alternatives. In contrast to 

these studies, this research is conducted in an environment similar to an actual tender and 

with reality-based design alternatives. By combining an experiment followed by in-depth 

interviews, it is not only possible to test the relationship between risk presentation, risk 

perception and decision-making, but it is also possible to better explain the test results. The 

results show a limited effect of risk representation on risk perception and decision-making 

behaviour. Engineers' knowledge, experience, and perceptions remain dominant for 

decision making. These findings contradict with studies that use simple experimental 

manipulations in a controlled laboratory environment. The reproducibility of experimental 

results in practice is therefore challenged. Based on the interviews, the insignificant 

relationships between risk perception and the decision-making behaviour of engineers are 
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explained by (1) the effectiveness of the applied choice architecture and (2) the real-life 

setting of the experiment.  

 

Chapter 5 examines the possibility of increasing risk awareness through redesigning ‘how’ a 

decision problem can be defined. The decision-making process has been analysed during an 

ongoing tender by applying a design science research approach. Three possible interventions 

have been identified that increase risk awareness: 

• Change the format of the ToM by including a description of the criteria and using 

a general list of criteria to identify criteria that match the characteristics of the 

tender.  

• Explicitly link the identified project risks to the criteria and assign a bandwidth 

value (the most likely, the minimum and the maximum value).  

• Evaluate the quality of the decision-making process by assigning a value to the 

quality elements "relevant and unbiased information", "desired results" and "logic" 

of the decision-making process. 

 

These interventions should increase the transparency and rationality of decisions and, by 

doing so, raise risk awareness. The interventions were  implemented in the decision-making 

process in which the operation of the interventions were validated in a workshop setting. 

The three interventions triggered and structured discussions and helped to gain insight into 

the perceptions and reasoning of professionals. The resulting general design rules represent 

the first ingredients towards an action-oriented theory for creating risk awareness in the 

project context: 

• Jointly defining criteria to increase common understanding of the criteria and use 

of relevant information. 

• Highlighting or visualizing uncertainty in the scoring of criteria to trigger 

discussion about the risks. 

• Reflecting on the decision-making process by evaluating decision quality. 

 

These design rules play an important role in the stepwise process that defines “how” an 

MCDA should be used during an infrastructure tender. Applying the design rules stimulates 

discussion within the tender team and this discussion reveals the underlying reasoning and 

interpretations of criteria and increase risk awareness. This leads to a more transparent 

problem understanding among engineers and to more rational choices, even though these 

choices are based on engineers' experiences. Conducting an MCDA in a construction tender 

context requires knowledge of both “what” is required in terms of structuring the decision 

problem and “how” in terms of guiding the decision-making process.  
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Samenvatting 
Het nieuwbouwen of renoveren van bestaande infrastructuur is nodig om de staat van 

infrastructuur op het juiste niveau te houden. De verantwoordelijke overheden voor deze 

infrastructuur schrijven publieke aanbestedingen uit om aannemers te selecteren voor de 

benodigde werkzaamheden. In de afgelopen jaren zijn dit soort projecten regelmatig 

aanbesteed door middel van geïntegreerde contracten waarin een aannemer 

verantwoordelijk wordt voor het uitvoeren van meerdere projectfasen. Dit stimuleert 

aannemers om optimalisaties in de levenscyclus van projecten mee te nemen in hun 

aanbiedingsontwerp. Uitvoeringstechnische optimalisaties zijn bijvoorbeeld mogelijk als een 

aannemer verantwoordelijk is voor zowel het ontwerp als de realisatie van een project. De 

aannemer dient dan rekening te houden met de langetermijneffecten van de optimalisaties 

in zijn zoektocht naar een economisch optimale oplossing. Aannemers moeten  

ontwerpbesluiten nemen om een oplossing te vinden waarin de conflicterende behoeften en 

eisen zijn meegenomen. Hiervoor worden vaak meerdere alternatieven ontworpen die veelal 

een verschillend abstractieniveau hebben en gebaseerd zijn op het voorkeursontwerp van 

de klant of op de gestelde functionele eisen.  

 

Zowel de abstractie als de gedetailleerdheid van contractuele eisen, het aantal eisen, de 

benodigde integrale en multidisciplinaire aanpak en het toegenomen belang van 

omgevingsmanagement verhogen de complexiteit van zowel de aanbiedings-, uitvoerings-, 

als ook de onderhoudsfase van infrastructurele projecten. Aannemers proberen door de 

toepassing van systems engineering als ontwerpmethodiek om te gaan met de toegenomen 

complexiteit van projecten en borgen daarmee de conformiteit aan uitgangspunten en eisen 

van hun ontwerp- en besluitvormingsproces. Het doel van systems engineering is om meer 

inzicht te krijgen in de klantvraag en dit inzicht te gebruiken om de besluitvorming 

gedurende de gehele levenscyclus te verbeteren. Multi-criteria-analyse (MCDA) wordt veelal 

ingezet om de besluitvorming gedurende het gehele systems-engineeringproces te 

ondersteunen. MCDA ondersteunt bij het oplossen van conflicten en het voldoen aan de 

behoeften, eisen en randvoorwaarden van belanghebbenden. De relaties tussen eisen, 

subsystemen en randvoorwaarden zijn omgeven door risico's omdat gedetailleerde 

ontwerpinformatie, middelen en tijd schaars zijn gedurende een aanbesteding. Het bewust 

omgaan met risico’s in aanbestedingen is essentieel bij het maken van een aanbieding 

aangezien de besluiten in deze fase significante gevolgen kunnen hebben voor zowel de 

planning als de kosten. De besluiten kunnen gevolgen hebben voor zowel het resultaat van 

de geleverde inspanning, bijvoorbeeld een relatief te hoge inschrijving bij overschatting van 

de risico’s, alsook voor het resultaat na realisatie, bijvoorbeeld relatief te lage inschrijving bij 

onderschatting van de risico’s. Risico is gedefinieerd als de mate waarin er onzekerheid 

bestaat over de vraag of mogelijk significante en/of tegenvallende resultaten van besluiten 

gerealiseerd kunnen worden. Een voorwaarde voor het beoordelen van risico’s is dat men 

zich bewust is van de risico’s en een besluit als riskant ervaart. In de literatuur is veel 

inspanning geleverd om de risicobeoordeling te verbeteren maar het ontbreekt aan een 
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beoordelingsmethode die de impact van de gevolgen op de verschillende 

projectdoelstellingen ondersteunt. De beschikbare methoden worden in de praktijk 

bovendien nauwelijks gebruik omdat ingenieurs veelal vertrouwen op hun kennis en 

ervaring bij het nemen van besluiten. Potentiële risico’s worden gemakkelijk gemist of 

genegeerd wanneer tijd en middelen schaars zijn, de beschikbare beoordelingsmethoden 

nauwelijks worden gebruikt en besluiten worden genomen op basis van kennis en ervaring. 

Dit roept de vraag op in hoeverre aannemers zich bewust zijn van de rol van risico’s bij het 

maken van ontwerpbesluiten en hoe het risicobewustzijn kan worden vergroot. De 

toegenomen complexiteit beïnvloed daarnaast ook de kwaliteit van de besluiten wanneer 

deze worden genomen op basis van kennis, ervaring en intuïtie. De kwaliteit van besluiten 

gedurende een aanbesteding kan beoordeeld worden op basis van de daadwerkelijke 

uitkomst of op basis van het besluitvormingsproces. In dit proefschrift wordt het 

besluitvormingsproces gebruikt omdat de uitkomst van een besluit ten tijde van het indienen 

onbekend is. De ontwerpruimte van projecten is dusdanig gegroeid dat meerdere disciplines 

benodigd zijn om tot een oplossing te komen. De mogelijke oplossingen binnen dit 

multidisciplinaire en integrale perspectief zijn daarmee ook gegroeid en passen niet meer bij 

het referentiekader van ingenieurs. Naast het risicobewustzijn van aannemers is het daarom 

ook van belang om rekening te houden met de risicowaarneming ofwel risicoperceptie van 

ingenieurs.    

 

Het doel van dit proefschrift is het vergroten van het begrip over risicobewustzijn van 

aannemers bij het maken van integrale ontwerpbesluiten tijdens de aanbestedingsfase van 

complexe infrastructurele projecten. Daarnaast wordt geprobeerd om mogelijke richtingen 

aan te geven voor het vergroten van risicobewustzijn van aannemers bij het maken van 

integrale ontwerpbesluiten. De hoofdvraag luidt: In hoeverre zijn aannemers zich bewust van risico’s 

bij het maken van ontwerpbesluiten in infrastructurele aanbestedingen en hoe kan het risicobewustzijn worden 

vergroot? Deze hoofdvraag is onderverdeeld in vier deelvragen die samen de hoofdstukken 

van dit proefschrift vormen. De eerste deelvraag gaat in op de uitdagingen van aannemers 

bij het nemen van ontwerpbesluiten wanneer systems engineering wordt toegepast. De 

tweede deelvraag gaat over de geschiktheid van MCDA om de kwaliteit van de 

besluitvorming te waarborgen. De deelvraag geeft inzicht in het besluitvormingsgedrag van 

ingenieurs door het aanpassen van de presentatie van risico’s in een MCDA-tool. De laatste 

vraag combineert deze inzichten en wijzigt het besluitvormingsproces om zo het 

risicobewustzijn te vergroten. 

 

In hoofdstuk 2 worden de uitdagingen bij het nemen van ontwerpbesluiten onderzocht 

wanneer systems engineering en multi-criteria-analysetechnieken worden toegepast in een 

infrastructurele aanbesteding. Op basis van een aanbesteding rondom de reconstructie van 

een groot verkeersknooppunt wordt duidelijk dat aannemers systems engineering toepassen 

omdat ze de complexiteit van projecten menen te verkleinen en dat ze hun 

ontwerpprocessen hierop gestructureerd hebben. Het is echter nog steeds een uitdaging 
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voor aannemers om met onzekerheden in het besluitvormingsproces om te gaan vanwege 

het ontbreken van gedetailleerde specificaties in de geleverde ontwerpinformatie. Dit wordt 

mede veroorzaakt door de beperking in tijd, capaciteit en haalbaarheid om aanvullend 

onderzoek uit te voeren tijdens de aanbiedingsfase. Als gevolg worstelen aannemers met het 

ontwerpen van een oplossing die niet alleen de klant zal overtuigen, maar ook een 

economisch optimale oplossing oplevert. Het besluitvormingsproces is daarom gebaat bij 

het explicieter omgaan met ontwerponzekerheid. Het expliciet omgaan met 

ontwerponzekerheid is een eerste stap die het mogelijk maakt om methodieken te vinden 

die vroegtijdig inzicht geven over de impact van ontwerpbesluiten.  

 

Op basis van de uitdagingen die aannemers hebben om onzekerheden te identificeren en 

deze in hun besluitvorming mee te nemen, wordt in hoofdstuk 3 onderzocht of MCDA 

geschikt is voor het borgen van de kwaliteit bij het nemen van ontwerpbesluiten. Of MCDA 

ook geschikt is om de juistheid van een alternatief aan te geven binnen alle mogelijke 

oplossingen valt buiten deze studie. MCDA structureert de verschillende alternatieven voor 

zowel het besluitvormingsprobleem als de overwegingen en voorkeuren van de 

belanghebbenden. Daarmee bevordert de toepassing van MCDA de kwaliteit van het 

besluitvormingsproces. Besluiten van een hoge kwaliteit worden gekenmerkt door een 

besluitvormingsproces dat gebaseerd is op een passend kader, creatieve en haalbare 

alternatieven, betrouwbare en onbevooroordeelde informatie, gewenste resultaten, een 

logica waarmee het besluit is genomen, en op commitment van alle belanghebbenden. Op 

basis van een casestudy is onderzocht of een MCDA geschikt is om de kwaliteit van 

ontwerpbesluiten te borgen. De casestudy toont aan dat een MCDA het ‘wat’ definieert 

door het structureren van het probleem, maar niet ‘hoe’ dit gedaan moet worden. Het laat 

ook zien dat ingenieurs vertrouwen op hun ervaring en kennis bij het nemen van besluiten. 

Een expliciete afweging van de kwaliteit van een besluit kan het ‘hoe’ ondersteunen door 

elk criterium te definiëren en te evalueren of de kwaliteit van de beschikbare informatie in 

lijn ligt met het gedefinieerde probleem. Hoofdstuk 3 draagt daarmee bij de toepassing van 

MCDA door te laten zien dat 1) de besluitvorming bij aanbestedingen berust op de ervaring 

en kennis van de betrokken ingenieurs en 2) dat onjuist gebruikte MCDA-tools en -

methoden de indruk kunnen wekken dat de evaluatie van alternatieven degelijk onderbouwt 

is terwijl de onzekerheden genegeerd worden, hetgeen leidt tot voorbarige besluiten van lage 

kwaliteit. 

 
De toepassing van systems engineering en MCDA in de praktijk laat zien dat besluiten bij 

infrastructurele aanbestedingen worden genomen op grond van de kennis, inzicht, ervaring 

en intuïtie van ingenieurs. Risico’s horende bij de verschillende alternatieven worden vaak 

over het hoofd gezien. Een voorwaarde voor het inschatten van de risico's is dat ingenieurs 

zich bewust zijn van de risico’s en dat daarnaast een proces aanwezig is om de individuele 

percepties bijeen te brengen in een gedragen oordeel over de risico’s. In hoofdstuk 4 wordt 

onderzocht of een aanpassing in de weergave van risico’s in een trade-off matrix (ToM) de 

risicoperceptie van ingenieurs kan beïnvloeden. In vergelijkbare onderzoeken is dit 
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onderzocht op basis van experimenten, in een gecontroleerde omgeving en met fictief en 

vereenvoudigd besluitvormingsprobleem. In tegenstelling tot deze onderzoeken, wordt dit 

onderzoek uitgevoerd in een omgeving vergelijkbaar met een daadwerkelijke aanbesteding 

en met ontwerpalternatieven gebaseerd op praktijkvoorbeelden. Door het combineren van 

een experiment gevolgd door diepte-interviews is het niet alleen mogelijk om de relatie 

tussen de weergave van risico’s, risicoperceptie en besluitvorming te testen, maar is het ook 

mogelijk om de testresultaten beter te verklaren. De resultaten laten een beperkt effect zien 

van de weergave van risico’s op de risicoperceptie en het besluitvormingsgedrag. De kennis, 

ervaring en perceptie van ingenieurs blijven dominant bij het nemen van besluiten. Deze 

bevindingen zijn tegenstrijdig met onderzoeken waarbij eenvoudige experimentele 

manipulaties zijn toegepast in een gecontroleerde laboratoriumomgeving. De 

reproduceerbaarheid van de experimentele resultaten in de praktijk wordt daarmee betwist. 

Op basis van de interviews worden de niet significante relaties tussen risicoperceptie en het 

beslissingsgedrag van ingenieurs verklaard door (1) de effectiviteit van de toegepaste 

keuzearchitectuur en (2) de real-life setting van het experiment. 

 

In hoofdstuk 5 wordt de mogelijkheid onderzocht om het risicobewustzijn van ingenieurs 

te vergroten door aanpassingen te maken in "hoe" een beslissingsprobleem kan worden 

gedefinieerd. Door het toepassen van een design-science-researchbenadering is het 

besluitvormingsproces geanalyseerd gedurende een lopende aanbesteding. Op basis hiervan 

zijn drie mogelijke interventies geïdentificeerd die het risicobewustzijn vergroten: 

• Verander het formaat van de ToM door een beschrijving van de criteria op te 

nemen en door een algemene lijst van criteria te gebruiken voor het vaststellen van 

criteria die aansluiten bij de kenmerken van de aanbesteding.  

• Koppel de geïdentificeerde projectrisico's expliciet aan de criteria en ken een 

bandbreedtescore toe (de meest waarschijnlijke, de minimale en de maximale 

score).  

• Evalueer de kwaliteit van het besluitvormingsproces door een score toe te kennen 

aan de kwaliteitselementen "relevante en onbevooroordeelde informatie", 

"gewenste resultaten" en "logica" van het besluitvormingsproces. 

 

Deze interventies moeten de transparantie en de rationaliteit van besluiten vergroten en 

hiermee het risicobewustzijn vergroten. De interventies zijn vervolgens geïmplementeerd in 

het besluitvormingsproces waarbij de werking met behulp van een workshop is gevalideerd. 

De drie interventies stimuleerden en structureerden discussies en ondersteunden daarmee 

het inzicht in de percepties en redeneringen van ingenieurs. De hieruit afgeleide 

ontwerpregels vormen de eerste ingrediënten voor een action-oriented theory voor het 

creëren van risicobewustzijn in de projectcontext: 

• Gezamenlijk definiëren van criteria om zo het begrip van de criteria en het gebruik 

van relevante informatie te vergroten. 
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• Markeren of visualiseren van onzekerheid bij het scoren van criteria waarmee 

discussie over de risico's wordt gestimuleerd. 

• Reflecteren op het besluitvormingsproces door het evalueren van de kwaliteit van 

het besluitvormingsproces. 

 
Deze ontwerpregels spelen een belangrijke rol in het stapsgewijze proces dat definieert ‘hoe’ 

een MCDA toegepast moet worden gedurende een infrastructurele aanbesteding. 

Toepassing van de ontwerpregels stimuleren discussie binnen het aanbestedingsteam en 

door deze discussie komen de onderliggende argumenten en interpretaties van criteria boven 

water en wordt het risicobewustzijn vergroot. Dit leidt tussen ingenieurs tot een 

transparanter begrip van het probleem en tot rationelere besluiten, ondanks dat deze 

besluiten gebaseerd zijn op ervaringen van ingenieurs. Het uitvoeren van een MCDA in een 

aanbestedingscontext vereist zowel kennis over ‘wat’ vereist is door het structureren van het 

probleem, alsmede ‘hoe’ dit gedaan moet worden door het begeleiden van het 

besluitvormingsproces. 
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Chapter 1  

1Introduction 

Keeping performance of infrastructure fit for the future makes it necessary for local, regional 

and national governments to (re)construct their assets. They often procure the 

(re)construction of large infrastructure assets using integrated contracts. This means that 

one single organization becomes responsible for multiple project phases (e.g. the design, 

construction and maintenance phase). These integrated contracts have both advantages and 

disadvantages for the public client and the contractor in respect to risks and responsibilities. 

One of the advantages is the possibility to create life-cycle-oriented optimizations. For 

example, optimizations of the building process are possible when a single contractor is 

responsible for both the design and construction phase. The contractor has to anticipate on 

the long-term effects of these optimizations and include the assumed effects on the 

construction phase in the bid. If these optimizations are based on inaccurate forecasts or 

erroneous assumptions then the consequences for succeeding project phases can be 

dramatic. Evidence for exceeding the initial project budget and schedule is given by global 

infrastructure projects (Morris et al., 2011).  

 

During the tender phase of infrastructure projects, contractors explore various design 

alternatives which reflect different and sometimes conflicting needs. They make a multitude 

of design decisions to find the most economically viable solution that best fits with the 

public client’s preferences. Systems engineering and multi criteria decision analysis (MCDA) 

are used to support and structure the design process and the related decisions in the 

construction industry. Systems engineering is a multidisciplinary approach for the realization 

of socio-technical systems in complex environments (INCOSE, 2015). It defines processes 

which support analysing the interactions between requirements, subsystems and 

organizations. In order to do so a combination of techniques and tools are provided, such 

as quality functional deployments, requirement management plan, failure mode and effect 

analysis and others (Sage and Armstrong, 2000, Locatelli et al., 2014). MCDA supports the 

decision-making throughout the systems engineering process taking into account 

stakeholder needs, requirements and constraints (Locatelli and Mancini, 2012). It also seems 

beneficial to support the decision-making in infrastructure tenders. This is because MCDA 
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methods and tools are able to address risk in decisions. Risk is an inherent characteristic of 

projects and particularly prominent in the early phases (Winch et al., 1998). It is defined as 

the extent to which there is uncertainty about whether potentially significant and/or 

disappointing outcomes of decision will be realized (Sitkin and Pablo, 1992). Risk can focus 

on the negative outcomes, the threats, but can also focus on the opportunities or positive 

outcomes of decisions (Johansen et al., 2019). Risk and risk management have received 

considerable attention in project management literature but dealing with risks in the tender 

phase of projects and the applicability of MCDA methods and tools in this decision context 

have been largely neglected (Tah et al., 1994, Akintoye and MacLeod, 1997, Baker et al., 1998, 

Taroun, 2014). During a tender, the creative process of designing various alternatives can 

be considered as searching for possible opportunities. Making integrated design decisions in 

an infrastructural tender requires sharp judgments while the information basis is rather weak 

or requires a time-consuming process to account for decision uncertainties. Early 

understanding of the effects of risks on later project phases is therefore required. 

 

Practitioners in the construction industry appear to conduct risk assessment in a simple and 

personalized manner using personal experience and professional judgement (Baker et al., 

1998, Taroun, 2014). The question is then if there is awareness about the involved risks. The 

main drivers for this dissertation are the challenges that contractors face when making 

integrated design decisions and trade-offs under risks and the apparently low use of 

advanced MCDA methods and tools in the tender phase. The sections below further 

elaborate on this phenomenon from a practical and theoretical perspective. Problem 

statement, research questions and research method are presented followed by the outline of 

this dissertation. 

 

1.1 Infrastructure tenders 

Infrastructure projects are complex in respect to the uniqueness of the design and 

construction process but also the tailoring of infrastructure for its purpose. Infrastructure 

can be developed as a new structure (green field infrastructure) or as a redesign of an existing 

structure (brown field infrastructure). In both situations the infrastructure has interactions 

with the physical, administrative and social environment which creates an unique context in 

which infrastructure projects are realized. This view is in line with the TOE-model of Bosch-

Rekveldt et al. (2011). The physical environment includes the soil conditions, ground water, 

weather influences, surrounding adjacent objects, and the greater infrastructure network. To 

ensure that the infrastructure remains available to users during the construction process, 

several temporary structures and construction phases are often required to keep the 

infrastructure available. The administrative environment includes the national, regional or 

local government. Each governmental body owns part of the infrastructure network which 

creates administrative interfaces in the network. Often, different specific executive agencies 

are responsible for the management and maintenance of different parts of the infrastructure 

network. For example, the Highways Agency (Rijkswaterstaat in the Netherlands) is the 
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executive agency of the Ministry of Infrastructure and Water Management and responsible 

for the main highways and waterways. The objectives of the various entities for the 

realization of infrastructure can be conflicting. The social environment is formed by various 

interest- and action-groups but also by local habitants and the end-users of infrastructure. 

Infrastructure is built in the public space which causes several conflicting goals as the 

infrastructure has both positive and negative consequences for different groups in the 

society. The realization of infrastructure therefore affects many stakeholders and due to the 

lengthy development process (at least several years) wishes and requirements of stakeholders 

might change. Each infrastructure project has specific requirements based on the definition 

of the clients’ needs and required functions of the infrastructure. These interactions within 

the physical, administrative and social environment play out differently for each project and 

make the design and construction of infrastructure complex. 

 

The design process of infrastructure in public tenders is split between the public client and 

the contractor. Design is defined as ‘a decision-making process for the purpose of generating a 

specification of an object based on the environment in which the objects exists, the goals ascribed to the object, 

the desired requirements and the constraints that together limit the acceptable degreed of freedom of 

alternatives’ (Ralph and Wand, 2009 (p.125)). The public client defines the requirements and 

designs a preliminary design. This preliminary design is procured and contractors start their 

design process by evaluating various design alternatives including the preliminary design of 

the client and the functional requirements. Subsequently, the contractors make a bid based 

on their final design. The public client then decides on the winning design and awards the 

contract to the contractor. To facilitate information exchange between the public client and 

contractor during the procurement stage a competitive dialogue procedure can be used 

(Hoezen et al., 2014). The competitive dialogue procedure in Europe is meant to align the 

complex demand of the public client with the possible solutions proposed by the 

contractors. The intended effect of the competitive dialogue procedure is to stimulate more 

dialogue during the negotiations in comparison to traditional procurement procedures like 

the open and restricted procedure (Hoezen et al., 2014). Unintended side-effects of the 

competitive dialogue procedure have led to little or no information exchange, a failure to 

reduce complexity and to allocate risks and tasks properly (Hoezen et al., 2014).  

 

Besides complexity infrastructure tenders are characterized by: 

• Limited time and resources to develop a bid. The tender period prescribes the 

available tender time which is often just a few months for smaller projects or a year 

for larger projects. A tender is an investment for a potential project for which 

resources needs to be made available in a tender. The size of the investment depends 

on the project value, the importance of the tender and the possibility for return-of-

investment when the tender is lost.  

• Procurement based on competitive contracting (Ballesteros-Pérez et al., 2012). The 

client awards the contract to the contractor with the most valuable (price-quality) 
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solution instead of lowest prices only. Examples of quality factors, or non-price 

factors, are the quality of a risk register, measures to reduce nuisance or measures to 

increase sustainability. These non-price factors stimulate the contractor to invest in 

the bid and are rewarded with a fictitious reduction on the bidding price. To address 

these non-price factors, extra resources are required and extra investments have to 

be made during the tender. Furthermore, the non-price factors increase the 

complexity of designing and evaluating alternatives as more criteria have to be 

included in the evaluation. 

• High value and multi-disciplinary teams. The value of projects has increased the last 

years as result of combining project phases and broadening the technological scope 

(combine more functionalities) of infrastructure. Tenders have become the work of  

multi-disciplinary teams. Besides the traditional disciplines with a focus on the static 

behaviour of infrastructure (e.g. structural engineering) also the dynamic behaviour 

of infrastructure (e.g. software or mechanical engineering) and several special 

disciplines (e.g. environmental engineering) are required. 

 

To deal with the complexity of the infrastructure design processes, the greater technical 

opportunities, the multifaceted client requirements and the greater interoperability with 

other infrastructure systems, contractors started to adopt systems engineering as a guiding 

design principle and approach (SEATC, 2000). Systems engineering supports the design 

process by iterating between function analysis, requirements analysis and synthesis. 

Customers’ needs and required functionalities are defined early in the development of a 

project, followed by design synthesis and system validation while considering the complete 

problem. This means that in the early phases of a project it is useful to examine different 

alternatives and establish the system configuration; in later phases it is useful to examine 

lower-level system elements and decide on component configuration. At each design 

iteration, design decisions influence how the system will fulfil its functions and define 

underlying functions and requirements for the development of the system. This way, the 

problem understanding of a project and the decision-making throughout the life cycle of 

the system are improved (Yahiaoui et al., 2006). In the infrastructure tender context, the 

client prescribes a preferred design or functional requirements while the contractor has to 

translate these preferences into a viable bid. This includes early stage design decisions to 

achieve design optimizations for their bid. These optimizations should reduce the total (life 

cycle) cost and increase the value of non-price factors, in order to gain a fictive reduction 

on the bidding price and increase the chance of winning the contract. For example, 

contractors can invest in more sustainable materials that reduce the total life cycle cost or 

adjust the design to reduce the nuisance during the construction. More sustainable solutions 

require often larger investments but may result in lower life cycle costs due to, for example, 

less maintenance. However, making such early stage design decisions typically involves the 

consideration of several conflicting aspects.  
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The decision-making process can be supported by the practice of multi-criteria decision 

analysis (MCDA). Significant research has been done in this area for different decision 

problems in different industries (Wang et al., 2009, Huang et al., 2011, Mardani et al., 2016) 

including the construction industry (Jato-Espino et al., 2014, Kabir et al., 2014). MCDA is 

also applied by contractors to decide about a viable design alternative that matches with 

both the preferences of the client and their own. The aim of MCDA is to help decision-

makers in dealing with the often conflicting objectives of complex decision problems. 

MCDA supports decision-makers by systematically structuring both the decision-making 

problem and the considerations and preferences of the stakeholders regarding different 

solutions. The promise of using MCDA is to significantly improve the quality of the 

decision-making process by introducing transparency, analytic rigour, auditability and 

conflict resolution for multidimensional decision problems (Kabir et al., 2014). The quality 

of the decision-making can manifest in two ways: (1) the process of decision-making and 

(2) the different outcomes of a decision (Hershey and Baron, 1992, Keren and de Bruin, 

2005). The outcome perspective puts emphasis on the actual consequences of a decision 

whereas the process perspective puts emphasis on the decision-making itself. In 

construction tenders it is hard to foresee the consequences of decisions. This is because 

there is no single objective criterion available at the time a decision is made and decisions 

made have a high level of coherence interdependencies. It is, however, possible to determine 

the effort needed to reach a decision, regardless of the outcome of the decisions. The quality 

of the decision then relates to the quality of the analysis and thought while making the 

decision (Abbas, 2016). However, a high-quality decision-process does not ensure the 

winning of the tender.     

 

1.2 Problem statement 

The design complexity in infrastructure projects arises from the interaction of infrastructure 

with the physical, administrative and social environment, the many functions of 

infrastructure that require a multi-disciplinary design, the high value of projects, and the 

limited time and resources to develop a bid. The combination of this design complexity with 

the competitive tender process creates a context that is challenging for contractors when it 

comes to design decisions. Due to limited time and resources contractors are forced to make 

design decisions without having sufficient information to completely understand the entire 

set of requirements, the operational environment of the infrastructure, and the emergent 

infrastructure behaviour (Laryea, 2013).  

 

The adaption of systems engineering in the construction industry aims to gain a better 

understanding of the design problem through systematic analysis. Systems engineering 

prescribes the decomposition of the problem by iterating between functional analysis and 

the physical design. However, a design process initiated by the client and then continued by 

contractors under competition hinders this iterative character. Contractors need to make 

design decisions based on their interpretations of the given design specifications. They need 
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to be aware of the risks involved in such a situation and be able to find an economically 

viable solution. An economically viable solution means that sufficient risk budget is 

calculated to cover possible setbacks after the project is awarded. It seems that in the context 

of construction tenders systems engineering is insufficiently able to support the design 

process of contractors and to deal with involved risk.  

 

Besides systems engineering, contractors use MCDA to decide between viable design 

alternatives. Numerous MCDA methods and tools are described in literature (Mela et al., 

2012, Velasquez and Heslter, 2013) which can support decision-makers in assessing the risks 

involved in the decision (Jato-Espino et al., 2014). These methods and tools can make the 

decision-making more consistent. Uncertainty and subjective aspects can be contextualized 

and incorporated such that more information is aggregated to the process and possible 

trade-offs can be examined (de Almeida et al., 2016). However, research has mainly focused 

on their mathematical and algorithmic details rather than their ability to create transparency 

to the decision maker (Durbach and Stewart, 2012). Whether methods and tools are suitable 

for the decision-making context has been largely neglected. This appears particularly 

important for the decision-making under risk in the tender context. Previous research has 

shown that, on the one hand, risks and risk management are seen as important determinants 

of project performance (Wiguna and Scott, 2006, Carvalho and Rabechini Junior, 2014) and 

that, on the other hand, the decision-making behaviour under risk depends on the decision 

situation and the decision maker and includes time (Benhabib et al., 2010), processing 

capacity (Weber and Johnson, 2009) and risk attitude (Han et al., 2005, Kahneman, 2011). A 

prerequisite for risk assessment is that decision-makers are aware of the risks and perceive 

the consequences of a decision situation as risky (Laryea and Hughes, 2008). Risk-aware 

decision-makers proactively identify the key risks and think seriously about the impact of 

the risks for which they are responsible (Lam, 2014). According to Braumann (2018), risk 

awareness is the result of all individuals sharing and reflecting on how their behaviour and 

actions are associated with causes and outcomes of potential risk. What is missing in this 

definition is the perception of decision-makers about how risky a situation is. In this study, 

risk awareness is defined as the individual perception of risks, the comprehension of the 

meaning of risks and the projection of the possible impact of risks in the near future. This 

definition is derived from the definition of situation awareness (Endsley, 1988).  

 

Practical studies exploring how decisions and risk trade-offs are made in the context of 

infrastructure tenders are rare. This is surprising given that contractors bidding on a tender 

should address design risks to increase their chances of bidding with an economically viable 

solution. Systems engineering and MCDA are supposed to support contractors in 

structuring the decision process but whether they are appropriate for design decisions in 

infrastructure remains unknown. Often the justification of using one MCDA method rather 

than another method is motivated by a sort of familiarity and affinity with the specific 

method (Guitouni and Martel, 1998). However, if the decision maker is not able to 
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understand the way MCDA methods work and whether the method is appropriate to make 

the decision, then the outcome of an MCDA can create the illusion of a consistent and 

rational choice (Polatidis et al., 2006, Scholten et al., 2015). In addition, the consequences of 

decisions can easily be challenged if the selection of solutions is based on a sense of 

perception about the best estimates without including the risks in the decision-making 

process. This makes it important to exploit the risk perception of engineers when 

performing an MCDA for uncertain design decisions. In this study engineers are defined as 

the employees of a contractor who have the assignment to design a solution for a given 

tender. Taroun (2014) suggests to find ways that allows practitioners to express their 

personal judgements and utilize their cumulative experience. Laryea and Hughes (2008) 

suggest that new models or methods may not necessarily be useful. Following this line of 

thought, this dissertation focusses on understanding how integrated design decisions and 

trade-offs under risks are made for infrastructure tenders. It explores the effects of 

performing an MCDA on the decision-making behaviour of engineers and the suitability of 

MCDA to ensure decision quality in the tender context. The results extend the 

understanding of the application of systems engineering and MCDA in the construction 

sector. Based on these insights design rules are formulated and tested to create problem 

transparency for the decision-makers and understanding of the rationality of choices and by 

doing so increase the awareness of risks. 

 

1.3 Research questions 

This dissertation elucidates the role of risk on the decision-making process in infrastructure 

tenders which is expressed in the main research question: 
 

To what extent are contractors aware of risks when making design decisions in infrastructure tenders and 

how can risk awareness be raised? 
 

This main question is divided into four sub-questions. In construction, systems engineering 

is widely seen as an approach to deal with the increased complexity in projects. The first 

sub-question provides insights into the use of systems engineering by contractors and to 

which extent it supports contractors in making design decisions. This revealed that 

contractors insufficiently address risk in their early decision-making despite the use of 

MCDA. The use of MCDA in construction tenders triggered the second sub-question. So, 

the second sub-question explores the suitability of MCDA to ensure decision quality in the 

context of infrastructure tenders. The third sub-question investigates the effect of altering 

the risk presentation in an MCDA tool on the decision-making behaviour of engineers. The 

last sub- question combines the results of the first three sub-questions to provide design 

rules for raising risk awareness in the decision-making process. 
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Sub-question 1:  What challenges do contractors face when using systems engineering to support design 

decisions in large, integrated infrastructure tenders? 
 

Sub-question 2:  How suitable is MCDA to ensure decision quality in the context of infrastructure 

tenders?  
 

Sub-question 3:  What is the effect of risk representation on the decision-making behaviour of engineers 

in infrastructure tenders?  
 

Sub-question 4:  What adaptions of the design decision-making process in tenders can raise risk 

awareness of engineers?  

 

1.4 Research perspective and method 

This dissertation explores risk awareness in design decision-making for infrastructure 

tenders from a contractor’s perspective. It aims at advancing the understanding on risky 

decision-making in construction projects by developing solution-oriented knowledge (van 

Aken, 2005). To achieve this aim a design science approach  is adopted (Wieringa, 2014). 

Design science is not only able to create understanding of the nature of these practical 

problems, it also develops knowledge on the advantages and disadvantages of alternative 

solutions to these problems (van Aken, 2005). The typical research product in design science 

is the technological rule which is defined as ‘a chunk of general knowledge linking an intervention 

or artefact with an expected outcome or performance in a certain field application’ (van Aken, 2005(pag. 

23)). A key element of a technological rule resulting from academic research is justification 

through testing the rule in its intended context. The testing is done first during the 

development of the rule by the researchers themselves through a series of cases, and 

subsequently by third parties to obtain more objective evidence. The latter is beyond the 

scope of this dissertation. 

 

A design science project knows three main activities, namely: 1) problem investigation, 2) 

solution design and 3) validation. Sub-questions one and two relate to the problem 

investigation, sub-questions three covers problem investigation and solution design, and 

sub-question four addresses solution design and validation. 

• The problem investigation started with understanding the contractor’s challenges 

when making design decisions in tenders. Since this research is closely related with 

practice and has an explorative character, a research method is selected that allows 

intensive and long-term observations to gain in-depth understanding in a real-life 

setting, followed by reflection on these observations. A case study is an appropriate 

approach to answer sub-questions 1 and 2 since it allows exploring and analysing a 

specific phenomenon in depth (Flyvbjerg, 2006).  

• During the solution design possible solutions are explored. First, to answer sub-

question 3 an experimental setting with qualitative interviews is designed to study the 

effect of risk representation in an MCDA tool on the risk perception and decision-

making of engineers. The interviews are used to explain the results of the experiment. 
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Based on the experimental results, sub-question 4 is addressed with another design 

iteration that adjusts the decision process of tender case through three possible 

interventions that can increase risk awareness. 

• The interventions are validated in a workshop setting and technical rules are defined 

which should support engineers in the construction industry when making risky 

decisions.  

 

Data collection   

Table 1.1 gives an overview of data collection including case description, time of collection 

and collection method.   

 

Table 1.1 Data collection 

Research  

question 

Case description Period of data collection Collection method 

1. Engineering and construction 

of a main traffic junction 

1. January – April 2012 - Participatory observations 

- Six interviews 

- Various Documents (minutes of 

meetings, schedules, project reports, 

etc.) 

2. Planning, design and 

construction of a main traffic 

junction 

September 2014 – May 

2015 

- 10 interviews (round one) 

- 15 interviews (round two) 

-  6 observations 

-  Various document (Trade-off 

Matrices, minutes of meetings, etc.) 

3. - April – September 2017: 

Experiment 

 

July 2019:  

Interviews 

- Experiment with 161 participants 

- 4 interviews 

4. Engineering and construction 

of a stacked tunnel in a 

densely populated area 

March – April 2018 - One interview with design and 

technical manager 

- Observations during two meetings 

- Workshop session with project team 

 

To answer sub-question one, a tender for an engineering and construct project was selected 

to explore the main challenges of contractors. This case was chosen for its integrated 

contract, the many interfaces with stakeholders, the tight schedule and the availability of a 

referential design. The rationale for studying a single case is the limited understanding of the 

contextual impact of construction tenders on the application of systems engineering for 

design decisions. The application of systems engineering in practice can be best illustrated 

by using a case study (Friedman and Sage, 2004). Data collection included participatory 

observations, retrospective interviews, and document studies (minutes of meetings, 

schedules and project reports). The interactions of the tender team in meetings were 

observed in terms of the design issues discussed and the risks  in design decision addressed. 

The framework of Friedman and Sage (2004) for case study evaluation of systems 
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engineering concepts, and  classification of Aughenbaugh and Paredis (2004) for the 

attribution of design decisions were used. This made it possible to structure the data 

collection and analysis and to reveal the challenges faced by contractors using systems 

engineering.  

 

To answer sub-question two a single longitudinal case study was designed to explore the 

relationship between multi-criteria decision analysis and decision quality. Key to a successful 

single case study is the strategic choice of a case. The selection of the case can be seen as a 

critical case to analyse this specific phenomenon in depth (Flyvbjerg, 2006). The researched 

project was chosen for its large size, its multi-disciplinary scope, the integration of the 

design, engineering and construction phase and the limited preparation time. Full access to 

all project information including trade-off matrices and memos of design meetings was 

available. Observations were carried out during weekly meetings between the management 

team and the head engineers. The objective of the observations was to identify the group 

process when discussing possible alternatives and to identify the general opinion regarding 

the current state of the design. The quality of the design decisions was assessed using two 

rounds of interviews. During the first round the influence of each interviewee on the 

decision-making process was determined. These interviews were scheduled half-way during 

the tender to ensure the interviewees were not biased by the chosen solution. The second 

round was used to understand the decision-making process during the design task of 

engineers. These interviews were scheduled directly after submission of the tender. This 

created the opportunity to re-create the decision-making process of the tender by using a 

cognitive mapping technique (Kearney and Kaplan, 1997). The interviews supported with 

cognitive mapping encouraged the interviewees to reflect on their decision-making process 

and allowed the comparison of all the individual maps with the overall decision-making 

process. The combination of the interviews and cognitive mapping made it possible to 

analyse the development of the design decisions.  

 

The results from sub-question one and two showed that the experiences and knowledge of 

individual engineers are an important source when making design decisions while engineers 

are often unaware of the involved risk. Based on this understanding, research question three 

focused on the individual decision-making behaviour when dealing with risks. A mixed 

method research design was adopted that can be classified as an partially mixed sequential 

dominant status design (Leech and Onwuegbuzie, 2009). The design combined a dominant 

quantitative technique with a qualitative technique by conducting an experiment followed 

by interviews. The experiment was designed to test the adjustments of the risk 

representation in a MCDA tool on the decision-making behaviour of engineers. Conducting 

experiments is a widely adopted method by researchers in behavioural research (Sitkin and 

Weingart, 1995, Keil et al., 2000, Chen et al., 2015). Employees (N=161) of a large Dutch 

construction firm participated in the experiment. Thereafter, interviews with four design 

managers were held to better understand the motivations behind the decisions of 
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participants. The design managers were randomly selected (1 out of 4 design managers) from 

the total population of design managers. Design managers are responsible for the integral 

design of project and have insight on how decisions are made in the tender phase. 

 

To answer the last sub-question a redesigned MCDA was tested in the context of an 

infrastructure tender to generate knowledge on raising risk awareness when making design 

decisions under tender conditions. The tender case was selected based on an integrated 

contract, a multi-disciplinary team, an average size and a tight schedule. The rationale for 

choosing this tender is that it represents a ‘typical case’ (Yin, 2003) for engineering and 

design projects in the Dutch infrastructure sector. The current practise of MCDA in the 

researched tender was analysed by conduction one interview with the design and technical 

manager together and observing two tender team meetings. The interview gathered 

information about the scope, decision-process and design of the ToM. The observations 

aimed at collecting information about how the tender team performed the MCDA, reacted 

on comments or questions and dealt with the involved risks in their decision-making. Three 

interventions were designed to raise the awareness of risk and increase the quality of 

decisions made by contractors. The interventions were validated during a workshop as part 

of an ongoing tender. A workshop setting was chosen because it created the possibility to 

make the design decision using the alternatives, information and knowledge gathered during 

the tender while observing the decision-making process 

 

1.5 Outline of dissertation 

Chapters two to five of the dissertation provide the answers to the previous introduced 

research questions. Each chapter addresses one of the specific research questions in separate 

journal publications. Figure 1.1 visualizes the overall research process. 

 

The paper ‘Challenges of using systems engineering for design decisions in large infrastructure tenders’ is 

included in chapter 2 and explores the challenges of using systems engineering and the multi-

criteria analysis techniques in a large infrastructure tender to support the decision-making. 

The findings show that the decision-making is not always done systematically and 

transparently and can benefit from explicitly dealing with design uncertainty to create early 

understanding of the system. Dealing with uncertainty in design information due to the low 

level of concrete specifications is a significant challenge. Furthermore, the collaborative 

decision-making process in tenders can benefit from the guidance of assigning design 

responsibilities between the subsystems. As a result, contractors struggle with designing a 

solution that will not only persuade the client, but will also deliver the optimum value and 

reduce the risks associated with building and maintaining the proposed solution.  
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Research question 1
What challenges do contractors face when using 
systems engineering to support design decisions in 
large, integrated infrastructure tenders?

Research question 2
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Figure 1.1 Outline of dissertation 

The paper ‘Multi-criteria decision analysis and quality of design decisions in infrastructure tenders: a 

contractor’s perspective’ is included in chapter 3 and explores the relationship between MCDA 

and decision quality in the specific context of infrastructure tenders. The results show that 

in the early tender phase the decision making relies on the experience and knowledge of the 

involved engineers. If MCDA is inappropriately used in this context it can create 

impressions of soundly underpinned evaluations of design options while neglecting 

uncertainties and leading to low-quality decisions. Although MCDA defines the ‘what’ is 

required for structuring the decision problem, it does not support decision-makers in the 

‘how’ to do it. By explicit consideration of decision quality elements in MCDA the ‘how’ 

can be supported and can create awareness for decision makers concerning importance, 

scope and uncertainty of criteria.  
 

The paper ‘Increasing risk perception in construction tenders: Does risk representation matter?’ is 

included in chapter 4 and explores the effect of risk representation in a multi-criteria decision 

analysis on the risk perception and decision-making of engineers while controlling for the 

decision maker’s risk propensity and previous experience with risky decisions. It altered the 

visualization of risk in a trade-off matrix (ToM) to assess if this change influences the risk 

perception of engineers when making preliminary design decisions. The findings of this 

research do not correspond with previous studies in that none of the hypotheses could be 

confirmed. Based on the interviews, the insignificant relationships between risk perception 

and the decision-making behaviour of engineers can be explained by (1) the effectiveness of 

the applied choice architecture and (2) the real-life setting of the experiment. 
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The paper ‘Raising awareness of design risk in multi-criteria decision analysis’ is included in chapter 

5 and defines three design rules to raise risk awareness in the decision-making process of 

multidisciplinary infrastructure tenders. The decision-making process in an ongoing tender 

for a multidisciplinary infrastructure project in the Netherlands is analysed. Based on the 

application of a decision-making tool three interventions are identified. These interventions 

should increase the transparency of decision problems and the understanding of the 

rationality of choices and, by doing so, raise awareness of the risks involved in design 

alternatives. The MCDA process is altered by incorporating the identified interventions and 

the operation of the interventions are validated using a workshop with engineers involved 

in the tender. This paper extends the knowledge on the application of MCDA in the 

construction sector by showing which design rules can be effective in raising risk awareness 

in infrastructure tenders. 
 

In chapter 6 the conclusions of the dissertation are presented. This dissertation finishes with 

a discussion and reflection of the research findings in chapter 7. 
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Chapter 2  

2Challenges of using systems engineering for design decisions 

in large infrastructure tenders1 

 

Decision-making in the tender phase of large, multidisciplinary, integral infrastructural projects is a complex 

task for contractors. They have to make decisions in design, construction, maintenance and regularly financing 

that will have long-term effects based on complex client requirements. The constrained environment of a 

tender, such as limitations of time and budget, and the unique context of every tender add more complexity. 

Therefore, no standard models are available for structuring the decision-making process in public tender 

procedures. Introducing systems engineering (SE) in the construction industry has led to more structured, 

process-based working methods. Dealing with uncertainty in design information due to the low level of concrete 

specifications is for the contractors’ decision-making process still a significant challenge. As a result, 

contractors struggle with designing a solution that will not only persuade the client, but will also deliver the 

optimum value and reduce the risks associated with building and maintaining the proposed solution. In this 

paper, we explore challenges of using SE and the multi-criteria analysis techniques in a large infrastructure 

tender to support the decision-making. We report our initial findings of this in-depth single case study 

involving document studies and open interviews with the tender team. We found that the decision-making is 

not always done systematically and transparently, and can benefit from explicitly dealing with design 

uncertainty to create early understanding of the system. Besides, we found that assigning design responsibilities 

between subsystems lacks guidance for organizing a collaborative decision-making process. We make 

proposals for further research and recommendations based on these initial findings. 

 

 

 

 

 

 

Keywords: Design decisions, infrastructure tenders, systems engineering  

 
1 This chapter has been published as: Jeroen Van Der Meer, Andreas Hartmann, Aad Van Der Horst & Geert 

Dewulf (2015) Challenges of using systems engineering for design decisions in large infrastructure tenders, 

Engineering Project Organization Journal, 5:4, 133-145, DOI: 10.1080/21573727.2015.1113401 
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2.1 Introduction 

In recent years, contractors have increasingly been in charge of the design, building and 

maintenance of large infrastructure projects through integrated contracts. Using integrated 

contracts results in a design responsibility shift from the client to the contractor, and the 

contractor becomes responsible for a larger part of the project life cycle. Although integrated 

contracts create opportunities for life-cycle-oriented design optimizations, contractors need 

to anticipate the long-term effects of design decisions during the tender phase which places 

large information needs on tender teams (Evbuomwan and Anumba, 1998). 

 

However, due to the competitive nature of the tender phase with its time, resource and 

budget constraints, tender teams are often forced to take design decisions without 

completely knowing the entire infrastructure requirements, its environment of operation, 

future design decisions and emergent infrastructure behaviour (Aughenbaugh and Paredis, 

2004). When submitting the bid a hard decision gate with a fixed price is reached. At this 

point about 70% of the life-cycle costs are defined even though design uncertainties can be 

still large (Sanders and Klein, 2012, Walden et al., 2015). Translating the client’s reliability, 

availability, safety, environmental and financial requirements into a design solution that 

maximizes the probability of winning the contract but also allows the evaluation of the risks 

associated with building and maintaining the proposed infrastructure represents a 

challenging task for many contractors. 

 

In order to deal with the increased complexity in infrastructure design processes, the greater 

technological opportunities, the multifaceted client requirements and the greater 

interoperability with other infrastructure systems, contractors have started to adopt systems 

engineering (SE) as a guiding design principle and approach (SEATC, 2000). SE takes 

designers through a series of processes which support analysing the interactions between 

requirements, subsystems and organizations. The origins of SE can be traced back to the 

1930s (Walden et al., 2015). The first significant development was made by the US 

Department of Defence in the 1950s and since then researchers and practitioners from 

various disciplines and fields (e.g. aerospace, space, manufacturing and software) have 

further developed and contributed to the approach (Brill, 1998). Despite the widespread use 

and successful application of SE for complex projects and design tasks in various industries, 

previous research has shown that the contextual setting of industries, organizations or 

projects can lead to SE implementation barriers (Elliott et al., 2012). These barriers are 

focused on the project phase, not on the tender phase of projects. The impact of the tender 

context on the applicability of SE in infrastructure projects has not been previously studied, 

while SE has been implemented widely in the construction industry.  

 

In this paper we argue that the tender phase of large, integrated infrastructure projects poses 

challenges for contractors in applying SE for design decisions support due to time and 

resource constraints inherent to tenders. By using the insights gained during the tender 
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phase of an infrastructure project in the Netherlands we explore the challenges that arise 

when contractors use SE in the context of an infrastructure tender and define the impact of 

these challenges on design decisions. In the following we give a short overview of SE as an 

engineering management process and we address its application in the context of public 

tendering. We then explain our research design followed by the results of our case study. 

The challenges of SE in an infrastructure tender for the design decisions are discussed. We 

conclude with some practical recommendations and outlook for further research. 
 

2.2 Conceptual background 

SE overview 

SE can be defined as ‘an interdisciplinary engineering management process that evolves and 

verifies an integrated, life-cycle set of system solutions that satisfy customer’s needs’ 

(Defense Acquisition University Press, 2001, Friedman and Sage, 2004). SE covers a broad 

set of processes and methods that systematically analyses interactions among requirements, 

subsystems, constraints and components. It is seen as being particularly useful for the 

management of problem-solving processes in the context of challenging socio-technical 

questions and large projects with object complexity, where it is difficult to efficiently 

develop, implement and control a sustainable solution due to the many stakeholders 

involved (Züst and Troxler, 2006). Various authors have analysed the value of SE, 

highlighting the positive impact on costs, quality, time and risk (Locatelli et al., 2014).  
 

The purpose of applying SE is to improve understanding of the system as a whole, and to 

use this understanding to improve the decision-making throughout a system’s life cycle 

(Yahiaoui et al., 2006). Decisions that have to be taken relate to the following main lifecycle 

phases of SE (Friedman and Sage, 2004):  

1) Requirements definition and management phase: the phase in which a coherent 

and traceable specification and translation of requirements, from top-level 

specification to all lower levels of the system being engineered, is established.  

2) System architecting and conceptual design phase: the phase in which the system 

baseline architecture is established early in the project.  

3) Detailed system and subsystem design phase: the phase in which a logical and 

orderly design process is established through functional decompositions and 

design traceability. Originating with the system functional architecture and 

resulting in design specifications for the system being engineered.  

4) Systems and interface integration phase: the phase in which the total system 

functionality throughout its life cycle is established by system integration and 

interfaces at each of the subsystems and component levels.  

5) Validation and verification phase: the phase in which every requirement which 

requires validations and verification shall have a test and every test shall have a 

requirement.  

6) System deployment and post deployment: Supporting and recommending possible 

changes in the system design or support through reengineering.  
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The connection between these life-cycle phases are described in literature, using various life-

cycle models such as the Waterfall, Spiral or V-model (Royce, 1970, Boehm, 1988, Forsberg 

and Mooz, 1992). The V-model, as shown in Figure 2.1, is the most commonly used model 

as it accurately represents the system’s evolution from the perspective of decomposition and 

integration activities (e.g. design and built) (Aughenbaugh and Paredis, 2004, Forsberg et al., 

2005). The numbers in Figure 2.1correspond with the life-cycle phases described above. The 

left side of the ‘V’ represents the system’s decomposition and the right side represents the 

subsystems’ integration. Figure 2.1shows that at each level of the V-model, an iteration takes 

place between function analysis, requirements analysis and synthesis (Defense Acquisition 

University Press, 2001). This systematic working method supports the design decision-

making process. At each level of the V-model, design decisions influence how the system 

will fulfil its functions and how the levels of design freedom are reduced. The iterative 

process continues by defining underlying functions and requirements for the development 

of the system.  

 

 
Figure 2.1 V-model based on Forsberg et al. (2005) 

 

In this iterative design process, engineers have to find the most appropriate solution by 

examining many potential alternatives using comprehensive technical knowledge and 

judgement. Design engineers and managers work in multidisciplinary teams (Shen et al., 

2010) and are spending much time discussing various opinions and dealing with interface 

problems that arise between various responsible subsystem engineers (Bernold and 

Abourizk, 2010). For example, functional requirements might restrict the design of 

interacting subsystems. Under these conditions, the decomposition of a subsystem requires 

many interactions to correct mistakes that are made early and to be able to verify the 
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complex decision-making process (Suh, 2006). This requires trade-offs between 

performance, cost and schedule, as it is impossible to optimize all three simultaneously and 

forms one of the basic principles of SE (Kossiakoff et al., 2011). For example, the functional 

requirement indicating the minimum driving-comfort-level restricts the radius of a bend in 

a road beneath a cross-over. A possible change in the alignment of the road as a result of a 

design change in the cross-over conflicts with the functional requirement. Engineers of 

various subsystems have to solve this design problem. Trade-off management supports this 

decisions-making process, solving conflicts and satisfying stakeholders needs, requirements 

and constraints (Locatelli and Mancini, 2012). In the early stages of a project, it is useful to 

examine alternatives and establish the system configuration; in later stages it is useful to 

examine lower-level system elements and decide on component configuration. In other 

words, SE is a multidisciplinary approach aimed at enabling the realization of successful 

systems in complex environments (Walden et al., 2015). In order to do so, customers’ needs 

and required functionality are defined early in the development cycles, followed by design 

synthesis and system validation while considering the complete problem. This is achieved 

by iterating between function analysis, requirement analysis and synthesis at each stage of 

the design. 

 

 
Figure 2.2 Iteration process based on Defense Acquisition University Press (2001) 

 

The context of tendering large-scale construction projects 

The realization of construction projects start with the definition of the customers’ needs 

and required functionality by the client, mostly complemented with a preliminary design. So, 

the client starts the SE approach at the upper left side of the V-model (Figure 2.1) and with 

the first iterations between the life-cycle stages. After this moment, if the project is procured 
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publicly, the public procurement of the project starts. In the construction industry these 

public tenders are characterized by: 

1) competitive contracting (Ballesteros-Pérez et al., 2012) 

2) unclear information (Laryea and Hughes, 2008) 

3) limited time 

4) limited resources 

 

Competitive contracting means that the contractor needs to come up with a solution that is more 

valuable (price–quality ratio) to the client than solutions submitted by other bidders, and at 

the same time is viable from a business perspective. The process of finding the most valuable 

proposal requires linking the attribution of design decisions, at each level of the V-model, 

to the performance of the whole system. A classification for these attributes, ordered by 

increasing complexity, is given by (Aughenbaugh and Paredis, 2004): 

(1) Systems composition (or compliance) attributes: these attributes depend on the 

way components are aggregated to the system level using a budget approach, such 

as mass and distance. 

(2) Systems structure attributes: these attributes depend on the way the components 

are structured in the system, such as cost, construction time and settlement time. 

(3) System operation attributes: these attributes depend on the way the components 

are combined, such as reliability and grounding of equipment. 

(4) Complex emergent behaviour attributes: These attributes depend on the way the 

operational behaviour or value of the system is defined, such as availability, 

functionality and sustainability. 

 

In large and complex designs, such as large infrastructure projects, the complex system 

attributes cannot be known by simply aggregating components to system level. Analysis of 

detailed areas, for example, elements, is necessary to support the decisions at the system 

level. During the design phase, decisions about the design are made using trade-offs. 

Potential alternatives need to be scored requiring a large amount of technical knowledge and 

judgement. However, the availability of technical knowledge and judgement is constrained 

by limited time and resources, and the tendering process takes place in a changing and 

dynamic environment which means that information is usually both incomplete and unclear 

(Laryea, 2013).  

 

The iterative approach of SE can be used to improve the decisions throughout the life cycle 

(Yahiaoui et al., 2006). Then, the decomposition follows the iteration between functional 

analysis and physical design as described in SE literature. Once a design decision is made, 

this results in a more detailed decomposition. However, the design process in public tenders 

is interrupted at the moment the tender is issued by the client and the bid is summited by 

the contractor, shown in Figure 2.1 by the dotted line (Borches, 2010). In other words, the 

procurement procedures in a public tender constrain the iterative process inherent to SE. 
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The contractor is challenged to make decisions based on incomplete design specifications 

that finally lead to uncertainties about the return on investment for the contractor. Without 

the complete system design, the design performance developed by tender teams lack the 

support of defined, more complex, attributes. Therefore, engineers need to understand the 

nature of the uncertainty involved, to be able to make and redefine their design decisions. 

The SE approach as prescribed in literature appears to be limited in its applicability for 

design decisions in construction tenders and it is this contextual limitation that leads to the 

main research question addressed in this paper: What challenges do contractors face when 

using SE to support design decisions in large, integrated infrastructure tenders? By 

answering this question, we intend to contribute to the literature on SE applications in 

project-based firms and the further development of the SE approach for decision-making 

in construction projects.  

 

2.3 Research design and methods 

In order to answer our research question, we conduct a single case study. The rationale for 

studying a single case is the limited understanding of the contextual impact of construction 

tenders on the application of SE for design decisions. Furthermore, the application of SE 

in practice can be best illustrated by using case studies (Friedman and Sage, 2004) and the 

selected case can be seen as being a typical tender for larger, integrated infrastructure 

projects (Yin, 2003). We selected the researched tender as it was issued on an integrated 

project (Engineering and Construct) for which SE was prescribed by a port authority in the 

Netherlands. The project included a main traffic junction as part of an infrastructure 

development area. There were many interfaces with stakeholders, and the construction 

phasing had to minimize delays for the area development. A referential design was part of 

the tender and served as a feasibility study for the port authority. In total, five organisations 

located in the Netherlands tendered four months for the contract. In the Dutch construction 

industry, the introduction of SE resulted in the reconsideration of design practices by large 

Dutch contractors (BAM, 2008). They rely on SE to address the design challenge of complex 

projects (Guideline for Systems Engineering Working group, 2013). The researched 

tendering entity was a joint venture between two large Dutch contractors with sufficient 

experience with this type of contract, including SE. The tender team consisted of a tender 

manger, integral design manager and cost specialist supported by several engineering 

specialist and design managers. The team had about nine weeks for the design and another 

four weeks for finishing the bid. The characteristics of the selected tender represent the 

described context with limited time, resources, competition and unclear information.  

 

The data collection included participatory observations, interviews and document study 

(minutes of meetings, schedules, project-reports). The first author was actively involved in 

the researched organization and the tender as system engineer. There were about 60 days of 

contact with the team during the 13 weeks of tendering. This gave the researcher full access 

to all project data to ensure reliability, and allowed the researcher to be present at relevant 
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tender meetings such as weekly team meetings, peer-to-peer desk-meetings and ad-hoc 

meetings. During the meetings the interactions of the tender team were observed in terms 

of the design issues discussed and the uncertainties in design decisions addressed. Due to 

the active participation of the researcher in the meetings, observations could not be directly 

noted but were recorded as an outcome of reflections of the researchers taking place after 

the meetings. The possible bias created by the active involvement of the researcher is 

minimized using data triangulation.  

 

According to Friedman and Sage (2004) the difficulty with SE case studies is to clearly 

distinguish the SE concepts during the iterative process. Therefore, they developed a 

framework for case study evaluation of SE concepts, which makes it possible to illustrate 

related case studies. The entire framework has nine general SE concepts, of which six 

concepts are considered most relevant to SE as they represent the phases in the SE life cycle: 

(1) Requirements definition and management, (2) System architecting and conceptual 

design, (3) Detailed system and subsystem design, (4) Systems and interface integration, (5) 

Validation and verification, and (6) System deployment and post deployment. We used the 

six SE life-cycle phases to structure our data collection and analysis to reveal the challenges 

faced by contractors using SE.  

 

Semi-structured interviews with six key players of the tender team (including the tender 

manager, design managers, architect and cost-specialists) were held about six months after 

the tender was summited. These six players contributed to the design process throughout 

the tender and were involved in the final design decision-making. Each interview lasted for 

about one hour, was recorded and then transcribed. A business model review and day-to-

day involvement of the researcher in the project provided the basic input for the interviews. 

Interviewees were asked to chronologically describe the sequence of events, using the first 

five life-cycle phases of SE as themes (Friedman and Sage, 2004). The final phase, system 

deployment and post deployment, was not part of the tender and therefore not addressed. 

The challenges, such as design issues and uncertainties in design decisions, described in each 

life-cycle phase by the interviewees were further explored to find the difficulties of applying 

SE. The interviews were analysed by indexing the statements based on the SE concepts 

defined by Friedman and Sage (2004) and we used the classification of (Aughenbaugh and 

Paredis, 2004) to analyse the discussed designs decisions. The statements were verified using 

the produced tender documents, for example, the design documents and minutes, and 

checked with the constructed timeline of the tender (Figure 3). The interview results were 

checked for inconsistencies with the tender documents and the co-authors and interviewees 

reviewed the results. 
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2.4 Case description and analysis  

Figure 2.3 shows the timeline of the tender including the relevant activities of the life-cycle 

stages as described by (Friedman and Sage, 2004). The Roman numbers within square 

brackets relate to the relevant activities in Figure 2.3. In the following we elaborate more on 

the six SE life-cycle phases and how the tender context influences the design decisions 

during the phases.  

 

Requirements definition and management  

The main challenge for the tender team was to under- stand the referential design and 

explore feasible and competitive optimizations within a short period of time. The tender 

team started with a kick-off meeting [I]. They did not familiarize themselves with the client 

requirements as a means to enlarge their creativity. The effect of this kick-off meeting on 

understanding the referential design is described by the design manager and architect as: 

‘People automatically discussed their ideas when walking around the posters imagining the 

referential design’. ‘We were thinking integrally; together searching for solutions and value. 

Everyone was working for the project instead of their own discipline’. Bringing together the 

knowledge of several specialists in a workshop using creativity techniques, a site visit, and 

presentations had a positive collaboration effect. The architect summarized this effect as: 

‘At a social-level, we were a team. The differences between the disciplines were not evident, 

I really did not know who was working for what discipline’. At the end of the second day, 

the explored optimizations based on functional requirements were discussed in the client 

meeting [II]. After this client meeting, the team started to elaborate on two major design 

optimizations. In the next four weeks, the design requirements in the contract, potential 

risks, interfaces and optimizations of the referential design were analysed. This means that 

both the requirements loop and the design loop were compared based on the referential 

design (Figure 2.2). The results of this analysis were documented in several design reviews 

[III]. The requirements analysis [IV] was used to verify if the referential design would meet 

the contractual requirements, as well as what possible risks the design optimizations would 

create. In these four weeks more detailed design documents, such as specific regulations for 

working with high-voltage cables [V], were reviewed and consequences for the design were 

considered by the engineers. The minimum distance between equipment and the high 

voltage cable was estimated to decide on a construction method and effective grounding 

systems. The regulations were not translated into detailed requirements by the engineers due 

to the limited available time and conceptual design stage. The design decisions (Table 2.1) 

were directly drawn on the conceptual drawings. As a result of the limited availability of time 

and resources, the alignment of the design loop and the requirements loop did not 

sequentially grow. New or changed information to reduce epistemic uncertainty could not 

explicitly be studied on possible design consequences. Therefore, the relevant regulations 

could not be verified without the implicit knowledge of engineers.  
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Table 2.1 Attribution of design decisions relevant in the requirement definition and management phase 

Phase Design decision Attribute Explanation 

Requirement 

definition and 

management 

Elaborate on two 

optimizations 

System composition Not explicitly mentioned 

Systems structure Costs and time of referential design checked 

System operation Not explicitly mentioned 

Complex emergent 

behaviour 

Functionality was determined based on 

experience of experts. No attributions 

were defined. 

Check specific 

regulation 

documents 

System composition Distance between equipment and high 

voltage cable was estimated to decide on 

construction method 

Systems structure Not explicitly mentioned 

System operation Effective grounding for equipment 

Complex emergent 

behaviour 

Not explicitly mentioned 

 

System architecting and conceptual design  

The system architecture was given by the client and was in line with the referential design. 

The challenge for the tender team was to understand the system architecture and the 

corresponding functionalities before allocating design responsibilities. An example of such 

a situation is the panel design of the construction ramp [VII]: the panelling was designed 

based on an architectural function by the client. The allocation of the design responsibility 

was therefore allocated to the road discipline. However, the ramp could benefit from adding 

a soil supporting function to the panelling (Table 2.2). This thinking was described by the 

tender manager:  

 

The scope allocation was unclear. The soil-supporting construction was allocated to the road discipline [as 

this had no structural role], while it should be allocated to the civil discipline [as this did have a structural 

role]. As a result, this object became stuck between two disciplines.  

 

This optimization was found around week 6, when several feasible solutions for the ramp 

were already defined. Engineers had to redesign their solutions and could make the final 

decision based on a trade-off [VIII] only at the end of the design. Time to further develop 

this alternative was not available anymore, which had consequences for the detailed design.  
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Figure 2.3 Timeline of tender 
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Table 2.2 Attribution of design decisions relevant in the system architecting and conceptual design 

Phase Design 

decision 

Attribute 

System 

architecting 

& 

conceptual 

design 

Adding soil 

supporting 

function to 

panelling. 

System composition Not explicitly mentioned 

Systems structure Costs for subsystems provided by suppliers 

were not available. A detailed system design 

was needed 

System operation Sustainability between concrete and synthetic 

material 

Functionality of panels, architectural or 

structural.  

Complex emergent 

behaviour 

Not explicitly mentioned 

 

Detailed system and subsystem design  

The systems’ architecture defines the detailed system and subsystem design, and creates 

interfaces between subsystems. Each subsystem should be designed within the defined 

interfaces and required design information from decisions made in other subsystems. An 

integral design manager facilitated concurrent design between three design-managers 

(including civil design manager, road design manager and rail design manager) to make sure 

that milestones were achieved and interfaces were discussed. In weeks 3 and 4 feasible 

solutions for construction 5 were determined [XX]. Design information not available within 

the feasible solutions consisted of interdisciplinary interfaces and unavailable technical 

information. The possible optimization of the panelling was found around week 6. 

Parameters to determine pre-loading periods of soil [VI] were needed as input for the trade-

off between the feasible solutions [VIII]. The cost engineer needed the parameters to 

calculate the cost of each alternative based on the input given by the design engineers. 

Missing this information was considered a major risk and resulted in making a trade-off 

[VIII] with incomplete and delayed information. The cost input (a system structure attribute) 

for the trade-off [V] could therefore not support the design process. The risk evaluation of 

the solution at the design freeze [XIII] increased and resulted in a less competitive bid.  

 

Engineers have to deal with uncertainty about the information they have and do not have. 

As is seen in the case, decisions are typically postponed when information is unclear or 

incomplete (Table 2.3). Other design decisions were postponed due to uncertainty about 

information given by possible suppliers. The competitive environment means that 

specialized subcontractors need to be contracted before the contractor knows the detailed 

system design, or knows the design at all.  

 

[ …] Based on all the information given by suppliers, all advantages and disadvantages for each solution, a 

risk assessment and a cost calculation, one alternative seemed best according to the trade-off. However, many 

of the team members expected the other solution.  
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[ …] we did have arguments for each alternative. But we were afraid to make a wrong decision, so we decided 

not to decide.  

 

Besides the absence of information, the allocation of responsibilities was often unclear: 

‘Different engineers and managers pointed at one another as being the one who should 

make the final decision based on expertise, responsibility or leadership.’ The challenge in 

the detailed design is to consider the various (detailed) solutions and deal with the absence 

of information. Within tenders, epistemic uncertainty is always present. A more detailed 

architecture requires detailed design information, while this might be unavailable. 

 

Table 2.3 Attribution of design decisions relevant in the Detailed system and subsystem design 

Phase Design 

decision 

Attribute 

Detailed 

system and 

subsystem 

design 

Solution for 

construction 5 

System composition Not explicitly mentioned 

Systems structure Pre-loading time of soil were not available.  

Decision made without clear impact on costs. 

This makes it impossible to determine the 

reduction of costs. 

System operation Interfaces with other disciples not aligned with 

level of detail in design.  

Settlement of other objects could not be 

determined 

Complex emergent 

behaviour 

Solution had impact on other solutions. 

Reliability of design required a more detailed 

design. Translated into a higher risk profile. 

Solution for 

construction 3 

System composition Cost are not known exactly, only based on 

assumptions 

Systems structure Pre-loading time of soil were not available. 

System operation Settlement of alternatives not known.  

Accessibility of construction site during 

construction 

Complex emergent 

behaviour 

Not explicitly mentioned 

 

Systems and interface integration  

Integration of all subsystems was difficult as the level of detail between the subsystems was 

not aligned. Engineers optimized subsystems without paying attention to the interfaces with 

other disciplines as communication about the design process was not aligned (Table 2.4). 

This resulted in discussions about details while major design decisions remained to be made 

(e.g. panelling of construction [IX]). An example given by the architect:  

 

During the tender we were looking in AutoCAD to check about some minor centimetre scale work, while 

we would have known that it was impossible if we had only looked at the site. [ …] if we had asked this 

earlier in the design process, then we would have said ‘no’ right away as we would have seen the bigger picture. 
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Allocating responsibilities based on the subsystems caused engineers to invest in 

components at the expense of the whole system, as explained by a design manager: ‘Design 

choices were mostly made internally [within a discipline] which causes a risk that the product 

does not represent the integrated nature of the project. At crucial moments, you do not 

know what is happening.’ For example, measures can be introduced to use resources 

optimally in one object, or to optimize one aspect, without assessing the impact on the 

overall performance of the system. This is highly likely to result in suboptimal designs.  

 

The challenge for integrating subsystems is to focus on the attribution of each design 

decision throughout the design process. Each engineer is responsible for a subsystem and 

needs to be aware of its attribution to the whole system. However, this case suggests that 

this overview is not used or supportive for defining attributes. As a result, epistemic 

uncertainty is translated into a higher risk profile when submitting the tender, and reduces 

the chance of winning the contract.  

 

Table 2.4 Attribution of design decisions relevant in the systems & interface integration phase 

Phase Design 

decision 

Attribute 

Systems & 

interface 

integration 

Level of 

detail was 

not 

determined 

System composition Not explicitly mentioned 

Systems structure Not explicitly mentioned 

System operation Measures introduced to use resources 

optimally in one object, or optimize one 

aspect, without assessing the impact on the 

overall performance of the system. 

Complex emergent 

behaviour 

Risk profile when submitting the tender.  

 

Validation and verification  

The design verification was carried out by the contractor before submitting the bid-

documents [XII]. Critical design information was implicitly stored in drawings rather than 

being expressed in requirements, as explained in the ‘Requirements definition and 

management’ section. As a result, the design verification became complicated as criteria for 

test success and failure were not matching with the level of detail in the requirements (Table 

2.5). According to one design manager: ‘The design was more detailed than the 

requirements. [ …] I daresay that a decomposition of the requirements would have triggered 

the client expressing other wishes compared with our design. [ …] That we have 

insufficiently analysed, insufficiently proven’. The client also stated that they would use the 

verification to confirm if the contractor provided a solution according to requirements. The 

challenge for verification in the tendering process is to find a design level for verification of 

the defined requirements. During the tendering process, several client meetings took place 

[II, X, XI] to discuss the proposed design solutions by the contractor. However, the client 

is not allowed to give statements on how they value the optimizations.  
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Table 2.5 Attribution of design decisions relevant in the validation and verification phase 

Phase Design 

decision 

Attribute 

Validation 

and 

verification 

Unable to 

verify 

requirements 

as information 

only available 

in drawings  

System composition Not explicitly mentioned 

Systems structure Costs determined based on drawings and 

reports. No attributes available for costs. 

Verification became complicated as criteria 

for test success and failure were not 

matching with the level of detail in the 

requirements 

System operation Not explicitly mentioned 

Complex emergent 

behaviour 

Not explicitly mentioned 

 

2.5 Discussion  

The use of SE means that an iteration should take place between function analysis, 

requirements analysis and synthesis, starting from the decomposition towards integrating 

the subsystems. In a case with uncoupled subsystems, clear information and available 

technical knowledge, the decomposition and integration process of a system design needs 

iteration to find a life-cycle set of system solutions that satisfies customer needs. In practice, 

this iteration between functional analysis, requirements analysis and synthesis is interrupted 

when issuing a tender. The contractor takes over when the client issues a tender. A second 

interruption takes place when submitting a bid. In delivering an integrated infrastructure 

project, the winning tender design becomes the starting point for the remaining part of the 

V-model. Between these interruptions, the design managers have to break up the issued 

tender design into coupled subsystems to deal with the design complexity and to develop a 

bid design without being able to reduce all uncertainties related to subsystems integration. 

The design managers are supported by a set of general SE processes and methods, such as 

trade-off matrices, stakeholder analysis, software tools, decomposition strategies of the 

system and many other processes and methods (Walden et al., 2015). These general processes 

and methods rely on the iterative character of SE, which is interrupted in tenders. The 

investigated case supports our argument that applying SE in the context of a tender for a 

large, integrated infrastructure project creates challenges for contractors. We could reveal 

two main challenges:  

 

Making early design decisions  

The exploration of design optimizations starts at the beginning of a tender, when the design 

is not fully specified. Limited time and resources make it necessary to quickly choose 

between feasible optimizations using expert judgement and experience. The case shows that 

the early decision-making is not always done systematically and transparently, and results in 

the inability to verify the proposed solution.  
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The design loop and requirements loop were not aligned for supporting the decision-making 

in the requirements management and definition phase. In the system architecting and 

conceptual design phase, the contractor needed extra time to interpret the conceptual design 

which resulted in a delay to find optimizations needed for a competitive design. The 

contractor needed to iterate in the design process; however there was not sufficient time to 

do so. Decisions were postponed as a result of interdisciplinary interfaces and unavailability 

of technical information. This is in line with a study of Laryea and Hughes (2008) concluding 

that the success of tenders depends largely on the skill, experience and judgements of the 

available engineers.  

 

The early decision-making could benefit from defining attributes to the overall system level 

when a decision is made as proposed by Aughenbaugh and Paredis (2004). This study shows 

that attributions of potential alternatives to system level are not explicitly defined when 

making design decisions (Tables 2.1–2.5). The attributions of the decisions in the studied 

tender were mostly system composition or systems structure attributes. The more complex 

attributes require a better understanding of the system design. This makes it impossible for 

design managers to explicitly define the design performance in a tender, since the whole 

system cannot be fully specified. Trade-off studies are used to decide on alternatives by 

applying weighting criteria based on requirements, cost and schedule without having the 

relevant detail information or indicating the aleatory or epistemic uncertainty. The choice of 

an alternative, without knowing the involved uncertainty, makes it impossible for design 

managers to develop the economically most optimal design. That is, SE supports only a 

coherent and consistent design as the solution fits within the given design space by the client. 

SE does not support the search for the most economically optimal solution in a tender, 

which is essential for contractors.  

 

Creating understanding of design uncertainties  

Engineers make early decisions based on limited information within a limited time frame, 

and a point-of-no-return is created after a tender is submitted. This implies that engineers 

have to make their decisions right the first time. Decomposition of the system based on the 

systems functionality is provided by using SE. However, as the case study suggests, the 

allocation of responsibilities can hamper the system integration. Unclear and unavailable 

information within the responsible discipline and inconsistencies in the level of design detail 

are identified as causes. Detailed information (e. g. soil parameters) was needed as input for 

the trade-offs in the detailed system and subsystem design phase. As this information was 

not available a decision was made which increased the risk evaluation for other subsystems. 

Dealing with this kind of uncertainty is not incorporated in the current design processes 

using SE in public tenders. A way to address missing or unclear information is to compare 

its impact on the design alternatives, to use a margin of uncertainty in the trade-offs. 

Explicitly comparing the uncertainty in (missing) design parameters can help in improving 

the systems understanding. A survey about an MRI (Magnetic Resonance Imaging) 
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development organization by (Borches, 2010) shows that the lack of a systems over- view is 

a barrier for creating an optimal design. The results of that survey cannot simply be 

transferred to the construction industry but it does show that an early systems overview is 

required to support the attribution of each decision to system level.   

 

According to (Suh, 2009), allocating responsibilities makes collaboration essential for sound 

decision-making, and for dealing with possible disagreement. The mixed results of using 

system decomposition and processes to promote effective interaction and collaboration in 

the investigated case, and the absence of a decision-making framework to decide on 

alternatives (Bate, 2008), show that collaboration and design decision support are not yet 

properly addressed in applying the SE approach for construction industry tenders. As a 

result, the client will not fully benefit from an integrated design and the contractor is 

insufficiently able to find a solution that will convince the client the best solution is on offer.  
 

2.6 Conclusions 

In this paper we have explored the use of SE by a contractor in the constrained environment 

of a public tender. Contractors have implemented SE to address the complexity of large, 

integrated infrastructure projects and gained experience with SE by structuring their design 

processes accordingly. Now, the challenge is to develop approaches for the integration of 

subsystems during the tendering stage, in order to create early understanding of the impact 

of design choices. The focus on systems integration can lead to more optimal designs as it 

is the integration that reveals the value subsystems add to the final design. The attribution 

of decisions to system level can support the contractor in creating a better understanding of 

the system. SE provides this understanding when both detailed design information and 

sufficient time is available to iterate in the design process. For tenders, this is often not the 

case as detailed information is rarely provided and time is limited due to the hard decision 

gate when submitting the tender. This leads to a situation in which contractors can submit 

a suboptimal design solution.  
 

The interruption of the design process in the tender context suggests that the current 

implementation of SE lacks support for dealing with uncertainty in design decision. Being 

able to identify the uncertainty and incorporate this in the early decision-making is a 

challenge for contractors. This creates a need for tailoring SE to the context of construction 

tenders. We recommend to develop a decision-making tool, indicating the uncertainty of 

information at different system levels, to support the design decision-making process. 

Complex client requirements, including reliability, availability, safety, environmental and 

financial considerations, should be incorporated into the decision-making tool, to achieve 

cost, schedule and risk performance. We further recommend developing guidelines and 

coping strategies for the identification of reliability levels that support the exploration of 

feasible and competitive design solutions in a tender. At last, we recommend to carry out 

more case studies of public tenders to further explore the design challenges in large tenders 

as the presented case is limited due to its explorative character. 
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Chapter 3  

3Multi-criteria decision analysis and quality of design 

decisions in infrastructure tenders: a contractor’s 

perspective2 

 

Design decision-making in infrastructure tenders is a challenging task for contractors due to limited time and 

resources. Multi-criteria decision analysis (MCDA) promises to support contractors in dealing with this 

challenge. However, the ability of MCDA to ensure decision quality in the specific context of infrastructure 

tenders has gained little attention. By undertaking a longitudinal case study on early design decisions in a 

tender for a design-build project in the Netherlands the relationship between MCDA and decision quality 

is investigated. The case results show that in the early tender phase the decision making very much relies on 

the experience and knowledge of engineers. If MCDA is inappropriately used in such a context it can create 

impressions of soundly underpinned evaluations of design options while neglecting uncertainties and leading 

to low-quality decision. Although MCDA defines the “what” is required for structuring the decision problem, 

it does not support decision-makers in the “how” to do it. The explicit consideration of decision quality 

elements in MCDA can support the “how” and can create awareness for decision makers concerning 

importance, scope and uncertainty of criteria.  

 

 

 

 

 

 

 

Keywords: Decision quality; trade-off; decision-making; infrastructure tender; multi-

criteria decision analysis 

  

 
2 This chapter has been published as: Jeroen van der Meer, Andreas Hartmann, Aad van der Horst & Geert 

Dewulf (2019): Multi-criteria decision analysis and quality of design decisions in infrastructure tenders: a 

contractor’s perspective, Construction Management and Economics, DOI: 10.1080/01446193.2019.1577559 
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3.1 Introduction  

In the context of public infrastructure projects integrating design and construction, 

contracting firms are required to explore and decide on various design alternatives before a 

tender is let. During this tender period, which can last from 3 months for smaller projects 

to 1 year for larger projects, contractors have to evaluate a number of design options with 

varying levels of detail based on a preferred design that reflects different and sometimes 

conflicting customer needs or prescribed functional requirements. In addition, developing 

an overall design solution for an infrastructure tender requires an early understanding of the 

impact of design choices on later project stages (Van Der Meer et al., 2015). Whether these 

early phase design decisions will lead to the most competitive and economically feasible 

solution remains unknown until the client has evaluated all submitted solutions and selects 

a preferred bidder. At that moment, the preferred bidder still runs the risk of having 

submitted an economically unfeasible solution due to mistakes made during the tender. 

These mistakes will manifest themselves during later project phases such as the detailed 

engineering phase or the construction phase. To address the large variety of criteria involved 

in design decisions for infrastructure tenders, the use of multi-criteria decision analysis 

(MCDA) tools and methods (e.g. Analytic Hierarchy Process, Multi-Attribute Utility 

Theory) appears beneficial for systematically structuring both the decision-making problem 

and the considerations and preferences of the stakeholders regarding the different 

alternatives. The promise of MCDA is to significantly improve the quality of the decision-

making process by introducing transparency, analytic rigour, auditability and conflict 

resolution for multidimensional decision problems (Kabir et al., 2014). Not surprisingly, 

MCDA has gained popularity in different industries (Wang et al., 2009, Huang et al., 2011, 

Kabir et al., 2014, Mardani et al., 2016) but also for decision problems in the construction 

and infrastructure sector (Jato-Espino et al., 2014, Bueno et al., 2015, Tscheikner-Gratl et al., 

2017). This also includes the tender phase of construction projects. Previous research has 

suggested several MCDA approaches that can support construction clients in selecting the 

appropriate contractor (Hatush and Skitmore, 1998, Fong and Choi, 2000, Mahdi et al., 2002, 

Singh and Tiong, 2005, Cheng and Li, 2010) or contractors in selecting a suitable bidding 

strategy (Fayek, 1998, Marzouk and Moselhi, 2003). However, these studies also have shown 

that the application of MCDA typically requires the decision maker to make sharp criteria 

judgements while the information basis is rather weak or to follow a time-consuming 

process to account for decision uncertainties. This raises some doubts about the suitability 

of MCDA for ensuring qualitative design decisions in early tender phases for integrated 

projects. Here, contractors are often forced to make design decisions due to limited time 

and resource availability without having sufficient information to completely understand the 

entire set of infrastructure requirements, the operational environment of the infrastructure, 

and the emergent infrastructure behaviour (Laryea, 2013, Van Der Meer et al., 2015).  

 

By conducting a longitudinal case study on early design decisions in a tender for a design-

build project in the Netherlands, this research aims at exploring the suitability of MCDA to 
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ensure decision quality in the context of infrastructure tenders. It extends the understanding 

of the application of MCDA in the construction sector by showing that inappropriately used 

MCDA tools and methods can create impressions of soundly underpinned evaluations of 

design options while neglecting uncertainties and leading to premature decisions of low 

quality. It particularly shows that MCDA in early tender phases of integrated projects cannot 

prevent variations in the problem framing between engineers, differences in the logic of 

using and relying on criteria in the decision-making, and inconsistencies in the desired 

outcomes resulting from inadequate detail in the design solutions.  

 

In the next section, the decision quality concept is introduced and integrated with the general 

steps of creating an MCDA to develop a framework that allows the analysis of the achieved 

decision quality in a tender for a Dutch infrastructure design-build project. Next, the 

research approach for the longitudinal case study is outlined and how the MCDA process 

consisting of the weighted-sum method (WSM) and a trade-off matrix (ToM) as MCDA 

tool is evaluated. Thereafter the case study results are presented. The discussion section 

outlines the decision quality in infrastructure tenders when using MCDA and outlines 

possible improvements for the quality of the decision-making process. Some general 

remarks regarding the possibility of safeguarding decision quality in the tender context by 

combining decision quality elements with MCDA are made in the conclusion section.  

 

3.2 Conceptual basis  

Decision quality  

The quality of decision making can manifest in two ways: (1) by the process of making a 

decision and (2) by the different outcomes of a decision (Hershey and Baron, 1992, Keren 

and de Bruin, 2005). The outcome perspective puts emphasis on the actual consequences 

of a decision that is, however, very hard to determine because there is no objective criterion 

available when the decision is made. That is, for evaluating decision quality, one must know 

the possible outcomes of a decision, which are not readily accessible prior to the decision 

(Timmermans and Vlek, 1996). For construction projects, many evaluations of comparable 

projects are required to determine the possible outcomes of decisions made in tenders. 

Although these evaluations might be valuable for contractors, they are impossible to 

compare. Decisions made in construction projects have a high level of coherence which 

makes it impossible to determine the actual consequences of each decision. Some outcomes 

are impossible to evaluate, even if the evaluation data are available. For example, the bidding 

strategy of competitors is an uncertain determinant that cannot be judged prior to the 

decision and can lead to losing the bid despite all the best analysis during the tender. From 

a process-oriented perspective, the effort used to make the decision determines the quality 

of the decision. The main idea here is that the quality of the decision is not influenced by 

the outcome of the decision but merely by the quality of the analysis and thought while 

making the decision (Abbas, 2016). This means that the quality of a decision does not 

consequently affect the outcome of a decision. For example, a carpenter decides to quickly 
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repair a rooftop leaving his safety equipment untouched. The repair is successful and 

without any accidents. In this case, the decision itself would not be classified as of high 

quality, although the outcome of the decision is successful. The carpenter can only influence 

the quality of the decisions before making the decision. He has no control over the outcome 

of decisions because of external circum- stances such as a sudden gust of wind. Therefore, 

the quality of a decision is better measured by the process of making the decision. This 

process-oriented view on decision quality corresponds to the tender context because the 

outcome of the design decisions remains unknown until the project is awarded or eventually 

built. For example, a decision is made to repair an existing construction instead of rebuilding 

the construction. Given this decision, the contractor only knows the outcome (and the 

corresponding consequences) of the chosen option if the tender is awarded. The 

consequences of the other alternative remain unknown. Without this outcome information, 

the evaluation of the decision contains an inherent component of uncertainty (Einhorn and 

Hogarth, 1978). Thus, the main argument for following a process-based approach is that all 

decisions in an infrastructure tender are made under uncertainty and risk or as Vlek 

(1984)put it: “A decision is, therefore, a bet, and evaluating it as good or not must depend 

on the stakes and the odds, not on the outcome (page 7)”. The difficulty, however, is to 

obtain the appropriate structure and problem space, reflecting all possible outcomes, the 

degree to which they fulfil the goals, the contingencies between decision and outcome, and 

the probability of occurrence of different outcomes. The best decision, then, is the 

alternative with the highest chance of fulfilling the decision maker’s goals. Therefore, the 

process-oriented approach evaluates a decision’s quality by its structure, including how well 

it represents the decision maker’s goals (Keren and de Bruin, 2005).  

 

High-quality decisions can be characterized by the following six elements that all need to be 

present in the decision-making process (Howard, 1988, Spetzler et al., 2016). The first 

element is an appropriate frame of the decision, which includes a clear understanding of the 

problem and the determination of the boundaries of the decision. These boundaries are 

created by what is given, what needs to be decided during the tender and what can be 

decided after the contract is awarded. For each tender, these boundaries vary based on the 

client wishes, the contractual boundaries such as the price and non-price factors in the 

economic scoring formula (Ballesteros-Pérez et al., 2012) and the connection with existing 

infrastructure. The second element is the identification of creative and feasible alternatives. 

The design alternatives in tenders vary between higher levels of detail based on a preferred 

design reflecting the clients’ needs or lower levels of detail if alternatives are only based on 

functional requirements. The third element is the availability of meaningful, reliable and 

unbiased information that reflects all relevant uncertainties and risks. The information in a 

tender can be made available by the client or requires additional resources of the contractor 

for doing inspections, tests, or research on site. During a tender, specific (governmental) 

regulations that guarantee transparency and equal opportunism for bidders, limit the 

availability of relevant information to reduce uncertainty and risk. Examples are all sorts of 
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inspections required for analysing the current state of constructions, soil conditions or 

specific stakeholder requirements and wishes as it is often not allowed to contact 

stakeholders. The fourth element is the clarity about the desired outcomes, including 

acceptable trade-offs. This element relates to the subjective assessment of the potential 

outcomes of each alternative described in terms of qualitative (e.g. scores) and quantitative 

(e.g. predicted costs) values and the corresponding assessed outcome probabilities. The fifth 

element is the logic by which the decision is made. This process includes considerations of 

uncertainty and risk related to the appropriate level of complexity. Within the infrastructure 

tenders, under- defined and conflicting objectives such as the economic impact of client 

wishes and incomplete knowledge of the infrastructure behaviour at later project stages are 

only a few considerations of uncertainty. The decision maker should select the alternative 

with the highest expected value, the most certain alternative, or use any other logic for the 

decision. The sixth element is the commitment to action by all stakeholders to achieve 

effective action.  

 

These decision quality elements (DQ elements) provide criteria for evaluating the 

performance of the decision maker on (1) obtaining relevant information and (2) the 

construction of the problem space and inserting the relevant information appropriately in 

the decision problem structure.  

 

Multi-criteria decision analysis and decision quality  

The aim of multi-criteria decision analysis (MCDA) is to help decision-makers in dealing 

with complex problems that are characterized by conflicting objectives. It supports a 

decision maker by organizing and synthesizing the available information to identify the most 

important criteria for selecting a solution, comparing alternative solutions on those criteria 

and finally deciding on one solution. This process typically requires scoring or ranking 

various alternatives against multiple criteria. The result of decision analysis is derived from 

the scores, as the alternative with the highest score or rank is the most preferred solution 

(Keeney 1988). The decision maker is expected to be consistent and rational in his/her 

preferences and avoid post-decision regret or drawbacks in the decision process.  

 

Literature on multi-criteria decision making has increased tremendously since the 1970s and 

a multitude of decision making methods and tools have been developed for a variety of 

decision problems (Belton and Stewart, 2003, Mela et al., 2012). Numerous reviews have 

been conducted on the application of MCDA methods in different fields such as agriculture 

(Hayashi, 2000), environmental planning (Huang et al., 2011), forest management (Ananda 

and Herath, 2009), sustainable energy (Wang et al., 2009) or supply chain management (Ho 

et al., 2010) but also construction (Jato-Espino et al., 2014) and infrastructure (Kabir et al., 

2014). These reviews reveal the advantages and disadvantages of MCDA methods which are 

often designed for a unique decision context. They also show that, despite the variety, the 

methods all have in common the aim of structuring and guiding the decision-making process 
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to support rational, well-informed and committed decisions. In this sense, they inherently 

intend to improve the decision quality of the MCDA process which can be described by the 

following four steps (Guitouni and Martel, 1998) and can be related to the elements of 

decision quality (Table 3.1):  

1. Determine various alternatives: The identification of alternatives is required to start 

a multi-criteria decision analysis. This first step in an MCDA is linked with the DQ 

element “alternatives”, as the identified alternatives should fit with the problem at 

hand. Therefore, the first step of an MCDA supports the decision quality by 

structuring the considered alternatives. In infrastructure tenders, a reference design 

is often provided by the client and can be used as input for the contractor’s design 

alternatives. Contractors typically consider this reference model and will use their 

design and construction knowledge to come up with other feasible alternatives.  

 

2. Determine the criteria that need to be considered: This second step in an MCDA 

determines the criteria required to compare alternatives. This step is linked to the 

DQ elements “frame” and “information”. The “frame” represents the boundaries 

of the decision that are determined by the considered criteria in an MCDA. These 

criteria determine what relevant information is required or should be known 

including the uncertainty in this information. For example, the price and nonprice 

criteria stated in the economic scoring formula used in public tendering as well as 

the contract requirements and possible opportunities and risks can be input to 

determine the criteria in an MCDA for an infrastructure tender.  

 

3. Determine the scoring of each alternative per criterion: the scoring of the criteria is 

linked with the DQ elements “logic” and “information”. The scoring of each 

alternative in an MCDA is affected by individual decision-making behaviour (Barfod 

et al., 2011) or group decision-making behaviour (Skorupski, 2014) and can require 

the consideration of cognitive limitations (Simon, 1979) or personal biases (Laing et 

al., 2014). The scoring of each alternative includes considerations of uncertainty and 

risk which are affected by the increased level of complexity in a tender.  

 

4. Summarize the scores and determine the solution: the scoring of different criteria is 

combined for each alternative to find the best choice. The DQ elements “desired 

outcomes”, “logic” and “commitment to action” are linked in this last step of an 

MCDA. The potential outcomes of each alternative are described in terms of 

qualitative and quantitative values, and a decision is made based on sound reasoning. 

That is, do we agree on the chosen solution and are we committed to this decision?  

 

These four steps cover all DQ elements, indicating the potential of MCDA in safeguarding 

the quality of design decisions in infrastructure tenders.  
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Table 3.1 Linking decision quality and MCDA 

MCDA Process 

Decision quality elements 

(a) (b) (c) (d) (e) (f) 

(1) Determine various alternatives. - x - - - - 

(2) Determine the criteria that need to be considered. x - x - - - 

(3) Determine the scoring of each alternative per criterion. - - x - x - 

(4) Summarize the scores and determine the solution. - - - x x x 

(a) Frame, (b) alternatives, (c) information, (d) desired outcomes, (e) logic, (f) commitment to action 

 

Multi-criteria decision analysis for design decisions in infrastructure tenders  

Recent research has shown that decisions made in a construction tender do not hold up well 

once the project is awarded due to premature tender documents, too many changes in 

owner’s requirements and unrealistically low tender-winning prices (Rosenfeld, 2014). With 

the increased design responsibility of contractors in integrated projects, the quality of design 

decisions becomes additionally at stake since the tender phase introduces uncertainties 

related to the internal and external environment of the decision-making process (Durbach 

and Stewart, 2012). Uncertainties related to the external environment of design decisions 

arise through multiple stakeholders in integrated projects with often under-defined and 

conflicting objectives, changing and unique decision criteria, and unclear preferences over 

alternatives (Kim and Augenbroe, 2013). Uncertainties related to the internal environment 

stem from limited time and resources for design tasks in a tender. Design teams are often 

forced to advance the design by taking decisions without completely understanding the 

entire set of requirements, the operational context and the emergent behaviour of the 

solution (Laryea, 2013, Van Der Meer et al., 2015). Typically, decision-makers try to control 

internal uncertainties and assess external uncertainties of design decisions and MCDA is 

supposed to support them in this. However, two opposing challenges of design teams in a 

tender may undermine the potential of MCDA in ensuring decision quality. On the one 

hand, there is pressure to propel the design process by taking decisions under resource and 

time constraints. It has been shown that if decision makers experience time pressure, they 

process less information by narrowing down their field of attention and revert back to 

known behaviour in a rigid way (Klapproth, 2008). MCDA does not provide guidance on 

how to obtain relevant information, how to construct the problem space and link relevant 

information appropriately to it. Thus, in pressurized situations, different frames, different 

levels of information, or different logics of the individuals involved are likely to be retained. 

On the other hand, there is a need to cope with design uncertainties. The application of 

MCDA requires the decision maker to either assess criteria in a deterministic way or assign 

probability distributions to criteria and establish utility curves to account for uncertainties. 

For design decisions in the tender context, the former can only revert to incomplete and 

insufficient information and the latter represents a time-consuming and methodological-

demanding process (Velasquez and Heslter, 2013). If, in addition, the decision maker is not 

able to understand the way MCDA methods work and whether these methods are 

appropriate to make the decision, then the outcome of an MCDA can create the illusion of 
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a consistent and rational choice (Polatidis et al., 2006, Scholten et al., 2015). Although 

scholars have extensively addressed the methodological differences and challenges of 

MCDA methods, the relationship between MCDA and decision quality has gained little 

attention so far and there are currently no studies on this relationship for design decisions 

in integrated project tenders.  

 

3.3 Research design  

Longitudinal case study of an infrastructure tender  

In order to explore the relationship between MCDA and decision quality in the tender 

context, a single longitudinal case study was set up. The chosen case was a large size 

infrastructure tender covering the integration of the design, engineering and (re)construction 

of a large traffic junction with more than 30 km of highway and at least 40 civil engineering 

objects. The case study took place over a period of 7 months starting with the tendering of 

the contract until the moment of submitting the tender. This time window represents a valid 

boundary for the investigation (Street and Ward, 2012) since it reveals consistency and 

rationality of the decision-making process during the tender and thus the quality of the 

decisions made. The tender can be considered complex because of its large size, its multi-

disciplinary scope, the integration of design, engineering and (re)construction phases and 

the limited preparation time of 7 months. The budget was capped at about €420 million. 

The tender organization consisted of a consortium of three contractors supported by a 

consultancy firm specialized in the planning phase of projects. The three contractors set up 

a separate firm for this project while the consultancy firm was involved as a special partner. 

The scope of the research was limited to the decision-making for the design of the traffic 

junction. The design decisions for the 40 objects and other parts of the highway were 

excluded.  

 

The rational for choosing a single case was that the investigated tender represents a “typical 

case” (Yin, 2003) for integrated projects in the Dutch infrastructure sector in terms of the 

responsibility of contractors for integrating design and construction for an infrastructure 

composed of multiple objects, the involvement of multi-disciplinary teams in the design 

process, and the restricted time frame for preparing the tender. The case study results are 

expected to be insightful for similar projects. Another rationale was the longitudinal and 

exploratory character of the study (Yin, 2003) through which the influence of the tender 

phase on the quality of design decisions could be revealed.  

 

Data collection  

During the tender period of 7 months, 6 observations and 10 interviews took place. Between 

2 and 3 months after the tender submission, another 15 interviews were held (see Figure 

3.1). The entire tender period as the selected time unit is appropriate for ensuring time unit 
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validity (Street and Ward, 2012) since this allowed capturing the change of decision quality 

elements as a result of the tender process.  

 

The first author was actively involved in the project but took no part in the team that was 

responsible for the design decisions. This allowed the researchers to have full access to all 

project information including the trade-off matrices used for the design decision and memos 

of the design meetings. This involvement made it possible to quickly notice sudden changed 

situations and observe how the team reacted to such changes. These are for example changes 

in the attitude of the team after a meeting with the client or changes in contract 

requirements. The observations were carried out during weekly meetings between the 

management team and the head engineers. The objective of the observations was to identify 

the group process when discussing possible alternatives and identify the general opinion of 

the group regarding the current state of the design. The observations were carried out by 

the first author who made notes during the meetings. The observations, desk research and 

interviews allowed for triangulation of the data. To be able to assess the quality of the design 

decisions about the traffic junction and the related decision-making behaviour, the 25 

interviews were divided into two separate rounds during and after the tender (Figure 3.1).  

 

 
Figure 3.1 Moment of interview 

 

First round of interviews  

In the first round (at T1), 10 interviews were conducted with individuals from the 

management team and head engineers, which included the tender, design, process, road-

design, construction-design, traffic, planning and construction managers, the scheduler and 

the calculator. The interviews were designed to determine the influence of the interviewee 

on the decision-making process and on the drawing up of the trade-off matrix. The 10 

individuals were chosen because they were key players in the design and tender processes. 

The interviews were held half-way through the tender to ensure that the chosen solution in 

the MCDA at the end of the tender would not interfere with the responses given by the 

interviewees. A list of predetermined questions regarding the determination of the 

alternatives and the criteria, the availability of required information for scoring the MCDA 
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and the logic behind the scoring formed the basis for the semi structured interviews. Each 

interview lasted ~1 h. All interviews were recorded, transcribed and compared with the 

observations made during the tender.  

 

Second round of interviews  

The second round (at T2 ) consisted of 15 interviews with key individuals to understand the 

decision-making process during their design task. The identical team members from round 

one were interviewed. However, five domain-specific specialists (geotechnical engineer, 

traffic specialist, architect, road engineer, and civil construction engineer) were also 

interviewed, because they were involved in the decision-making process of the traffic 

junction. The interviews were held directly after the tender submission to evaluate the 

decision process. This created the opportunity to re-create the decision-making process with 

the participants. However this time, the participants could use all the knowledge and 

information they gathered during the tender. The outcome of this re-created decision-

making process was compared with the original outcomes of the tender. These semi-

structured interviews lasted between 1 and 1.5 h and were recorded and transcribed.  

 

To understand the decision-making process of the key individuals, the conceptual content 

cognitive map (3CM) method of Kearney and Kaplan (1997) was used. The 3CM method 

is a technique for exploring and measuring the engineer’s perspective regarding the multi-

criteria decision-making process in a graphical representation (Tegarden and Sheetz, 2003). 

These decisions are based on an engineer’s mental model, as each engineer interprets 

information differently (Steiger and Steiger, 2007). Mental models are knowledge structures 

that integrate the ideas, assumptions, beliefs, facts and misconceptions that together shape 

the way an individual views and interacts with reality (Kearney and Kaplan, 1997). The 

benefit of explicitly mapping the different perspectives is required to frame information in 

a way that it encouraged evaluation of the engineers’ decision-making process at an 

individual level (Ahmad and Azman Ali, 2003). This individual perspective on the decision-

making process is valuable, as each individual engineer holds different cognitive maps due 

to their differences in experience and training. Using cognitive maps allowed us to compare 

all the individual mental models with the overall decision-making process during the tender. 

This method was especially valuable under the challenging circumstances of this tender 

context, because of the many multi-disciplinary criteria to be considered in just 7 months 

without knowing the impact of the chosen alternative on the planning and construction 

phase. The team had to re-design the junction within an existing junction, understand the 

consequences for the environmental impact assessment, and assess whether the new 

junction could be built with minimal nuisance for the traffic.  
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Table 3.2 List of criteria 

List of criteria 

Abstract Completeness Flexibility Lifecycle Pragmatic Strategy-to-win 

Acceleration 
opportunities 

Construction 
method 

Flow Lifecycle costs Preference Structure 

Accessibility Costs Functionality Logic Project phase Support 

Alternatives Creativity Geotechnical 
properties 

Maintainability Project specific 
data 

Sustainability 

Archaeology Decision tree Group process Maintenance Quality of life Systems safety 

Architecture Detail Hierarchy Materials Reliability Temporal 
constructions 

Assumptions Discussion Information Modelling Requirements Traffic speed 

Attitude Dynamics Innovation Noise Risks Traffic type 

Availability Ecology Integrated team Organization Robustness Uncertainty 

Client demand Effectivity Interfaces Performance 
indicators 

Safety Unique 

Collaboration Emotion Intuition Permits Schedule Vision 

Communication Exploitation Lead time Phasing Scope Water management 

 

In preparation for the second round of interviews, a list of criteria considered relevant for 

general decision making in infrastructure tenders using trade-offs was developed (Table 3.2). 

This criteria list was developed by three experts with more than 10 years’ experience in 

decision making in construction projects. They were not involved in the case study itself. 

Using this list created a situation in which all participants began with the same set of initial 

criteria, which is suitable to address large sample sizes and is less time consuming (Kearney 

and Kaplan, 1997).  

 

The interviews were structured by the following steps:  

1. The predetermined list of criteria was used to sup- port the interviewee when 

choosing the most important criteria for the trade-off. To control for bias, the 

interviewees were told that they could also write down criteria that were not listed.  

2. The interviewee had to give a short explanation of each chosen criteria.  

3. The interviewee had to cluster all chosen criteria and had to state the relationship 

between the clusters. Within each cluster, the most important criteria were 

appointed.  

4. The same steps were repeated to list the information sources they considered 

important for each criterion.  

5. Upon completion of the map, the interviewee had to reflect on the decision-making 

process during the tender. This step allowed us to validate each created map, which 

was the result of the engineer’s perspective regarding the multi-criteria decision-

making process based on his experience during the tender. The interviewee had to 

state the similarities and differences between the created map and the decision-

making process during the tender. The interviewee was also asked whether all 

relevant criteria were mentioned.  
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6. The interviewee had to compare the original trade-off (Table 3.3 represents the 

considered criteria in the ToM) with the created cognitive map.  

7. The interviewee had to re-score the trade-off used during the tender. However, for 

the purpose of this interview, all the scores were erased that were given by the 

engineers during the tender. The scoring during the tender was given by domain-

specific engineers who only scored the domain-specific criteria. For example, the 

road design manager scored the criteria for the road design while the civil design 

manager only scored the criteria for the constructions. During the interview, we 

simulated the same situation by asking the interviewee to re-score only the domain-

specific criteria. At both scoring moments (T1 and T2), the engineers had to give a 

score ranging from -1 (this design solution is worse than the other design solutions), 

0 (this design solution is as good as the other design solutions), 1 (this design solution 

is better than the other design solutions). At T1, the engineers scored 11 design 

solutions. These design solutions were based on 5 design solutions (turbine-stack 

hybrid, windmill interchange, two-level turbine, clover-stack interchange and a 

hybrid interchange) but with small changes in the design. At T2, the engineers only 

scored the top 3 design solutions because the interview time was limited.  

8. We ended the interview by presenting the original scores to allow for a short 

narrative of the differences and similarities. We discussed the scoring variations with 

the engineer to account for possible differences caused by the reduction in com- 

pared alternatives.  

 

3.4 Data analysis 

The tender teams of the project case applied the weighted-sum method (WSM) 

(Triantaphyllou, 2000) for the MCDA and used a trade-off matrix (ToM) as a tool for 

comparing and scoring design options on various criteria. The ToM also served as means in 

the case study to understand the MCDA process and the quality of the design decisions, 

since difficulties in achieving decision quality were expected in step two (determine the 

criteria) and three (determine the scoring) of the MCDA. The data analysis then also focused 

on steps 2 and 3 of building an MCDA. The creative process of step 1 is required as input 

for studying the decision process itself. This step is briefly described in the results for 

clarifying the case. Steps 2 and 3 were analysed to create an understanding of the quality of 

the decision process. The combination of active involvement, observations and interviews 

made it possible to analyse the development of the design decisions in the related context 

of a tender. A summary of all the steps in the analysis is presented in Table 3.4. 
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Table 3.3 Results of consistency scoring 

Criteria 

Sub-criteria 

Scoring Difference  

T1 – T2 Explanation of evaluation between T1 and T2 

Critical requirements 

Maximum design speed for traffic for the 
junction 

Maximum design speed for traffic at the 
highway (2x) 

Direct connection of two traffic direction 
within the traffic junction 

Safe and comfortable road design 

Equal score All critical requirements are still critical. 

Functional traffic design 

Traffic flow 
Robustness 
Incident management and maintenance 
Safety 

Equal score The alternatives are based on the functional design. 

This makes that all three alternatives score well on 

the given criteria. As such, no difference in the 

scoring can be found. 

Road design 

Road safety (design speed, horizontal and 
vertical alignment, turbulence, cross 
profile) 

Different score  

 

At T2 more information about the required traffic 

speed, curve radius and contour of the project was 

available. At T1 the scoring was based on experience 

instead of the required information as described 

above. The level of detail is important as explained 

by the road design manager: “Well, the solution fitted 

easily outside the project contour boundaries! This was our 

conclusion during designing the details. So, what you see is 

that the result of a trade-off depends on the level of detail. This 

means that you need to define the level of detail beforehand: 

How do I want to use the Trade-off.” 

 

Constructions 

Number of constructions 
Complexity of constructions 
Standardization of constructions 
Constructability (in existing environment) 
Groundworks 

Equal score Rating was mainly based on the amount of required 

constructions. The complexity and standardization 

could not be rated at T1 or T2 

Architectural Design 

Icon 
Landscape 
Visual influence on surroundings 
Coulisse landscape in traffic junction 
Experience of surrounding environment 

Different score  

 

Between T1 and T2 more information about the design 

became known. Using this information resulted in a 

different outcome.  

Impact studies 

Noise 
Archaeology 
Nature / ecology 
Air quality 
Landscape and culture 
Soil 
Water 
External safety 
Social security 
Space 
Explosives 

Not rated Not rated at T1 and T2. The team did expect that these 

criteria would not cause variations in the outcome. 

Therefore, no rating took place at T1 or T2 

Schedule / Phasing Not rated The alternatives were not projected on the current 

situation. This made it impossible to rate the impact 

on the schedule. Based on the current information 

about functionality and curve radius, it is possible to 

rate the alternatives.  
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Criteria 

Sub-criteria 

Scoring Difference  

T1 – T2 Explanation of evaluation between T1 and T2 

Procedures and support Not rated Not rated at T1 and T2. The team did not expect these 

criteria to be different for each alternative. 

Therefore, no rating took place at T1 or T2 

Risks 

Cost 
Time 
Quality 
Safety 
Environment 

Not rated The risks are integrated in the various criteria and 

therefore not specifically rated.  

Fictive disturbance hours Not rated It was required to stay below a threshold. This was 

possible for every solution, so no rating took place. 

Sustainability Not rated Too little information was available about the current 

situation. This made it impossible to rate the impact. 

The team did expect this criterion to cause no 

variation in the outcome. Therefore, no rating took 

place at T1 or T2 

Costs Not rated The cost specialist could not differentiate between the 

alternatives because too little detail was available.  

EMVB (Economically Most Viable 

Bid) 

Wishes of client in design 

Not rated These criteria were only rated based on possible 

showstoppers. There were no showstoppers found 

in the design, so these criteria were not rated.  

 

 

The analysis started by coding both the interviews and the cognitive maps manually using 

software for qualitative data analysis (ATLAS.ti). First, the number of times a criterion is 

mentioned in the cognitive map was counted. Because people learn during their involvement 

in a project, it was assumed that the engineers would consider the criteria mentioned in the 

template of the ToM in their cognitive map. Besides these criteria used in the tender, we 

also wanted to reveal the criteria that were important to the individual engineer. To reduce 

the impact of learning, each engineer was asked to give a relative weight to the most 

important criteria listed in the cognitive map. Second, the absolute number of criteria 

mentioned in the cognitive maps were ordered based on their relative weight. The criteria 

that were only considered by one or two engineers were excluded from the analysis. For the 

most mentioned criteria, the engineers’ interpretations were analysed based on the 

similarities and differences. This strategy of using both interviews and cognitive maps was 

followed because the cognitive maps acted as a trigger to map the criteria and the interviews 

acted as a trigger to give an interpretation of the criteria.  
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Table 3.4 Summary of the taken steps in the analysis 

Step Activity  Aim Result for DQ-element 

I Analyse the results of the 1st 
interview round on the 
way the team designed 
the ToM. 

Identify how the ToM is designed to 
understand the problem and 
determine the boundaries of the 
problem.  

Decision frame required for the 
decision. 

II Analyse the results of the 1st 
interview round on how 
the team developed the 
various alternatives. 

Identify how the team identified the 
various alternatives.  

Alternatives used for the 
decision. 

III Compare the various 
interpretations of the ten 
most important criteria 
described in the cognitive 
map.  

Understand the similarities and 
differences of actors’ 
interpretations of criteria to 
describe the criteria consistency. 

Impact on the decision frame 
by the definition of the 
boundaries of the scope. 

Impact on relevant information 
upon which a decision is 
based. 

IIIa Count the criteria in the cognitive 
maps. 

Create the top ten of most mentioned 
criteria to identify the most important 
criteria. 

Most important criteria that require 
information. 

IIIb Analyse the interpretations of the 
top ten most mentioned 
criteria between engineers. 

Identify the different and shared 
interpretations of the most import 
criteria. 

Indication for uncertainty about the 
criteria upon which a decision is 
based. Different interpretations 
decrease the reliability of 
information. 

IV Analyse the most important 
criteria considered in the 
cognitive maps and 
compare these criteria 
with the criteria 
considered in the original 
ToM. 

Identify the similarities and 
differences of perceived 
important criteria and used 
criteria in the original ToM to 
describe the rationality of criteria. 

Impact on the decision frame 
by the definition of the 
boundaries of the scope.  

Impact on the required 
information by the definition 
of the criteria that are most 
relevant for the context. 

IVa Determine the average relative 
weight based on the relative 
weight given by each engineer 
in the cognitive maps. 

Identify the possible learning effect of the 
project. 

Overview of the important criteria 
required for the comparison with the 
criteria considered in the original 
ToM. 

V Analyse the scores given at 
T1 and T2 per criterion. 

 

Identify the differences and 
similarities of the scoring to 
describe the consistency in 
scoring. 

Impact on desired outcomes. 
An understanding of the 
potential outcomes of each 
alternative.  

Impact on required information. 

 

In order to assess the DQ elements “frame”, “information”, “desired outcomes” and 

“logic”, the consistency and rationality of the design criteria were analysed. The element 

“frame” was analysed by criteria consistency which comprises the extent to which the 

engineers had a shared understanding of the conceptual meaning of the criteria used at T1 

and T2. The data of the most mentioned criteria with the given interpretation were analysed 

to find different and similar interpretations between engineers. The element “desired 

outcome” was analysed by the scoring consistency; the difference between the original 

scores given at T1 with the scores given at T2. The element “logic” was analysed by the 

rationality of the decision making which covers the extent to which the decision process 

involved the use of the criteria being considered important in the cognitive maps and the 

reliance upon these criteria during the tender. The relative importance of each criterion at 

T2 was compared with the criteria considered in the original ToM at T1. This resulted in a 2  
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x 2 matrix in which the importance of the criteria based on the cognitive maps is set out 

against whether the criterion is considered in the ToM during the tender or not. The element 

“information” was analysed at T1 and T2 by comparing the available and required 

information for evaluating and deciding on the design options.  

 

3.5 Results 

The results that define the quality of the decisions for the traffic junction in the case study 

are presented in the order of the four generic steps of an MCDA. First, we briefly report on 

the identification of alternatives and the understanding of the problem (step 1). Thereafter, 

we report on the DQ element “frame” based on the results of criteria consistency and report 

on the DQ element “logic” based on the rationality of the used criteria (step 2). Then, we 

report on the DQ 2 1 element “desired outcome” based on the consistency in the scoring 

of the criteria (step 3). The decision made (step 4) is reported on last.  

 

Determine various alternatives (Step 1)  

A small team started with the creation of broad alternatives for the layout of the interchange 

to obtain a first impression of the problem. A creative session resulted in 25 alternatives. 

These were reduced to five alternatives, including the reference design of the client, by 

eliminating the alternatives that did not comply with the functional requirements in the 

contract: the required traffic speed, the minimum required connections and the traffic safety. 

This analysis was carried out by the design manager, traffic engineer, road engineer and 

architect. The remaining five alternatives formed the basis for the decision frame and 

roughly varied from one other by the type of intersection with the following four directions: 

turbine-stack hybrid, windmill interchange, two-level turbine, cloverstack interchange and a 

hybrid interchange. The management team together with the design managers created a so-

called “strategy to win” the tender after the five alternatives were chosen. This “strategy to 

win” was the result of translating the assessment criteria stated in the contract: (1) reduction 

of nuisance during construction, (2) process approach, (3) sustainability, (4) CO -ambition, 

(5), number of included wishes and (6) price. 

 

Determine the criteria (Step 2)  

At the start of the tender, the team decided on the criteria that should be included in the 

ToM. The “strategy to win” together with the contract requirements shaped the main criteria 

used in the MCDA. These criteria were translated into the sub-criteria listed in the ToM by 

each responsible discipline itself (see Table 3.3).  

 

Criteria consistency  

The most mentioned criteria in the cognitive maps are summarised (from most to least 

mentioned) in Table 3.5. For each criterion, the given interpretations of the engineers are 

included in italics phrases. The interpretation of differences and commonalities are 
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described in the analysis column of Table 3.5. Consistent interpretation between the 

engineers exists for the criteria “schedule”, “integrated team” and “phasing” whereas the 

interpretations for the criteria “risk”, “requirements”, “cost”, “strategy to win” and 

“support” show inconsistencies. In other words, these criteria were differently framed by 

the team members. The observation revealed that design discussions during the tender were 

focussed on the technical effects of the design without developing a common under- 

standing of the predetermined criteria in the ToM. For example, the contract required a 

design speed of 100 km/h while during a meeting with the client a possible design speed of 

80 km/h was discussed. This new customer need flowed into the discussion of the technical 

design effects (e.g. smaller curve radius) but without being explicitly incorporated in the 

framing of the decision criterion “requirements”. As a result, some engineers interpreted the 

criterion “requirements” solely based on the scope of the contract while others also included 

the new customer need in their interpretation of the criterion “requirements”. The use of 

the ToM tool supported the team in structuring the criteria but did not result in a shared 

framing of the problem. 

 

Rationality of criteria 

Table 3.6 represents the rationality in using the criteria which resulted from a comparison 

between the criteria used in the tender with the important criteria mentioned in the cognitive 

maps (Table 3.5). The criteria “schedule”, “costs”, “risks”, “phasing” and “requirements” 

were considered important criteria during the tender and are mentioned as important criteria 

in the cognitive maps.  

 

The criteria “traffic flow”, “traffic safety”, “amount of engineering objects”, “architectural 

design”, “impact studies”, “Economically Most Viable Bid (EMVB)” and “sustainability” 

were considered relevant during the tender but were identified as less important criteria in 

the cognitive maps at T2. Although being relevant, the criteria “impact studies”, “EMVB” 

and “sustainability” were not scored in the tender. The available detail in the design made it 

impossible to differentiate between alternatives on these criteria for which the geographical 

location of the current junction was required. The other criteria (traffic flow, traffic safety, 

amount of engineering objects and architectural design) could be scored because the 

functionality of the alternatives could be compared at a functional level of the design, for 

example, by simply counting the number of engineering objects.  

 

The criteria “strategy to win”, “integrated team”, “support”, “creativity”, and 

“collaboration” were seen as important in the cognitive maps at T2 but were not explicitly 

mentioned in the MCDA during the tender. However, the interviews revealed that these 

criteria were implicitly considered as preconditions required for performing an MCDA. The 

various cognitive maps showed that, for example, the “strategy to win” was required as input 

for defining the criteria. The criteria “integrated team”, “support”, “creativity” and 

“collaboration” were preconditions to ensure that people interact and work together. 
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All criteria used in the tender were also mentioned in the cognitive maps. However, the 

criteria in the cognitive maps considered less important were project-specific criteria which 

were determined based on the required functionalities. Criteria mentioned to be important 

included those criteria that are crucial for any construction tender, such as “schedule”, 

“cost”, “risk”, and “requirements”.  

 

 

 

 

 

 

Table 3.5 Most frequently mentioned and most important criteria with interpretations 

Criteria with interpretations of 

interviewees 

 [1 = most frequent mentioned; 10 = least 

frequent mentioned] 

Analysis of interpretations # of 

interpretations 

1. Risks Risks are interpreted as potential showstoppers 

(a), which tell us that only the most important 

risks for a solution are considered. This is a 

different interpretation than the overall risk 

profile (b, d, f), which covers all risks belonging 

to an alternative. Yet, other interpretations (c, e) 

are the cost-consequences or the schedule-

consequences.  

The scope of the criterion risks is not consistent 

between the interviewees. 

 

3 

a. Risks that are defined as potential showstoppers. - 

b. Risks for each alternative, just like the 

requirements and interface of each alternative. 

- 

c. Risks for each alternative, including the 

quantitation on time and costs. 

- 

d. The overall risk profile of the alternative. - 

e. Risks analysis and the cost consequences. - 

f. Risks that are the consequences of the choices 

made.  

 

- 

2. Strategy to win* Strategy to win has interpretations varying from 

the how-to-win-strategy (a, c, e) to the 

determination of which parameters are required 

to win (b, d). All interpretations have in 

common that the strategy should be determined 

beforehand.  

The scope of the criterion strategy to win is not 

consistent between the interviewees. 

 

2 

a. To determine beforehand how to win the project. - 

b. To determine which parameters, you use to come 

up with solutions. What makes that we will win? 

- 

c. The strategy that is determined beforehand with 

which we will win the tender. 

- 

d. The translation of the customers’ needs. - 

e. The mission that people must follow. 

9.  

- 

3. Requirements Requirements have a rather narrow interpretation 

as only the contractual requirements (a, c), a 

broader interpretation as all the requirements 

including requirements stated in standards (d), 

or even based on the customer’s needs (b).  

The scope of the criterion requirements is not 

consistent between the interviewees.  

 

3 

a. Requirements based on the customer needs. - 

b. Contract requirements, these do not equal the 

customer needs. 

- 

c. Fulfilling the contract requirements. (2x) - 

d. Not only the contract requirement, but also the 

requirement in standards. 

- 

4. Schedule* Schedule is interpreted as the project schedule that 

represents the activities needed to build the 

project (a, b, c).  

1 

a. Schedule as outcome of the choices made. - 

b. Project schedule. (2x) - 

c. Schedule in the sense of how to build the project.  

 

- 
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Criteria with interpretations of 

interviewees 

 [1 = most frequent mentioned; 10 = least 

frequent mentioned] 

Analysis of interpretations # of 

interpretations 

5. Costs* Costs have a narrow interpretation as being only 

the costs required to design and build the 

project (a, d), but also a broader interpretation 

as the cost including the EMVI costs or 

everything that can be quantified to costs (b, c).  

The scope of the criterion scope is not consistent 

between the interviewees. 

 

2 

a. These are the integrated costs (design, study and 

realization costs). 

- 

b. Cost, including the EMVI (Economically Most 

Viable Bid). 

- 

c. Money, everything that should be quantified to 

cost. 

- 

d. Cost, in the sense of money. 

 

- 

6. Phasing* Phasing is interpreted as the different construction 

methods required to build the project and the 

alignment of these steps (a, b, c). 

1 

a. Phasing is the construction method, but also the 

assumptions. 

- 

b. Phasing in the sense of how can build the project, 

which steps do we have to take. 

- 

c. Construction method and phasing. 

 

- 

7. Integrated team Integrated team is interpreted as a solution that is 

being considered by more than one discipline or 

criterion. This means that a team should consist 

of more than one discipline (a, b, c, d). 

1 

a. Solutions are considered by more than one 

discipline to find optimal solutions. 

- 

b. Solutions are considered by more than one aspect. 

For example, costs for a site office are not only 

optimized, but also the occupation-time is 

optimized.  

- 

c. Integrated, especially seen from the different 

disciplines. 

- 

d. An integrated team makes sure that all criteria 

are considered by weighting all criteria. 

 

- 

8. Support Support has interpretations that vary between only 

internal (within the tender-team) (a) to support 

outside the organization (b, c).  

The scope of the criterion support is therefore not 

consistent between the interviewees. 

2 

a. Support for the chosen solution within the team 

(disciplines). 

- 

b. Support within and outside the organization. - 

c. Support of the stakeholders and the client is 

subjective. Chance of succeeding with stakeholders. 

 

- 

9. Creativity Creativity is interpreted as people being creative to 

an unique or innovative solution. Both the 

means (people) (c) and the result (solution) (a, 

b) can be meant.  

This means that the criterion creativity is not 

consistent between the interviewees. 

2 

a. To invent something that is handy. Close relation 

with innovation. 

- 

b. In sense of being unique, distinctive features. Not 

afraid to leave the beaten path. 

- 

c. You need creative people. 

 

- 

10. Collaboration Collaboration is interpreted as working together in 

a group (a, b, c). 

1 

a. Create support in the sense of working together 

and effectiveness. 

- 

b. Working together with respect and be dependent on 

each other. 

- 

c. The group process - 

* Criteria which are related to the role of the interviewee. E.g. the cost-calculator considers cost important 
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Table 3.6 Overview of the rationality of criteria 

 Considered in original ToM Not considered in original ToM 

Considered important • Schedule* 

• Costs* 

• Risks* 

• Requirements 

• Phasing* 

• Strategy to win 

• Integrated team 

• Support 

• Creativity 

• Collaboration 

Considered less important • Traffic flow  

• Traffic safety 

• Amount of engineering objects 

• Architectural design 

• Impact studies* 

• EMVB* 

• Sustainability* 

Not relevant 

* Criteria considered in the trade-off, but which were not explicitly scored 

 

Determine the scoring (Step 3)  

The scoring range of -1, 0, 1 was determined by the process manager at the start of the 

tender and formalized by the management team before the template of the ToM was used 

in the tender.  

 

Consistency in scoring criteria 

The results in Table 3.3 show that three criteria (critical requirements, functional traffic 

design and constructions) have equal scores at both T1 and T2, two criteria (road design and 

architectural design) have different scores, while all remaining criteria (impact studies, 

schedule, procedures and support, risks, fictive disturbance hours, cost and EMVB) were 

not scored at all.  

 

The criteria that received similar scores at both moments were based on unchanged and 

available information during the tender. For example, the criteria “functional traffic design” 

and “critical requirements” were scored based on information regarding the functionality 

(traffic flow) in the design that did not change. The number of engineering objects could be 

easily counted and did not change during the tender.  

 

The scoring of the criteria “road design” and “architectural design” were not consistent 

between T1 and T2. This inconsistency is caused by a difference in the amount of available 

information between both moments. At T1, the design manager scored the criterion “road 

design” based on his experience. At T2 the score was based on the available information 

regarding the required traffic speed, curve radius and the project contour boundaries. The 

inconsistency in the scoring of the criterion “architectural design” stemmed from additional 

information on customer needs that was received half-way through the tender as explained 

by the architect and road design manager. This information changed the way in which the 

architectural design would be assessed by the client.  
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A striking result for the criteria that were not scored at both moments is that four of these 

criteria (schedule, costs, risk and phasing) were considered important criteria (Table 3.5). 

Engineers were not able to score these criteria because the level of design detail in the tender 

was insufficient to assess and compare alternatives on the criteria. For example, details about 

the exact geographical location of the current junction were required to score the criteria 

“phasing” and “costs” because this information determined the required space and the 

location of existing constructions. However, this detailed level of design and thus more 

detailed information were unavailable during the tender (see Table 3.3). Limited time and 

resources prevented the identification of other possible competitive solutions and the 

iteration between various (more detailed) alternatives. The interviewees and the 

observations during the weekly meetings indicated that engineers struggled with the limited 

available time. They requested more technical information about alternatives and were 

hesitant to make decisions. Additional client wishes to be incorporated in the design 

aggravated the time pressure. Eventually, there was no time left to find more detailed 

information and the engineers were forced by the management team to make choices and 

use the remaining time to finalize the bid.  

 

Determine the solution (Step 4)  

To choose the economically most feasible solution (step 4), the team members discussed 

the results of the ToM at T1 and used the conclusion of this discussion for their decision. 

The observation revealed that this logic was based on the engineers’ preferences and 

experiences, given the available drawings of the alternatives. The ToM was only used to 

summarise and log the outcome of the decision after the decision was made. In addition, 

the ToM was not able to make the decision makers aware of the involved uncertainty in 

their decision. The scoring did not account for variations in criteria outcomes and the criteria 

“risk” was not scored at all. The ToM suggested a decision that would be based on a well-

underpinned comparison of alternatives scored on different criteria while the actual decision 

was experience-driven and afflicted with risk.   

 

3.6 Discussion 

A decision process based on MCDA is expected to result in consistent and rational decisions 

and MCDA tools and methods should support the decision maker in structuring a complex 

decision-making problem by organizing and synthesizing the available information, 

identifying the criteria for selecting a solution, comparing design solutions and choosing a 

solution (Kabir et al., 2014). There is mutual consent among scholars that depending on the 

decision situation and the decision maker different MCDA tools and methods can lead to 

different decision outcomes and therefore, in order to be supportive, should fit the decision 

context (Parkan and Wu, 2000, Mela et al., 2012). The presented case study adds to this 

research line on the usability and appropriateness of MCDA tools and methods by 

addressing their capability of ensuring decision quality. Instead of comparing MCDA tools 
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and methods for a particular decision problem, it reveals the extent to which quality aspects 

of a decision can be at stake in a contextual setting of time pressure and limited information, 

despite the usage of an MCDA. Design decisions in tenders for integrated infrastructure 

projects have to be made in such a context. While in a traditional design process, more 

detailed design information is produced through iterative loops of designing, testing and 

evaluating, the number of iterations in the design process for an infrastructure tender are 

restricted by the tender duration. This leads to increased design uncertainty because detailed 

design information for finding an economically feasible solution is unavailable. Decision 

makers have to judge criteria based on a limited amount of information in a period of just a 

few months. The results of the case study suggest that in the tender context an MCDA does 

not necessarily support decision makers in making criteria judgements to allow for 

consistent and rational decisions and ensure qualitative decisions. It can even create the 

illusion of a rational decision-making process while the decision quality is characterized by 

several shortcomings as discussed below.  

 

Variations in problem framing  

The variations in the interpretation of the identified criteria indicate that the DQ elements 

“frame” and “information” were not agreed upon. The engineers’ interpretation of the 

criteria defines the boundaries of the decision frame and consequently the information 

required for this decision frame. For example, different information is required if the 

criterion “risk” is interpreted as a “potential showstopper” compared to a “cost-related risk” 

interpretation. A “potential showstopper” requires information at a functional level of a 

solution while the “cost-related risk” requires more detailed information about the possible 

consequences in terms of, for example, costs. The boundaries of the “frame” determine the 

required level of information which results in different levels of uncertainty if information 

is not available. Without knowing and addressing this involved uncertainty, it is impossible 

to foresee whether one alternative is better than another alternative and thus to make 

rational decisions. The MCDA was not able to prevent these variations in problem framing 

and could not create awareness for the uncertainties emanating from them.  

 

Differences in the logic of using and relying on criteria  

The differences in the rationality of using criteria suggest that the “logic” of the decision 

making is not aligned with the appropriate level of design complexity. The criteria 

considered important (risk, costs, schedule) during and after the tender were not scored 

because of the shortage of design details. Besides the fact that these criteria were considered 

important by the interviewees, these criteria are also often classified as criteria that are 

important for any tender. However, without aligning these criteria with the scope of the 

tender it is not possible to score these criteria using considerations of risk and uncertainty, 

instead, the criteria were discussed within the tender team trying to understand the 

consequences of each alternative. The final decision was based on the partially filled ToM 

together with the results of the discussion, but without explicitly involving the related 
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uncertainties in the ToM. The ToM supported the decision-making process by structuring 

the criteria and scoring the criteria if possible, but the ToM was not used for making the 

final decision based on the scoring results. The ToM was rather used to give the decision a 

rational character by structuring the decision at a level of detail that was not given while 

ignoring the incomplete and uncertain information underlying the decision.  

 

Inconsistencies in the desired outcomes  

The inconsistencies in the scoring of the alternatives before and after the tender indicate the 

influence of the available information on the DQ element “desired outcomes”. If the scores 

were given based on the experiences of engineers, then the results show that roughly the 

same scores were given during and after the tender. If the scores were given based on the 

availability of information, then the results show differences in the scoring during and after 

the tender. For example, more information regarding the “client wishes” and “curve radius” 

became available during the tender and led to different scores. These results about the re-

scoring of alternatives after submission of the tender point to the insufficient information 

available and time pressure faced during the tender and the reliance on experiences when 

making decisions (Klapproth, 2008). In combination with the unawareness of uncertainties 

in the design decision, this again shows the insufficiency of the MCDA to support design 

decisions in a tender context which may lead to the impression of soundly made decisions 

neglecting the uncertainties.  

 

Managerial implications  

Using MCDA tools and methods other than the ones in the case study will probably result 

in the same results because the decision process would still be based on the same amount 

of information using the same problem frame. Instead, the incorporation of DQ elements 

in the MCDA process by adding a few important steps can create the opportunity to better 

track the quality of the decision process. These steps should support a tender team in 

defining the scope of the criteria, in determining the uncertainty involved in the decision 

and should create situational awareness. The achieved decision quality for the traffic junction 

decision could, in this case, be improved by focusing on the DQ elements “frame” and 

“information”. The boundaries of each criterion in an MCDA could be set by simply 

discussing the definition of each criterion. Such a discussion creates awareness about which 

criteria to consider and a common understanding of the criteria. These definitions can then 

be used to identify the required information for evaluating the alternatives and associated 

information uncertainties. The DQ elements then indicate when more focus is required on 

specific elements to increase the probability of finding the best competitive solution and 

make quality decisions without knowing the outcome of a decision.  
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3.7 Limitations  

The limitation of the research design is that only the quality of the process could be 

indicated. Whether the most competitive solution was found could not be indicated. 

Furthermore, the research findings need to be interpreted closely within the specific context 

of the Dutch construction market and within the context of public tenders. The results are 

based on a single Dutch project which is considered a typical tender and therefore 

informative for other tenders. Nevertheless, further research should verify, test and compare 

our results from a broader perspective, for example in other similar tenders. The focus of 

this study was based on the interpretation and selection of criteria required for building a 

ToM. The way a ToM is scored was only briefly researched. We encourage further research 

into the scoring method itself and into the possibility of influencing the engineer in his 

perception of the problem. Each engineer has his/her own specific preferences or risk 

perceptions of the alternatives, which he/she uses to score the alternatives. The influence 

of both individual and team preferences and perceptions on the outcome of using a ToM is 

unknown. Therefore, not only is further research required to explore the link between 

decision analysis and decision quality, but further research is also required to explore the 

impact of preferences and perceptions of engineers on the scoring of alternatives.   

 

3.8 Conclusions  

By following an exploratory, longitudinal case study approach a tender for an integrated 

infrastructure project in the Netherlands was analysed to capture the capability of MCDA 

to ensure the quality of design decisions made by engineers in the tender phase. 

Contributions are made to our understanding of MCDA in the context of the construction 

sector by taking a contractor’s perspective on design decisions in public tenders, which is 

currently missing in the literature. It shows that in the tender context the decision making 

very much relies on the experience and knowledge of the engineers and that an 

inappropriately used MCDA can create impressions of soundly underpinned evaluations of 

design options while neglecting uncertainties and leading to low-quality decisions. Based on 

the insights of how a ToM as MCDA tool is used in the design practice of a tender it can 

be concluded that an MCDA defines the “what” is required in terms of structuring the 

decision problem, but it does not define the “how” to do it. The explicit consideration of 

DQ elements in MCDA can support the “how” by defining the decision frame for each 

criterion and supporting the evaluation of whether the quality of the used information is in 

line with the defined problem frame. Incorporating DQ elements in MCDA can create 

awareness for decision makers concerning importance, scope and uncertainty of criteria to 

consider in their search for a competitive solution without knowing the outcome of the 

decision. 
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Chapter 4  

4Increasing risk perception in construction tenders: Does 

risk representation matter? 

 

Purpose – During the tendering phase of construction projects decision-makers have to explore and decide on 

various alternatives that require early understanding of the impact of their decisions on later project stages 

including the involved uncertainty. The objective of this research is to study the effect of risk representation in 

a multi-criteria decision analysis (MCDA) on the risk perception and decision-making of engineers while 

controlling for the decision maker’s risk propensity and previous experience with risky decisions.  

Design/methodology/approach – A mixed-method research design is adopted. It combines an experimental 

setting with qualitative interviews. The experimental setting represents a real tender in which 160 employees 

of a large construction firms received different visualizations of risk in a trade-off matrix and had to decide 

on two design alternatives. The interviews were used to better understand the employees’ rationales underlying 

their choices.  

Findings – Data analysis shows that the effect of risk representation on risk perception and decision-making 

is limited and that experience and knowledge remain a dominant basis for decision-making behaviour. These 

findings contradict with other studies using simple experimental manipulations in controlled laboratory 

settings instead of a more practice-oriented setting of the decision context.  

Research limitations/implications – Understanding the decision-making behaviour in practice is useful to 

explore the human bias in reasoning about risks when decisions are made in construction projects. The 

research is limited to design decisions in early phases of construction tenders. 

Originality/Value – The research studies behavioural decision-making when performing an MCDA in 

construction tenders in practice and challenges the reproducibility of experimental results in real life settings. 

 

 

 

 

 

 

 

Keywords Risk perception, Problem framing, Tendering, Decision-making 
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4.1 Introduction 

Engineers working at contracting firms that are bidding for integrated infrastructural 

projects must make design decisions in multi-disciplinary teams. They have to explore 

various design alternatives that require an early understanding of the risks these alternatives 

can have on later project phases. Risk is an inherent characteristic of decisions in projects 

and defined as the extent to which there is uncertainty about whether potentially significant 

and/or disappointing outcomes of decisions will be realized (Sitkin and Pablo, 1992). Since 

there can be numerous risks related to the internal and external project environment, multi-

criteria decision analysis (MCDA) tools and methods have been proposed to support 

decision-making by assessing the uncertainties involved in decision alternatives (Jato-Espino 

et al., 2014). The promise of these tools and methods to support the decision-making by 

introducing transparency, analytic rigor, auditability and conflict resolution (Kabir et al., 

2014) has raised the popularity of applying them in the construction industry (Jato-Espino 

et al., 2014, Kabir et al., 2014, Bueno et al., 2015, Tscheikner-Gratl et al., 2017). However, a 

prerequisite for the assessment of risks is that decision-makers are aware of the risks and 

perceive a decision situation as risky. In the tender context characterized by limited 

availability of information on design alternatives and limited time to process the available 

information, engineers are often unaware of the uncertainties involved in early design 

decisions while these decisions can have dramatic consequences on later project phases 

including delays and cost overruns ((Morris et al., 2011). They typically rely on their 

experience and intuition for decisions based on insufficient information and without 

knowing the emergent behaviour of the solution (Laryea, 2013, Van Der Meer et al., 2015).  

Research on decision-making in construction has neglected this context embeddedness of 

design decisions and its consequences for the decision-making behaviour and rather focused 

on technical details of MCDA methods and tools. This is surprising, since previous research 

has shown that, on the one hand, risks and risk management are seen as important 

determinants of project performance (Wiguna and Scott, 2006, Carvalho and Rabechini 

Junior, 2014) and that, on the other hand, the decision-making behaviour under risk depends 

on the decision situation and the decision maker including time (Benhabib et al., 2010), 

processing capacity (Weber and Johnson, 2009) and risk attitude (Han et al., 2005, 

Kahneman, 2011). Thus, the aim of this research is to investigate the effect of an MCDA 

for uncertain design decisions on the decision-making behaviour of engineers. More 

specifically, the effect of risk representation in a MCDA on the risk perception and decision-

making of engineers is studied while controlling for the decision maker’s risk propensity and 

previous experience with risky decisions. Risk perception is defined as an individual’s 

assessment of how risky a situation is (Sitkin and Weingart, 1995, Williams and Noyes, 2007). 

Risk propensity is defined as an individual’s current tendency to take or avoid risks. Risk 

propensity is considered a personal trait that can only change over time and is therefore an 

emergent property of the decision maker (Sitkin and Pablo, 1992). The research builds on 

the insight from behavioural science that the representation of decision alternatives or the 

choice architecture (Thaler et al., 2012) can impact decisions made. It altered the visualization 
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of risk in a trade-off matrix (ToM) to assess if this change influences the risk perception of 

engineers making preliminary design decisions in a tender. Compared to similar studies on 

risk and decision-making using experimental settings in controlled environments and fictive 

and simplified choice alternatives, this research is conducted in the context of an actual 

tender using real design alternatives. By adopting a mixed-method approach combining an 

experiment with in-depth interviews it is not only possible to test the relationship between 

risk representation, risk perception and decision-making but also to better understand the 

test results. In the following behavioural economics as theoretical foundation of the research 

is laid down on the basis of which research model and hypotheses are developed. Then, the 

mixed-method research design is outlined and the tender context in which the study is 

conducted is introduced. This is followed by the findings that surprisingly do not correspond 

with previous studies. The discussion then evolves around the effectiveness of choice 

architecture and the reproducibility of experimental studies in real life settings. 

 

4.2 Behavioural economics  

The research field of economics explains and predicts decisions based on measurable 

outcomes such as financial terms or, so called, utilities. An classical assumption is that 

humans make rational choices in their search to either maximize profits or minimize losses 

(Brown and Solomon, 1987). In several circumstances this rational decision model violates 

the basic principles of the theory of economics such as sunk cost effect (Arkes and Blumer, 

1985), certainty effect (Tversky and Kahneman, 1989, Weber and Chapman, 2005, Halevy, 

2008) and loss aversion (Ariely et al., 2005, Liberman et al., 2005, McGraw et al., 2010). 

Behavioural economics represents a research field with a focus on psychological phenomena 

in decision-making to understand among others how people deal with risk when making 

decisions. 

 

Within behavioural research, cognitive theories employ information processing models to 

explain how individuals organize information in order to make a decision (Cronbach, 1960). 

Individuals give meaning to information and their ability to make decisions is subsequently 

a function of both the capacity of the individual and the choices faced (Awasthi and Pratt, 

1990). Prospect theory is one of those cognitive theories and posits that outcomes are 

evaluated in terms of gains and losses. More specifically, if outcomes have a positive framing 

condition than decision-makers are more likely risk averse while if outcomes have a negative 

framing condition than decision-makers are more likely risk-seeking (Tversky and 

Kahneman, 1981). Many studies tested the framing of risky choice using a basic form of 

manipulation which consists of a hypothetical decision scenario with two choice options. 

One is a riskless or sure option and the other is a two-outcome all-or-none risky option in 

which the probabilities are specified numerically (Levin et al., 1998). In their study Levin et 

al. (1998) summarized the results of previous studies on risky choice framing. They conclude 

that choice can only provide an indirect measure of the effect of frame on information 

processing because choice relies on several processes including option evaluation and option 



Chapter 4 | 

70 

comparison. Adding risk makes it more difficult to extract what influence the frame, as 

opposed to the risk, is having on information processing. It is therefore important to 

recognize that framing provides a context that has both cognitive and motivational 

consequences in that it can determine what is encoded as positive and what is encoded as 

negative. Empirical research also demonstrates that decisions are affected by how outcomes 

are framed in the presentation of information to the decision maker (Kahneman and 

Tversky, 1979, Tversky and Kahneman, 1981, Fagley and Miller, 1987, Miller and Fagley, 

1991, Tversky and Kahneman, 1992). However, there are also other studies contradicting 

the results predicted by prospect theory (Osborn and Jackson, 1988, Thaler and Johnson, 

1990). Sitkin and Pablo (1992) proposed a model that reconciles these contradictory results 

by placing risk propensity and risk perception in a more central role than was previously 

recognized. Sitkin and Weingart (1995) provided initial tests for the model of Sitkin and 

Pablo (1992) in which risk propensity and risk perception mediate the effect of framing on 

the decision-making behaviour. Problem framing refers to whether the situation was 

presented to the decision maker as an opportunity or a threat (Sitkin and Weingart, 1995). 

The results of Sitkin and Weingart (1995) show that actions that are taken under conditions 

of higher perceived situational risk would also be perceived to have a lower expected value. 

Further, Pablo (1997) demonstrated that risk propensity influences decision behaviour by 

moderating the perceived characteristics of a situation. These studies highlight the 

importance of how problem framing and risk perception influence the decision-making 

process. 

 

Decision-makers assume that they are adequately informed based on the available 

information and their past experiences when making decisions using MCDA as the aim of 

MCDA is to structure and guide the decision-making process to support rational, well-

informed and committed decision. However, the consequences or expected outcomes of 

the decisions made in civil engineering are typically uncertain (Zimmerman, 2001). Decision 

makers often take shortcuts during their decision-making process and may solely rely on 

their recent experiences rather than on a complete analysis of options to justify a decision 

(Nikou and Klotz, 2014). This creates a problem when previous experiences are not 

compatible with the current decision situation as in case of increased tender complexity. 

Using their past experiences, engineers will have different perceptions of the involved risks 

which will lead to different expected values of alternatives when performing an MCDA. To 

make decision makers more aware of their cognitive biases that lead to non-rational 

decisions choice architecture can be effective. Choice architecture suggest that intentional 

consideration of how choices are presented can influence the outcome of decisions (Thaler 

and Sunstein, 2008) because what is decided often depends on how the situation is presented 

(Thaler et al., 2012). Examples of choice architecture are varying the presentation order of 

alternatives, the use of default options, altering the order of attributes or framing attributes 

as positive or negative (Johnson et al., 2012). It is therefore not possible to present a choice 

in a ‘neutral way’ based on the many effective alterations of choice architecture (Johnson et 



| Chapter 4 

71 

al., 2012). The results of Sitkin and Weingart (1995) showed that decisions that are taken 

under conditions of higher perceived situational risk would also be perceived to have a lower 

expected value. This implies that a different visualization of risks emphasizing the possible 

opportunities or threats of alternatives in the presentation of a choice could influence the 

risk perception of decision-makers. We thus hypothesize:  

 

H1. The way risk is represented for a multi-criteria decision problem influences the perception of that risk.  

 

It seems reasonable to posit that higher levels of risk perception would be negatively related 

to making risky decisions since people tend to associate risk with negative outcomes. Riskier 

decisions are defined as the extent to which expected outcomes are more uncertain, decision 

goals are more difficult to achieve or the potential outcome set includes some extreme 

consequences (Sitkin and Pablo, 1992). Therefore, we hypothesize: 

 

H2. The degree to which individuals make risky decisions is negatively associated with their level of 

perceived risk. 

 

The framing of risky choice is frequently studied (Kahneman and Tversky, 1979, Tversky 

and Kahneman, 1989, Sitkin and Pablo, 1992) and concludes that the influence of problem 

framing on risky decision-making is robust. This indicates a direct effect of risk 

representation on risky decision-making. Based on the logic discussed for hypotheses 1 and 

2, risk representation affects risky decision-making by influencing what is perceived. Thus, 

risk representation is not only posited to affect decision-making directly, but also posited to 

have an indirect effect of risky decision-making through its effect on risk perception. 

Building on the results of Sitkin and Weingart (1995), we further posit that: 

 

H3. The effect of risk representation on risky decision-making behaviour is mediated by risk perception.  

 

4.3 Research design 

For this research a mixed method research design was adopted that can be classified as an 

partially mixed sequential dominant status design (Leech and Onwuegbuzie, 2009). The 

design combined a dominant quantitative technique with a qualitative technique by 

conducting an experiment followed by interviews. Experiments are commonly used 

methods in behavioural research (Sitkin and Weingart, 1995, Keil et al., 2000, Chen et al., 

2015). The goal of the experiment in this study was to test the formulated hypotheses on 

the influence of risk representation on the decision-making behaviour of engineers. The 

experimental setting was a real tender problem in which the participants fictively participated 

in a tender-team (See appendix A). The tender problem was chosen as it presents a complex 

and risky decision situation (Flyvbjerg, 2006). The tender consisted of building a new viaduct 

over both a highway and railway next to an existing viaduct. The new construction must be 

built before the existing construction can be demolished to ascertain an open connection at 
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all times. The interviews, the qualitative technique, were conducted after the experiment to 

better understand the motivations behind the decisions of participants.  

 

Experiment 

Design of the Trade-off Matrix (ToM) 

The ToM format used in this experiment originated from the format used within the 

researched construction company to make sure that participants were familiar with the ToM. 

The format consists of a table in which criteria were presented in rows and various 

alternatives in columns. The scoring was based on a five-point scale for each criterion and 

is added up to find the final score. The presented criteria and information were based on an 

actual tender. The main selection criteria in the ToM were: ‘general assumptions’, ‘critical 

requirements’, ‘rating of qualitative effects’, ‘risks’, and ‘costs’. Each main criterion consisted 

of several sub criteria which were scored (based on the 5-point scale) and provided with 

background information about the criterion. Apart from this background information the 

participant received a short description of the tender itself which was presented in a hand-

out at the start of the experiment. The difference of the two alternatives presented in the 

ToM was the involved risk. The first alternative was the alternative with a lower risk profile, 

lower costs but a lower score on quality, while the second alternative contained more risk, 

higher costs but a higher score on quality (Table 4.1). The three criteria ‘general 

assumptions’, ‘critical requirements’, and ‘rating of qualitative effects’ are subsumed under 

the term quality (Table 4.1). This way both alternatives were equally favourable because the 

lower costs of alternative A is balanced by the lower score on quality of this alternative and 

vice versa for alternative B.  

 

Table 4.1 Differences between alternatives 

 Alternative A ‘certain option’  Alternative B ‘uncertain option’ 

Risk-profile Lower profile  Higher profile 

Quality Lower score  Higher score 

Costs Lower price  Higher price 

 

Choice architecture modification 

The alteration in the visualization of risk to overcome the cognitive bias of uncertainty 

(Heath and Tversky, 1991) follows on an example of choice architecting to modify 

uncertainty by van Buiten et al. (2016). In the baseline version, no modifications were made 

to the ToM (see Appendix B). Risk was scored as a separate criterion as all other criteria 

using a five-point scale. In the experimental version the same five-point scale was used, 

however, this time risk was incorporated in the other criteria by using a bandwidth indicated 

the uncertainty in the scoring (see Appendix C). This bandwidth resulted from translating 

the impact of the identified risks on the various criteria in the ToM. This translation of risk 

to specific criteria was validated with three specialist that were involved in the actual tender 

but did not participate in the experiment. These specialists validated whether the translation 

of the risks into the bandwidth score resulted in an equal risk profile for the nudge condition 
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compared to the baseline condition. This was important because the alternatives in both 

conditions had to be equally attractive to minimalize the possible impact of a different risk-

profile on the decision. 

 

Experimental procedure 

In this experiment, employees of a large Dutch construction firm (N=161) were invited to 

choose between the two alternatives. About half of the participants (Nb=82) received the 

baseline version of the ToM. The remaining part of the participants (Nn=78) received the 

experimental version of the ToM. Each group was randomly selected. The participants were 

not involved in the specific tender (Table 4.2). The experiment was scheduled during 

department-meetings of nine different departments within the construction firm. The nine 

departments were categorized by their role in projects including design, project management 

or process management. The participants were not allowed to consult each other and were 

asked to answer the questions as if they would respond in an actual tender. They were told 

that there are no good or wrong answers, and that they participated voluntarily. The 

participants were unaware of the experimental goal and were told that their participation 

was anonymous. After the participants decided between the two alternatives, they were 

asked to fill out a separate questionnaire that was distributed after the decision was made 

(See Appendix A). The experiment took about 30 to 45 minutes to complete, however, exact 

timing was not recorded. Many of the participants work together with participants of other 

departments which increases the chance that they would share the results of the experiment. 

Therefore, the results were discussed in meetings that were scheduled after all experiments 

were conducted. 

 

 

Table 4.2 Characteristics of participants 

 Baseline Group  Experimental Group  Total 

 N Mean Std. 

deviation 

 N Mean Std. 

deviation 

 N Mean Std. 

deviation 

Age [year] 82 40.67 10.43  78 40.79 11.45  160 40.73 10.90 

Experience [year] 82 13.11 9.49  78 13.08 10.82  160 13.09 10.13 

Gender 

- Male 

- Female 

82 

72 

10 

- 

- 

- 

- 

- 

- 

 79 

72 

7 

- 

- 

- 

- 

- 

- 

 161 

144 

17 

- 

- 

- 

- 

- 

- 

Department 

- Design 

- Project 
management 

- Process 
management 

82 

21 

18 

43 

- 

- 

- 

- 

- 

- 

- 

- 

 79 

14 

20 

45 

- 

- 

- 

- 

- 

- 

- 

- 

 161 

35 

38 

88 

- 

- 

- 

- 

- 

- 

- 

- 
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Data collection 

The collected data consisted of the chosen alternatives and questionnaire answers. First, the 

participants had to decide between alternative A or alternative B. Second, the participants 

had to fill out a questionnaire. Both groups, the baseline and experimental group, were asked 

about risk perception, risk propensity, and outcome history. The preference for the chosen 

alternative was measured on a 11-point scale comparing the two alternatives relative to each 

other (100 % preference for alternative A=1 compared to 0% preference for alternative 

B=1 and 0% preference for alternative A=11 compared to 100% preference for alternative 

B=11). The measurement of risk perception followed Sitkin and Weingart (1995) and used 

four items. The first three items were responses on a 6-point scale to the question: “How 

did you experience your choice?” ((1) chance=1 to 6=risk; (2) 1=loss to 6=gain; (3) 

1=negative to 6=positive). The fourth item was a response to the question: “What is the 

probability that you made the right choice” (1=very likely, 6=very unlikely). The 

measurement of risk propensity was the results of five choice dilemmas in which the subject 

had to choose between a risk-taking alternative and a risk-avoiding alternative (risk taking=0, 

risk avoiding=1). The responses were summed to a total score resulting in a five-point scale 

beginning at a score of 1 (risk propensity: 1=risk taking, 6=risk avoiding). In line with Sitkin 

and Weingart (1995) outcome history was measured by three items on a 6-point scale as a 

response to one question: How do you characterize you experience with previous projects? 

((1) negative=1 to positive=6; (2) risks always occurred=1 to risks never occurred=6; (3) 

risks always let to problems=1 to risks never let to problems=6). All factors had an 

Cronbach’s α between 0.60 and 0.70 which is a relatively low reliability but in case of 

phycological tests is a α below 0.70 possible (Kline, 2000) (Table 4.3). For risk perception only 

the first question is used because this enlarges the value of Cronbach’s α.  

 

Data analysis 

The first step of the analysis consisted of checking randomness of both groups. For this 

analysis it is assumed that the average age and experience of participants are equal for both 

groups (Table 4.2). Besides age and experience, risk propensity and outcome history are 

used to analyse the randomization of both populations because these are personal traits of 

the participants. An independent t test was used to identify whether the modification in risk 

representation resulted in a different risk perception between both groups using a 95% 

confidence level (hypothesis 1). A correlation analysis was used to determine the effect of 

risk perception on the chosen alternative (using preference of alternative) (hypothesis 2). 

Thereafter, a chi-square test was used for the difference between the chosen alternative of 

both groups. An independent t test was used to identify whether the difference in most chosen 

alternative between both groups met the confidence level of 95%. In order to test whether 

the relation between risk representation and decision making is mediated by risk perception 

(hypotheses 3), the PROCESS-tool in SPSS of A.F. Hayes (2017) was used (Figure 4.1 

Mediation model of risk perception).  
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Figure 4.1 Mediation model of risk perception 

 

The estimation of the mediation effect follows the two equations:  

𝑀 = 𝑖1 + 𝑎𝑋 + 𝑒𝑀        (1) 

𝑌 = 𝑖2 + 𝑐′𝑋 + 𝑏𝑀 + 𝑒𝑌       (2) 

 

where i1 and i2 are regression intercepts, eM and eY are errors in the estimation of respectively 

M and Y, and a, b, and c’ are the regression coefficients. Finally, an independent t test was 

used to identify differences (95% confidence interval) within both groups on the decision-

making behaviour using the independent variables risk perception, risk propensity and outcome 

history.   

 

Semi-structured interviews 

The semi-structured interviews were scheduled after the results of the experiment were 

analysed to be able to explain the results. Four randomly selected design managers were 

interviewed. They were not involved in the experiment or tender itself to prevent multiple 

treatment interference. The interviews included conducting the experiment with the 

interviewee. This made the interviewees familiar with the decision problem which was 

necessary to be able to elaborate on how they made their decision. The post-decision 

questionnaire of the experiment was used to guide the questions about why and how they 

made their decision (see Appendix A). For each questionnaire question the interviewees 

were asked to elaborate on their motives. E.g. what they perceived as the main differences 

between the alternatives, what information they used to make their decision, what 

considerations they made, how they perceived the risks between the alternatives and why.  

The interviews lasted about 1.5 hour, were recorded and transcribed. The interview results 

were analysed by extracting the arguments underlying the decisions of the interviewees.  

 

4.4 Findings 

Randomness of population 

The participants in both groups show no significant differences for outcome history and 

risk propensity (Table 4.3). The outcome history of the participants in the baseline group 

(MB=3.41, SEB=1.09) is not significant different from the experimental group (MN=3.54, 

SEN=1.28) as t(134) = 0.524, p>.05. The same situation is found for risk propensity in the 
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experimental group (MN=3.42, SEN=1.12) and the baseline group (MB=3.32, SEB=1.14) at 

t(154) = -.532, p>.05.  

 

Table 4.3 Comparison of means between baseline (B) and experimental (E) group 

Variable Group N Mean Std. dev. α t df 

Preference of alternative B 79 5,41 1,951 
- 

1,359 

 

156 

 E 79 5,85 2,143 

Risk perception B 78 3,25 ,854 
,67 

,928 

 

155 

 E 79 3,13 ,783 

Risk propensity  B 78 3,32 1,137 
- 

-,532 

 

154 

 E 78 3,42 1,121 

Outcome history B 78 3,41 1,089 
.65 

-,645 

 

145 

 E 69 3,54 1,279 

 

 (H1) Influence of risk representation on risk perception 

Participants were expected to show higher risk perception in the experimental group than 

in the baseline group. The ToM in the experimental group highlighted the involved 

uncertainty in criteria and thus the situational risk. However, the results show contradictory 

results. Although both groups experienced, on average, the choice as risky (score > 3), the 

participants in the experimental group had a lower risk perception (Mn=3.13, SEn=0.78) than 

the participants in the baseline group (Mb=3.25, SEb=0.85). This difference is however not 

significant. The modification of risk representation has no significant effect on risk 

perception (t=0.93, p>.05). Hypothesis 1 is not supported. 

 

(H2) Influence of risk perception on decision-making behaviour 

Participants were expected to show higher levels of risk perception when choosing for 

alternative A (‘certainty’), whereas lower levels of risk perception were expected when 

choosing alternative B (‘risky’). This means that there would be a negative correlation 

between risk perception and decision-making behaviour. However, the results show that 

there is no significant correlation between risk perception and decision-making behaviour (r157 = -

0,034, p > 0.05). Hypothesis 2 is not supported. 

 

(H3) Influence of risk representation on decision-making behaviour 

Although the previous results show no significant difference in risk perception of the 

participants between both conditions (H1), there still is the possibility that risk perception 

influences the decision-making behaviour (Hayes, 2017).  

 

Table 4.4 summarizes the results of the regression. The mediating role of risk perception on 

the decision-making behaviour is not supported by the results, both a and b are not statistically 

significant at p<0.05. We also found no direct effect of risk representation on the decision-making 

behaviour of participants, c’=0.426 is not statistically significant with p=0.190. Hypothesis 3 

is not supported.  
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The direct effect of risk representation on the decision-making behaviour is also tested by the 

difference between the chosen alternative in both groups (Table 4.5). In total, 91 out of 161 

(56%) participants chose alternative A over alternative B. In the baseline group, 49 out of 

82 (60%) chose alternative A, whereas 37 out of 79 (47%) chose alternative B in the 

experimental group. The slight difference between both groups is not statistically significant 

when assessed by a chi-square test, Χ2(1)=0.711, p>0,05. There is also only a small 

difference between the two groups in terms of the preferred alternative (Table 4.3). On 

average, the participants in the baseline group chose alternative A more often (MB=5.41, 

SEB=1.95) than in the experimental group (Mn=5.85, SEn=2.14). However, this difference 

is not significant (t=-1.36, p>.05). The modification in the risk representation had no 

significant effect on the chosen alternative.   

 

Table 4.4 Model coefficients for the mediation effect of risk perception 

 M  Y 

Variable Coeff. SE p  Coeff. SE p 

X a = 0.063 0.166 0.703  c’ = 0.426 0.324 0.190 

M     b = 0.260 0.156 0.099 

Constant i1 = 2.848  0.262 0.000  i2 = 4.22 0.0679 0.000 

 R2 = 0.0009 

F(156) = 0.382, p = 0.703 

 R2 = 0.029 

F(2,155) =2.312, p = 0.102 

 

Table 4.5 Number of participants that choose for alternative A or alternative B (binary conditions) 

Condition Selected option  

Alternative A 

(safer) 

Alternative B 

(riskier) 

Total 

Baseline 49 (60%) 33 (40%) 82 (100%) 

Experimental 42 (53%) 37 (47%) 79 (100%) 

Total 91 (56%) 70 (44%) n=161 (100%) 

 

Within group analysis of risk perception, risk propensity and outcome 

history 

The findings presented in the previous sections do not support our hypotheses that the 

decision-making behaviour is influenced by the way risk is represented. An analysis within 

the baseline and experimental group was done to find possible causes for these results which 

were used as input for the interviews. The influence of the independent variables risk 

perception, risk propensity, and outcome history on the decision-making behaviour was 

analysed. The results within the experimental group are presented in Table 4.6 and for the 

baseline group in Table 4.7.  

 

The results show no significant difference between the chosen alternative and the risk 

perception, risk propensity or outcome history in both experimental and baseline group. 

The participants perceived the risk related to their choice as a small threat in both the 

experimental group ((Mperception, A=3.27, SEperception, A=.970; Mperception, B=3.23, SEperception, 
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B=.669); t=.210, p>.05) and the baseline group ((Mperception, A=3.16, SEperception, A=.613; 

Mperception, B=3.10, SEperception, B=.949); t=.336, p>.05). In the experimental group participants 

occasionally made similar decisions with positive outcomes in past projects ((Moutcome, 

A=3.47, SEoutcome, A=1.200; Moutcome, B=3.32, SEoutcome, B=.895); t=.597, p>.05). The same 

results are found for the baseline group ((Moutcome, A=3.53, SEoutcome, A=1.285; Moutcome, 

B=3.54, SEoutcome, B=1.129); t=-.043, p>.05). For the experimental group, the results show 

no difference in risk propensity ((Mpropensity, A=3.38 SEpropensity, A=1.252; Mpropensity B=3.23, 

SEpropensity, B=.959); t=-.556, p>.05). The same results are found for the baseline group 

((Mpropensity, A=3.63, SEpropensity, A=1.121; Mpropensity B=3.17, SEpropensity, B=1.082); t=1.853, 

p>.05). 

 

Table 4.6 Comparison of means within the experimental group 

Variables Alternative N Mean Std. dev. t df 

Outcome history A 48 3.47 1.200 .597 

 

76 

 B 30 3.32 .895 

Risk propensity  A 46 3.38 1.252 .556 

 

76 

 B 32 3.23 .959 

Risk perception A 46 3.27 .970 .210 

 

76 

 B 32 3.23 .669 

 

Table 4.7 Comparison of means within the baseline group 

 Alternative N Mean Std. dev. t df 

Outcome history A 34 3.53 1.285 -.043 

 

67 

 B 35 3.54 1.129 

Risk propensity  A 42 3.63 1.121 1.853 

 

76 

 B 36 3.17 1.082 

Risk perception A 42 3.16 .613 .336 

 

77 

 B 37 3,10 ,949 

 

These findings suggest that participants that chose alternative A or B within each condition 

show no significant differences on outcome history, the risk propensity and risk perception. 

Again, a similar situation is found based on an analysis of possible differences between both 

conditions based on comparing the group that chose alternative A with the group that chose 

alternative B.  

 

Semi-structured interviews 

All interviewees responded that they would like to spend more time to make the decision as 

they found it difficult to comprehend the decision problem within the given timeframe of 

the experiment. All interviewees took time to read and interpret the background information 

and identified the differences between the alternatives by highlighting specific words or 

sentences such as ‘the required extra train-free-period’ or ‘contract change is required to 

design the accessibility’. Each interviewee identified a decisive difference between the 

alternatives based on his interpretation and experience. These decisive factors are ‘the 

accessibility of the station’, ‘the required train-free-period’ or ‘the possible resistance of 
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stakeholders’. The identified differences between the alternatives were not explicitly given 

in the ToM itself but were highlighted by the interviewees. For example, the background 

information provided information about the involved stakeholders and required train-free 

period. Based on this information the interviewees interpreted that the stakeholders would 

probably oppose against one alternative. The required extra train-free period was therefore 

indicated as important decision information. The interviewees also indicated that they 

required additional information about how the information was obtained and about the 

point-of-view of the client in respect to some issues. Next to the provided background 

information the ToM also provided the pre-filled scoring. The interviewees did not use the 

total score of each alternative to make a decision. In some cases, the interviewees questioned 

the pre-filled score but then also explained that a different score would not have influenced 

their decision. The interviewees did notice the bandwidth score when making the decision 

using the experimental version and evaluated after the experiment that this bandwidth-score 

required an explanation about how to read it. These findings indicate that engineers used 

the ToM to process the presented information based on their own experience and 

knowledge despite the differences in risk representation.  

 

4.5 Discussion  

Both the direct effect model (Kahneman and Tversky, 1979) and the mediated model (Sitkin 

and Pablo, 1992) suggest that the framing effect should be independently examined. 

Framing affects the strength and clarity of an individual’s positive or negative perception of 

a situation. Based on the results of previous studies (Sitkin and Weingart, 1995, Chen et al., 

2015) about decision-making behaviour similar effects for decision-making behaviour in the 

context of construction tenders were hypothesized. However, the findings of this research 

do not correspond with the previous studies in that none of the hypothesis could be 

confirmed. In order to explain the outcomes, it is important to note that the intention of 

this study was not to differentiate between positively and negatively framed situations as 

suggested by prospect theory (Kahneman and Tversky, 1979). Rather, the representation of 

risks involved in choice alternatives was changed to investigate its influence on the risk 

perception of engineers and finally their decision-making behaviour. Based on the interviews 

the insignificant relationships between risk perception and the decision-making behaviour 

of engineers can be explained by (1) the effectiveness of the applied choice architecture and 

(2) the real-life setting of the experiment. 

 

Effectiveness of choice architecting 

Choice architecting can help decision makers to draw attention to their cognitive biases and 

uses insights from behavioural science to explain how the presentation of options can 

impact decisions. In this study a representation of risk was used to assess if a change in 

decision-making behaviour can be accomplished. Opposed to previous studies about 

framing effects, the representation of risks in our study are subtle and does not describe one 

alternative as being more risky or certain than the other alternative. Engineers had to decide 
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themselves which alternative they perceived riskier. This is in line with how decisions are 

made in practice where the differences between alternatives are not always clear. The 

interviewees indicated that it was difficult to comprehend the differences between both 

alternatives. The given background information was extensive and was used to understand 

the differences between the alternatives. Although the information was extensive the 

interviewees required more information about how the information was obtained and how 

the client responded to the alternatives. The provided scores were not explicitly used to 

decide. This suggests that the complexity of the alternatives and the large amount of 

background information provided made the manipulation in the experiment less notable for 

the participants, and could have weakened the framing effect. The possible effect of 

visualizing risks on decision-making requires more research to better understand the 

cognitive mechanism of visual aids in the decision-making process while staying close to the 

original decision situation. The latter is important for the usability of choice architecture in 

construction projects. On the other hand, there is no neutral way of presenting a choice 

which raises the question whether the used architecture fits the context of construction 

tenders. However, the goal of this research was not to find the most appropriate architecture 

but to test the effect of modifications of representing risk. 

 

The interviewees further reflected on the visualization of risk and concluded that they 

required time to understand the representation of risk in the bandwidth score. This indicates 

that the used choice architecture of visualizing uncertainty would benefit from either a short 

explanation to the decision-maker or a more eye-catching visualization. Apparently, the 

chosen choice architecture within the tool requires also a decision-process oriented 

approach to draw engineers away from their cognitive biases. More effective tools should 

be developed to support managers in assessing the outcomes of decisions and the 

corresponding decision-making behaviour. 

 

Reproducibility of experimental results in real life settings 

The results suggest that the participants used their tacit knowledge to interpret the presented 

information and based their decision on their interpretation of decisive information in the 

presented background information and not on the presented scores in the ToM. 

Furthermore, all interviewees mentioned that they required even more background 

information. In other words, the differences between alternative A and B were not solely 

based on the presented differences (Table 4.1) but were also the results of the engineers‘ 

interpretation of the differences. This personal decision-making experience of participants 

is recognized as a potential limitation in research about decision-making behaviour (Sitkin 

and Weingart, 1995, Chen et al., 2015). Many studies rely on the assessment of inexperienced 

decision makers (e.g., students) because experienced decision-makers are bounded by 

availability and confidentiality. In contrast to these studies, all the participants in this study 

are professionals in the construction industry. This difference could indicate that the reliance 

on experience when making decision is larger for professionals compared to inexperienced 
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engineers who rely more on the presented information. The goal of this study was not to 

find possible evidence for the argument that the personal decision-making experience will 

influence the results. So, further research could classify participants based on their level of 

decision-making experience to research the possible influence of experience in decision-

making. 

 

4.6 Limitations 

The objective of this research was to examine the influence of framing risk on the decision-

making behaviour in the context of infrastructure tenders. Other possible influences of 

relevant variables in decision-making behaviour, e.g., the variables posited by Sitkin and 

Pablo (1992) were deliberately not studied. Some of these variables are relevant for the 

construction industry such as the influence of group thinking in tender teams and the 

influence of the top management team on the final decision. A limitation is that only a single 

variation, the visualization of risk, was tested. Other variations that are of potential relevance 

to indicate the involved risks were not tested, such as default options (Brown and Krishna, 

2004) by using a default setting of indicating high risks, choice over time (Shu, 2008) by 

placing limited time windows to accomplish specific risk measures, or evaluating outcomes 

by re-evaluate the impacts of risks (Schkade and Kahneman, 1998). Future studies should 

begin to examine the effect of these variations identified by Johnson et al. (2012) on the 

decision-making behaviour within the characteristics of construction tenders such as the 

fact that the differences between alternatives are small, uncertainties are high, and available 

time is limited.  

 

Furthermore, the used research design differs from other studies by using 1) an actual tender 

situation and 2) professional participants instead of using fictive situations and non-

professionals. In an actual tender, engineers compare multiple criteria instead of a single 

criterion. In these situations, the bounded rationality of decision-makers might suppress the 

framing effect. The alternatives were designed as equally favourable alternatives (Table 4.1) 

by balancing the scores on costs and quality and differentiate on risk-profile. The risk-profile 

itself is not described in the case but had to be perceived by the decision-makers using the 

defined risks or bandwidth score. Testing more obvious modifications combined with the 

findings of Sitkin and Weingart (1995) might be useful to identify a potential boundary 

condition for the framing effect. Future research about the mental limitations of decisions-

makers should focus on identifying this boundary condition to better understand the 

influence of risk on the decision-making behaviour.  

 

4.7 Conclusion 

This research presented the results of a choice architecture experiment which tested the 

influence of visualizing risk on decision-making behaviour. The decision-making behaviour 

and risk perception of participants were measured while manipulating the representation of 
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risk. The behavioural tendencies tested in this experiment did not provide support for the 

results found by other scholars, for the predictive nature of framing and the mediated model 

of risky decision-making behaviour. To create a better understanding of the behaviour of 

engineers when risky decisions are made and to provide insight about minimizing human 

bias in reasoning, further research about framing effects is required. Framing is the most 

well-known problem-related characteristic to influence decision risk which is not yet 

properly understood in the construction industry. The study reported here provides 

additional springboards for future work on domain specific studies using experienced 

decision makers. 
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Chapter 5  

5Raising awareness of design risks in multi-criteria decision 

analysis 

Dealing with risk in construction tenders is essential for preparing a bid as decisions in this phase can have 

dramatic consequences once the project is awarded. The practice of multi-criteria decision analysis (MCDA) 

promises to support contractors in dealing with conflicting criteria and risks in the decision-making process. 

However, risks involved in design alternatives are often overlooked and the selection of alternatives is mainly 

based on the decision-makers’ knowledge and experience due to limited time and resources. This raises the 

question whether and how decisions makers perceive and become aware of the risks in projects and the tender 

phase in particular. Following a design science research approach three interventions to raise risk awareness 

are identified and validated in the context of an infrastructure tender in the Netherlands. Design rules are 

proposed to increase the transparency of decision problems and the understanding of the rationality of choices 

and, by doing so, create awareness for risks involved in design alternatives.  
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5.1 Introduction 

Construction companies tendering for large integral projects have to make a multitude of 

design decisions to find the most economically feasible solution that is likely to be accepted 

by the client. This solution should also cover their costs allowing for errors in the forecast 

of risks involved (Fellows and Liu, 2018). These early stage design decisions have great 

impact on the final solution but also largely determine the realization trajectory of the project 

while risks and complexity in this early phase are still the greatest. Risks are an inherent 

characteristic of decisions in projects and are defined as the extent to which there is 

uncertainty about whether potentially significant and/or disappointing outcomes of 

decisions will be realized (Sitkin and Pablo, 1992). A vast amount of literature on risk and 

risk assessment is available about what is required in terms of techniques, processes and 

tools (Baker et al., 1998, Laryea and Hughes, 2008, Carvalho and Rabechini Junior, 2014, 

Taroun, 2014, Siraj and Fayek, 2019). It is particularly the risk assessment that requires 

decision-makers to be aware of the risks and to perceive a decision situation as risky (Wood 

and Ellis, 2003). This raises the question whether and how decisions makers perceive and 

become aware of the risks in projects and the tender phase in particular 

 

The tender phase of construction projects creates unique challenges for making design 

decisions. First, the multidisciplinary and integral scope of alternatives combined with the 

high value of projects increases the solution space of alternatives. This requires that the 

overall evaluation of alternatives is decomposed into sub-evaluations on a number of usually 

conflicting criteria relevant to the problem (Durbach and Stewart, 2012). Risks related to 

these criteria are easily overlooked at the time the assessment is made because the 

information basis is often rather weak and engineers mostly rely on past performance and 

experience. In addition, the number of criteria that need to be taken into account in design 

decisions have increased combining price and non-price criteria such as social, economic, 

environmental and aesthetic factors (Ballesteros-Pérez et al., 2012). Next to the total costs 

of a project, factors that increase the cost-quality ratio need to be considered to make a bid. 

Third, time and resources are capped in the tender phase. To cope with the time pressure 

in tenders, engineers narrow down their field of attention by processing less information, 

reverting back to known behaviour in a rigid way (Klapproth, 2008) or by relying on their 

experience and intuition when making decisions (Laryea, 2013). Eventually these challenges 

often lead to neglecting and overlooking potential risks which can result in serious 

consequences in terms of project delays and cost overruns (Morris et al., 2011).  

 

Multi-criteria decision analysis (MCDA) tools and methods have been proposed to support 

the evaluation of conflicting objectives under uncertainty (Jato-Espino et al., 2014, de 

Almeida et al., 2016). Although MCDA methods and tools have been developed to support 

decision-making (Jato-Espino et al., 2014, Bueno et al., 2015, de Almeida et al., 2016, 

Tscheikner-Gratl et al., 2017), their main focus is on defining ‘what’ is required for 

structuring the decision problem. They fall short in explicating ‘how’ decision makers should 
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define the decision problem (van der Meer et al., 2019). If decision makers are not able to 

understand how a MCDA method works and whether the method is appropriate to make 

the decision, then the outcome of an MCDA can create the illusion of a consistent and 

rational choice (Polatidis et al., 2006, Scholten et al., 2015). Research on decision-making in 

construction has neglected the challenges of decision-making situation in projects (here the 

tender phase) and its consequences for the risk awareness of engineers. This is surprising, 

since previous research has shown that, on the one hand, risks and risk management are 

important determinants of project performance (Wiguna and Scott, 2006, Carvalho and 

Rabechini Junior, 2014, Iyer et al., 2020). On the other hand, the way decisions are made 

depends on the decision situation and the decision maker and can include time available 

(Benhabib et al., 2010), processing capacity (Weber and Johnson, 2009) and risk attitude 

(Han et al., 2005, Kahneman, 2011). This makes it important to create risk awareness as it 

modifies the decision-making process through the decision-makers’ risk perception, 

expertise and preferences (Kahneman and Tversky, 1979, Tversky and Kahneman, 1981, 

Kahneman and Lovallo, 1993). Thus, the aim of the research is to investigate risk awareness 

of engineers in construction tenders and the possibility to increase this awareness through 

redesigning ‘how’ a decision problem can be defined. . Following a design science research 

approach (Wieringa, 2014) we first analyse the design decision-making process in an ongoing 

tender for a multidisciplinary infrastructure project in the Netherlands. Based on the effects 

of the decision-making tool used in the tender three interventions are identified to increase 

the transparency of decision problems and the understanding of the rationality of choices 

and, by doing so, the awareness of risks involved in design alternatives raise. The MCDA 

used in the tender is redesigned by incorporating the identified interventions and validated 

using a workshop with engineers involved in the tender.  

 

5.2 Design decision in infrastructure tenders 

Risk in design decisions  

During the tendering phase of large infrastructure projects various design options are 

evaluated by the tender team. The design options are mostly based on either a preferred 

design given by the client or prescribed functional requirements. In both situations the 

design options reflect different and sometimes conflicting customers’ needs (Kim and 

Augenbroe, 2013). The design task relates to ‘a decision-making process for the purpose of generating 

a specification of an object based on the environment in which the object exists, the goals ascribed to the object, 

the desired requirements and the constraints that together limit the acceptable degrees of freedom of 

alternatives’ (Ralph and Wand, 2009, p. 125). The design decisions in the tender context are 

often made without knowing the emergent behaviour of the solution (Laryea, 2013, Van 

Der Meer et al., 2015), and without sufficient problem understanding. These decisions have 

great impact on the final solution while risks and complexity are the greatest. The problem 

understanding in this phase is complex because the decision problem has an integral, 

multidisciplinary nature which makes the effects of decisions hard to predict. Difficulties in 

forecasting how one criterion, for example costs, influences other criteria and whether the 
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effects of this criterion remain stable over time hinders risk prediction and often leads to 

the ignorance of risks (Kutsch and Hall, 2005). Decision-makers take shortcuts in their 

judgement by immediately form ideas about possible solutions and solely rely on recent 

experiences and intuition (Zimmerman, 2001, Laryea and Hughes, 2008, van der Meer et al., 

2019). However, previous experiences are not always compatible with the current 

complexity of large infrastructure projects and their risk profile.  

 

The distinction between risk and uncertainty is ambiguous and both terms are often used 

interchangeably in the field of project management (Perminova et al., 2008). Here, risk is 

defined as the extent to which there is uncertainty about whether potentially significant 

and/or disappointing outcomes of decisions will be realized (Sitkin and Pablo, 1992). 

Uncertainties in the construction industry are related to both the internal and external 

environment (Durbach and Stewart, 2012). Uncertainties related to the internal environment 

are caused by the process of problem structuring and analysis, imprecision of meaning, and 

the judgemental inputs required for a decision (Stewart, 2005), but also from strategic 

decision making about how certain projects should be gained. These internal uncertainties 

should ideally be resolved as far as possible during the evaluation of alternatives by better 

problem structuring and/or appropriate sensitivity and robustness analyses. Once an 

alternative is chosen then an appropriate risk profile should be included to ensure an 

commercial valid bid. In a context with limited time and resources available for the design 

tasks and in an attempt to reduce the negative return-on-investments from lost bids these 

internal uncertainties are not easily resolved and inherent to the early design phase.  

 

Risks related to the external environment stem from the nature of the environment and 

thereby the consequences of a particular course of action which are outside the control of 

the decision maker (Stewart, 2005). Stakeholders are, for example, able to exert more 

influence on the design and construction process which have led to the integration of non-

traditional objectives into the design process, such as environmental, reliability, availability, 

and maintainability performances. These objectives should be taken into account in the 

decision making of infrastructure projects by incorporating price and non-price factors such 

as social, economic, environmental and aesthetic factors (Ballesteros-Pérez et al., 2012). This 

means that decision-makers should spend a significant amount of the tender time trying to 

control the internal uncertainties and asses external uncertainties related to the decision-

making process.   

 

Using MCDA for decision-making  

A multitude of MCDA methods and tools have been developed to support the evaluation 

of conflicting objectives under risk. When using MCDA methods and tools, the decision-

maker assigns either probability distributions to criteria and establishes utility curves to 

account for uncertainties related to missing information or assesses the criteria in a 

deterministic way. The application of substantiated probability distribution to criteria 
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generates problems in terms of available tender time and resources because it is a time-

consuming and methodological-demanding process (Velasquez and Hester, 2013) and there 

is often a lack of historical data. In case of applying the deterministic methods, each 

alternative is assessed by assigning a single value to criteria. Previous research has shown 

that the application of deterministic MCDA tools and methods such as multiple attribute 

utility theory (MAUT) (Keeney, 1988, Belton and Stewart, 2003), the analytical hierarchy 

process (AHP) (Wind and Saaty, 1980) or the weighted-sum method (WSM) 

(Triantaphyllou, 2000) can be used to represent the preferences of a decision-maker (Pries-

Heje and Baskerville, 2008, Antucheviciene et al., 2015). These MCDA methods evaluate 

alternatives based on multiple criteria but lack the understanding of risks involved in the 

criteria. The result of performing a deterministic MCDA hides the involved risk and its 

subjective interpretations underlying the judgements of the decision-makers. This can create 

impressions of soundly underpinned evaluations of design options leading to premature 

decisions of low quality (van der Meer et al., 2019). The challenge in infrastructure tenders 

lies in choosing an MCDA method that accounts for the limited time and resources available 

but enables the creation of risk awareness. Risk awareness modifies the decision-making 

process through the decision-makers’ risk perception, expertise and preferences (Kahneman 

and Tversky, 1979, Tversky and Kahneman, 1981, Kahneman and Lovallo, 1993) and 

highlights the importance to create problem understanding.  

 

5.3 Research design 

This study adopts a design science approach to investigate how an MCDA should be set up 

to create risk awareness of decision-makers in infrastructure tenders. Design science is 

interested in exploring solution alternatives to solve practical problems and explaining their 

effectiveness for the improvement of the problem-solving process (Wieringa, 2014). It 

connects the scientific knowledge of scholars to the pragmatic, action-oriented knowledge 

of practitioners, in order to develop and implement so-called artefacts in a specific context 

based on scientifically grounded design rules (Romme and Endenburg, 2006). A design rule 

is ‘a chunk of general knowledge linking an intervention or artefact with an expected outcome of performance 

in a certain field of application’ (van Aken, 2005, p. 23). The artefact under study is a redesigned 

MCDA tested in the context of an infrastructure tender with the aim of generating 

knowledge on raising risk awareness when making design decisions under tender conditions.  

 

The infrastructure tender covered the engineering and construction of a stacked tunnel in a 

densely populated city in the Netherlands. The stacked tunnel consists of a bicycle tunnel 

stacked on a fast-traffic tunnel replacing a railroad-crossing. Besides the stacked tunnel, the 

scope of the project consisted of two other engineering objects (ecoduct and viaduct) and 

the construction of a road connecting the highway with the city. The budget was capped at 

about 50 million euros. The tender team of the construction firm participating in the tender 

included a design manager, a technical manager, a cost specialist, a planner, a geotechnical 

engineer and the tender manager. The rationale for choosing this tender is that it represents 
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a ‘typical case’ (Yin, 2003) for engineering and design tenders in the Dutch infrastructure 

sector. A contractor is responsible for integrating the engineering and construction of an 

infrastructure composed of multiple objects, a multi-disciplinary team is involved in the 

design process, the project has an average size, and the preparation time is limited to five 

months. The tender team applied an MCDA and used a trade-off matrix (ToM) as tool to 

compare and score design options on various criteria. 

 

The research process followed the design cycle (Wieringa, 2014) which consists of three 

main steps: (i) problem investigation or analysis, (ii) the design itself and (iii) the validation 

of the design (Figure 5.1). The first two steps partially overlapped in time to be able to start 

the validation step directly after the last tender meeting (Figure 5.2). 

 

 
Figure 5.1 Design cycle 
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Figure 5.2 Timeline of tender including the three research steps 

 

Problem investigation 

In the first step the current practice of MCDA in the infrastructure tender was analysed by 

conducting one interview with the design and technical manager together and observing two 

tender team meetings (Figure 5.2). The interview gathered information about the scope, 

decision-process and design of the ToM. The observations aimed at collecting information 

about how the tender team performed the MCDA, reacted on comments or questions and 

dealt with the involved risks in their decision-making. The first meeting took place three 

months after the start of the tender in which the tender team explained the possible 

alternatives for the construction of the stacked tunnel to external specialists. In the second 

meeting, four weeks after the first meeting, the tender team explained their chosen 
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alternative to external specialists and members of the project board. Both meetings were 

audio recorded (2 hours each) and notes were taken during both meetings. The recordings 

were transcribed and analysed by identifying whether newly introduced risks by the team 

influenced the decision-making process and the decision-making behaviour of the team. The 

new identified risks were compared with the changes made in the ToM. In both meetings 

the interaction between the participants and the way the tender team coped with the 

identified risks were analysed. That is, did the team ignore, reject or adopt the identified 

risks and how did they come to a decision. The observations were complemented by data 

coming from the ToM and technical documentations including technical drawings, soil 

parameters, and technical analyses of the soil. The ToM provided the values and identified 

risks whereas the technical documentations were analysed for the extent to which they 

supported the values in the ToM. This analysis resulted in the identification of three practice-

based principles which are described in the result section.  

 

MCDA re-design 

Design propositions were developed based on the identified practice-based principles and a 

literature review with the focus on raising risk awareness. Design propositions are 

preliminary design rules that are not yet tested in practice and grounded in science (Romme, 

2003). Consulted literature covered multi-criteria decision making, behavioural economics 

and risk assessment. The design propositions were transferred into three MCDA 

interventions to raise risk awareness in infrastructure tenders (which are elaborated in the 

results section):   

A. Change the format of the ToM by introducing a description of the criteria and use 

a general list of criteria to identify criteria that correspond with the characteristics 

of the tender.  

B. Explicitly map the identified project risks on the criteria and assign a bandwidth 

score (the most likely, the minimum and maximum score).  

C. Evaluate the quality of the decision process by scoring the elements ‘relevant and 

unbiased information’, ‘desired outcomes’ and ‘logic’ of decision quality. 

 

Validation of the design 

In the third research step the interventions were validated in a workshop setting to define 

design rules. A workshop setting was chosen because it created the possibility to repeat the 

design decision using the alternatives, information and knowledge gathered during the 

tender while observing the decision-making process. To be able to work with the time 

limitations of a workshop, the ten alternatives were reduced to three alternatives using the 

highest value based on the information used in the tender. The validation aimed at 

identifying the effects of the designed interventions on the decision-making process and 

their potential to increase risk awareness. The workshop took place one week after the 

second tender meeting. The design manager, technical manager, cost specialist, planner and 

geotechnical engineer attended the workshop. The tender manager was absent. The first 
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author functioned as workshop leader and another researcher took notes, facilitated the 

discussion at the end of the workshop, and acted as a neutral observer for triangulation 

reasons.  

 

The workshop started with a short introduction and two questionnaires about the 

experiences of the participants in making decisions for the stacked tunnel during the tender. 

The first questionnaire (Q1) included four open-ended questions to identify the participants’ 

experience of using trade-off matrices as decision analysis tool. The questions addressed 

whether participants had positive or negative experiences with using a ToM, what they 

found positive and missed in the used format and their opinion about the quality of the 

decisions made in a tender. In the second questionnaire (Q2) the participants wrote down 

their interpretation of each criterion considered in the decision during the tender. After 

finishing the questionnaires, the participants started the MCDA using an empty version of 

the ToM. At the end of the workshop, the ToM was filled with additional criteria, 

descriptions of the criteria, values and the chosen alternative. Thereafter, the participants 

had to fill out a last questionnaire (Q3) to identify their experiences of the workshop and 

the lessons learned. This last questionnaire was identical to the first questionnaire but three 

questions about the workshop were added. The first question was about whether the 

participant supported the decision, the second question about what went well and could be 

better during the decision-making process and the third question about what the participant 

had learned. At the end of the workshop, the participants elaborated on their analysis and 

scored the decision quality (DQ) (Spetzler et al., 2016). This last step also resulted in 

discussing the lessons learned by the tender team.  

 

Additional data was collected through 3.5 hours of video and audio recordings during the 

workshop. The recordings were transcribed. The transcripts were coded by relating every 

step of the MCDA with how they stimulated the discussion and influenced risk awareness. 

The ToM served as means to analyse the result of the decision process and determine the 

effectiveness of the interventions. The effect of the first intervention was analysed by 

comparing the definitions of criteria given in the second questionnaire (Q2) with the 

definitions given during the workshop. Different interpretations of a criterion indicate 

ambiguous problem definition and subjectivity in judgements. Discussing different 

interpretations between engineers widens the view of participants and thereby increases the 

chance that engineers become aware of the risks involved. The likelihood of considering 

relevant information increases if criteria are well defined and understood by all participants. 

Then, the effects of the second intervention were identified using the transcripts. Risk 

awareness was indicated by the extent to which additional risks were identified and how the 

existing risks were evaluated by translating them into their impact on criteria. The third 

intervention was analysed by indicating topics that reflect on ways that could improve the 

decision process and thereby raise risk awareness.  
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5.4 Results 

The current MCDA  

The MCDA process structured the decision problem and evaluated conflicting criteria such 

as cost and schedule or cost and technical aspects. During the MCDA process the tender 

team first determined various alternatives, followed by the criteria that needed to be 

considered. Then, a value for each criterion was given and the values per alternative were 

calculated to derive the best alternative. The tender team applied the weighted-sum method 

using a trade-off matrix (ToM) as tool for comparing and scoring design options. Ten 

alternatives were included in the MCDA. The differences between the alternatives were 

based on different execution methods for constructing the walls required for the tunnel. 

These alternatives included a cutter soil mix wall (Fiorotto et al., 2005), a diaphragm wall (El 

Hussieny, 1992) and a cement bentonite wall (Joshi et al., 2009) which differed in the way of 

intercepting the water flow.  

 

The MCDA supported the team by evaluating alternatives based on multiple criteria. The 

criterion risk was included but there was a lack of discussion about the risks involved in 

alternatives. Based on the MCDA process three practice-based principles to cope with risks 

were identified.  

 

(i) Use standard criteria and adjust them to the characteristics of the tender  

The evaluated criteria were based on a general format of the ToM used within the 

construction company (Table 5.1). The criteria were adjusted and merged by the design 

manager based on the specific characteristics of the tender. For example, the criteria ‘critical 

functional requirements’ and ‘critical aspect requirements’ were merged into ‘critical 

requirements’. The criteria ‘design complexity’ and ‘permits’ were added. Values for each 

criterion were assigned and then multiplied by the corresponding predetermined weights 

and finally summarized in a total score per alternative. The design manager determined the 

initial value for each criterion and sent the criteria and values to the team for a review. The 

values were based on a four-point scale ranging from ‘--' (bad), ‘-‘(unfavourable), ‘+’ 

(neutral) to ‘++’ (favourable). The review within the team took place before the first 

meeting. During the internal review no attention was given to the scope of each criterion 

and to the format of the ToM. During the first meeting possible new alternatives were 

discussed. In the second meeting the chosen alternative was challenged on technical details. 

Both the team and the reviewers did not change the criteria. According to the team, the 

criteria represented the specific characteristics of the tender. The non-traditional criteria, 

that make the decision problem more complex, were not included in the standard format. 

The above mentioned general criteria were adjusted to specific criteria for the tender without 

discussing the scope of the criteria. Adjusting the criteria creates the impression that the 

criteria soundly represent the problem. It gives engineers the idea that the criteria are 

commonly understood within the team which hinders the possibility to discuss the 

interpretation of each engineer and the risks belonging to the interpretation differences. 
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(ii) Score the criterion ‘risk’ for each alternative 

The tender team considered three risks for scoring the criterion ‘risk’: 1) a higher leaking 

rate than expected, 2) having a floor that is not watertight, and 3) the solution requires more 

diving work than expected. The criterion ‘risk’ was scored using a single value for each 

alternative that conflated the identified risks. The other criteria were also scored by a single 

value that represents the preferences of the engineers. The ToM was, along with other 

documentation, part of the input for both meetings and was used to identify the best 

alternative. External specialists were invited to the first review-session to reflect on the 

choices made by the tender team. During this meeting the specialists paid no attention to 

the presented ToM. Instead, the specialists came up with other alternatives and asked for 

explanation about technical details of existing alternatives. The new proposed alternatives 

can be seen as possible measures to reduce or mitigate the identified risks. For example, 

alternatives for connecting the walls and floor to improve the water tightness. The tender 

team first defended their alternatives but eventually discussed the new proposed alternatives. 

The meeting resulted in homework for the team to explore the new alternatives, however 

no additional risks were identified.  

 

When assessing risks with a single value engineers assume that the involved risks and 

possible effects are included in the decision analysis. Using a single value that represents the 

effects of the assessed risk decouples risk from other criteria and conflates a number of 

different risks with different probabilities and effects. So, engineers assume that they are 

aware of the involved risks because a single value is given while they are in fact not 

stimulated to raise their risk awareness by discussing the possible effects on other criteria. 

 

(iii) Prefer the alternative with the highest cumulative value 

After the first meeting two values were adjusted based on review-comments about the floor-

wall connection of the diaphragm wall. The value of the criterion ‘safety’ was changed into 

a more negative value as the execution of the connection seemed more dangerous than 

expected. The value of the criterion ‘permits’ was changed into a more positive value as the 

external specialists commented that this construction method complied with the required 

water permit. The adjusted values did not result in a different value of the criterion ‘risk’ or 

led to additional risks in the MCDA. The engineers did not discuss the link between 

changing the value of the criterion permit and the identified risk of the higher leaking rate 

and the risk of a floor that is not watertight. This situation did not trigger engineers to think 

about the possibility that the effects of both risks could also change. Despite the detailed 

technical questions during the review-moments, the preferred alternative by the tender team 

remained the best alternative according to the outcome of the MCDA. The used information 

that resulted in the initial values of all criteria, including the risks, were not explicitly 

reviewed by the team.  
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The current practice showed that the chosen alternative had the highest cumulative value 

resulting from the MCDA. New information and new insights (e.g. about the floor-wall 

connection) were generated during the review meetings which changed two values in the 

ToM. During the review meetings the presented values were not questioned by the external 

specialists or explained by the tender team. The values at the start of the tender, based on 

the interpretation of the design manager, were not changed except for two values about the 

floor-wall connection. The impact of these changed values was minimal because the effect 

on the cumulative value was balanced. Whether the values given at the start of the MCDA 

represented the available knowledge about the alternatives at the end of the tender was not 

evaluated. 

 

Table 5.1 Format of the ToM used in the tender 

   Alternative n  Alternative n+1 

Main Criteria 

Sub-criteria 

Weight  Explanation 

of score 

Score  Explanation 

of score 

Score 

Short description of the alternatives        

Phasing / working method        

Critical requirements        

Requirements …  … …  … … 

Technical aspects        

Design complexity …  … …  … … 

Permits …  … …  … … 

Buildability …  … …  … … 

Safety …  … …  … … 

EMVB (Economically Most Viable Bid)        

Sustainability …  … …  … … 

Nuisance reduction 

Specific client risks reduction 

…  … …  … … 

Schedule        

Preparation time …  … …  … … 

Construction time …  … …  … … 

Costs        

Absolute costs …  … …  … … 

Percentage …  … …  … … 

Risks        

Costs …  … …  … … 

Time …  … …  … … 

Quality …  … …  … … 

Safety …  … …  … … 

Environment …  … …  … … 

Maintenance …  … …  … … 

Chances        

Score …  … …  … … 

Time …  … …  … … 

Quality …  … …  … … 

Decision      

Score -  …  … 

Comments -  …  … 
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MCDA intervention design  

The overall aim of the interventions is to make engineers more aware of the risks involved 

in design alternatives and to stimulate a discussion to bring these risks to the foreground. 

The three proposed interventions align with the existing MCDA approach of the 

construction company. They address the identified practice-based principles and intend to 

explicate the ‘how’ in structuring the decision problem (van der Meer et al., 2019). The 

interventions are presented in Table 5.2 and described in the following sections. 

 

Intervention A: Description and general list of criteria 

Experimental work suggests that when people are asked for the criteria in some substantive 

decisions problem, the number which they generate is much smaller than the number of 

criteria which they can recognize as relevant from a list (Bond et al., 2008). The number of 

selected criteria from a list will increase when a list of predetermined criteria is used in an 

MCDA.  According to Morton and Fasolo (2009), this provides some support for the use 

of a comprehensive checklist. To incorporate all criteria in the decision problem for 

infrastructure tenders, a comprehensive list of predetermined criteria relevant for general 

decision making in infrastructure was designed and tested in infrastructure projects by van 

der Meer et al. (2019). However, increasing the number of criteria in an MCDA can 

overwhelm decision-makers and force decision-makers to simplify their decision by 

focussing on a few familiar criteria while neglecting others. Decision-makers focus only on 

those criteria that are most prominent or salient (Bond et al., 2008). Focussing on the most 

familiar criteria requires less cognitive effort of decision-makers and makes that they 

understand more information and weight important information better (Peters et al., 2007, 

Johnson et al., 2012). It is therefore crucial that not all but only distinctive criteria for the 

decision problem are used in the MCDA.  

 

Analysis of the current situation showed that standard criteria are used in a ToM and 

adjusted to the characteristics of the tender. The scope of criteria was not discussed which 

hinders the possibility to create a common understanding of criteria. The aim of the first 

intervention is to enable engineers to understand each other’s interpretation of criteria, to 

discuss the criteria from a multidisciplinary view and to set clear boundaries for all criteria. 

Discussing variations in the interpretation of criteria should help to increase the 

understanding of the presented information while the differences between interpretations 

show possible risks in scope. Setting clear boundaries should help to find distinctive criteria 

for the decision problem. Therefore, the first intervention changes the format of the ToM 

by introducing a description of criteria next to listing distinctive criteria itself (Table 5.3). 

Creating a common understanding of each criterion based on the exchange of knowledge 

and experience can support engineers in broadening their perspective and thereby raise risk 

awareness.   
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Table 5.2 Current practice and proposed interventions with impact on risk awareness 

Current practice Proposed intervention Effect on risk awareness Underlying literature 

(i) Use standard 

criteria and 

adjust them to 

the 

characteristics of 

the tender. 

A. Introduce a 

description of the 

criteria and use a 

general list of criteria 

to identify those 

criteria that 

correspond with the 

characteristics of the 

tender. 

Enable engineers to 

understand each other’s 

interpretations of criteria, to 

discuss the criteria from a 

multidisciplinary view and to 

set clear boundaries of all 

criteria. This should increase 

risk awareness by discussing 

the rationale of including 

criteria and the scope of the 

criteria. 

Decision objectives 

(Bond et al., 2008) 

Behavioural decision 

theory (Morton and 

Fasolo, 2009) 

(ii) Score the 

criterion ‘risk’ 

for each 

alternative. 

B. Explicitly map the 

identified project 

risks on the criteria 

and assign a 

bandwidth score 

(most likely, 

minimum and 

maximum score).  

 

The cumulative bandwidth 

value of each alternative can 

lead to overlapping values 

which means that the 

decision-maker is triggered to 

choose between riskier and 

less riskier alternatives. This 

should increase risk 

awareness 

Choice architecture 

(Thaler and Sunstein, 

2008) 

Highlighting uncertainty 

(van Buiten et al., 2016) 

(iii) Prefer the 

alternative with 

the highest 

cumulative value. 

C. Evaluation of the 

quality of the 

decision process by 

scoring the elements 

‘relevant and 

unbiased 

information’, ‘desired 

outcomes’ and ‘logic’ 

of decision quality.  

The evaluation of these three 

elements should reveal 

differences between engineers 

about their used information, 

their preferred outcomes, or 

their applied logics which 

should raise risk awareness. 

Decision Quality 

(Spetzler et al., 2016) 

Outcome information 

(Hershey and Baron, 

1992) 

Decision Quality (Keren 

and de Bruin, 2005) 

 

 

Intervention B: Bandwidth value for criteria   

Based on insights from behavioural science choice architecture suggests that intentional 

consideration of how choices are presented can influence the outcome of decisions (Thaler 

et al., 2012). It is used in the fields of medicine (Johnson and Goldstein, 2003), law (Johnson 

et al., 1993) and finance (Thaler and Benartzi, 2004) to improve decision processes by 

drawing attention to the cognitive biases of decision-makers that lead to non-rational 

decisions. Choice architecting may help in raising risk awareness by, for example, 

highlighting uncertainties involved in decisions (van Buiten et al., 2016).  

 

Analysis of the current situation showed that a single value is assigned to the criterion risk 

comprising the identified risks. The possible consequences and impact of these risks on the 

other criteria is not discussed. Risk awareness could be raised by discussing the possible 

consequences and impact of the risks on each criterion. The second intervention should 

enable engineers to explicitly link the consequences by stating uncertainties associated with 

criteria. Assigning a bandwidth value for the most likely, the minimum and maximum value 
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of criteria invites engineers to discuss the wider implications of identified risks (Table 5.3). 

A two-stage approach is proposed. First, the identified project risks are mapped on the 

criteria. Second, the possible consequences of the risks on the criteria are assessed by 

assigning the bandwidth value. Once all criteria have been scored, the decisions-makers 

should try to understand the ranking of the alternatives using the cumulative bandwidth 

value of each alternative. The cumulative bandwidth value of each alternative can lead to 

overlapping values which means that the decision-maker is triggered to choose between 

riskier and less riskier alternatives. Riskier decisions opt for the alternative with more 

uncertain criteria outcomes, that is more difficult to achieve or includes some extreme 

consequences.  

 

Table 5.3 Redesigned format for ToM 

    Alternative n  Alternative n+1 

      Score 

[step 3] 

   Score 

[step 3] 

Criteria Definition 

[step 2] 

Weight  Explanation 

of score 

Related 

risk 

Min Most 

likely 

Max  Explanation 

of score 

Related 

risk 

Min Most 

likely 

Max 

Criteria n … …  …. … … …. ….  …. …. …. …. …. 

Criteria 

n+1 

… …  …. … … …. ….  …. …. …. …. …. 

     Sum … … …    … … … 

 

Intervention C: Evaluation of decision quality  

The quality of decision making can manifest in two ways: (1) the process of making and (2) 

the different outcomes of a decision (Hershey and Baron, 1992, Keren and de Bruin, 2005). 

It is suggested that the quality of decisions in infrastructure tenders cannot be measured 

based on outcomes because they are not accessible prior to the decision and it is impossible 

to determine the actual consequences of the decision (van der Meer et al., 2019). However, 

what can be assessed is the quality of the analysis while making the decision (Keren and de 

Bruin, 2005). This includes whether there is an appropriate frame for structuring the 

analysis, creative and feasible alternatives are developed, reliable and unbiased information 

is available, desired outcomes are formulated, the decision follows a certain logic, and 

whether there is commitment to action (Spetzler et al., 2016, van der Meer et al., 2019).  

 

Analysis of the current practice showed that the changed values during the tender did not 

change the preferred alternative. There is no trigger to evaluate whether the presented values 

are based on limited or biased information. Providing feedback on the quality of the decision 

process is expected to raise awareness on this limitation and the associated risks. The third 

intervention is to evaluate the quality elements  ‘relevant and unbiased information’, ‘desired 

outcomes’ and ‘logic’. The elements ‘appropriate frame’ and ‘creative and feasible 

alternatives’ are not evaluated. An appropriate frame determines the boundary of the 

decision which is determined by the alternatives and description of the scope of criteria. 

This element is already evaluated by the first intervention. Finding feasible alternatives is 
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considered a boundary condition to perform an MCDA. The creative process of finding 

alternatives is beyond the scope of this research. ‘Relevant and reliable information’ refers 

to the required information for the decision and relevant risks. ‘Desired outcomes’ relates 

to the assessment of the potential outcomes of each alternative described in terms of 

qualitative (e.g. bandwidth scores) and quantitative (e.g. predicted costs) values. ‘Logic’ 

describes how the decision is made. Examples are choices based on the alternative with the 

highest expected value or choices based on the most certain alternative. Engineers should 

together evaluate each element by allocating percentages ranging from 0-100% (Howard, 

1988, Spetzler et al., 2016). A percentage of 100% represents a situation in which additional 

costs to improve the quality outweighs the achieved benefits. A percentage of 0% represents 

a situation in which additional benefits to improve the quality will outweighs the costs. The 

evaluation of these three elements should start a discussion about what is required to raise 

quality of the decision process based on the used information, the preferred outcomes, and 

the applied logics of the decision. This discussion reveals the gap between what is included 

in the decision and what is preferred in the decision and thereby raise the risk awareness of 

engineers. 

 

Validation of MCDA interventions 

This section describes the decision-making process during the workshop in which the 

interventions were tested. Table 5.4 summarizes the research results.  

 

Intervention A: Description and general list of criteria   

The use of the predetermined list of criteria resulted in adding the criterion ‘acceleration 

possibilities’ in the ToM after a discussion about the appropriateness for this tender. Other 

criteria were also discussed but were not added. For example, participant 3 indicated that 

‘maintenance‘ was not defined as criterion, participant 1 indicated that the ‘culture and 

expertise’ of the construction company should be included and participant 2 stated that the 

‘acceleration possibilities’ in the working method should be included. All team members 

agreed to only add this latter criterion in the MCDA as distinctive criterion.  

 

This discussion increased the understanding of the engineers’ interpretations on the criteria 

and supported engineers in voicing their individual view. It also supported in defining clear 

boundaries for the criteria. Through the discussion engineers became aware that they 

interpreted the sub-criteria belonging to the criteria ‘technical aspects’ and ‘risks’ differently. 

These included the sub-criteria ‘design complexity’, ‘permits’, ‘buildability’, ‘safety’, and 

‘schedule’. For example, the criterion ‘design complexity’ was interpreted by participant 1 as 

‘the technical feasibility of the design’ while participant 5 interpreted this criterion as ‘the 

complexity of the design based on the chosen construction method’. Participant 1 

considered the (technical) design part, where participant 5 only considered the construction 

method. The criterion ‘permits’ was interpreted by participants 4 and 5 as ‘can we comply 

with the requirements’ while participant 2 interpreted this criterion as ‘can the solution 
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comply with the requirements and is the time required for application feasible’. The scope 

of the criterion ‘permits’ was adjusted to solve this overlapping scope.   

 

This intervention intensified the interaction between participants. Discussing and defining 

the criteria prevented overlapping scope of criteria and increased risk awareness. Defining a 

common interpretation of the criteria was helpful in setting clear boundaries which were 

used during the scoring of criteria and the evaluation of the outcome. Risk awareness 

emerged through the scoping of the problem and the associated information need. Clear 

definition of the problem scope by defining each criterion revealed uncertainties in scope.  

This was key in clearly defining the problem frame and increased the likelihood that relevant 

information was used. It also showed what information was missing or required.   

 

Intervention B: Bandwidth value for criteria 

This intervention resulted in discussing the scope of the identified risks. Participants became 

aware that the criterion ‘risk’ is not a separate criterion but relates to other criteria. Variations 

in the scope of the risks emerged while linking the predefined risks to various criteria. For 

example, the safety related risk of alternatives which involve much diving-work was 

interpreted by some participants as diving being an unsafe activity that cannot be eliminated. 

Other participants interpreted the risk as a situation in which much more diving is required 

in comparison to the calculated diving work. The first interpretation only influenced the 

criterion ‘buildability’ while the second interpretation also influenced the criterion 

‘schedule’. The participants allocated this risk to the criterion ‘buildability’ and the discussion 

created better understanding of the defined scope and related value.  

 

Through the discussion about the scope and scoring of the bandwidth engineers exchanged 

knowledge and experiences which had not taken place during the tender. For example, the 

water tightness of the alternatives was discussed. All alternatives included in the MCDA 

were supposed to be watertight. During the workshop it became clear that the water 

tightness of the alternatives also depends on the quality of execution. The impact of the 

quality of execution was not included in the original ToM. Other examples are discussions 

about the scope of the criteria ‘permits’, ‘sustainability’ and ‘EMVB’. The design acceptance 

by the authorizing authority was not part of the criterion ‘permit’ and thus not included in 

the original value. The original value was based on whether a permit could be authorized. 

‘Sustainability’ was defined as the scope described in the contract. Despite this definition, 

participant 3 suggested a value based on the sustainability values defined by the construction 

company. Participant 4 referred to the defined scope of ‘sustainability’ and prevented a value 

based on the scope as presented by participant 3. The team was encouraged to stick to the 

predetermined definitions and defined values accordingly.  
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Table 5.4 Overview of the interventions 

Intervention Effect Result Role of the 

intervention 

A. Introduce a 

description of the 

criteria and use a 

general list of criteria 

to identify those 

criteria that 

correspond with the 

characteristics of the 

tender. 

Discussion about the 

appropriateness of the 

predetermined criteria 

based on the individual 

interpretations of 

criteria. 

Discussion about how 

decisions are made and 

what level of detail is 

required to decide on 

the most preferable 

alternative. 

  

Adding the criterion 

‘acceleration possibilities’ 

and identification of 

overlapping scope of criteria 

‘permits’ and ‘schedule’.  

Opinions of engineers were 

adjusted and the tender team 

defined definitions in order 

to prevent overlapping 

scope of criteria.   

Participant became aware of 

their decision-making 

behaviour and their 

influence on the outcome of 

decision 

The discussion and 

specification of the 

criteria’s definition 

was key to clearly 

define the problem 

frame. 

The intervention 

intensified the 

collaboration, sharing 

of interpretations to 

identify overlapping, 

conflicting or missing 

criteria and created 

new information.  

B. Explicitly map the 

identified project 

risks on the criteria 

and assign a 

bandwidth score (the 

most likely, the 

minimum and 

maximum score). 

Discussion in which 

participants became 

aware that the criterion 

‘risk’ is not a criterion 

in itself but that risks 

should be included in 

all criteria instead. 

Exchanging experiences 

and knowledge about 

the water tightness of 

the walls in theory and 

practice when 

bandwidth score was 

determined 

Discussion about the 

bandwidth score 

created new insights 

resulting from 

experiences and 

knowledge of the 

participants. 

Acceptance of possible risk 

consequences leading to 

increased risk perception. 

Determining the bandwidth 

score of the criteria 

‘permits’, ‘sustainability’ and 

‘EMVB’ based on the scope 

of each criterion including 

the allocated risks.  

Defining a bandwidth score 

based on new insights for 

the criteria ‘buildability’, 

‘preparation time’ and 

‘possibility to accelerate’. 

 

The intervention 

intensified the 

discussion about the 

scoring method.  

The team noticed that 

small changes in the 

values resulting from 

increased uncertainty 

awareness can have 

significant effect on 

the outcome. 

C. Evaluation of the 

quality of the 

decision process by 

scoring the elements 

‘relevant and 

unbiased 

information’, ‘desired 

outcomes’ and ‘logic’ 

of decision quality. 

Discussion about the 

scores of each decision 

quality element. Not 

only for the workshop 

session but also for the 

tender itself. 

Determining the quality of the 

decision process resulted in 

the awareness that more 

effort was required for 1) 

the exchange of 

information and knowledge, 

2) for updating the costs of 

all alternatives and 3) 

understanding the end 

result. 

The intervention 

allowed the team to 

reflect on their 

decision-making 

process after the 

workshop.  
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The scoring of the criterion ‘buildability’ led to new insights. Specific setting and vibration 

requirements for constructions under the railway were discussed. This included the risk that 

the construction underneath the railway might not comply with the specific vibration 

requirements. The uncertainty caused by this risk was incorporated in the bandwidth score. 

New insights also emerged during the scoring of the criterion ‘preparation time’. During the 

workshop a discussion about the required time to start the production process of the cutter 

soil mix wall (CSM) wall started. As a result, the bandwidth value of the criterion 

‘preparation time’ included the production process risks of an CSM wall. This production 

process risk was not included in the value given in the tender. Scoring the new defined 

criterion ‘possibility to accelerate’ created new insights about the required steps to prepare 

the production. This was valuable information because it showed the acceleration 

possibilities in case of delay. The team discovered that the CSM-alternative scored better on 

this criterion than the other alternatives. Surprisingly, this discussion had not taken place 

during the tender although a robust schedule was part of the strategy-to-win.  

 

The bandwidth score encouraged the team to discuss and exchange knowledge leading to 

new insights. It created problem transparency and better understanding of the rationality of 

the decision making. Individual experiences and knowledge were transformed into more 

collective knowledge and thereby created new decision information and raised risk 

awareness for all engineers. The team noticed that small changes in the scoring could have 

significant effects on the outcome. For example, participant 2 stated that it is important to 

discuss the values because a small change can have large consequences when variations 

between alternatives are small. Participants changed their opinion based on the discussions 

and thus changed their scoring. Or as participant 4 summarized it: ‘it is always important to 

understand the distinctive factors between alternatives, and to understand the importance 

of the factors because the values should be in line with these factors’.  

 

Intervention C: Evaluation of decision quality 

Providing feedback about the quality of the decision-making process created awareness that 

more time and resources should have been spent on 1) the exchange of information and 

knowledge, 2) updating the costs of all alternatives and 3) understanding the end result of 

the MCDA. The scores (Table 5.5) represent the perceived decision quality for the three 

elements ‘relevant and unbiased information’, ‘desired outcomes’ and ‘logic’. This 

intervention allowed the team to reflect on their decision-making process during the 

workshop, but it did not allow them to improve the quality because the limited time between 

the workshop and submission of the tender.  

 

The evaluation of ‘relevant and unbiased information’ resulted in agreement between 

engineers that the exchange of knowledge during the tender should get more attention. 

Participant 1 indicated that it is important to discuss and determine the criteria together to 

exchange experiences and knowledge. The added criterion ‘acceleration possibility’ in the 
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decision-making process is an example. Participant 5 pointed out that the collaboration 

within the team increase through the discussion about the scope of each criterion combined 

with presenting the alternatives. Participant 2 added that the awareness about uncertainty 

increased by using the bandwidth score and that it is necessary to accept the presence of 

uncertainty and risk. He also added that the bandwidth scoring should ‘not only be used for 

scoring criteria, but also for determining both schedule and budget. Both are surrounded 

with uncertainties and thus biased if uncertainty is not discussed.’ Participant 1 explained 

that ‘the total costs of each alternative must be updated for all alternatives if more detail is 

provided on one alternative to ensure that the costs are based on the same level of detail. 

Especially when cost differences between alternatives are minimal, more time should be 

spent on determining an equal level of detail in the cost-estimates.’  

 

The evaluation of ‘desired outcomes’ resulted in a discussion about the importance of 

uncertainty in the scoring to understand the outcome of the MCDA. The values represent 

the experience and knowledge of the involved engineers and discussing the values supports 

to understand the difference between the alternatives. Indicating the differences generates 

additional insights. The bandwidth scoring supported the team to understand these 

differences or as participant 2 explained: ‘it is impossible to rely on a single value with a lot 

of uncertainty because it does not represent reality’. Participant 5 further stated that ‘I do 

not fully understand the current outcome. I expected a higher value for the cement bentonite 

(CB) alternative because the current outcome does not match with my perception and past-

experience’. Participant 2 reacted by stating that ‘they (the tender team) just analysed the 

values to better understand the differences’ which resulted in adjusting the bandwidth of 

the CB- alternative. ‘So, the outcome seemed odd at the start, but after analysing the values 

we started to understand the consequences. This means that you can never rely on a single 

value with high uncertainty’. Trying to understand and explain the outcome based on given 

values becomes important to make decision-makers aware of the involved risks, which do 

not always match with their past experiences.   

 

Table 5.5 Results of scoring quality of decision-making process 

Decision Quality element Score [0 – 100%1]  

Relevant and unbiased information 50% 

Desired outcomes 50% 

Sound reasoning or logic 100% 

1 [benefits outweigh the cost – costs outweigh the benefits]  

 

5.5 Discussion 

The performance of an MCDA in an infrastructure tender was redesigned to increase 

problem understanding and understanding of the rationality of choices and, by doing so, to 

increase the risk awareness of engineers. Infrastructure tenders are characterized by limited 

time and resources and a certain design complexity stemming from the multidisciplinary 

scope, integrality and high value of projects. Substantial efforts to improve construction risk 
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assessments are made in literature but lack a comprehensive assessment approach capable 

of capturing risk impact on different project objectives (Taroun, 2014). The available 

assessment tools suffer from low usability in practice as professionals rely on their 

experience and knowledge when making decisions. Morton and Fasolo (2009) suggest that 

research on how people naturally make choices can help to engage with decision makers by 

reflecting back the logical implications of judgements. The results of our study facilitate 

closing the gap between theory and practice by providing general design rules for the 

creation of risk awareness in the design phase of infrastructure tenders. The three 

interventions designed in this study triggered and structured discussions and helped to gain 

insight into the perceptions and reasoning of professionals. The emerging general design 

rules represent first ingredients towards an action-oriented theory for creating risk awareness 

in the project context. They extend research on judgement and decision-making by offering 

actionable knowledge based on professional experiences with design decisions. In the 

following we discuss the three design rules which address 1) problem structuring, 2) risk 

visualization and 3) evaluation of the decision-process.  

 

Jointly define criteria to increase common understanding of criteria and the use of 

relevant information. 

The first design rule states that engineers require tools or processes that increase the 

common understanding of criteria and thereby increase the use of relevant information. In 

this sense, generating criteria defines a structure for ‘how’ to specify the criteria next to the 

‘what’ that is required in terms of structuring the problem. To account for the different 

interpretations of engineers it is important to openly discuss the problem framing, develop 

a common interpretation of criteria and make sense of the criteria before alternatives are 

compared. This is relevant because engineers see, interpret and respond to circumstances 

differently (Vaughan and Seifert, 1992) and it influences engineers’ preferences about how 

to change the situation (Vickers, 1965, Shafir and LeBoeuf, 2004). This situation, in which 

each participant interprets the criteria differently, is in line with literature that states that 

individuals focus on the information that is most prominent (Bond et al., 2008). The most 

prominent information in the intervention was the given interpretations in Q2 because 

participants used their interpretation as scope-boundary of the criteria. All participants had 

an individual perspective on the evaluation of alternatives based on their individual 

expertise. The intervention revealed to the participants that their thinking was not as 

coherent as they might thought. Participants with different backgrounds used different 

frames, used different information, preferred different outcomes and applied different 

logics. The perspective of engineers on the problem framing will be widened when criteria 

are jointly defined. Broadening the perspective includes the exchange of various criteria 

interpretations which, in turn, point out the risks in the problem scope and increase risk 

awareness. 
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Highlight or visualize the uncertainty in criteria scoring to trigger discussion about 

risks. 

The focus of this design rule is on the presentation of choice to the decision-maker and can 

be seen as a form of choice architecture (Thaler et al., 2012) to influence the decision. The 

smart redesign of decision-making tools is a low-cost method with relative small barriers to 

implementation but with potentially large effects on the decisions made (Shealy and Klotz, 

2015). The implemented intervention changed the representation of risk from an overall 

numeric value to bandwidth scores for each criterion. The bandwidth scores influenced the 

perceived risks and stimulated discussion among participants about the best- and worst-case 

scenario using their tacit knowledge. The structure of defining both best- and worst-case 

scenarios require information about possible future events which enhances the ability to 

deal with uncertainty (Amer et al., 2013). Participants were supported in making a well-

considered decision given the identified risks and uncertainties. Participants became aware 

that there is not a single best alternative due to the involved uncertainties represented in the 

bandwidth. The bandwidth explicated the subjective interpretations underlying the 

judgements of participants and facilitated the discussion about which alternative matches 

with the amount of risks the construction company was willing to take. The fact that 

participants had to voice their interpretations, write down their conclusions and explain the 

possible interrelatedness of design issues stimulated their collaboration. This interaction 

with each other can be seen as an attempt to produce meaning by shaping and balancing 

interests and actions (Kaplan, 2008). 

 

There might be other ways of changing choice architecture to trigger a discussion about 

risks. This can include the description of choices (Johnson et al., 2012), the use of graphical 

expressions of risk information as opposed to numerical representations (Stone et al., 1997, 

Lipkus and Hollands, 1999), the shift of defaults (Johnson et al., 2012) to focus on the worst- 

or best-case scenario’s, or the provision of feed-back loops which can shape the quality of 

the decision (Kluger and DeNisi, 1996). Not all choice architectures are not grounded in 

theory, but for every decision it can be useful to think about how the choice is presented 

and what might possible effects on the decision (Keller and Wang, 2017). As Jato-Espino et 

al. (2014) acknowledge, the adaption of MCDA to easily understandable and manageable 

formats where users only need to express their preferences in a conventional semantic can 

support decision making problems where experience and speed are relevant factors. 

 

Reflecting on the decision-making process through the evaluation of decision 

quality. 

The focus of this design rule is on the evaluation of the decision process leading up to the 

scoring of criteria instead of focusing on the cumulative value of alternatives. This evaluation 

should point out areas of the decision process that are still risky. It supports participants to 

reflect on the logical implications of judgements and to isolate and explain clashes between 

the MCDA and their intuitive judgment (Morton and Fasolo, 2009). This effort can take the 
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form of thinking about what matters (to oneself and to others), confronting trade-offs (to 

the extent that getting more of one thing requires giving up something else), or searching 

for additional (more comprehensive) and higher quality (more complete or precise) 

information (Pidgeon and Gregory, 2004).  

 

The intervention implemented put engineers in the position to discuss those parts of the 

decision-making process which could make the outcome more certain. In this respect, the 

intervention provided insights in the quality of the decision-making process by evaluating 

the used information, the underlying reasoning and the interpretation of the outcome. The 

design rule pays attention to the subjectivity of problem structuring, values, and probabilities 

and attempts to incorporate a wider range of values and concerns in modelling MCDA 

(Pidgeon and Gregory (2004). Many models that deal with risk assessment and interpretation 

tend to focus on mathematical and algorithmic details rather than providing transparency to 

the decision maker (Durbach and Stewart, 2012). Taroun (2014) demonstrates that the 

conventional rules of aggregation, the averaging or the weighed sum, are not always suitable 

ways for obtaining a representative project risk level due to their underlying assumptions. 

He suggests that revealing practical experience is key in extending risk modelling. The design 

rule facilitates the exchange of practical experience by raising risk awareness because 

participants with varied specialties are supported in more structured social interaction that 

stimulated discussion about the underlying reasoning and interpretation of the outcome of 

the decision-making process.  

 

5.6 Limitations and further research 

Despite the thoroughness of the methodology used in this research, it is not without 

limitations. One limitation is related to designing and testing the interventions based on a 

single tender. This provided opportunities to develop in-depth understanding of the 

decision-process, but it limits the generalizability of the findings. In particular, our results 

provide insights into the interactions of participants raising risk awareness. Testing it in 

more cases could for example help to study the role of different participants because each 

tender team has different members. More cases could also help to meaningfully validate the 

design rules through the same or similar interventions. The generalizability of the findings 

is further limited because the interventions are tested in a context of complexity belonging 

to this type of project. The applicability for cases with more or less detailed designs or more 

or less complex projects is not studied. We encourage further research that reflects on the 

spectrum of design detail that allows the use of an MCDA.  

 

A second limitation is that the third intervention indicated the achieved quality of the 

decision process at the end of the workshop. This limited the possibility to implement 

potential improvements during the tender for those areas that were classified as average 

quality and thereby study the effect on risk awareness once these areas are improved. This 

would require a tender in which the design rules are implemented and the quality of the 
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decision-process is used to find and improve areas of average or low quality. The adequate 

level of quality was determined based on the assessment of the participants. A more 

structured approach could be beneficial to explore design rules that support a high-quality 

decision process. We encourage further research into the practical use of MCDA tools to 

not only increase risk awareness but also to increase the quality of the decision process itself 

or the quality of the scoring method. Nevertheless, evaluating decision quality at the end of 

a tender is also beneficial to justify a decision-to-bid. 

 

5.7 Conclusions 

The results of this research amplify the importance of researching the role of risk awareness 

in project decision making (Laryea and Hughes, 2008, van der Meer et al., 2019). Three 

design rules are proposed to raise risk awareness in infrastructure tenders. They play an 

important role in the stepwise process which defines ‘how’ an MCDA should be used in 

respect to the specific characteristics of the design decisions in tenders. They stimulate 

discussion among the tender team and through this discussion the underlying reasoning and 

interpretation of criteria come to fore and increased the risk awareness. This will lead to 

more transparent problem understanding between engineers and more rational choices, 

even though choices are based on experiences. Performing an MCDA in a construction 

tender context requires knowledge about both ‘what’ is required in terms of structuring the 

decision problem and ‘how’ to do it in terms of guiding the decision-making process. During 

the decision-making process, the decision-support tools can capture the outcome of 

discussions and can create a logbook that decision-makers can use to find previous 

contributions defining the problem frame. In this way, decision-makers in infrastructure 

tenders are able to revert to experience and expertise when (historical) information is scares 

as long as they become aware of the risks involved in their decisions.  
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Chapter 6  

6Conclusions 

In this dissertation an answer is provided to the main research question: To what extent are 

contractors aware of risks when they make design decisions in infrastructure tenders and how can risk 

awareness be raised? Design decisions made in a tender are surrounded by uncertainty (Winch 

et al., 1998), determine the success or failure of a project. Consequently, the way in which 

risks are dealt with have significant influence on the decisions taken. Having an early 

understanding of the impact of design decisions on the risks of subsequent phases is 

necessary, as inaccurate forecasts or erroneous assumptions can have dramatic 

consequences for subsequent project phases. But, it can also lead to a project not being 

awarded. Surprisingly, practical studies exploring how integrated design decisions and risk 

trade-offs are made in infrastructure tenders are rare. Four sub-questions were formulated 

to jointly answer the main question. First, understanding is created about how contractors 

deal with the complexity of infrastructure projects when making integrated design decisions. 

Second, this insight is used to present design rules for raising risk awareness in a multicriteria 

decision context such as an infrastructure tender.  

 

What challenges do contractors face when using systems engineering to support design decisions in large, 

integrated infrastructure tenders? 

 

The main challenge for contractors is to early understand the consequences of their 

design decisions. Moreover, the current use of systems engineering lacks sufficient 

support to deal with uncertainties and risks when making integrated design 

decisions. 

 

Contractors adapted systems engineering to cope with the increased complexity of 

infrastructure projects. Despite the widespread use and successful application of systems 

engineering for complex projects and design tasks in various industries, previous research 

has shown that the contextual setting of industries, organizations or projects can lead to 

implementation barriers (Elliott et al., 2012). Chapter two studied the impact of the tender 

environment on the applicability of systems engineering to support design decision-making 

during the tendering stage. The results show that the challenge for contractors is to develop 

approaches for the integration of subsystems in order to create early understanding of the 
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impact of design choices. A focus on systems integration can lead to a better understanding 

of the design, as it is the integration that reveals what value subsystems add to the final 

design. The results also show that the current use of systems engineering lacks sufficient 

support to deal with uncertainty and risk when making decisions. Multicriteria decision 

analysis (MCDA) is used to decide on alternatives by applying criteria based on 

requirements, costs and schedule using the experience and judgement of engineers. The 

promise of MCDA is to significantly improve the quality of the decision-making process by 

introducing transparency, analytic rigour, auditability and conflict resolution for 

multidimensional decision problems. The knowledge that time and resources are scarce and 

decisions are made based on the experience and judgment of engineers casts doubt on the 

suitability of MCDA to ensure qualitative design decisions.  

 

How suitable is MCDA to ensure decision quality in the context of infrastructure tenders?  

 

MCDA is suitable to ensure decision quality if how to structure the decision 

problem is included. MCDA does not necessarily support decision-makers in 

making criteria judgements to enable consistent as well as rational decisions and 

ensure qualitative decisions because decisions are mostly made based on engineers’ 

knowledge, experience and intuition. 

 

The results in chapter 3 show the results of a longitudinal case study on how a trade-off 

matrix is used as an MCDA tool in the design practice of a tender. A decision process based 

on MCDA is expected to result in consistent and rational decisions and MCDA tools and 

methods should support the decision maker in structuring a complex decision-making 

problem by organizing and synthesizing the available information, identifying the criteria for 

selecting a solution, comparing design solutions and choosing a solution (Kabir et al., 2014). 

Rather than comparing MCDA tools and methods for a particular decision problem, the 

results in this chapter show the extent to which quality elements (Howard, 1988, Spetzler et 

al., 2016) of a decision-making process can be at stake in an environment of time constraints 

and limited information, despite the use of an MCDA. Decision quality is measured using a 

process-oriented approach (Keren and de Bruin, 2005), the effort used to make the decision 

determines the quality of the decision. The main idea here is that the quality of a decision is 

not influenced by the outcome of the decision but merely by the quality of the analysis and 

thought while making the decision (Abbas, 2016). The results show that decision making in 

tenders is based on the experience and knowledge of the engineers involved. This suggest 

that an MCDA does not necessarily support decision-makers in making criteria judgements 

to enable consistent as well as rational decisions and ensure qualitative decisions. The 

contribution of this chapter is that an MCDA defines the ‘what’ is required to structure the 

decision problem, but not the ‘how’ to do it. The explicit consideration of decision quality 

supports the how to structure the decision problem by defining the decision framework for 

each criterion and evaluating whether the quality of the used information is consistent with 
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the defined problem frame. That is, MCDA is suitable to ensure decision quality if it has 

been defined how the decision problem should be structured. The question then remains 

whether improving the use of MCDA will also increase the risk awareness of engineers. It 

may even create the illusion of a rational decision-making process of well-founded 

evaluations of the design options while neglecting uncertainties. The latter can lead to 

premature decisions of low quality.  

 

What is the effect of risk representation on the decision-making behaviour of engineers in infrastructure 

tenders?  

 

The effect of  a changed risk representation in a MCDA on the decision-making 

behaviour of engineers is limited. The experience and knowledge of engineers 

remain dominant in their decision-making behaviour. 

 

The answers to the first two sub-questions provided a better understanding of how 

integrated design decisions are made in tenders when systems engineering is applied as 

design approach and the decision-making is supported by MCDA. The study presented in 

chapter 4 elaborated further on these answers by investigating the effect of risk 

representation in MCDA on the decision-making behaviour of engineers. More specifically, 

in an experimental setting the risk representation in a trade-off matrix was changed and the 

effect of this change on risk perception and decision-making of engineers was studied. The 

results show only a limited effect of this change. The experience and knowledge of engineers 

remained dominant in their decision-making behaviour. These findings contradict with 

studies that used simple experimental manipulations in controlled laboratory settings instead 

of a more practice-oriented setting of the decision context used in this study. They show 

that a change in risk representation do not automatically lead to different risk perception 

and decision-making behaviour. Engineers appear to still rely to a large extent on their tacit 

knowledge when interpreting available risk information and base their decision on their 

interpretation of what information is decisive. The chapter suggests that creating awareness 

for risks in the tender context requires a different way of presenting risk information in 

MCDA or adaptations to the decision-making process itself to make the reasoning of 

engineers more explicit.   

 

What adaptions of the design decision-making process in tenders can raise risk awareness of engineers?  

 

Three interventions are identified that trigger and structure discussions around 

design decisions and help to gain insight into the risk perceptions and reasoning of 

engineers. The emerging general design rules provide the first ingredients towards 

an action-oriented theory for creating risk awareness in the infrastructure project 

context. 

 



Chapter 6 | 

110 

Chapter 5 presents the results of a study in which adjustments were made to the decision-

making process. Three interventions were identified to increase the transparency of decision 

problems and the understanding of the rationality of choices and, by doing so, raising the 

awareness of risks involved in design alternatives. The identified interventions were 

integrated into the decision-making process. The intended effects of the interventions were 

validated using a workshop with engineers involved in the tender. The three interventions 

triggered and structured discussions around design decisions and helped to gain insight into 

the risk perceptions and reasoning of professionals. Three general design rules emerged 

from the interventions which can be seen as first ingredients towards an action-oriented 

theory for creating risk awareness in the project context: 

• Define the criteria together so that the common understanding and application of 

relevant information is increased.  

• Highlight or visualize the uncertainty in scoring criteria to trigger discussion about 

risks. 

• Reflect on the decision-making process by evaluating the quality of the decision-

process. 

 

Conducting an MCDA in a construction tender requires knowledge of both ‘what’ is 

required to structure the decision problem and ‘how’ to do the structuring. The application 

of the design rules creates a more transparent problem understanding and more rational 

choices, even though choices are based on the knowledge and experience of engineers. 

Discussions within the tender team are stimulated and through these discussions the 

underlying reasoning and interpretation of criteria emerge and risk awareness is increased. 

Risk awareness of engineers remains essential in future infrastructure projects as project 

complexity and importance of multidisciplinary teams will persist and even grow. The 

presented research offers actionable knowledge that stimulate professionals to enter into a 

risk-based dialogue and explicate their risk interpretations based on disciplinary expertise.  



| Chapter 7 

111 

Chapter 7  

7Discussion and Reflection 

When a tender team designs a solution, it needs to find an economically viable alternative 

that convinces the client and is competitive. The alternative should also consider the 

potential impact of decisions made during the tender phase on later project phases. Multi-

criteria decision analysis (MCDA) is used to structure and guide the decision-making process 

to support rational, well-informed and committed decisions. In this sense, the use of MCDA 

is intended to improve the quality of the decision-making process. However, difficulties in 

forecasting how one criterion, for example costs, influences other criteria and whether the 

effects of this criterion remain stable over time hinders risk prediction and often leads to 

the ignorance of risks (Kutsch and Hall, 2005). For example, alternative A is cheaper than 

alternative B but alternative A requires resources to speed up the construction in case of a 

delay. These resources can become scarce at the moment the resources are required. This 

means that alternatives can appear equally desirable or undesirable based on different 

criteria, especially when the effects of decisions on risks in later project phases are not well 

understood. The distinction between risk and uncertainty is ambiguous and often used 

interchangeably in the field of project management (Perminova et al., 2008). Risk and 

uncertainty are also used interchangeably in this dissertation, as risk is defined as the extent 

to which there is uncertainty about whether potentially significant and/or disappointing 

outcomes of decisions will be realized (Sitkin and Pablo, 1992). Since uncertainty deals with 

the possible outcomes that are unknown, despite the amount of available information, 

uncertainty can be considered as crucial input for decision making (Mishra et al., 2015). Risk 

awareness of engineers can affect the outcome of decisions as it can lead to the consideration 

of significant or disappointing outcomes in the decision-making process. However, if 

decision makers are not (fully) aware of risks involved in decisions, it may give the 

impression of soundly underpinned choices. The quality of the decision-making process is 

low because possible significant or disappointing outcomes are not explicitly considered 

while making a decision. Therefore, the following three topics are discussed in the reflection 

section. First, the potential to increase risk awareness requires understanding of the origin 

of risk and uncertainty as well as embracing the fact that risk and uncertainty are always 

present in infrastructure tenders. Second, the quality of the decision-process when using 

MCDA in construction tenders is discussed, knowing that a multitude of MCDA methods 

and tools have been developed to support the evaluation of conflicting objectives under 
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uncertainty. Third, risk awareness is discussed in relation to the project complexity of 

construction tenders. After this reflection, the methodological choices are discussed. Then, 

the suggestions for further research are provided based on the limitations and inspiration 

provided in this dissertation. Finally, the recommendations for practice are made as this 

dissertation includes elements of design science and has close interactions with practice.  

 

7.1 Reflections on risk awareness, decision quality and project 

complexity  

Raising risk awareness  

The premise of this dissertation is that the context of construction tenders poses decision 

challenges for contractors due to the inherent time and resource constraints. The point of 

departure was that the adoption of systems engineering in the construction industry was 

intended to address the increased complexity of the design process. The introduction of 

systems engineering leads to more structured, process-based working methods and supports 

the contractors’ search for a coherent and consistent design based on the design space 

provided by the client. In addition to finding a consistent design, it is also important for a 

contractor to find an economically viable solution. However, contractors face time pressure 

in tenders and are not able to make multiple design iterations. Moreover, they have to cope 

with many uncertainties resulting from interdisciplinary interfaces and from the general 

technical information that is provided. So, contractors are not able to examine several 

potential alternatives using comprehensive technological knowledge and judgement because 

this requires trade-offs between performance, cost and schedule. In practice, trade-off 

studies are made using insufficient and incomplete information about performance, cost, 

schedule or involved risks. For example, in the first case study, detailed information about 

pre-loading periods were needed in the trade-offs at the subsystem design to be able to make 

sound decisions at system level. The attributes that define the system level performance 

were not explicitly defined which is beneficial for early decision making as proposed by 

Aughenbaugh and Paredis (2004). Without these attributes, engineers cannot define the 

design performance in a tender, since the whole system design is not fully specified. The 

implication of not being able to make iterations in the design process, to define and specify 

interdisciplinary interface as well as to use the required (technical) information, implies that 

decision-makers have to make decisions based on imperfect data. In such an environment 

which is surrounded with risks and uncertainty, it is questionable whether the 

comprehensive and accurate decision-models provided by science can support the decision-

maker in finding economical viable solution (Alonso, 1968).  

 

To be able to make trade-offs between various values and alternatives MCDA models are 

widely used (Belton and Stewart, 2003, Mela et al., 2012), also during the design phases of 

construction projects. The application of these models requires the decision-maker to 

account for uncertainties by either assessing criteria in a deterministic way or assigning 
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probability distributions to criteria. The usability of substantiated probability functions in a 

tender is limited because of the limited availability of time and resources, a scarcity of data 

based on historical projections and the uncertainty related to external environment which is 

outside the control of the decision-maker. In this situation, the use of probability functions 

is a time-consuming and methodological demanding process. When using deterministic 

models, the assumption is that a single number or interval represents the preferences of the 

decision-maker. However, decision-makers cope with uncertainties by taking short-cuts 

when making decisions by immediately forming ideas about possible solutions and solely 

rely on recent experiences and intuition (Zimmerman, 2001, Laryea, 2013). That is, the 

preferences of decision-makers are based on individual experience and knowledge and 

thereby complicate a transparent and explicit evaluation of alternatives. Decision-makers 

assume that they are fully informed based on the available information and their past 

experiences, while the consequences or expected outcomes of their decisions are typically 

uncertain (Zimmerman, 2001). Substantial efforts to improve construction risk assessments 

are made in literature but lack a comprehensive assessment approach capable of capturing 

risk impact on different project objectives (Taroun, 2014). Morton and Fasolo (2009) 

suggest that research on how people naturally make choices can help to engage with decision 

makers by reflecting back the logical implications of judgements. Risk awareness widens the 

perspective of decision-makers on the design problem in terms of exchanging various 

criteria interpretations which, in turn, point out the uncertainties in the problem scope. This 

can be facilitated by guiding how to structure the problem, how to obtain relevant 

information, and link relevant information appropriately to the decision. Raising risk 

awareness offers the potential of avoiding an one-sided decision-making process based on 

tacit knowledge of the individual engineers. Using the tacit knowledge of engineers 

combined with raising risk awareness offers a way to still use relatively simple MCDA tools.  

 

Quality of the decision-making process  

The promise of MCDA is to significantly improve the quality of the decision-making 

process by introducing transparency, analytic rigour, auditability and conflict resolution for 

multidimensional decision problems (Kabir et al., 2014). The application of MCDA typically 

requires the decision-maker to make sharp criteria judgements while the information basis 

is rather weak to account for decision uncertainties. Understanding the usability and 

appropriateness of MCDA in the context of construction tenders requires insights into the 

quality of the decision-making process. The quality of decision making can manifest in two 

ways: (1) by the process of making a decision and (2) by the different outcomes of a decision 

(Hershey and Baron, 1992, Keren and de Bruin, 2005). The main argument for following a 

process-based approach is that all decisions in an infrastructure tender are made under 

uncertainty and risk or as Vlek et al. (1984(p. 7)) put it: “A decision is a bet, and evaluating 

it as good or not must depend on the stakes and the odds, not on the outcome”. The 

process-oriented approach evaluates a decision’s quality by its structure, including how well 

it represents the decision maker’s goals (Keren and de Bruin, 2005). High-quality decisions 
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can be characterized by six elements that all need to be present in the decision-making 

process (Howard, 1988, Spetzler et al., 2016). These elements provide criteria for evaluating 

the decision-making process on (1) obtaining relevant information and (2) constructing the 

problem space and inserting the relevant information appropriately in the decision problem 

structure.  

 

However, Klapproth (2008) shows that if decision makers experience time pressure, they 

process less information by narrowing down their field of attention and revert back to 

known behaviour in a rigid way. Thus, in pressurized situations, different frames, different 

levels of information, or different logics of the individuals involved are likely to be retained. 

The involved uncertainties in such situations are not naturally shared between individuals. 

This raises some doubts about the suitability of MCDA for ensuring qualitative design 

decisions in early tender phases for integrated projects. Particularly, evaluating the decision 

quality of the decision-making process in construction tenders revealed that the quality 

aspects are at stake, despite the usage of an MCDA.  

 

According to Parkan and Wu (2000) and Mela et al (2012) scholars have mutual consent 

that depending on the decision situation and the decision maker, different decision-support 

tools can lead to a different decision outcome. In order to be supportive, the tools and 

methods should fit the decision context. Taroun (2014) demonstrates that the conventional 

rules of aggregation, the averaging or the weighed sum, are not always suitable ways for 

obtaining a representative project risk level due to the applied underlying assumptions. A 

valuable way to expose the underlying assumptions is by evaluating the decision quality. The 

evaluation of decision quality stimulates the social interaction between engineers, facilitates 

the exchange of practical experience as well as discussion about the underlying reasoning 

and interpretation of the outcome of the decision-making process. It reveals how decisions-

makers judge criteria, use different problem frames, use different logics of using and relying 

on criteria in the decision-making and have inconsistencies in the desired outcomes.  

 

Raising risk awareness and project complexity 

The degree of complexity in projects, or project complexity, is seen as a critical factor in in 

project management (Dao et al., 2017). However, references to low or high complexity are 

often made intuitively or based on an assessment by comparison to other projects. There is 

no standard definition for complexity (Luo et al., 2017) which applies to all projects and no 

single understanding of complexity about how to measure it (Dao et al., 2017). Project 

complexity has different dimensions, among others: 1) technological complexity which 

relates to the technological difficulty and differentiation as well as the interdependences 

between the tasks and construction activities (Bosch-Rekveldt et al., 2011), 2) organizational 

complexity which relates to the depth of organizational hierarchies and differentiation in 

construction project teams and the actors involved (Baccarini, 1996) and 3) environmental 



| Chapter 7 

115 

complexity which relates to uncertainty in the environment surrounding a construction 

project (Bosch-Rekveldt et al., 2011).  

 

The researched projects in this dissertation can be characterized as moderate in terms of 

complexity. However, the projects are relatively small compared to the large and complex 

infrastructural projects described in the introduction. Nevertheless, the results in this 

dissertation show the relevance of creating risk awareness. Risk awareness becomes even 

more relevant in large and complex projects due to the many possible alternatives for a 

single problem (Herder et al., 2008), the several multidisciplinary teams of engineers, and the 

increased uncertainty related to the environment surrounding the project. This makes it 

more challenging to understand the impact of decisions on the effects in later project phases. 

The results in this dissertation show that the discussion within the tender team needs to be 

stimulated to reveal the underlying reasoning and interpretations of engineers when making 

decisions. Contractors should therefore search for strategies that stimulate the early problem 

understanding and the emergence of risk awareness, especially in complex projects.  

 

7.2 Reflection on the method 

To answer the research questions elements of design-science and various research 

approaches were used related to the three phases: 1) problem investigation, 2) solution 

design and 3) validation. With a design-science perspective the aim of the research was to 

develop knowledge that can be used by professionals in the field to design solutions for 

their problems (van Aken, 2005). It is not limited to understanding the problem, but also 

develops knowledge on the advantages and disadvantages of alternative solutions. An 

intensive interaction between researcher and practitioners took place due to the direct 

involvement in the design practices. This made it possible to develop a better understanding 

of the different problems and their possible solutions as well as the need of practitioners. 

This research is therefore of a more pragmatic nature and can be seen as a quest for 

understanding and improving engineer’s decision-making in the tender context and to 

develop knowledge about how to raise risk awareness when preparing a bid. The 

corresponding methodological choices are discussed in this section. We did not complete 

the design cycle by implementing and validating the solution in a new tender. This was 

outside the scope if this dissertation.  

 

The research approach can best be described as a step-wise approach. We first started with 

an exploratory case. The results of this first study led to a new sub-question and follow-up 

study. The different approaches are described per step. This is in line with the view of 

Hartmann and Dewulf (2015) that community-engaged research in construction 

management is a dialectal and reciprocal learning process of academics and practitioners. In 

this study ‘community engaged’ refers to the involvement of the stakeholders in the projects 

studied. Research activities and engagement phases interactively evolved during the years of 

this study. 
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The rationale for following a case study approach was to get an holistic and meaningful 

overview of the contextual impact of infrastructure tenders on the design decision making 

of contractors. Following this case study approach resulted in reaching the research goals 

by investigating contemporary events within real-world tenders (Flyvbjerg, 2006, Yin, 2013). 

In other words, the case study approach was used to explore the challenges that contractors 

face when using systems engineering and define the impact on design decisions (chapter 2), 

explore the suitability of MCDA to ensure decision quality (chapter 3), and explore the 

effects of representation of risks to raise risk awareness (chapter 5) within the contextual 

conditions of infrastructure tenders. Each study had a different goal, which means that the 

selection of the cases and the approach for data collection and analysis was carefully chosen. 

 

In chapter 2 an exploratory case study approach is used to study a specific phenomenon in 

depth (Flyvbjerg, 2006). This was the starting point to explore the challenges that 

contractors encounter when using systems engineering in infrastructure tenders. To this end 

semi-structured interviews with members of the tender team were conducted in which 

participants were asked to chronologically describe the sequence of events. A framework 

designed by Friedman and Sage (2004) that clearly distinguishes the systems engineering 

concepts during the iterative design process, was used to structure the data collection and 

analysis. The interviews were analysed by indexing the statements of the interviewees based 

on systems engineering concepts (Friedman and Sage, 2004). The discussed design decisions 

during the tender were classified using the classifications of Aughenbaugh and Paredis 

(2004). Following an inductive approach made it possible to get an holistic view on the 

design decision making in infrastructure tenders based on learning from experiences. An 

inductive approach is a systematic procedure for analysing qualitative data in which the 

researchers’ interpretation of the data drives the results. A failure to recognize the possible 

influence of the researcher was minimized by verifying the statements of the interviewees 

with the produced tender documents, constructing a timeline of events and letting the co-

researchers and interviewees review the results. This way, the challenge for contractors to 

identify the uncertainty and incorporate this in their early decision-making became input for 

the study described in chapter 3. 

 

Following this challenge, another exploratory case study was conducted (chapter 3) in which 

the relationship between the use of MCDA and level of decision quality was explored. The 

rational for choosing an single case was that the investigated tender represented a ‘typical 

case’ (Yin, 2003) for integrated projects in the Dutch infrastructure sector in terms of the 

responsibility of contactors for integrating design and construction. Another rationale was 

the longitudinal character of the study through which the influence of the tender phase on 

the quality of the design decisions could be revealed. To this end, two rounds of interviews 

with members of the tender team were conducted. The first round of interviews was held 

half-way through the tender in which predetermined questions were used to determine the 
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influence of the interviewee on the decision-making process. The goal of the second round 

of interviews was to understand the decision-making process during the design task of 

individual engineers. This round was held directly after submission of the bid to be able to 

re-create the decision process and to minimize the impact of new information that could 

lead to other insights of engineers. Again, an inductive approach made it possible to get an 

holistic view of the decision-making process. Cognitive mapping was used to represent the 

decision-making process of engineers and to support engineers in reflecting on their 

decision-making. It further helped to capture a large amount of qualitative data in a 

structured manner.  

 

In chapter 4, a mixed method design using a single study was used to provide insight into 

the influence of representing risk on engineers decision-making behaviour. Specifically, a 

partially-mixed-sequential-dominant-status design (Leech and Onwuegbuzie, 2009) was 

used. The dominant quantitative technique consisted of an experimental setting to observe 

whether a manipulation of one variable, problem framing, influenced the decision-making 

behaviour. This approach is chosen as it is widely adapted by researchers in behavioural 

research (Sitkin and Weingart, 1995, Keil et al., 2000, Chen et al., 2015). Most experiments 

are conducted in a so-called ‘laboratory setting’ in which the environment is controlled 

nearly entirely by the researcher. However, the conducted experiment in this research was 

deducted from on a real-world tender to keep the context as similar as possible to the real-

world context of infrastructure tenders. This experimental design made it possible to 

deliberately separate a phenomenon (problem framing) from its context. Besides the 

experiment, interviews were held as qualitative technique trying to understand why 

respondents chose an alternative. This method differs from many other studies by using an 

actual tender situation and professional respondents instead of a laboratory setting using 

non-professional respondents. The use of a single case poses validity issues that should be 

explored further in different cases to generalize the results and to further research the role 

of using professionals instead of non-professional decision makers.  

 

Using the insights gained during this study, design rules are proposed in chapter 5 to increase 

the transparency of decision problems and the understanding of the rationality of choices 

and, by doing so, create awareness for risks involved in design alternatives. A workshop-

setting adopting a design science method (Wieringa, 2014) was chosen as it enabled 

connecting the emerging body of research with the pragmatic, action-oriented knowledge 

of practitioners (Romme and Endenburg, 2006). First, the knowledge of practitioners was 

used to analyse the current practice of using MCDA in the tender. Then, interventions were 

designed by analysing the current practice using research-based knowledge. Thereafter, the 

interventions were validated in a workshop setting. A failure to recognize the threats to the 

interval validity was minimized by the short length of the workshop and the physical 

isolation of the group. Nevertheless, organizing the workshop at the end of the tender 

resulted in the situation that engineers made the same decision twice. The impact of 
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reviewing information for a second time cannot completely be ruled out. Validating the 

framework in a single workshop at the end of the tender poses validity issues that should be 

explored by testing the framework during various tenders to generalize the results related to 

the raising risk awareness.  

 

The described methods provided a setting in which the influence of risk could be 

understood in the context of infrastructure tenders by active involvement of the researcher. 

This involvement in the cases and the influence on the interpretation of the data is a 

limitation when this limitation is not recognized. To reduce this research bias the researcher 

collaborated with the co-authors of the articles and the researcher had constant interaction 

with practitioners working in infrastructure tenders who assisted in reducing the potential 

research bias by sharing results and articles. However, the practitioners did not participate 

in analysing the data. This way, the researcher was working ‘outside’ the team and observed 

the ‘insiders’ without being fully involved in the cases. The research bias is reduced by 

involving the ‘insiders’ as co-inquirers throughout the research process and contributed to 

the external validity of the research as suggested by Louis and Bartunek (1992). 

 

Another downside of design science research is its potential to produce general knowledge 

as the produced knowledge is context-specific (Gibbons, 1994). In this dissertation the 

specific context of infrastructure tenders is researched. Based on this context three design 

rules are developed. In this dissertation we follow the definition of van Aken (2005) ‘a chunk 

of general knowledge linking an intervention or artefact with an expected outcome or performance in a certain 

field of application’. These rules are not tested by third parties. So, the produced knowledge is 

based on the insights gained in the context of infrastructure. This raises the question if the 

produced knowledge could also be used in other contexts, e.g. more complex tenders or 

other industries. To be able to produce knowledge that can be transferred to other context 

it is recommended to test the results in other contexts but also to implement it in practice.  

 

7.3 Suggestions for future research 

This section presents suggestions for further research based on the limitations addressed in 

this dissertation and the insights gained during this study.  

 

The first suggestion for further research involves finalising the engineering cycle of a design 

science approach. In this dissertation we focussed on the design cycle. Chapter 5 presents 

the subsequent design rules for raising risk awareness which are validated in a workshop 

setting. However, to close the engineering cycle it is needed to test the implementation of 

the rules in a real tender. Also, the results of raising risk awareness in the workshop session 

can benefit from testing in more cases to meaningfully validate the tool and provide more 

generalized claims which can be implemented in practise.  
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The second suggestion is related to problem framing. The framing of risky choice is 

frequently studied (Kahneman and Tversky, 1979, Sitkin and Pablo, 1992, Tversky and 

Kahneman, 1986) and concludes that the influence of problem framing on risky decision-

making is robust. However, the results in chapter 4 of a choice architecting experiment 

showed an insignificant effect of risk representation on the relationship between risk 

perception and decision-making behaviour of engineers. The interview results suggested 

that engineers had difficulties with understanding how to interpret the bandwidth value used 

in the experiment. Given that engineers often rely on their experience and knowledge when 

making decisions, a representation of risk should easily attract the attention of engineers. 

Given this and the extensive research on problem framing, it is recommend to research 

other choice architecture variables identified by Johnson et al. (2012) such as, using defaults 

(Brown and Krishna, 2004), choice over time (Shu, 2008), or evaluating outcomes (Schkade 

and Kahneman, 1998). Besides, it was only evaluated in a qualitative way if the level of 

complexity and the large amount of information provided might have weakened the framing 

effect. It would be particularly interesting to analyse how various levels of design complexity 

influence the framing effect to identify a possible boundary condition for this effect. 

 

Third, a potential limitation in research about decision-making behaviour is the decision-

making experience of individuals (Sitkin and Weingart, 1995, Chen et al., 2015). Many studies 

rely on the assessments of inexperienced decision makers whereas the results as presented 

in chapter 4 are based on experienced decision-makers in the construction industry. The 

results suggest that experienced decision-makers rely more on their tacit knowledge and less 

on the presented information. Further research about the influence of the individual 

decision-making experience on the decision-making behaviour of a group is encouraged. 

Such research could use frames (Matos Castaño et al., 2015) to gain insight into what 

information the decision-makers use for their decision-making, e.g. tacit knowledge or the 

presented information, but also by gaining insights into how frame differences influence the 

decision-making within a group. Next to the decision-making experience of engineers it is 

also encouraged to research the influence of team composition on the risk perception and 

the decision-making behaviour. This dissertation takes the composition of the tender team 

as basis and focused on researching the decision process. Whether the composition of the 

tender team influences the risk perception of individuals or the group has not been 

researched. 

 

Fourth, it is encouraged to further research the design decisions in construction tenders by 

exploring how decisions made by the tender team are perceived by the top management 

who make the final decision to bid. Providing the quality of the decision-making process 

along with the chosen solution could influence the perceived risk perception of top 

management. Evaluating the quality of the decision-making process indicates areas in the 

decision process that require improvement to increase the decision quality. This may be 

useful to decide whether to bid or not. For such research, the process framework suggested 
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by Benítez-Ávila et al. (2019) or a similar framework can be used. Another suggestion for 

further research is to expand the scope of this study by studying the actual outcome of the 

decisions once the project is awarded and relate this to the achieved decision quality during 

the tender.  

 

Fifth, it is encouraged to do further research from the perspective of contractors. This 

research was conducted within one organization. As a result, general propositions about the 

role of risk and decision quality in contractor organizations are hardly possible. The research 

was designed in a way that typical cases (Yin, 2013) were used for engineering and design 

projects in the Dutch infrastructure sector. The cases are typical in terms of the 

responsibility of the contractor for integrating multiple project phases, the involvement of 

multi-disciplinary teams in the design process as well as the limited preparation time. The 

suggestion is to conduct complementary studies from the perspective of other contractors. 

This could reveal how the organizational context influences the outcomes.   

 

The final suggestion is related to the institutional context. This research was conducted using 

cases with integrated contracts, which are typical for design projects in the Dutch 

infrastructure sector. A recent publication by Rijkswaterstaat (2019) shows that there are 

too many failed tenders and projects including some recent examples in the Dutch 

infrastructure sector: Knooppunt Hoevelaken, Twentekanalen, or the Zuidasdok. It is 

argued that contractors are responsible for too many risks while the margins are little. A new 

type of procurement, the two-stage-process, is recommended. It separates the design phase 

from the construction phase. The contractor and client will collaborate to design an optimal 

solution and use this solution to decide whether the contractor or a competitor will be 

responsible for the construction. It is suggested to conduct complementary studies in 

different institutional settings to investigate their influence on design decisions. This may 

also include international studies. Further insights could be generated on the long-term 

consequences and related uncertainty of decisions in tenders and the impact of the decision-

making process during the design phase on the risk allocation in large infrastructure projects.  

 

7.4 Practical contributions 

Blending the knowledge presented in this dissertation with practitioners’ knowledge 

contributes to the transition from scientific knowledge to practical application. The gained 

insights while conducting this research can support the construction industry in managing 

their design decision-making process during a tender. The gained insights reveal the complex 

decision-making process in terms of 1) the incompleteness of information, 2) the 

interdependencies of decisions, and 3) the impact of risk on the decision-making process. 

This leads to a discussion of the contribution to apply a choice architect and to use a 

different tender approach. Although the contractors’ perspective is the main perspective 

used in this section,  it also presents useful insights for public clients such as the Dutch 
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Ministry of Infrastructure and Water Management or other public and private parties 

involved in infrastructure works. 

 

Dealing with incomplete information in early decision-making 

The design process during a tender is restricted by the tender duration. Existing literature 

(Klapproth, 2008) and the results in this dissertation show that engineers have to make 

decisions under time pressure. The pressure to propel in design creates a situation in which 

engineers make judgements based on previous experiences as the required information is 

often incomplete. During a tender, contractors can deal with incomplete information by: 1) 

relying on engineers’ expertise, 2) addressing the gap between available and required 

information and 3) using information on past projects.  

 

An often used way to deal with incomplete information is to rely on experience and 

knowledge of engineers. The results presented in chapter 4 suggest that engineers rely on 

experience when they are asked to decide between two alternatives and ignore or assign 

lesser importance to a subset of explanatory values. Judgements based on experience can 

cause negative consequences for later project phases when the available knowledge and 

experience is not aligned with the complexity of project. It is advisable to stimulate 

discussion among the tender team and thereby increase the understanding of underlying 

reasoning and interpretation of engineers about the problem. The discussion between 

engineers will exchange various interpretations about the problem and broaden their 

perspective which, in turn, will point out the uncertainties and knowledge gaps in the 

problem scope and increase risk awareness.  

 

Identifying the gap between the used and required information can be supported by 

evaluating the quality of the decision-making process. Chapter 5 showed that this evaluation 

indicates areas of the decision-making process that can benefit from increased attention to 

raise the decision quality. The evaluation was conducted at the end of the tender during the 

workshop which made it impossible to improve the decision quality during the tender. The 

evaluation can also be done halfway through the tender to decide whether it is valuable to 

invest in finding and using the required design information. The outcome of the evaluation 

can, in both situations, be used to justify or adjust the available risk budget. For example, 

the decision quality is evaluated with a low score at the end of the tender and areas for 

improvement are identified. In this case, there is no time left to increase the investment for 

finding additional information. Instead, the tender team could raise the risk budget as a way 

to mitigate the possible risk measures once the project is awarded.  

 

Using information on past projects is another way to deal with incomplete information. 

Historical project information can be used to create substantiated probability distributions 

that reflect the uncertainty in the required information. However, the availability and 

accessibility of historical information is scarce. It is therefore essential  that investments be 
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made in capturing data from projects. The use of BIM (building information modelling) can 

support this effort. Meanwhile, more subjective ways to capture the uncertainty can be used. 

In chapters 4 and 5, it was shown that applying a bandwidth value to represent uncertainty 

in decision-making can be beneficial to increase risk awareness. Nonetheless, there will 

always be a lack of information during a tender, and furthermore, the amount of information 

will not eliminate the risk.  

 

Interdependencies of decision 

The complexity of infrastructure design processes, the greater technical opportunities, the 

multifaceted client requirements and the greater interoperability with other infrastructure 

systems lead to a situation in which many different solutions for a single problem are 

possible. Depending on the used perspective different solutions might be favourable, that 

is, the available design space has increased. If the interdependencies between decisions can 

be provided with unambiguous criteria, then the use of systems engineering (SE) as a guiding 

design principle and approach is suitable. SE takes designers through a series of processes 

which support analysing the interactions between requirements, subsystems and 

organizations. The systematic approach is useful in situations where it is possible to find the 

most appropriate solution by examining potential alternatives at each design level. If, on the 

other hand, the decisions have many interdependencies then it might be wise to design 

various alternative simultaneously. The design of various subsystems create interface 

problems that all require much time discussing various opinions and alternatives (Bernold 

and Abourizk, 2010). In this situation, the decomposition of a system requires many 

interactions to solve the interface problems (Suh, 2006) at subsystem level. Designing the 

various alternatives requires either more time or more resources which are both often scarce 

in tenders. The available time is given by the client, so  within this given time only more 

resources can be used to develop the alternatives. Therefore, the use of separate design 

teams that simultaneously design different alternatives might be wise. Based on the design 

alternatives of both teams the most economically feasible solution is chosen.  

 

Possible influence of group dynamics and risk perception 

The traditional way to find economically optimal solutions is to rely on the knowledge, 

experience and intuition of engineers. Their knowledge is based on past performance of 

projects without sufficient understanding of the increased complexity in the sector. In 

addition, the risk perception of individuals and the composition of the tender team adds 

complexity to the decision making in terms of decision behaviour of engineers. The results 

of the experiment described in chapter 4 indicate that decisions in a tender are not made 

entirely based on the information presented in a trade-off. Instead, engineers rely on their 

experience and thereby steer the outcome of the decision analysis. In this research the 

influence of team composition on the decision outcome is not specifically studied. However, 

the results point to the importance of team composition for the decision outcome because 

different engineers have different experiences. A different team composition can lead to 
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different decisions (Kilgour and Eden, 2010, Morais and de Almeida, 2012, de Almeida et 

al., 2016).  

 

The results of this study show variations in the problem framing between engineers, 

differences in the logic of using and relying on criteria in the decision-making, and 

inconsistencies in the desired outcomes resulting from inadequate detail in the design 

solution. Creating better understanding of the complex interactions among engineers could 

be relevant because decision-making is influenced by how engineers see, interpret and 

respond to circumstances. To broaden the perspective of a tender team it is advisable to 

gather a team in which various experts from different areas or distinct levels of knowledge 

about the problem are included. It seems natural to expect that engineers will express 

opinions and preferences which broadens the view of other engineers on the specific 

problem. This will ensure that different alternatives are analysed. If a more one-sided tender 

team is gathered then it might be wise to force the team to analyse various scenarios to 

broaden their view. 

 

Choice architect 

Raising risk awareness can be seen as one direction to support contractors in making more 

qualitative decisions in the tender of infrastructure projects. According to Laryea and 

Hughes (2008) the limited adaption of existing tools can be dealt with through devising risk 

assessment methodologies that appreciate the actual practice in construction industry and 

reflect what practitioners do in reality. The design rules described in chapter 5 may help 

construction professionals in this regard but also offer possible directions for setting up the 

decision-making process. To implement the design rules in tenders it seems beneficial to 

assign a person with the task to organize and facilitate the design decision-making process. 

In doing so, it is recommended to also raise risk awareness within the parent organization 

since the tender team has to justify the decisions made to the parent organization. Providing 

the quality of the decision-making process along with the solution could influence the risk 

awareness of top management.  

 

A different tender approach  

The larger goal for contractors is to develop a winning bid that is delivered within the 

project's objectives. The developed approach in this dissertation improves the reliability of 

cost and time estimations during the tender by ensuring coherence and promoting risk 

management. This increases the likelihood that the tender will meet the project's objectives. 

However, there is a chance that the chosen solution may not turn out to be the winning 

solution. This is partly caused by the competition but additionally solutions that were 

successful in the past no longer fit in to the solution space offered by the client. This 

dissertation provides the following indications for this: 
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• Decisions are made based on the knowledge, experience and intuition of engineers 

so that in addition to the existing uncertainty in a tender, the perception of 

engineers about the best solution is equally important. 

• The available tender time is insufficient to consider the required information in the 

design of all alternatives. 

• The complexity of the projects has increased due to the size, technology and 

stakeholders involved. 

• Engineers are insufficiently aware of the risks in each solution, let alone being 

aware of possible alternative solutions. 

 

In addition to implementing the design rules, a different tender approach can help to 

increase the likelihood that the chosen solution will more closely match the project's 

objectives. Regardless of the nature of the tender, it seems useful to consider the team 

composition in addition to the availability of engineers. The composition of the team 

influences the knowledge, experience and intuition present within the team. For moderate 

complex tenders, a team is usually composed to ensure the project management processes. 

These processes should ultimately lead to a better solution. However, the design decisions 

are based on knowledge, experience and intuition. A team that is complementary to balance 

the different risk perceptions can help to create a broader perspective on the problem and 

thus increase risk awareness. For complex tenders with multiple alternatives at the system 

or subsystem level, it may be helpful to form a larger team. This allows multiple alternatives 

to be worked out in parallel within the fixed time of tenders.  

 

7.5 Concluding remarks 

When preparing a bid for an infrastructure project, design managers have to choose between 

alternatives based on various criteria to comply with the requirements of both the client and 

the parent organization. Choosing between the alternatives requires understanding the 

impact of the decision in later project stages. In this decision context, uncertainty related to 

the internal and external environment is always present. This complicates transparent 

evaluation of alternatives because the decision is made using insufficient information, 

without knowing the emergent behaviour of the alternative and without sufficient problem 

understanding. Consequently, there is an increased risk of designing an economically 

unfeasible solution for both the client and contractor. This is especially the case for complex 

projects where the design space has grown to the point where multiple disciplines are 

required to develop a solution. Yet, the decision-making in tenders relies on the experience 

and knowledge of the involved engineers and sometimes supported by the outcomes of 

performed multi-criteria decision analysis. Given the experience and knowledge of multi-

disciplinary teams and the wide variety of criteria in design decisions, decision-makers often 

do not perceive the outcome of their decision as being inconsistent or irrational and of low 

quality. On the contrary, conducting a multi-criteria decision analysis creates the illusion that 
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the decision is well justified and of high quality. To this end, it is important to be aware of 

the risks and uncertainties involved in each of the alternatives and use this information in 

the decision-making process. Especially since, in a contracted project, the chosen solution 

is part of the agreement between the client and the contractor. Therefore, decision-making 

during the tender phase of large infrastructure projects based on a single scenario should be 

avoided.  
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Appendices 

 

Appendix A – General instruction and questionnaire  

 

Tender – Verbetering verbinding stationsgebied 
 
Inleiding 
Je doet mee aan een tender voor een groot infrastructureel project. Samen met het 
tenderteam willen jullie uiteraard de beste aanbieding maken. Jullie besluiten om voor 
lastige keuzen gebruik te maken van de Trade-off matrix zoals deze binnen BAM gebruikt 
wordt. Bij het opzetten van de trade-off maken jullie gebruik van de EMVI-criteria omdat 
jullie zeker willen weten dat de gemaakte keuze aansluit bij de wensen van klant. Daarnaast 
willen jullie natuurlijk ook bepalen of het gekozen ontwerp haalbaar is.  
 
Na enig brainstormen hebben jullie twee alternatieven bedacht. Beide alternatieven 
worden hierna besproken. Het is noodzakelijk om een keuze te maken tussen beide 
alternatieven omdat de datum van indienen snel dichterbij komt.  
 
Project 
Het betreft een uitvraag waarbij een bestaand viaduct (paarse blok in figuur 1) vervangen 
moet worden. De loopbrug wordt gesloopt. Om hinder tijdens de uitvoering te beperken 
wordt door de klant geëist dat het nieuwe viaduct naast het oude viaduct wordt 
gerealiseerd.  
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Figuur 1 Huidige situatie 
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Alternatief A 
In dit alternatief (figuur 2) 
wordt het nieuwe viaduct 
(groen) aangelegd.  
De loopbrug en het oude 
viaduct worden gesloopt nadat 
het nieuwe viaduct gereed is.  
 
Deel A: Nieuwe verbinding 
tussen parkeerplaats en nieuw 
viaduct. 
Deel B: De bestaande zuidelijke 
toegang blijft gehandhaafd. 
Deel C: De tafelconstructie 
wordt behouden, verlengd en 
sluit aan op het nieuwe viaduct.  
  

Figuur 2 Alternatief A 
Alternatief B 
In dit alternatief (figuur 3) 
wordt het nieuwe viaduct 
(groen) aangelegd.  
De loopbrug en het oude 
viaduct worden gesloopt nadat 
het nieuwe viaduct gereed is. 
  
Deel A: Nieuwe verbinding 
tussen parkeerplaats en nieuw 
viaduct.  
Deel B: De noordelijke toegang 
wordt ontsloten door een deel 
van de voetgangersbrug 
opnieuw te gebruiken.  
Deel C: Nieuw in te richten 
voorplein. 
De bestaande zuidelijke 
toegang blijft gehandhaafd. 

Figuur 3 Alternatief B 
 
Jullie hebben gezamenlijk een trade-off opgesteld en reeds ingevuld (zie meegeleverde 
bijlage). In deze trade-off zijn beide alternatieven beoordeeld op een aantal aspecten.  
 

- Bestudeer de bijgeleverde trade-off en geef in deze trade-off aan welk alternatief je kiest - 
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Je hebt net een keuze gemaakt tussen alternatief A of alternatief B. Met deze keuze in je 
achterhoofd wil ik je vragen om ook onderstaande vragen te beantwoorden.  
 

- Omcirkel bij onderstaande vragen het cijfer dat hoort bij jouw antwoord - 
 
Vraag 2:  Omcirkel het nummer dat aangeeft hoe sterk je voorkeur is voor het alternatief  

 
Alternatief A 
Alternatief B 

100% 
0% 

90% 
10% 

80% 
20% 

70% 
30% 

60% 
40% 

50% 
50% 

40% 
60% 

30% 
70% 

20% 
80% 

10% 
90% 

0% 
100% 

 1 2 3 4 5 6 7 8 9 10 11 

 
 
Vraag 3:  Hoe zou je de keuze tussen beide alternatieven karakteriseren? 

 
als een kans 

zowel 
als kans als risico 

  
als een bedreiging 

1 2 3 4 5 6 

 
als potentieel 
verliesgevend 

als potentieel 
budgetneutraal 

als potentieel  
winstgevend 

1 2 3 4 5 6 

 
als een  
positieve situatie 

als een 
neutrale situatie 

als een  
negatieve situatie 

1 2 3 4 5 6 

 
 
Vraag 4:  Hoe schat jij de kans in dat je de juiste keuze hebt gemaakt? 

 
Ik schat dat ik de juiste 
keuze heb gemaakt 
als erg waarschijnlijk 

Ik schat dat ik de juiste 
keuze heb gemaakt 
als waarschijnlijk 

Ik schat dat ik de juiste 
keuze heb gemaakt 

als erg onwaarschijnlijk 

1 2 3 4 5 6 

 
 
Vraag 5:  Kun je aangeven in welke mate soortgelijke keuzen (keuzen die overeenkomen 

met de net gemaakte keuze) in voorgaande projecten goed hebben uitgepakt? 

 
Ik heb vaak soortgelijke 
keuzen gemaakt in  
voorgaande projecten  
die goed hebben uitgepakt 

Ik heb soms soortgelijke 
keuzen gemaakt in 

voorgaande projecten 
die goed hebben uitgepakt 

Ik heb zelden soortgelijke 
keuzen gemaakt in 

 voorgaande projecten 
die goed hebben uitgepakt 

1 2 3 4 5 6 
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Vraag 6:  Hoe zou je je eigen projectervaring karakteriseren? 

 
Ik heb vooral  
negatieve projecten 
meegemaakt 

Ik heb zowel 
negatieve als positieve 
projecten meegemaakt 

Ik heb vooral 
positieve projecten 

meegemaakt 

 

1 2 3 4 5 6 n.v.t 

 
In veel projecten  
heb ik te maken gehad  
met opgetreden risico’s 

In sommige projecten heb 
ik te maken gehad 

met opgetreden risico’s 

In weinig projecten heb  
ik te maken gehad  

met opgetreden risico’s 

 

1 2 3 4 5 6 n.v.t 

 
Mijn ervaring met 
opgetreden risico’s  
is dat deze veelal tot 
problemen leiden 

Mijn ervaring met 
opgetreden risico’s 

is dat deze soms tot 
problemen leiden 

Mijn ervaring met 
opgetreden risico’s 

is dat deze zelden tot 
problemen leiden 

 

1 2 3 4 5 6 n.v.t 

 
 
Vraag 7:  In het algemeen moeten we risico’s nemen om verder te kunnen. Kun je 

aangeven waar je jezelf op onderstaande schaal plaatst als het gaat over het 
nemen van risico’s? 

 
Ik voel me 
comfortabel met  
het nemen van risico’s 

Ik voel me 
neutraal met 

het nemen van risico’s 

Ik voel me  
oncomfortabel met  

het nemen van risico’s 

1 2 3 4 5 6 

 
 
Vraag 8:  Kun je voor onderstaande 5 situaties aangeven welk alternatief je zou kiezen? 

Omcirkel bij elke situatie antwoord ‘a’ of antwoord ‘b’ 

 
1.  a) Een kans van 80% op het winnen van een tender van €40.000,- of 

b) Een opdracht krijgen van €32.000,- 
 

2.  a) Een opdracht krijgen van €30.000,- of 
b) Een kans van 20% op het winnen van een tender van €150.000,-  

 
3.  a) Een kans van 90% op het winnen van een tender van €20.000,- of 

b) Een opdracht krijgen van €18.000,- 
 

4.  a) Een opdracht krijgen van €16.000,- of 
b) Een kans van 10% op het winnen van een tender van €160.000,- 

 
5.  a) Een kans van 50% op het winnen van een tender van €50.000,- of 

b) Een opdracht krijgen van €25.000,-. 

 
BEDANKT VOOR JE MEDEWERKING! 
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Appendix B – Trade-off (baseline condition) 

 

Trade-off Matrix Toegang NS-station

Object ID

Document nummer
Versie / Datum
Status

W
e
e
g

fa
c
to

r

Deel C is het eindveld van het bestaande viaduct Ontsluiting noord zijde is voor voetgangers eventueel met fietsers aan de hand

Uitgangspunten / aandachtspunten

1 Het aantal FHU's is beperkt omdat de nieuwe constructie naast de bestaande constructie 

wordt gebouwd, en daarna in gebruik genomen wordt. Hierdoor ontstaan geen FHU's op 

het onderliggende wegennet.

+ 1 Het aantal FHU's is beperkt omdat de nieuwe constructie naast de bestaande constructie 

wordt gebouwd, en daarna in gebruik genomen wordt. Hierdoor ontstaan geen FHU's op 

het onderliggende wegennet.

+ 1

1 Geen TVP (trein vrije periode) benodigd omdat deel C (het bestaande viaduct) 

gehandhaaft blijft. 

+ 1 Extra TVP (trein vrije periode) benodigd voor het verwijderen van het bestaande dek. Voor 

het plaatsen van de nieuwe loopbrug is geen TVP benodigd omdat dit buiten de 

deelsysteemgrenzen gepositioneerd is.

- -1

1 Zowel de Gemeente, Rijkswaterstaat als ProRail willen niet het beheer van het bestaande 

veld (deel C) op zich nemen

-- -2 Er moet overleg plaatsvinden met RWS/Gemeente en ProRail voor het beheer en 

onderhoud van de nieuwe aanbrug ten behoeve van de 'Ontsluiting Noorzijde station'. 

(beperkt aantal m2)

0 0

1 Entree conform eisen contract, aan oostzijde. De looproute wordt iets langer omdat het 

nieuwe dek naast het bestaande dek gebouwd is. De extra afstand voor voetgangers wordt 

veroorzaakt door de afstand in blok A en blok C (2x7,5meter).

+ 1 Entree aan noordzijde conform huidige situatie, voor voetgangers en voetgangers met fiets 

aan de hand.  De looproute is iets langer (2x7,5meter) mdat het nieuwe dek naast het 

bestaande dek gebouwd is.

+ 1

- Vormgeving 1 Gemeente, RWS en ProRail gingen vooralsnog niet mee in het handhaven van het 

bestaande veld en voorzagen problemen met welstand/Q-team

- -1 Conform gemeente, RWS en ProRail is er overleg benodigd met Welstand/Q-team voor de 

inpassing. Wordt wel als haalbaar geacht

+ 1

Kritische eisen / cost drivers

1 Entree van het station wordt aangepast, afstemming met ProRail zal moeten plaatsvinden. + 1 Entree van het station wordt niet aangepast, geen nadere afstemming met ProRail 

benodigd

++ 2

1 De bereikbaarheid en inspecteerbaarheid van station, te handhaven veld blijft hetzelfde als 

huidige situatie. Het nieuwe kunstwerk is goed bereikbaar en inspecteerbaar.

0 0 De bereikbaarheid en inspecteerbaarheid van station wordt beter omdat direct 

naastgelegen veld verwijderd wordt. De nieuwe loopbrug zal zich waarschijnlijk wel boven 

de weg gepositoneerd zijn. Nieuwe kunstwerk is goed bereikbaar en inspecteerbaar.

+ 1

1 Toegang over de gehele lengte is voorzien in het ontwerp + 1 In het ontwerp wordt de toegang tot het station niet gewijzigd, er is alleen aan de noord en 

zuidzijde een toegang tot het station. Er wordt niet voorzien in een toegang over de gehele 

lengte van het station. Een Wijziging moet opgesteld worden.

- -1

1 Inrichting op zuidelijke terp wordt niet aangepast, huidige functionaliteit wordt niet 

aangepast

+ 1 Inrichting op zuidelijke terp wordt aangepast, huidige functionaliteit kan (in overleg met 

Gemeente en ProRail) verhoogd worden

++ 2

1 Het hoogteverschil tussen nieuw KW en Station wordt tpv het bestaande veld gelijkmatig 

overbrugt. Hiermee is de hoogte van de aansluiting tpv het station gelijk

+ 1 Het hoogteverschil tussen nieuw KW en Station wordt tpv de nieuwe aanbrug gelijkmatig 

overbrugt. Hiermee is de hoogte van de noordelijke aansluiting tpv het station gelijk. Er 

vindt geen aansluiting met de oostelijke entree plaats.

- -1

1 De onderhouds- en beheerskosten zullen gelijk zijn aan huidige situatie. Hiervoor zijn wel 

herstelmaatregelen aan het bestaande veld benodigd om dit te waarborgen.

+ 1 De onderhouds- en beheerskosten zullen lager zijn aan huidige situatie. De bestaande 

loopbrug over de snelweg wordt verwijderd, er wordt een kleinere loopbrug voor terug 

aangebracht. De onderhoudskosten op de zuidelijke terp zullen lager zijn (eenvoudiger 

constructie

++ 2

1 Inrichting op zuidelijke terp wordt niet aangepast, huidige functionaliteit wordt niet 

aangepast

+ 1 Inrichting op zuidelijke terp wordt aangepast, huidige functionaliteit wordt (in overleg met 

Gemeente en ProRail) verhoogd

++ 2

Beoordeling van effecten (kwalitatief)

Criterium W
e
e
g

fa
c
to

r

Toelichting S
c
o
re

re
k
e
n

Toelichting S
c
o
re

re
k
e
n

Techniek

Bereikbaarheid 1 De bereikbaarheid en inspecteerbaarheid van station, te handhaven veld blijft hetzelfde als 

huidige situatie. Nieuwe kunstwerk is goed bereikbaar en inspecteerbaar.

+ 1 De bereikbaarheid en inspecteerbaarheid van station wordt beter omdat direct 

naastgelegen veld verwijderd wordt. De nieuwe loopbrug zal zich waarschijnlijk wel boven 

de weg gepositoneerd zijn. Nieuwe kunstwerk is goed bereikbaar en inspecteerbaar.

+ 1

Ruimtebeslag 1 niet onderscheidend 0 0 niet onderscheidend 0 0

Uitvoering 1 niet onderscheidend 0 0 niet onderscheidend 0 0

MER-effecten

Verkeer 1 niet onderscheidend 0 0 niet onderscheidend 0 0

Geluid 1 niet onderscheidend 0 0 niet onderscheidend 0 0

Luchtkwaliteit 1 niet onderscheidend 0 0 niet onderscheidend 0 0

Natuur 1 niet onderscheidend 0 0 niet onderscheidend 0 0

Archeologie 1 niet onderscheidend 0 0 niet onderscheidend 0 0

Bodem 1 niet onderscheidend 0 0 niet onderscheidend 0 0

Water 1 niet onderscheidend 0 0 niet onderscheidend 0 0

Landschap, ruimtelijke kwaliteit en cultuurhistorie 1 Geen meerwaarde voor constructie en aankleding omgeving -- -2 meerwaarde voor constructie en mogelijkheid tot aankleding omgeving + 1

Sociale aspecten 1 niet onderscheidend 0 0 niet onderscheidend 0 0

Verkeersveiligheid 1 niet onderscheidend 0 0 niet onderscheidend 0 0

Externe veiligheid 1 niet onderscheidend 0 0 niet onderscheidend 0 0

Ruimtegebruik 1 niet onderscheidend 0 0 niet onderscheidend 0 0

MIRT- en bestuurlijke besluitvorming 1 niet onderscheidend 0 0 niet onderscheidend 0 0

Hinder 1 niet onderscheidend 0 0 niet onderscheidend 0 0

Planning

Doorlooptijd 1 niet onderscheidend 0 0 niet onderscheidend 0 0

Robuustheid/flexibiliteit 1 minimale invloed op FHU's en TVP 0 0 Impact op TVP, (extra TVP benodigd voor sloop viaduct niet voor plaatsen loopbrug) 0 0

Vormgeving

Aansluiting bij Vormgevingsplan 1 Geen meerwaarde voor constructie en aankleding omgeving -- -2 meerwaarde voor constructie en mogelijkheid tot aankleding omgeving + 1

Kosten

Investering 1 zie onderstaande 0 0 zie onderstaande 0 0

Life Cycle Cost (i-KALM) 1 geen invloed 0 0 geen invloed 0 0

Risico's

Geld 1 0 0 Risk-0005: Voetgangersbrug mag of kan niet hergebruikt worden. - -1

Tijd 1 0 0 Risk-0001: TVP wordt niet door ProRail geaccepteerd. -- -2

Kwaliteit 1 Risk-0007: Huidige constructie (te handhaven veld) voldoet niet

Risk-0008: Trillingen bij bouw nieuw kunstwerk veroorzaken scheurvorming aan oud 

kunstwerk

- -1 Risk-0003: Beperkte ruimte tussen snelweg en station zorgt ervoor dat poeren voor de 

voetgangersbrug met een complexe uitvoeringsmethode uitgevoerd moet worden.

Risk-0008: Trillingen bij bouw nieuw kunstwerk veroorzaken scheurvorming aan oud 

kunstwerk

- -1

Veiligheid 1 Risk-0004: Gasleiding onder snelweg moet verwijderd worden voordat werkzaamheden 

kunnen starten.

0 0 Risk-0004: Gasleiding onder snelweg moet verwijderd worden voordat werkzaamheden 

kunnen starten.

0 0

Omgeving 2 Risk-0006: Talud van nieuw te bouwen kunstwerk valt binnen eigendomsgrenzen van 

ProRail waarvoor geen toestemming wordt gegeven.

- -2 Risk-0002: Inrichting van het nieuwe stationsplein levert veel tegenstrijdige belangen op. 

Risk-0006: Talud van nieuw te bouwen kunstwerk valt binnen eigendomsgrenzen van 

ProRail waarvoor geen toestemming wordt gegeven.

-- -4

Samenvatting beoordeling (kwalitatief)

Beoordeling van effecten (kwantitatief / EMVI)

minimaal 80% € 1.440.000 € 1.600.000

Verwachte waarde 100% € 1.800.000 € 2.000.000

maximaal 115% € 2.070.000 € 2.300.000
Uitgangspunten: Afprijzen TVP (voor verwijderen bestaand brugdek) is niet afgeprijst vanwege 

onduidelijkheid hoe ProRail omgaat met de maatschappelijke kosten. Het verschil in 

realisatiekosten wordt groter omdat één extra TVP benodigd is.

Kwaliteitsplannen (negatieve gevolgen voor score)

Plan Beperking Verkeershinderbeleving € 0 € 0

Plan Beperking omgevingshinder € 0 € 0

Procesplan € 0 € 0

Alternatief A Alternatief B

Legenda 

Weegfactor Score / risico

nauwelijks relevant 1 (++) voldoet / zeer gunstig / geen 2

beperkt relevant 2 (+) voldoet / gunstig / geen 1

relevant 3 (0) voldoet / neutraal / klein 0

zeer relevant 4 (-) voldoet mits / ongunstig / matig -1

zwaarwegend 5 (--) voldoet niet / slecht / groot -2

0 4

Kostenindicatie

Absoluut

Samenvatting beoordeling (kwantitatief / EMVI)

(Uitgangspunt bij deze waarde is dat drempelwaarden voor FHU en 

DuboCalc overschreden zijn)

€ 1.800.000 € 2.000.000

Voorstel variantkeuze

Besluit

                                                                            Vraag 1: 

                                                                               Welke opte heeft jouw voorkeur?

Bijlagen

- FHU's onderliggend wegennet

- TVP tbv sloop bestaand viaduct

- Beheer bestaande constructie

- Toegankelijkheid vanuit P+R noordzijde (kortste route)

SE_0001 Wijzigingen van de entree van het station dienen afgewerkt 

te worden met een vergelijkwaardig afwerkingsniveau als de 

bestaande constructie op het gebied van:

- toe te passen materiaal;

- afwerking;

- kwaliteit;

- duurzaamheid.

SE_0002 Het nieuw te realiseren kunstwerk en de constructie van de 

entree dienen onder handbereik inspecteerbaar en onderhoudbaar 

te zijn.

SE_0003 Het nieuwe kunstwerk dient voor voetgangers, fietsers en 

mindervaliden toegang te bieden aan het station via een nieuwe 

entree over de gehele lengte van de oostzijde van de entree.

SE_0004 De ..straat dient ten minste te voorzien in het handhaven 

van de aanwezige functionaliteiten, met behoud van bestaande 

maatvoeringen:

- P&R;

- Bushalte;

- K+R;

- Taxistandplaats;

- Invalideparkeren.
SE_0005 De hoogte van het nieuw te realiseren kunstwerk dient ter 

hoogte van Station te voorzien in een voetpadhoogte gelijk aan het 

vloerniveau van de oostelijke entree.

SE_0006 De onderhouds- en beheerskosten van Station dienen ten 

hoogste gelijk te zijn ten opzichte van de bestaande situatie, conform 

"Leidraad RAMSHE-LCM: HDL00032-V002", studie type 3.

SE_0008 De …straat dient de functies en de inrichting van het 

Station te handhaven, tenzij anders vereist.

In deze Trade-off matrix wordt een afweging gemaakt tussen twee varianten voor de realisatie van de toegang tot het NS-Station. 
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Gehele viaduct verwijderen en plein op bestaand grondlichaam maken, met daarbij 

een ontsluiting aan de noordzijde van het station
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Appendix C – Trade-off (experimental condition) 

 

Trade-off Matrix Toegang NS-station

Object ID

Document nummer

Versie / Datum

Status

W
e
e
g

fa
c
to

r

Deel C is het eindveld van het bestaande viaduct m
in

im
a
a
l

m
e
e
s
t 

w
a
a
rs

c
h

ij
n

li
jk

Ontsluiting noord zijde is voor voetgangers eventueel met fietsers aan de 

hand m
in

im
a
a
l

m
e
e
s
t 

w
a
a
rs

c
h

ij
n

li
jk

Uitgangspunten / aandachtspunten -- - + ++ -- - + ++

1 Het aantal FHU's is beperkt omdat de nieuwe constructie naast de bestaande 

constructie wordt gebouwd, en daarna in gebruik genomen wordt. Hierdoor ontstaan 

geen FHU's op het onderliggende wegennet.

1 1 1 Het aantal FHU's is beperkt omdat de nieuwe constructie naast de bestaande 

constructie wordt gebouwd, en daarna in gebruik genomen wordt. Hierdoor 

ontstaan geen FHU's op het onderliggende wegennet.

1 1 1

1 Geen TVP benodigd omdat deel C (het bestaande viaduct) gehandhaaft blijft. 1 1 1 Extra TVP (Trein Vrije Periode) benodigd voor het verwijderen van het bestaande 

dek.Voor het plaatsen van de nieuwe loopbrug is geen TVP benodigd omdat dit 

buiten de deelsysteemgrenzen gepositioneerd is.

(Risico-0001 | TVP wordt niet door ProRail geaccepteerd)

-2 -1,5 -1

1 Zowel de Gemeente, Rijkswaterstaat als ProRail willen niet het beheer van het 

bestaande veld (deel C) op zich nemen. 

(Risico-0007 | Huidige constructie (te handhaven veld) voldoet niet)

-2,0 -1,5 -1,2 Er moet overleg plaatsvinden met RWS/Gemeente en ProRail voor het beheer en 

onderhoud van de nieuwe aanbrug ten behoeve van de 'Ontsluiting Noorzijde 

station'. (beperkt aantal m2)

(Risico-0005 | Voetgangersburg mag of kan niet hergebruikt worden)

0 0,5 1

1 Entree conform eisen contract, aan oostzijde. De looproute wordt iets langer omdat 

het nieuwe dek naast het bestaande dek gebouwd is. De extra afstand voor 

voetgangers wordt veroorzaakt door de afstand in blok A en blok C (2x7,5meter).

1 1 1 Entree aan noordzijde conform huidige situatie, voor voetgangers en voetgangers 

met fiets aan de hand.  De looproute is iets langer (2x7,5meter) omdat het nieuwe 

dek naast het bestaande dek gebouwd is.

1 1 1

- Vormgeving 1 Gemeente, RWS en ProRail gingen vooralsnog niet mee in het handhaven van het 

bestaande veld en voorzagen problemen met welstand/Q-team

(Risico-0007 | Huidige constructie (te handhaven veld) voldoet niet)

-2,0 -1,5 -1,0 Conform gemeente, RWS en ProRail is er overleg benodigd met Welstand/Q-team 

voor de inpassing. Wordt wel als haalbaar geacht.

(Risico-0002 | Inrichting van het nieuwe stationsplein levert veel tegenstrijdige 

belangen op)

-2 -0,5 1

Kritische eisen / cost drivers -- - + ++ -- - + ++

1 Entree van het station wordt aangepast, afstemming met ProRail zal moeten 

plaatsvinden. 

1 1 1 Entree van het station wordt niet aangepast, geen nadere afstemming met ProRail 

benodigd

2 2 2

1 De bereikbaarheid en inspecteerbaarheid van station, te handhaven veld blijft 

hetzelfde als huidige situatie. Nieuwe kunstwerk is goed bereikbaar en 

inspecteerbaar.

0 0 0 De bereikbaarheid en inspecteerbaarheid van station wordt beter omdat direct 

naastgelegen veld verwijderd wordt. De nieuwe loopbrug zal zich waarschijnlijk wel 

boven de weg gepositoneerd zijn. Nieuwe kunstwerk is goed bereikbaar en 

inspecteerbaar.

1 1 1

1 Toegang over de gehele lengte is voorzien in het ontwerp 1 1 1 In het ontwerp wordt de toegang tot het station niet gewijzigd, er is alleen aan de 

noord en zuidzijde een toegang tot het station. Er wordt niet voorzien in een 

toegang over de gehele lengte van het station. Een VCW moet opgesteld worden.

-1 -1 -1

1 Inrichting op zuidelijke terp wordt niet aangepast, huidige functionaliteit wordt niet 

aangepast

1 1 1 Inrichting op zuidelijke terp wordt aangepast, huidige functionaliteit kan (in overleg 

met Gemeente en ProRail) verhoogd worden

2 2 2

1 Het hoogteverschil tussen nieuw KW en Station wordt tpv het bestaande veld 

gelijkmatig overbrugt. Hiermee is de hoogte van de aansluiting tpv het station gelijk

1 1 1 Het hoogteverschil tussen nieuw KW en Station wordt tpv de nieuwe aanbrug 

gelijkmatig overbrugt. Hiermee is de hoogte van de noordelijke aansluiting tpv het 

station gelijk. Er vindt geen aansluiting met de oostelijke entree plaats.

-1 -1 -1

1 De onderhouds- en beheerskosten zullen gelijk zijn aan huidige situatie. Hiervoor 

zijn wel herstelmaatregelen aan het bestaande veld benodigd om dit te waarborgen.

(Risico-0007 | Huidige constructie (te handhaven veld) voldoet niet)

0 0,5 1 De onderhouds- en beheerskosten zullen lager zijn aan huidige situatie. De 

bestaande loopbrug over de snelweg wordt verwijderd, er wordt een kleinere 

loopbrug voor terug aangebracht. De onderhoudskosten op de zuidelijke terp zullen 

lager zijn (eenvoudiger constructie)

2 2 2

1 Inrichting op zuidelijke terp wordt niet aangepast, huidige functionaliteit wordt niet 

aangepast

1 1 1 Inrichting op zuidelijke terp wordt aangepast, huidige functionaliteit wordt (in overleg 

met Gemeente en ProRail) verhoogd

2 2 2

Beoordeling van effecten (kwalitatief)

Criterium Toelichting Toelichting

Techniek -- - 0 + ++ -- - 0 + ++

Bereikbaarheid 2 De bereikbaarheid en inspecteerbaarheid van station, te handhaven veld blijft 

hetzelfde als huidige situatie. Nieuwe kunstwerk is goed bereikbaar en 

inspecteerbaar.

(Risico-0006 | Talud van nieuw te bouwen kunstwerk valt binnen eigendomsgrenzen 

van ProRail waarvoor geen toestemming gegeven wordt)

-4,0 -3,0 0,0 De bereikbaarheid en inspecteerbaarheid van station wordt beter omdat direct 

naastgelegen veld verwijderd wordt. De nieuwe loopbrug zal zich waarschijnlijk wel 

boven de weg gepositoneerd zijn. Nieuwe kunstwerk is goed bereikbaar en 

inspecteerbaar.

(Risico-0003 | Beperkte ruimte tussen snelweg en station zorgt ervoor dat poeren 

voor de voetgangersbrug met een complexe uitvoeringsmethode uitgevoerd moet 

worden.)

-1 0 1

Ruimtebeslag 1 niet onderscheidend 0 0 0 (Risico-0006 | Talud van nieuw te bouwen kunstwerk valt binnen eigendomsgrenzen 

van ProRail waarvoor geen toestemming gegeven wordt)

-2 -1 0

Uitvoering 1 (Risico-0008 | Trillingen bij bouw nieuw kunstwerk veroorzaken scheurvorming aan 

oud kunstwerk)

-1,0 -0,5 0,0 (Risico-0008 | Trillingen bij bouw nieuw kunstwerk veroorzaken scheurvorming aan 

oud kunstwerk)

-1 -0,5 1

MER-effecten

Verkeer 1 niet onderscheidend 0 0 0 niet onderscheidend 0 0 0

Geluid 1 niet onderscheidend 0 0 0 niet onderscheidend 0 0 0

Luchtkwaliteit 1 niet onderscheidend 0 0 0 niet onderscheidend 0 0 0

Natuur 1 niet onderscheidend 0 0 0 niet onderscheidend 0 0 0

Archeologie 1 niet onderscheidend 0 0 0 niet onderscheidend 0 0 0

Bodem 1 niet onderscheidend 0 0 0 niet onderscheidend 0 0 0

Water 1 niet onderscheidend 0 0 0 niet onderscheidend 0 0 0

Landschap, ruimtelijke kwaliteit en cultuurhistorie 1 Geen meerwaarde voor constructie en aankleding omgeving -2 -2 -2 meerwaarde voor constructie en mogelijkheid tot aankleding omgeving 1 1 1

Sociale aspecten 1 niet onderscheidend 0 0 0 niet onderscheidend 0 0 0

Verkeersveiligheid 1 niet onderscheidend 0 0 0 niet onderscheidend 0 0 0

Externe veiligheid 1 niet onderscheidend 0 0 0 niet onderscheidend 0 0 0

Ruimtegebruik 1 niet onderscheidend 0 0 0 niet onderscheidend 0 0 0

MIRT- en bestuurlijke besluitvorming 1 niet onderscheidend 0 0 0 niet onderscheidend 0 0 0

Hinder 1 niet onderscheidend 0 0 0 niet onderscheidend 0 0 0

Planning

Doorlooptijd 1 (Risico-0004 | Gasleiding onder snelweg moet verwijderd worden voordat 

werkzaamheden kunnen starten)

-1 -0,5 0 (Risico-0004 | Gasleiding onder snelweg moet verwijderd worden voordat 

werkzaamheden kunnen starten)

-1 -0,5 0

Robuustheid/flexibiliteit 1 minimale invloed op FHU's en TVP 0 0 Impact op TVP, (extra TVP benodigd voor sloop viaduct niet voor plaatsen 

loopbrug)

(Risico-0001 | TVP wordt niet door ProRail geaccepteerd)

-2 -1 0

Vormgeving

Aansluiting bij Vormgevingsplan 1 Geen meerwaarde voor constructie en aankleding omgeving -2 -2 -2 meerwaarde voor constructie en mogelijkheid tot aankleding omgeving 1 1 1

Kosten

Investering 1 zie onderstaande 0 0 0 zie onderstaande 0 0 0

Life Cycle Cost (i-KALM) 1 geen invloed 0 0 0 geen invloed 0 0 0

Samenvatting beoordeling (kwalitatief) -6,0 -2,5 2,8 0 6,5 14

Beoordeling van effecten (kwantitatief / EMVI)

minimaal € 1.440.000 € 1.600.000

Verwachte waarde € 1.800.000 € 2.000.000

maximaal € 2.070.000 € 2.500.000
Uitgangspunten: Afprijzen TVP (voor verwijderen bestaand brugdek) is niet afgeprijst vanwege 

onduidelijkheid hoe ProRail omgaat met de maatschappelijke kosten. Het verschil in 

realisatiekosten wordt groter omdat één extra TVP benodigd heeft.

(Risico-0005 | Voetgangersbrug mag of kan niet hergebruikt worden)

Kwaliteitsplannen (negatieve gevolgen voor score)

Plan Beperking Verkeershinderbeleving € 0 € 0

Plan Beperking omgevingshinder € 0 € 0

Procesplan € 0 € 0

Alternatief A Alternatief B

Legenda

Weegfactor Score / risico

nauwelijks relevant 1 2

beperkt relevant 2 1

relevant 3 0

zeer relevant 4 -1

zwaarwegend 5 -2

(-) voldoet mits / ongunstig / matig

(--) voldoet niet / slecht / groot

80%

100%

125%

Vraag 1: 

Welke opte heeft jouw voorkeur?

(++) voldoet / zeer gunstig / geen

(+) voldoet / gunstig / geen

(0) voldoet / neutraal / klein

Samenvatting beoordeling (kwantitatief / EMVI)

(Uitgangspunt bij deze waarde is dat drempelwaarden voor FHU 

en DuboCalc overschreden zijn)

€ 1.800.000 € 2.000.000

Voorstel variantkeuze

Besluit

Kostenindicatie

Absoluut
80%

100%

115%

SE_0008 De …straat dient de functies en de inrichting van 

het Station te handhaven, tenzij anders vereist.

SE_0005 De hoogte van het nieuw te realiseren kunstwerk 

dient ter hoogte van Station te voorzien in een voetpadhoogte 

gelijk aan het vloerniveau van de oostelijke entree.

SE_0006 De onderhouds- en beheerskosten van Station 

dienen ten hoogste gelijk te zijn ten opzichte van de 

bestaande situatie, conform "Leidraad RAMSHE-LCM: 

HDL00032-V002", studie type 3.

SE_0003 Het nieuwe kunstwerk dient voor voetgangers, 

fietsers en mindervaliden toegang te bieden aan Station via 

een nieuwe entree over de gehele lengte van de oostzijde van 

de entree.

SE_0004 De ..straat dient ten minste te voorzien in het 

handhaven van de aanwezige functionaliteiten, met behoud 

van bestaande maatvoeringen:

- P&R;

- Bushalte;

- K+R;

- Taxistandplaats;

- Invalideparkeren.

SE_0001 Wijzigingen van de entree van het station dienen 

afgewerkt te worden met een vergelijkwaardig 

afwerkingsniveau als de bestaande constructie op het gebied 

van:

- toe te passen materiaal;

- afwerking;

- kwaliteit;

- duurzaamheid.

SE_0002 Het nieuw te realiseren kunstwerk en de constructie 

van de entree dienen onder handbereik inspecteerbaar en 

onderhoudbaar te zijn.

0 0

- Beheer bestaande constructie

- Toegankelijkheid vanuit P+R noordzijde (kortste route)

- FHU's onderliggend wegennet

- TVP tbv sloop bestaand viaduct

m
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im
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l

TOM-001

A, 2016

Defintief

In deze Trade-off matrix wordt een afweging gemaakt tussen diverse varianten voor de realisatie van de toegang tot het NS-Station. 
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Bestaand eindveld handhaven
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Alternatief B

Gehele viaduct verwijderen en plein op bestaand grondlichaam maken, met 

daarbij een ontsluiting aan de noordzijde van het station
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Deze schaalverdeling geeft een 95%-betrouwbaarheidinterval tussen de score 0 en +. Dit 
houdt in dat er een kans van 95% is dat de echte waarde tussen de 0 en + valt. Er is 
daarmee een 5% kans dat de waarde buiten deze range valt. 

Dit houdt in dat de score volgens de legenda hoogstwaarschijnlijk valt tussen 'voldoet' (0) 
en  'voldoet mits' (-).
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