
                                  

1 

 

 

Background Paper on Decision Making 

Prepared for the 2014 Advancing Alternatives Analysis Workshop 
 

This background paper offers an overview of decision-making in alternatives analysis (AA).  

Following a brief introduction to the nature and challenges of decision-making in the AA 

context, the paper focuses on two topics: decision frameworks in AA and available decision 

methods and tools. (The paper assumes a basic knowledge of AA; for more information on AA 

see the Background Paper on Alternatives Analysis.) 

INTRODUCTION 

 

Alternatives analysis (AA) can present regulators, businesses and non-governmental 

organizations (NGOs) with difficult choices.  For example, in our case study the City of 

Beachside must identify safer, viable alternatives to copper-based paint for boats.  In comparing 

the alternatives, an AA considers multiple criteria, including environmental effects, human 

health impacts, technical performance, and economic feasibility.  And each of those criteria 

implicates a number of sub-criteria.  For example, human health impacts may include 

considerations of carcinogenicity, endocrine disruption, developmental toxicity, neurotoxicity.   

 

The complexity of such an analysis is increased by several factors.  First, in many cases the data 

regarding toxicity, exposure, functionality and economic impact will be incomplete and highly 

uncertain.  Second, the data that are available will be quite diverse in nature; some will be 

qualitative and other quantitative, and much will be incommensurable. And finally, selecting 

among alternatives can present thorny trade-offs.  So, for example, how does one make the 

choice between an endocrine disrupting chemical in one product and a carcinogen in another? 

Third, in the regulatory setting in particular, concerns regarding consistency and transparency are 

also raised; good governance calls for similar treatment of similar cases and openness regarding 

the decision-making process.  

  

The field of decision analysis can assist policy-makers, businesses, and other stakeholders in this 

process.  Decision analysis is “a systematic approach to evaluating complex problems and 

enhancing the quality of decisions.”
1
  It offers a variety of frameworks, tools and methods that 

are applicable to AA, to which we now turn. Keep in mind that an AA includes a number of 

decision points, including identifying an initial set of potential alternatives, screening that initial 

set to choose a smaller set for more comprehensive analysis, and ultimately selecting a safer, 

viable alternative(s).   

DECISION FRAMEWORKS 
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For our purposes the term “decision framework” means the 

overall structure or order of the decision-making.  Existing AA 

approaches that explicitly address decision-making use any of 

three general decision frameworks: sequential, simultaneous, 

and mixed.
2
  The sequential framework includes a set of 

attributes, such as human health, environmental impacts, 

economic feasibility, and technical feasibility, which are 

addressed in succession.  The first attribute addressed is often 

human health or technical feasibility, as it is assumed that any 

alternative that does not meet minimum performance 

requirements should not proceed with further evaluation.  Only 

the most favorable alternatives proceed to the next module for 

evaluation. 

 

The simultaneous framework considers all or a set of 

attributes at once, allowing good performance on one attribute 

to offset less favorable performance on another for a given 

alternative.  Thus, one marine paint’s lackluster performance in 

terms of cost might be offset by its superior ability to minimize 

buildup of barnacles. This type of trading off is not generally 

available in the sequential framework across major decision 

criteria.  That said, it is important to note that even within a 

sequential framework, the simultaneous framework may be 

lurking where a major decision criterion consists of sub-criteria. 

For example, in most AA approaches the human health criterion 

has numerous sub-criteria reflecting a various forms of toxicity 

such as carcinogenicity, acute toxicity, and neurotoxicity.  Even 

within a sequential framework, the decision-maker may 

consider all those sub-criteria simultaneously when comparing 

the alternatives with respect to human health.     

 

The mixed framework, as one might expect, is a combination of 

the sequential and simultaneous approaches.  So, for example, if 

technical feasibility is of particular importance to you, you may 

screen out certain alternatives on that basis, and subsequently 

apply a simultaneous framework to the remaining alternatives 

regarding the other decision criteria.   

 

A recent study of 21 existing AA approaches noted that ten adopt 

no decision framework.  Seven adopted the mixed framework, 

using different frameworks for screening potential alternatives and 

for generating a ranking of alternatives or preferred alternative, 
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respectively.  Three other frameworks applied the simultaneous approach exclusively, while one 

framework applied only the sequential approach.  Lastly, the IC2 and the UCLA approaches 

presented the sequential, simultaneous and mixed frameworks as a menu of choices without 

expressing a preference.  The UCLA approach applied the various frameworks in two case 

studies to illustrate how the choice of decision framework can affect the outcome of the AA.
3
     

 

DECISION TOOLS/METHODS 

 

Decision tools or methods are formal and informal aids, rules or techniques that guide specific 

decisions.  In the case of AA the particular decision may vary depending upon their needs and/or 

the requirements of the regulatory program.  For example, the goal may be to identify a single 

optimal alternative, to rank the entire set of alternatives, or to simply differentiate between 

acceptable and unacceptable alternatives.
4
   

 

There are a wide range of decision tools and methods, ranging from informal rules of thumb to 

highly complex, statistically-based methodologies.
5
  These diverse approaches have distinctive 

theoretical bases, and handle uncertainty, weighting of decision criteria and other issues 

differently.  (See Appendix I for a general comparison of the methods/tools).  For our purposes, 

they can be broken into four general types: the narrative, structured, MCDA-assist, and robust 

scenario approaches.  Each type can be used for various decisions in an AA, such as winnowing 

down the initial set of potential alternatives or for ranking the alternatives.  As Figure 1 

illustrates, in the context of a mixed decision framework, two different decision tools/methods 

could even be used at different decision points within a single AA.   

 

Figure 1 

Example of a Mixed Framework 
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Narrative Approaches.  In the narrative approach, as known as the “ad hoc” approach,
6
 

the decision-maker engages in a holistic, qualitative balancing of the data and associated trade-

offs to arrive at a selection.  In some cases the decision-maker may rely upon explicitly stated 

informal decision principles, or expert judgment to guide the process.   No quantitative scores are 

assigned to alternatives for purposes of the comparison.  Likewise no explicit quantitative 

weighting is used to reflect the relative importance of the decision criteria, although in some 

instances qualitative weighting may be provided for the analyst.  Often the weight given to the 

relevant decision criteria is left to the discretion of the analyst, and is often unstated.
7
     

 

The narrative approach is widely used in regulatory decision-making.  For example, the federal 

Superfund statute and implementing regulations use it in selecting cleanup remedies for 

hazardous waste sites.  Remedy selection is driven through a qualitative balancing of five 

criteria: long-term effectiveness, reduction of toxicity through treatment, short-term 

effectiveness, implementability, and cost-effectiveness.
8
  The narrative approach has also been 

used under the name of the verbal-argumentative approach in comparative life cycle assessment,
9
 

and by the European Chemicals Agency (ECHA) in prioritizing chemicals for regulations under 

the European Union’s REACH program.
10

   

 

 Structured Approaches.  Structured approaches, also known as elementary approaches, 

apply a more systematic overlay to the narrative approach, providing the analyst with specific 

guidance about how to make a decision.  Such approaches provide an observable path for the 

decision process, but typically do not require sophisticated software or specialized expertise.  

The structure may take the form of a decision tree which takes the analyst through an ordered 

series of questions.  Alternatively, it may offer a set of checklists, specific decision rules, or 

simple algorithms to assist the analyst in framing the issues and guiding the evaluation.
11

  

Structured approaches can make use of both quantitative and qualitative data, and may 

incorporate implicit or explicit weighting of the decision criteria.   

 

For example, Clean Production Action’s Green Screen is an open source screening tool used by 

businesses and regulators to classify chemicals according to four categories of concern (low, 

medium, high, very high) for various health, environmental and physical hazards. Green Screen also 

sets out decision rules for determining whether and to what extent a particular chemical should be 

used in a product.12
  Similarly, the Eco-Value Analysis method for eco-design generates a matrix 
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displaying the technical, environmental and economic performance of potential product designs, 

supplemented by simple rules of thumb for product optimization.13  

 

MCDA-Assist Approaches.  The MCDA-Assist approach couples a narrative evaluation 

with a mathematically-based formal decision analysis tool such as multi-criteria decision 

analysis (MCDA).
14

  The output of the MCDA analysis is intended as a guide for the decision-

maker and a reference for stakeholders affected by or otherwise interested in the decision.
15

   

MCDA consists of a range of different methods and tools, reflecting various theoretical bases 

and methodological perspectives.  Accordingly, they tend to assess the data and generate 

rankings in different ways.
16

   They generally share certain common features which set them 

apart from the type of informal decision making present in the narrative approach.  Each MCDA 

approach provides a systematic, observable process for evaluating alternatives in which an 

alternative’s performance across the decision criteria is aggregated to generate a partial or 

complete ranking.  In most, the relative importance of the decision criteria and sub-criteria is 

quantified, and used to weight the performance of each alternative on each criterion.
17

    

   

Some MCDA-based tools, such as Multi Attribute Utility Theory (MAUT), are optimization 

tools that seek to maximize achievement of the decision maker’s preferences.   The preferences 

for each of the decision criteria are represented by utility functions, dimensionless scales that 

range from 0 to 1.  This method converts the measured performance of an alternative for a given 

decision criterion to a score between 0 and 1, multiplies that score by the weight assigned to that 

criterion.  It aggregates the weighted scores to arrive at a total score for the alternative.
18

   

 

In contrast, outranking methods do not create utility functions or seek optimal alternatives.  

Instead outranking methods seek the dominant alternative rather than the optimal one.  Such 

methods directly compare the performance of two alternatives on each criterion, one at a time, to 

ascertain which one alternative out-performs the other.  In a sense, it is as if all the alternatives 

are engaged in a tournament of one on one contests over each criterion, with the alternative 

having the best overall record prevailing.   The value awarded for each “win” is weighted to 

reflect the importance of that criterion to the decision maker.
19
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Robust Scenario Approaches.  Robust scenario analysis is particularly useful where a 

decision-maker faces deep uncertainty, meaning situations in which the decision-makers do not 

know or cannot agree upon the likely performance regarding important criteria.
20

  In the case of 

alternatives analysis, such uncertainty may exist regarding the probability that some chemical 

will turn out to be toxic, or that a particular exposure may occur.  Narrative and structured 

approaches tend to use simple heuristics to deal with such uncertainties, while MCDA 

approaches may integrate probability distributions into their predictions of overall performance.  

Rather than generating probability distributions to identify an optimal alternative, robust scenario 

analysis uses large ensembles of scenarios to visualize all plausible, relevant futures for each 

alternative.  With this range of potential futures in mind, it helps decision-makers to compare the 

alternatives in search of the most robust alternative.  A robust alternative is one that performs 

well across a wide range of plausible scenarios even though it may not be optimal or dominant in 

any particular one.
21

  

 

Robust decision making consists of four iterative steps.  First, the decision makers define the 

decision context, identifying goals, uncertainties and potential alternatives under consideration. 

Second, modelers generate ensembles of hundreds, thousands or even more scenarios, each 

reflecting an outcome flowing from different plausible assumptions about how each alternative 

may perform.  Third, quantitative analysis and visualization software is used to explore the 

benefits and drawbacks of the alternatives across the range of scenarios.  Finally, trade-off 

analysis is used to evaluate the alternatives and identify a robust strategy.
22

             

CONCLUSION 

AA requires balancing numerous, incommensurable decision criteria and evaluating the trade-

offs among those criteria presented by multiple alternatives.  While narrative and formal decision 

analysis methods and tools suitable for such situations are well developed, little sustained, 

rigorous attention has been paid to their use in alternatives analysis practice.  The range of 

decision approaches and decision analysis tools is quite broad, requiring development of 

principles for selecting and implementing the most appropriate approaches and tools for this 

regulatory setting. 
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Method Standard for Comparison of 

Alternatives 

Compensatory Nature Approach to Uncertainty Weighting of 

Criteria 

Narrative 

 

Varied: The standard may be 

unspecified or may be explicitly 

or implicitly set out in informal 

decision principles or guidance. 

Varied: Extent to which good 

performance on one criterion can 

offset poor performance on 

another depends upon the 

discretion of the decision-maker 

or upon informal decision 

principles or guidance, if any 

exist. 

Varied: The standard may 

be unspecified or may be 

explicitly or implicitly set 

out in informal decision 

principles or guidance. For 

example, where data is 

uncertain the decision-

maker might assume the 

worst possible performance 

for the relevant criteria. 

Varied: Relative 

importance of criteria 

may be unspecified 

or qualitative 

weighting may be 

explicitly or 

implicitly set out in 

informal decision 

principles or 

guidance. 

Structured Varied: The standard may be 

explicitly or implicitly set out in 

decision rules or structure. 

Varied: Extent of compensation 

depends upon explicit or implicit 

direction set out in decision rules 

or structure. 

Varied: The standard may 

be explicitly or implicitly 

set out in decision rules or 

structure. 

Varied: Relative 

importance of criteria 

may be explicitly or 

implicitly set out in 

decision rules or 

structure as 

qualitative weights. 

MCDA-

MAUT 

Optimization:  Uses numerical 

scores to quantify and rank the 

overall performance of each 

alternative on a single 

dimensionless scale. 

Compensatory: Because 

MAUT methods aggregate 

performance across all criteria, 

poor performance on one 

criterion can be fully 

compensated for by good 

performance on others. 

Probabilistic: Rather than 

assigning a single value for 

performance or preferences, 

the method assigns a 

distribution of values so 

that uncertainty is explicitly 

reflected.  A variety of 

probabilistic approaches 

Explicit, quantitative 

weighting of criteria. 
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Method Standard for Comparison of 

Alternatives 

Compensatory Nature Approach to Uncertainty Weighting of 

Criteria 

 
have been used, including 

Monte Carlo analysis, fuzzy 

sets, and Bayesian 

networks. 

MCDA-

Outranking 

Dominance: Orders alternatives 

based on the extent to which 

they dominate one another; that 

is where one alternative 

outperforms the other on some 

criteria and does not 

significantly underperform on 

other criteria, taking into account 

the criteria’s relative importance. 

Partially compensatory: 

Outranking methods allow for 

some compensation, but do not 

necessarily reflect the magnitude 

of relative underperformance in 

a criterion versus the magnitude 

of over-performance in another 

criterion.  Thus an alternative 

gets the same “credit” for 

performing slightly better on a 

one criterion as it does for 

performing substantially better 

on another. 

Probabilistic: Rather than 

assigning a single value for 

performance or preferences, 

the method assigns a 

distribution of values so 

that uncertainty is explicitly 

reflected.  A variety of 

probabilistic approaches 

have been used, including 

Monte Carlo analysis, fuzzy 

sets, and Bayesian 

networks. 

Explicit, quantitative 

weighting of criteria. 

Scenario 

Analysis 

Robustness: Seeks to identify 

the alternatives that perform well 

over a wide range of possible 

future scenarios. 

No Compensation: No 

mechanism for compensation, 

although individual decision-

maker may engage in 

compensation in evaluating a 

scenario’s outcome. 

Scenarios: Rely upon large 

number of plausible 

scenarios to identify and 

evaluate the range of 

outcomes. 

No weighting: No 

mechanism for 

weighting although 

individual decision-

maker may use 

weighting in 

evaluating outcomes 

in the scenarios. 
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