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Introduction:
Is There A Demand For Conjoint Analysis (CA) In Health Care Decision Making?
Conjoint analysis (CA) and discrete choice (DC) methods to measure patient and other stakeholder preferences are increasingly used in outcomes research,
and even more broadly in health care and medicine. They are used as a means to identify and evaluate the relative importance of aspects of health
outcomes and health care services. These methods are used to elicit preferences and values for clinical services, treatment options, and health status from
a range of stakeholders, including those of the patient. Regulators and evaluators of health care have also demonstrated an increased interest in
understanding what stakeholders prefer and value.
Moreover, patient-preference methods, such as CA, are growing in importance from a policy perspective. The FDA and Health Canada have called for
evidence on patient preferences to inform benefit-risk assessments associated with pharmaceutical and device licensing and other regulatory decisions. In
Germany, the assessment of patient-relevant benefits is mandatory, thus necessitating the consideration of preference-based outcomes. The Institute for
Quality and Efficiency in Healthcare (IQWiG) is conducting a pilot to test the possibility of developing a weighting system for benefits and risks through
patient-preference methods.
Despite the success experienced by researchers using CA, the technique is, at best, described by a variety of terms and methodological approaches
(including stated preference surveys, discrete-choice analysis, discrete experiments, and choice modeling). This variation in terminology and study design
makes it challenging to review papers, and difficult to find studies via standard databases like Medline. Thus, the purpose of this article is to address the
history and development of CA and to define terms that are essential for understanding the basic principles and its application in health care and medicine.

The Case for Information on What People Value In Health Care
Conjoint analysis is a statistical method to determine how people value different features that make up an individual product or service. It can be defined as
a general approach for measuring the stated preferences of respondents for goods and services, defined over a range of attributes and levels. The objective
is to determine what combination of a limited number of attributes (aspects) is most influential on respondent choice or decision making.
If a health care intervention results in several positive effects, as well as some adverse effects, the decision-making body has to judge the implicit trade-offs.
Therefore, methods to elicit patient preferences yield endpoints that can be divided into separate parts or sub-dimensions. They can be evaluated with
respect to the relative contribution of each dimension for preference, and these endpoints can be combined to generate a summary or global measure for
preference. Conjoint analysis in health care allows a more detailed perspective of the decision-making process underlying patient preferences.

Background and Recent History of CA
What is CA?
The notion of conjoint measurement is based on the assumption that the effects of two attributes can be quantified simultaneously if the properties of the
valuation of the joint effect allow for summation and ordering [1]. The term “conjoint” refers to the idea that several attributes can be “considered jointly” [2].
In an early review on the topic, Green and Srinivasan found that CA referred to a number of paradigms in psychology, economics, and marketing concerned
with the quantitative description of preferences or value trade-offs for a set of alternatives that were pre-specified in terms of levels of different attributes
[3,4].
Conjoint analysis and DC experiments were of critical importance in transport economics and have become increasingly important in marketing because
they are the only methods that: 1) are consistent with revealed preference data, and 2) can model the decision not to demand.
Like multi-attribute modeling, CA aimed to support decision-makers faced with making numerous and conflicting evaluations. During the early stages of
development, it was important for researchers to understand how CA differed from other types of multi-attribute modeling, such as the analytic hierarchy
process (AHP), where axioms of the method are not founded in economic theory and are not based on testable descriptions of rational behavior.
Expectancy-value theory (further the theory of reasoned action and theory of planned behavior) lead to expectancy-value models evaluating attitudes,
beliefs, and norms, where behavior is the outcome variable of interest [5]. The total utility or outcome is usually determined by composing a weighted sum of
the attribute ratings.
Conversely, CA typically relies on a de-compositional approach [3]. In early conjoint models, participants were usually presented with a set of profiles, where
each profile contained a predesigned mix of attributes and attributes levels to be evaluated by participants. Preference scores could be obtained either as an
average contribution from each of the attributes or as a contribution (part-worth) from each attribute.

Transition to Choice-Based Models
Early CA models provided a significant contribution to the field of decision making, yet researchers still needed to link model predictions to real life economic
decisions, typically, the decision to use a good or service. More specifically, there was a need to ground the methods in an underlying behavioral framework
with testable predictions.
This occurred when Jordan Louviere and colleagues (see Louviere & Woodworth 1983, for example) capitalized on the work by McFadden that showed
choice behavior could be modeled within a regression framework using multi-nominal logit models or probit models, if respondents conformed to a simple
theory of decision making called random utility theory [6,7]. These particular tasks in which participants could make a DC between two or more alternatives,
came to be called choice-based conjoint (CBC), stated preferences (SP), or discrete-choice experiments (DCE).

Who Is Conducting CA In Health Care?
The extension of CA to the field of health economics and pharmaceutical economics occurred when researchers noted that utility weights obtained using the
time trade-off and standard gamble technique [8] could be obtained using a CA approach. With this discovery, DCEs appeared to be well-suited for this
application. They have been used in: cost-effectiveness analysis where the process of care was important; in contingent valuation studies to assess
willingness-to-accept (pay); to assess health status, quality-adjusted life-years (QALY) and health-related quality of life (HRQoL); and for valuing PROs to
assess perceived risk and preference for various treatment options [9-14]. The decision to use CA techniques was determined according to the economic
goals for the study and whether health effects were captured on the cost side or as a consequence of a decision process.
Do Cost Considerations Come Into Play?
In cost-effectiveness analysis, DCEs have been used to elicit responses regarding social choices in the context of resource allocation focusing on services
[15] and the monetary value of treatment [16]. Because they are consistent with economic theory, choice-based conjoint models to assess willingness-to-pay
(WTP) and willingness-to-accept (WTA) have served as a vehicle for eliciting the value placed on alternatives presented in each decision profile. Monetary
terms were used to represent value, which were often incorporated into the decision task at pre-determined levels or elicited as direct open-ended
responses.
As exemplified from these studies [17,18], the ability to examine incremental changes in quality-adjusted life years (QALY) provided additional information
about the estimates regarding stakeholder WTP for emerging programs, treatments, and services. Although these studies have provided a wealth of
information from an economic standpoint, the acceptance of these techniques is not without controversy. Much of the discussion focuses on the consideration of costs within budgetary constraints and the use of monetary values in WTP and WTA studies, which has led to numerous discussions including
discrepancies, appropriate use, and limitations [19-21].
Can PROs Be Identified And Weighted?
Stated preference (SP) approaches use hypothetical data to estimate preferences for various services, treatments, behaviors, and other outcomes.
Contingent valuation and DC experiments are common examples that use a SP approach. Unlike revealed preferences, which are obtained from aftermarket, large databases, SP techniques use an ex ante approach to obtain preference information. These studies typically examine preferences related to
treatment options, risk reduction, health care programs wait times, service delivery, screening programs, and health care resource allocation. Studies have
also focused on various disease areas including allergy rhinitis and ADHD, asthma, multiple myeloma, cardiovascular, and osteoporosis [22-24].

Pitfalls of CA: Issues and Options
Although SP approaches provide useful estimates for PRO, the conditions under which these studies are conducted impose certain limitations. It may be
difficult to extrapolate decision outcomes beyond the scope of attributes provided in the choice set. In addition, the same perceptual asymmetry that exists
between WTA and WTP also apply to the manner in which PRO measures are defined, manipulated, or modified.
Specifically, preference measures need construct validity to determine whether they are capturing the true meaning of preference rather than what
preference might be or should be under ideal conditions or under hypothetical situations. For example, the propensity for preferences to change with respect
to symptom severity, overall health status, and future circumstances cannot be overlooked in study design. This observation is especially true for costeffectiveness analyses where multiple interventions and treatment options considered at a societal level may not reflect preferences within subgroups or for
specific individuals [25].
Approaches to circumvent some of these issues include segmentation analysis, pretest-posttest assessment, and multitrait multimethod analysis. These
approaches, although time consuming, will provide a foundation from which patient-level data can be translated and used more accurately by health care
decision makers and other stakeholders for policy analysis. Fortunately, SP approaches will continue to advance as commercial software has removed
some of the challenges associated with study design [26-28].

How Will CA Be Used In The Near Future?
Preference data can substantially alter the relative weight and importance of the patient-relevant endpoints used in the HTA. A given clinical measure or
endpoint may only capture one aspect of the illness and be only partially related to other significant facets. Mortality and morbidity are frequently claimed to
be the most decisive endpoints in clinical trials. With CA there is also the possibility of presenting new insights into patient-centered outcomes through
patient preference data. Future studies are needed to support the role of decision-makers, especially as their role becomes more intertwined with global
markets and decision-making processes that have implications of international significance regarding insurance coverage, reimbursement, and payment.
Results from these studies are also important because they will provide information for government agencies and administrators that ultimately determine
the allocation of health care resources.
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Appendix: Key Terms Used In Conjoint Analysis
Attributes: Product-specific features that are evaluated in the CA. Attributes vary over levels, (e.g., low, medium, high). These are the possible alternatives
of that attribute to be considered in the profiles that will be valued in the analysis.
Adaptive conjoint analysis: An interactive CA approach used for preference estimation where the scenarios presented to the respondent are dependent
upon the respondent’s previous answers. Traditionally, adaptive methods have combined both rating and choice based tasks [29].
Attribute importance: A context-dependent measure related to the degree (weight) to which an individual attribute influences patient values or choices in
the CA.
Completeness: A key axiom in economics that states any individual will have a strict preference for any two options presented to them or be indifferent
between them.
Best-worst scaling: A preference elicitation technique for a set of items in the choice set that may be objects, attributes, or profiles. Respondents are asked
to choose the pair of items that maximizes the difference in the part-worth utilities within a given scenario. The options of preference between the most and
least preferred are modeled as a difference model [30], also called “maximum difference” (Max-diff) conjoint [31].

Compensatory: A decision-making approach for item evaluation in a given choice set. Consumers give equal consideration to gains and losses associated
with each attribute, allowing for favorable features to compensate for unfavorable features in the conjoint exercise [32].
Compositional approach: The use of attributes and their respective scores usually obtained from a summated or composite scaling measure. These
resulting independent measures are used to predict the behavior or variance in the dependent variable or outcome measure.
Conjoint analysis: An evaluation approach that entails trade-offs among attributes. Attribute-levels are decomposed to determine respondent preferences
or values for goods or services.
Contingent valuation: An elicitation technique usually consisting of survey techniques. Information on individual preferences regarding and outcome such
as preference or welfare change is collected in response to questions related to willingness-to-pay (accept) [33].
Discrete choice or choice-based: A preference elicitation method where respondents make explicit choices among a set of hypothetical choices. Usually
respondents choose from a set of two or more options.
Numeric (metric) rating scale: A type of response where the dependent variable is provided in the form of a rating scale. The participant selects a value on
the scale (i.e., on the scale 0 to 100), representing the likelihood of acceptance, preference, or risk for the attributes appearing in each scenario or profile.
Fractional-factorial design (Partial fractional design): An experimental design that generates a subset of profiles from all the possible profiles available
from the total combination of attributes and attribute levels. This design reduces the number of scenarios that are considered for inclusion in the study by
‘aliasing’ (deliberately confounding) estimates of higher order interaction terms with the ones (typically main effects and possibly two-way interactions) of
interest.
Full-profile approach: A design approach that utilizes the complete array of profiles generated for the conjoint exercise.
Independence of irrelevant alternatives (IIA): An assumption stating that the ratio of the probabilities of choosing one alternative over another (given that
both alternatives have a non-zero probability of choice) in the conjoint exercise remains unchanged when additional alternatives are added to the choice set.
Orthogonal: Conditions in the design of conjoint studies where the part-worth estimates are independent of each other so that changes measured with
respect to each attribute level are separate from the effects of changes in the other attribute levels.
Pair-wise comparison (or paired comparison): A method for eliciting preferences through the comparison of pairs of choices in order to judge which of
each pair has a greater amount of some quantitative property. This method can be used to elicit ordinal preferences or values for subjective phenomena.
Part-worth: The estimate obtained from CA, which represents the preference or utility associated with each attribute and attribute level in the choice set.
Part-worth utility: In a conjoint-based preference model the part-worth is the marginal utility of a given attribute or the additional utility gained from a unit
increase in an attribute level. The contribution of an attribute to an individual’s level of satisfaction is the part-worth multiplied by the level of the attribute.
Preference: A general concept that assumes when individuals are presented with a range of alternatives within a choice set, they can arrange the
alternatives in order from most to least liked.
Profiles: The individual examples that represent the hypothetical group of attributes and attribute levels (i.e., choice set) under consideration by partic-ipants
for CA.
Profile case: A type of best-worst scaling in which profiles containing the attributes under consideration are presented one at a time. Respondents choose
best and worst attributes within each profile according to the levels presented.
Random utility theory: Stated preference methods are based on random utility theory (RUT). RUT assumes all utilities estimated from the attributes and
attribute levels have a random (unpredictable) component, but participants use a deterministic decision rule (“pick the most valuable”) when selecting among
profile options [34, 35]. Also consistent with RUT, the estimates of systematic components should be constant to ensure that the measurement processes
under different settings, manipulations, and elicitations are consistent [36]. This broader conceptualization of the RUT framework applies to parameter
estimates across different sources of preference data (e.g., some, but not all, types of conjoint studies or other types of stated and revealed preference
models, and DC experiments), types of decision tasks, various manipulations of attributes and profile orderings, groups of people, times periods, and
geographical locations [37].
Rank: To order choices, representing various attributes and attribute-levels, according to an internally consistent rule.
Rate: To order profiles usually for the dependent variable using some type of standard metric scale containing equal intervals from either 1 or 0 to 100.
Revealed preference: A method of determining preferences through an examination of real world data to determine actual behavior in market-based or
economic-based choices.
Stated preference: A method of eliciting preferences through the use of a hypothetical environment (e.g., survey, audio, or interviews) where individuals
say what they will do as opposed to what they actually do, as elicited in revealed preference studies.
Willingness-to-accept: A measure of the individual’s valuation of and the amount necessary to compensate for the price that an individual is willing-toaccept in compensation for the loss or the reduction of a good or service.
Willingness-to-pay: A measure of the individual’s valuation for a benefit (typically a risk reduction) associated with a good or service. Willingness-to-pay
can be estimated directly in CA studies by including the cost of the good or service as an explicit attribute, usually within the context of budget constraints
[38].
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