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Abstract 

The time trade-off (TTO) technique, widely used to derive preference weights for health states in 

tools like the EQ-5D-3L and to calculate quality-adjusted life years (QALYs), is conceptually and 

methodologically flawed. TTO requires respondents to value multidimensional health state 

descriptions by trading life years for hypothetical improvements in health. However, these health 

states bundle disparate attributes (e.g., mobility, pain, self-care), rendering them irreducible to a 

single latent construct. The resulting preferences are ordinal rankings, lacking the interval and 

ratio properties essential for valid measurement and meaningful arithmetic operations. Despite 

these limitations, TTO-derived indices are inappropriately treated as interval-level data, 

culminating in the pseudoscientific QALY framework. 

Fundamental measurement principles—unidimensionality, linearity, and invariance—are absent 

in TTO methodology. As a result, it produces misleading and non-replicable value claims, 

undermining the validity of health economic evaluations and the equitable allocation of healthcare 

resources. Claims about health states must instead be grounded in robust measurement 

frameworks, such as Rasch models, which ensure that derived metrics are scientifically credible, 

unidimensional, and actionable. This critique demonstrates the necessity of abandoning TTO-

derived constructs and advancing claims rooted in fundamental measurement to restore rigor and 

integrity in health state valuation and policy decisions. 

INTRODUCTION 

The time trade-off (TTO) technique and its application in deriving preference weights for health 

states, such as those used in the EQ-5D-3L and the quality-adjusted life year (QALY), have 

become entrenched tools in health economics and health technology assessment. These constructs 

ostensibly provide a framework for valuing health outcomes in a manner that enables comparisons 

across interventions and populations. However, upon critical examination through the lens of 

fundamental measurement theory, the TTO and its resulting constructs—preference algorithms 

and the QALY—reveal themselves as analytically incoherent and scientifically untenable. This 

critique will make the case for labeling the TTO as "The Impossible Time Trade-Off Index," 

grounded in the failures of its conceptual foundations, measurement standards, and implications 

for decision-making in health care. 

THE CONCEPTUAL FAILURE OF THE TIME TRADE-OFF 

The TTO method asks respondents, typically drawn from a general population sample, to evaluate 

hypothetical health states 1. For example, participants are asked to trade off years of life in a less 

desirable health state for fewer years in perfect health. This trade-off is then interpreted as a 
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valuation of the health state. However, this process is fundamentally flawed because the health 

states presented in the TTO exercise are described as bundles of attributes, such as mobility, self-

care, and pain. These descriptions are inherently multidimensional, combining disparate aspects 

of health into a single vignette. 

Bundling attributes assumes that individuals can and do intuitively decompose these 

multidimensional states into a single, coherent preference. Yet, empirical evidence and cognitive 

science suggest otherwise: humans struggle to evaluate complex, multidimensional constructs 

without resorting to heuristic simplifications or arbitrary weighting. In the absence of clear, 

unidimensional constructs, any valuation derived from TTO exercises cannot claim to represent 

an interval-level measurement, let alone a ratio scale required for fundamental measurement. 

Instead, the TTO yields ordinal data that reflects respondents’ subjective rankings of complex 

health states, stripped of any meaningful measurement properties. 

ORDINAL AND COMPOSITE INDICES 

The preferences elicited through the TTO are ordinal at best. They rank health states based on 

respondents’ subjective judgments, but they do not provide meaningful information about the 

magnitude of difference between states. For example, if State A is preferred to State B, and State 

B is preferred to State C, the TTO cannot quantify whether the difference between A and B is 

equivalent to the difference between B and C. This violates the fundamental requirements of 

measurement in the physical and social sciences, where constructs must exhibit linearity, interval 

properties, and invariance to meet the standards of scientific inquiry. 

The EQ-5D-3L exacerbates this problem by applying a preference algorithm to these ordinal 

rankings, producing a single composite index for each health state. This algorithmic approach 

bundles ordinal preferences into a single number, falsely implying that the resulting values are on 

an interval scale. In reality, the EQ-5D-3L scores are nothing more than a mathematical 

manipulation of ordinal data, producing a pseudo-quantitative output that lacks any basis in 

fundamental measurement theory. The composite nature of the index obscures the 

multidimensionality of health states and misrepresents the relationships among the underlying 

attributes. 

THE QALY AS AN IMPOSSIBLE CONSTRUCT 

The TTO-derived EQ-5D-3L scores are frequently used to calculate QALYs, which combine 

quality-of-life weights with the duration of time spent in specific health states. The QALY 

framework presupposes that the weights (quality-of-life scores) are on a ratio scale, allowing them 

to be multiplied by time. However, as previously established, the scores derived from the TTO are 

ordinal and composite. Multiplying ordinal scores by time yields meaningless results, as the 

mathematical operations required for QALY calculations are invalid on ordinal data. This renders 

the QALY an impossible construct: its foundational arithmetic violates the axioms of 

measurement. 

Furthermore, the QALY assumes that preferences for health states are temporally invariant and 

transferable across populations and contexts. This assumption is not supported by empirical 
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evidence, as preferences are highly context-dependent and influenced by factors such as cultural 

norms, individual experiences, and framing effects. By treating QALYs as universally applicable 

measures of health outcomes, the framework ignores the variability and subjectivity inherent in 

human preferences, further undermining its validity. 

FUNDAMENTAL MEASUREMENT AND THE TTO’S INCOMPATIBILITY 

Fundamental measurement requires that constructs adhere to strict criteria, including 

unidimensionality, linearity, interval properties, and invariance. For example, in Rasch 

measurement theory, items must fit a unidimensional model where respondent ability (or 

preference) and item difficulty (or health state severity) interact to produce a measurement 

structure 2. The TTO method fails on all these criteria: 

1. Unidimensionality: The TTO health states are multidimensional, combining distinct 

attributes such as mobility, pain, and anxiety. These attributes cannot be reduced to a single 

latent dimension without significant loss of information and validity. 

2. Linearity: The TTO does not provide a linear relationship between preferences and health 

states. Instead, it produces ordinal rankings that cannot be transformed into interval-level 

measurements without violating the principles of measurement. 

3. Invariance: Preferences elicited through the TTO are context-dependent and vary across 

populations, time, and framing conditions. This lack of invariance precludes the use of 

TTO-derived values in comparisons across settings or interventions. 

4. Interval Properties: The TTO-derived scores are arbitrarily anchored to a scale with no 

justification for their interval properties. For instance, the difference between a score of 0.6 

and 0.7 does not necessarily represent the same magnitude of difference as between 0.7 

and 0.8. 

These failures highlight the impossibility of the TTO as a valid measurement instrument. Without 

adherence to fundamental measurement standards, the TTO and its derivatives cannot claim 

scientific credibility. 

CONSISTENT RELATIVE DIFFERENCE 

An interval scale is distinguished by its property of consistent relative distances between measured 

points, ensuring that the difference between any two values is equal across the scale. This means 

that the magnitude of change from one point to another is the same regardless of where it occurs 

on the scale, providing a uniform metric for comparison. This principle is critical for both 

subjective observations, such as patient-reported outcomes, and data sets considered objective, like 

biochemical measurements or drug utilization counts. In subjective contexts, adherence to an 

interval scale transforms qualitative observations into quantitatively meaningful data, preserving 

the integrity of comparisons across individuals or groups. Similarly, for objective data, consistent 

relative distances validate analytical operations, such as calculating averages or assessing 

proportional change. 

Without this consistency, claims derived from measurement as in the TTO case lose validity, as 

the meaning of differences becomes context-dependent or arbitrary. This problem is common 
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when ordinal data is improperly treated as interval-level, leading to distortions in interpretation 

and conclusions. Whether assessing subjective phenomena like pain severity or objective metrics 

like resource utilization, the requirement for an interval scale ensures that measured differences 

are meaningful, replicable, and comparable across contexts. Any failure to establish consistent 

relative distances undermines the credibility and utility of the resulting data or claims. 

ETHICAL AND POLICY IMPLICATIONS 

The reliance on TTO-derived indices and QALYs in health policy and decision-making has 

profound ethical and practical implications. By using flawed constructs, health systems risk 

making resource allocation decisions based on invalid and unreliable data. For example, 

prioritizing interventions with higher QALY gains may disadvantage populations whose 

preferences are not adequately captured by the TTO, such as those with disabilities or chronic 

conditions. The ethical principle of equity is undermined when decisions are based on constructs 

that lack validity and fail to reflect the true nature of health states. 

Moreover, the widespread adoption of QALYs perpetuates a false sense of scientific rigor in health 

economics. Policymakers and practitioners may assume that QALY-based analyses provide 

objective and quantifiable evidence, when in reality, these analyses rest on shaky conceptual and 

methodological foundations. This misplaced confidence can lead to suboptimal or even harmful 

decisions, further highlighting the urgent need to reject the TTO and its derivatives. 

TOWARD A NEW PARADIGM 

The epistemic failure of the time trade-ff technique underscores the need for a paradigm shift in 

health state valuation and health economics 3. Instead of relying on flawed constructs like the TTO 

and QALY, researchers and policymakers should embrace approaches grounded in fundamental 

measurement principles. This includes the development of instruments that meet criteria for 

unidimensionality, linearity, and invariance, such as those based on Rasch measurement theory. 

Additionally, health economics must move away from composite indices and toward more 

transparent and interpretable measures of health outcomes. For example, unbundling health state 

attributes and valuing them individually can provide a more nuanced and scientifically robust 

framework for understanding health preferences. Where value claims to support formulary 

submissions are proposed they should not only be supported by protocols to detail how they should 

be evaluated empirically but they must meet the standards of fundamental measurement. Such 

approaches would not only align with fundamental measurement standards but also enhance the 

validity and utility of health economic evaluations. Such a new paradigm provides epistemic 

credibility and switches focus from analytical nonsense to a commitment to support, in Popper’s 

words, a contribution to the evolution of objective pragmatic knowledge 4. 

CONCLUSION 

The time trade-off method and its derivatives, including the EQ-5D-3L preference algorithm and 

the QALY, are impossible constructs that fail to meet the basic requirements of scientific 

measurement. By bundling multidimensional attributes into composite indices and treating ordinal 



5 
 

preferences as interval-level data, these tools perpetuate analytical errors and undermine the 

credibility of health economics. Labeling the TTO as "The Impossible Time Trade-Off Index" 

highlights the urgent need for a fundamental reevaluation of health state valuation methods. Only 

by embracing rigorous measurement standards and rejecting pseudoscientific constructs can health 

economics fulfill its promise of improving decision-making and promoting equitable health 

outcomes. 
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