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Abstract 

We propose to use subjective well-being (SWB) measures to determine patient-

relevant treatment benefit. Benefit can be measured either prospectively (pre-post) or 

retrospectively, but both approaches can be biased: Prospective evaluation may be 

subject to response shift; retrospective evaluation may be subject to recall bias. As 

prospective and retrospective evaluations often differ in effect size and since there is 

no gold standard to compare against, the extent of the two biases needs to be 

determined. Response shift includes reprioritization, reconceptualization, and 

recalibration. We argue that in SWB measures only recalibration, but not 

reprioritization and reconceptualization are validity threats. 

We review approaches to quantify recall bias, response shift, or both in the 

measurement of health-related quality of life. We discuss which of these approaches 

are most suitable for application to SWB measurement, where only recall bias and 

recalibration are to be quantified, ignoring the other two response shift types.  

Some approaches of bias detection will not be applicable to SWB measurement, 

because they do not distinguish between recalibration and other types of response 

shift, or quantify reprioritization and/or reconceptualization alone. For other 

approaches, it is unclear whether underlying assumptions apply to SWB measurement. 

Anchor recalibration, structural equation modelling, and ROSALI are most suitable, the 

latter two with some limitations. Anchor recalibration was considered by its developers 

to be too difficult for participants to understand in its current form. 

Refining the anchor recalibration method may provide the most promising way to 

quantify both scale recalibration and recall bias. 
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Introduction 

 

Subjective well-being as an indicator of patient benefit 

It is important to determine patient-relevant treatment benefit, as medical treatment 

should not only improve objective indicators of health but should also be beneficial 

from the patients' perspective. One of the most relevant patient-reported outcomes 

(PRO) is health-related quality of life (HRQoL). It is usually understood as a rather broad 

construct including both subjective components and (subjective assessments of) 

objective components, as for example in [1]: "HRQOL (symptoms, functioning, 

perceptions of physical, mental, and social health)." Accordingly, items on these 

different dimensions of life are included in the typical HRQoL questionnaire. 

As an alternative, we propose to determine patient-relevant treatment benefit with 

measures of subjective well-being (SWB), independent of objective functioning [2]. We 

thereby follow Dolan & Kahneman [3, 4] who proposed to measure "the Q in the QALY" 

[3] via the affect balance of patients who experience the health state in question – an 

approach they call "experienced utility". Accordingly, we propose using (the emotional 

component of) SWB [5] as an outcomes measure in clinical trials. One of the reasons we 

took this "radically subjective" [6] view is that focusing on SWB alone should make 

benefit assessment both strictly patient-centered and non-redundant to other 

indicators of patient benefit, such as morbidity or subjective health status, as argued 

before [2, 7]. Symptoms, for example, can certainly have a negative influence on SWB. 

This association however is far from perfect, both intra- and inter-individually, which 

might make symptoms a possible predictor of well-being but argues against them as a 

constituent part of it. In addition, symptoms are assessed in both HRQoL and morbidity 

questionnaires, which leads to difficulties in differentiating the two dimensions of 

benefit [8] as well as to potential double-counting of benefits. A further reason for our 

proposition is the finding that not all impairments have the same importance to all 

patients and that importance changes over time [9].  
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The affective component of SWB can be measured with retrospective questionnaires 

that assess positive and negative affect within a given time period (e.g., the Positive 

and Negative Affect Schedule (PANAS) [10]) or by asking patients to rate their 

momentary SWB with the help of mobile experience sampling or daily diaries [11-13].  

 

Bias in the measurement of change: response shift and recall bias 

Patient benefit is usually measured prospectively, i.e., by assessing PRO both before 

and after treatment. Alternatively, it can be measured only retrospectively (after 

treatment), for example by asking patients to both rate their current HRQoL and recall 

their former HRQoL, or to directly rate the change they have experienced. Prospective 

and retrospective assessments often differ in effect size or even in direction [14], raising 

the question of which approach measures change more accurately.  

This question cannot be answered by convergent validation, because due to the 

subjective nature of PROs, there is no gold standard against which to compare 

prospective and retrospective assessments [15]; one can only test for plausible 

associations between the PRO and convergent criteria. These criteria are also measured 

either prospectively or retrospectively, making them susceptible to the same potential 

biases. We therefore need to determine the extent of bias in prospective and 

retrospective PRO assessment in order to estimate their validity. The two approaches 

are subject to different potential biases: Prospective evaluation may be biased by 

response shift, whereas retrospective evaluation may be biased by recall bias.  

Recall bias occurs if patients completing a retrospective questionnaire cannot 

accurately recall their former state because of memory effects, including both 

directional and nondirectional effects [2, 16, 17]. Nondirectional recall bias means that, 

due to chance, prior states are sometimes underestimated and sometimes 

overestimated, whereas directional recall bias means that a patient mainly 

underestimates or mainly overestimates their former state [2]. 
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Response shift is a concept that has been developed for HRQoL measurement, but is 

also applicable to other PROs. According to a seminal and widely adopted classification 

by Sprangers and Schwartz [14, 18], response shift includes three different processes: 

reprioritization (a change in the value the patient assigns to different areas of life), 

reconceptualization (a change in the patient's definition of what HRQoL is), and 

recalibration (a change in the patient's internal standards of measurement, leading to a 

different understanding of the response scale). Response shift can be viewed from 

either a measurement or conceptual perspective [1]. In this article, we take a 

measurement perspective, that is, we are interested in response shift processes as 

potential biases – factors that lead to a situation where observed change does not 

represent true change in the construct of interest [1].  

Some of the literature describes all three types of response shift (also) as potential 

measurement biases to HRQoL assessment (e.g., as "validity threats" [19], "bias" [20], 

"attenuating or inflating … effects" [21] or "confounder" [22]). Others do not see 

reprioritization and reconceptualization as potential sources of measurement error but 

define them as adaptation processes leading to changes in true HRQoL values [23-25, 

26]. These adaptations have also been regarded as a wanted outcome [22, 27], for 

example in palliative care [20].  

 

Bias in SWB measurement due to response shift  

From the measurement perspective, the question arises which of the three response 

shift phenomena can also introduce bias in the assessment of SWB.  

Reprioritization can bias HRQoL assessments in the following way: HRQoL is often 

determined with a sum score over impairment items (such as pain or mobility 

restrictions). These sum scores are usually calculated without weighting, thereby 

implicitly weighting all items with 1. This equal importance of all HRQoL areas probably 

does not match the preferences of each patient in the first place – in other words, the 

potential influence on their quality of life will not actually be the same for all areas of 

life assessed in the questionnaire. If priorities change (i.e., reprioritization response 
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shift occurs, for example due to adaptation or coping), the sum scores will not be 

comparable between time points in terms of indicating the patient's HRQoL – the 

measurement of change will be biased.  

The same is true if reconceptualization occurs: Items that matched a patient's 

definition of HRQoL at the first assessment may not do so anymore after this definition 

has changed, and vice versa.  

In SWB measurement, in contrast, we argue that these two response shift types will 

not be a validity threat. Reprioritization implies that patients consider (and experience) 

other aspects of life to be important to their well-being than before. Their levels of 

SWB, however, will still be comparable when assessed directly with SWB measures – 

for example with the PANAS asking, among others, how "irritable" or "enthusiastic" 

patients were in a given period. Feeling good is still feeling good, irrespective of how 

the emotion has been achieved. The same applies to reconceptualization, where 

completely different aspects of life have become important for the patient's well-being. 

(This is not to say that adaptation processes leading to reprioritization and 

reconceptualization are not worth investigating. Quite the opposite; it is extremely 

important from a conceptual perspective to understand how adaptation mediates the 

association between objective health and SWB.) 

Recalibration occurs when the same degree of the construct of interest will be labeled 

with a different response option than before. For example, a patient who needs a 

walking aid rates her mobility as "very much" impaired at age 50, but only as 

"somewhat" impaired twenty years later at age 70, comparing herself with other 

people her age at both assessments. When the construct of interest is objective 

mobility, the two responses will be incomparable due to recalibration. This can also 

happen to – and bias – SWB measures: The same emotional experience might be rated 

"moderately enthusiastic" at one point in time but "quite a bit enthusiastic" later, 

because the patient's understanding of these response options has changed. This will 

introduce bias, as two subjectively equal experiences of SWB are given different values.  
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Thus, we believe that recalibration, but not reprioritization and reconceptualization are 

validity threats to SWB measures.  

 

Quantifying recall bias and response shift 

As argued above, the magnitude of recall bias and response shift needs to be 

quantified in order to find out if prospective or retrospective SWB assessment is less 

biased and thus measures change more validly. A range of different methods have 

been developed for quantifying recall bias and response shift in HRQoL assessment, 

where all three types of response shift are potential sources of bias to be accounted for 

[28-42].  

In contrast, for SWB measurement, we have argued that reprioritization and 

reconceptualization represent true changes in well-being, and the two biases that 

must be quantified are recall bias and scale recalibration. Therefore, this article aims to 

answer the following question: What methods have been developed to quantify recall 

bias and/or scale recalibration, and which of these methods are most suitable to SWB 

assessment, where only recall bias and scale recalibration are to be quantified, ignoring 

the other two response shift types? 

 

Approaches to quantifying recall bias and scale recalibration  

 

There are a range of different approaches to quantifying recall bias and/or scale 

recalibration, which we will outline and discuss below. Some aim to detect recall bias, 

some scale recalibration; others aim to do both. Further approaches aim to detect 

response shift types other than recalibration (i.e., reconceptualization and 

reprioritization). 
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Thentest 

The most common approach for determining either scale recalibration or recall bias in 

HRQoL is the thentest method [28, 29]. Patients rate their HRQoL at time 1 (pretest) and 

time 2 (posttest). At time 2, they also provide a retrospective rating of their HRQoL at 

time 1 (thentest). The thentest has been very useful for showing that prospective and 

retrospective effects can differ markedly and in both directions: sometimes, the effect 

is larger if determined prospectively, sometimes if determined retrospectively [14]. 

If pretest and thentest ratings differ, this can be interpreted as evidence of recall bias: 

Patients do not precisely remember their former HRQoL and thus make a biased 

thentest assessment. However, the pretest-thentest-difference can also be interpreted 

as evidence of scale recalibration: The patients' understanding of the response scale 

has changed so that they assign a different response category to their (correctly 

remembered) former HRQoL than they did in the pretest. Thus, differences between 

pretest and thentest can be explained by both recalibration and recall bias. The 

thentest alone is therefore not sufficient to distinguish between recall bias and scale 

recalibration and to determine true change values [23, 27, 30, 33, 43-45]; a thentest can 

only show that at least one of them is present. Critical discussion of the method further 

challenges the assumption underlying the thentest that cognitive processes are more 

similar between posttest and thentest than between pretest and posttest [46], and 

argues that thentest results are contaminated by social desirability responding [28, 47]. 

These limitations will apply to the use of the thentest method in SWB measurement, 

too. 

In contrast, many studies using a thentest approach mainly interpreted the effect as 

scale recalibration (or, more generally, as response shift) and assumed the posttest-

thentest-difference to be the true effect, while only briefly mentioning recall bias as an 

alternative explanation (e.g., as a study limitation) [13, 26, 27, 35]. Some discussed the 

possibility of recall bias but consider it negligible because (a) the patients were asked to 

re-evaluate their former health instead of recalling their former response and (b) the 

time between pretest and thentest was only three months [35]. Still others "assume 
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that in the case of a deeply felt change in health […] recall will not cause memory 

difficulties for most respondents. Therefore, in our study we expect that recall bias did 

not have a major influence on the results" [27]. 

Other studies mainly (or only) discuss recall bias, assuming the pretest-posttest-

difference to be the true effect [36-38].  

 

Recall test  

An approach that explicitly aims to distinguish between recall bias and recalibration 

response shift in HRQoL involves performing a "recall test" in addition to the thentest 

[30, 31]. While the thentest asks patients to recall their former HRQoL, the recall test 

asks them to recall their pretest response. The difference between recall test and 

pretest is interpreted as pure memory effect (i.e., recall bias). It is subtracted from the 

total pretest-thentest-difference, which includes both scale recalibration and recall 

bias effects, leaving only recalibration effects. Unlike the thentest, this method thus 

has the advantage of differentiating between recall bias and scale recalibration. It is 

also easily applicable. 

This approach assumes that any difference between pretest and recall test is due to 

incorrect recall, but does not take into account that the difference may also be caused 

by scale recalibration. When patients are asked to remember which answer they chose 

in the pretest, they can proceed as follows: They can either try to directly recall which 

answer they gave or try to recall their former state and reconstruct what they probably 

answered based on this memory. In the latter case, they could well base their answer 

on their current, and possibly recalibrated, understanding of the scale. There is only no 

room for scale recalibration in the recall test if patients are aware that their scale 

understanding has changed since the pretest and if they can recall their former 

understanding. We assume that people will likely more accurately recall their former 

SWB than their former understanding of a response scale, as their former SWB is of 

much higher importance to them personally. For these reasons, we assume that the 
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approach of using a recall test might not sufficiently distinguish recall bias from scale 

recalibration to quantify their relative extent in SWB measurement. 

 

Comparison with variables unaffected by scale recalibration 

A method by Schwartz et al. [32] also aims to distinguish recall bias from scale 

recalibration in HRQoL. Patients with multiple sclerosis completed a thentest on the 

use of assistive devices for ambulation – an area assumed not to be subject to scale 

recalibration because it is "a fact". Accordingly, any pretest-thentest-difference was 

interpreted as recall bias. This difference, expressed as percentage of overall variance, 

was then subtracted from the pretest-thentest-difference in other areas that were 

assumed to (possibly) be subject to scale recalibration on account of being "internal, 

subjective experiences," such as fatigue. The remaining variance was interpreted as 

due to scale recalibration, so the respective percentages of variance due to recall bias 

and scale recalibration could be compared. This is an elegant approach that may allow 

bias comparison in items on objectively verifiable content with items where this is not 

(or not easily) possible.  

However, we think this method is limited when used for bias detection in SWB 

assessment, where one would have to assume that recall bias has the same magnitude 

in observable facts and the completely subjective experience of well-being. Findings 

from cognitive psychology show that recall can highly depend on the content to be 

remembered – for instance, pleasant events are remembered better than unpleasant 

ones, and classmate names are remembered better than street names [48]. It seems 

likely that patients also have a harder time remembering a prior degree of SWB than 

remembering whether they used a walking aid or not (although, to our knowledge, this 

has not yet been tested empirically). We therefore think this approach is not sufficient 

to determine the relative extent of recall bias and scale recalibration in SWB 

assessment. 

Anchor recalibration  
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The anchor recalibration method aims to quantify scale recalibration in HRQoL 

measurement [33]. At time 1, patients are asked to describe how they understand the 

end points of the HRQoL response scale in their own words by stating what best and 

worst imaginable HRQoL mean to them, for example regarding physical capability. At 

time 2, patients again describe their current understanding of best and worst 

imaginable HRQoL for each item. They are then asked to compare their time 1 and time 

2 descriptions, and to locate their time 1 descriptions on the scale as they understand it 

at time 2. The time 1 HRQoL data are transformed accordingly in order to statistically 

control for scale recalibration.  

This method might also help to quantify recall bias by calculating the difference 

between pretest data adjusted for scale recalibration and an additional thentest. 

However, according to the authors themselves, participants in the anchor recalibration 

exercise found it hard to determine "whether anchors over time coincided or not, and if 

not in which direction they differed" [33]. We therefore conclude that anchor 

recalibration is a promising approach for quantifying recalibration in SWB, but requires 

some further refinement to make it feasible for patients.  

 

Structural equation modelling 

Structural equation modelling (SEM) has been proposed by Oort [34] to quantify 

response shift, including recalibration, in HRQoL data, and has since been widely 

applied for this purpose [49-53] as well as for quantifying recall bias by combining it 

with a thentest [29]. The method is based on the comparison of confirmatory factor 

analyses on HRQoL items assessed at two (or more) points in time, with non-invariance 

of specific SEM parameters between the time points considered evidence of different 

response shift processes. This statistically sophisticated approach has important 

advantages: No additional data assessments are needed (such as thentest, recall test, 

or qualitative descriptions of response options); it is designed to both detect response 

shift and determine true effect sizes, the latter by comparing common factor means, 

without being susceptible to recall bias; and it determines the three types of response 
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shift separately. In addition, Oort introduces an important distinction between two 

types of recalibration: uniform recalibration, where "all response options change in the 

same direction and to the same extent", which will affect the observed variables' 

means, and non-uniform recalibration, where the scale will "stretch or shrink", which 

will also affect the observed variables' variance and the covariance between them [34].  

Uniform recalibration is assumed if the intercepts in the model differ between the two 

time points; in this case, changes in the mean of a variable cannot be explained by a 

corresponding change in the common factor's mean. If there is uniform recalibration in 

a variable, this will lead to a change in the variable mean but not in factor means. 

However, the converse is not necessarily true – as an alternative explanation, the 

variable-specific true value may have changed without any recalibration (i.e. a changed 

scale understanding without a corresponding true change in the construct to be 

measured), but not the true value of the common factor. A possible cause of such an 

effect is that an intervention has improved only and specifically one aspect of the 

construct that is measured by only this item (in the PANAS, for example, this would be 

one specific emotion). As pointed out by Donaldson (2005) [54], non-invariances found 

in the SEM approach are necessary, but not sufficient, conditions for concluding that 

response shift has occurred.  

Non-uniform recalibration is assumed if the error variances differ between time points; 

then, changes in the variance of a variable cannot be explained by a corresponding 

change in the common factor's variance. Oort [34] states that "there may be other 

reasons, other than recalibration response shift, that may cause changes in intercepts 

and residual variances." As examples, he mentions coping and pain management, 

which may improve functioning and pain (measured by single variables) without 

improving physical health (the common factor), but argues that coping and pain 

management can be considered causes of recalibration. As a second alternative 

explanation we would add that the variance of the true, variable-specific value may 

have changed, for example because an intervention improved only one specific aspect 

of the construct measured by only one item (e.g., actual pain), but differently so in 

different patients, and without fully corresponding changes in the common factor (e.g., 
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physical health). These true change in variable-specific aspects may even be fully 

accountable for the observed changes in means and variances, so that changes in the 

residual variances are indicative (but not proof) that scale recalibration has occurred.  

This approach may be helpful to quantify recalibration effects in SWB instruments as 

well; however, alternative explanations to non-invariant intercepts and residual 

variances should also be taken into consideration.  

 

RespOnse Shift ALgorithm in Item response theory (ROSALI) 

Recently, a new IRT-based method has been proposed by Guilleux et al. called 

RespOnse Shift ALgorithm in Item response theory (ROSALI) [35]. The procedure allows 

to determine of both uniform and non-uniform recalibration, which is assumed if item 

difficulties change significantly. It also allows to determine reprioritization and can be 

used to estimate true change by controlling for different types of response shift. This 

approach has the big advantage of being robust to missing data; it can be used to 

control for recalibration only and may thus be applicable to SWB data, too. In this 

approach, item difficulty is assumed to indicate recalibration response shift – an 

assumption that seems plausible for the application to multi-item SWB measures as 

well. As in SEM, a limitation is that alternative explanations are possible, for example a 

change in the variable-specific true value – e.g., a change in a single emotion without a 

corresponding change in overall SWB. 

 

Approaches not designed to quantify the effect of recalibration alone 

Several approaches to determine response shift in HRQoL will not be applicable for 

SWB instruments because they were not designed to quantify the specific effect of 

recalibration, which is the only response shift process we assume to bias SWB 

measurement. These methods will be outlined briefly. 

Latent trajectory analysis is a specific type of structural equation modeling that 

examines patterns in discrepancies between predicted and observed HRQoL values [36, 
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37, 38]. It does not distinguish between different types of response shift and thus, it is 

not meant to detect the specific effect of recalibration.  

Recursive partitioning tree analysis uses a nonparametric statistical index to iteratively 

divide respondents into increasingly homogenous subgroups [38, 39]. In contrast to 

latent trajectory analysis, it does distinguish scale recalibration from the other two 

types of response shift. However, it quantifies only the overall size of response shift. 

Scale recalibration is not quantified; instead, qualitative indicators determine whether 

recalibration is present or not. This method would therefore also not be applicable if 

one wished to quantify recalibration response shift only. 

A related method is growth curve analysis [18]. It does not measure the different types 

of response shift. The authors state that it is "useful as a first step in primary or 

secondary analysis to determine whether response shift is likely to have occurred" [18], 

but not to quantify scale recalibration. 

Lix et al. [40] use different statistical measures of relative importance (i.e., measures 

that “discriminate between groups or predict group membership”, to detect 

reprioritization response shift. These methods also do not aim to quantify scale 

recalibration.  

A very straightforward approach to assessing response shift is direct assessment, that 

is, to ask patients if they have experienced any. Hinz et al. [41] asked urologic cancer 

patients: "In the last three months, has your opinion about what health is changed?", 

with response options ranging from "not at all" to "completely." This approach only 

addresses reconceptualization response shift, but is not designed to quantify scale 

recalibration. 

Vignettes – short descriptions of health states – have been used by Korfage et al. to 

detect response shift in patients with prostate cancer [42]; health states vignettes were 

based on the EQ-5D plus information on urinary, bowel and erectile dysfunction. 

Patients evaluated the vignettes on visual analogue scales anchored 0 = "very bad" to 

10 = "very good," and a change in evaluations over time was mainly interpreted as 

evidence of reprioritization response shift. (Scale recalibration may also influence 
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patients' responses in this method, as their understanding of the magnitude of "very 

bad" may have changed in addition to a change in priorities.)  

 

Conclusion 

 

We proposed to use SWB as an indicator of patient-relevant treatment benefit, and 

argued that in SWB, only scale recalibration, but not reprioritization and 

reconceptualization, is a source of bias. Many approaches to quantify the relative 

extent of response shift and/or recall bias in HRQoL have some limitations when used 

for SWB measurement. Some of them have not been designed to quantify the specific 

effect of scale recalibration in the first place. Others may not reliably distinguish 

between scale recalibration and recall bias in SWB (thentest, recall test) or are less 

suitable for SWB instruments because they are based on the assumption that recall 

bias has the same magnitude in variables on objective and subjective aspects 

(approach of comparing with variables unaffected by scale recalibration). To quantify 

scale recalibration in SWB, the anchor recalibration method [33], structural equation 

modelling [34], and ROSALI [35] are most suitable.  

In the anchor recalibration approach, patients found it difficult to compare the two sets 

of scale anchors they had provided at different points in time. One possible way to 

enhance the method's feasibility may be to have the patients describe each response 

option of each item in their own words (instead of the highest and lowest option only) 

at time 1, and at time 2, have them first complete the questionnaire. Afterwards, their 

scale descriptions of time 1 should be presented to them, and they should then 

complete the questionnaire again according to this former understanding. Differences 

between the two questionnaire assessments at time 2 could then be assigned to scale 

recalibration. In this version of anchor recalibration, the challenging task of comparing 

different anchors would no longer be necessary. Adding a thentest to this procedure 

might also help quantify recall bias. This approach would, however, only be feasible for 

short questionnaires where the overall number of response options to be described is 
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limited; otherwise, the procedure would probably be too lengthy and thus burden 

participants. 

We conclude that for the measurement of SWB, only scale recalibration is a source of 

bias, but not reprioritization and reconceptualization. For SWB, refining the anchor 

recalibration method may provide the most promising way to quantify both scale 

recalibration and recall bias – and thereby tell if prospective or retrospective 

measurement of change in SWB is more valid.  
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