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Abstract

The call for “health and wellbeing in all policies” requires a preference‐based

measure that collapses multi‐dimensional health and wellbeing into a single

index, such as equivalent income. We aim to elicit preferences of the UK

general public to estimate a value set for a suite of seven commonly used

wellbeing indicators including health, income, and other dimensions, in terms

of equivalent income. Secondly, we examine heterogeneous preferences by

gender, by age, and by income. Thirdly, we explore the stability of preferences,

since the survey took place amid the pandemic, possibly affecting preferences

over health and wellbeing. Effects of attrition and of time are distinguished.

Data were collected online across two waves using Discrete Choice Experi-

ments through an internet panel (N1 = 3362; and N2 = 3357). The regression

coefficients for all the ordered attribute levels have the expected sign, are

significant, and ordered. Equivalent income was found to vary up to 10% by

gender and by age (both significant) and 4% by income (not significant), while

the effect of time was up to 16% (significant). The study facilitates the calcu-

lation of overall wellbeing in terms of equivalent income based on the pref-

erences of the UK public, where the relevant wellbeing indicators are

available.
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J E L C LA S S I F I C A T I ON
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1 | INTRODUCTION

There is a call for a move from “health policy” to “health and wellbeing in all policies” (e.g., WHO, 2014), arising

from the growing recognition that wellbeing is multi‐dimensional, requiring an inter‐sectoral approach to public

policy. Currently, health economists conduct evaluation of health interventions using health outcome measures (e.g.,
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EQ‐5D). However, the evaluation of policies such as changes to welfare payment entitlements or minimum wage

would need to consider their effects across multiple dimensions of wellbeing besides health, including income,

employment, housing, feeling safe, etc (Capéau et al., 2020; Stiglitz et al., 2009), and this leads to a need for a

preference‐based outcome measure that collapses multiple dimensions of wellbeing into a single index. “Equivalent

income” (Fleurbaey, 2005, 2006, 2009; Fleurbaey & Gaulier, 2009; Fleurbaey & Schokkaert, 2011) is a preference‐

based monetary measure of wellbeing that adjusts income for non‐income dimensions of life, considering people's

preferences on how important those different dimensions are to them. In other words, instead of taking income as the

sole measure of wellbeing, it penalises income for non‐income dimensions of wellbeing at sub‐optimal levels, based

on people's preferences (see Section 2.1 below for more details). This is similar to the concept of the Quality Adjusted

Life Year that, instead of taking survival as the sole measure of health, penalises survival for sub‐optimal health‐

related quality of life, based on average preferences of the respondents. While the concept of equivalent income

was originally developed to capture individual preferences, the equivalent income value set we estimate deviates from

this, as we will aggregate across individual preferences, to report average equivalent incomes for different multi‐

dimensional outcome states.

The first aim of this study is to estimate an equivalent income value set through an online Discrete Choice

Experiment (DCE) survey using a suite of seven wellbeing indicators called SIPHER‐7 (Tsuchiya & Wu on behalf of

the SIPHER Consortium, 2021). The seven wellbeing indicators have been selected so that they can be linked to

survey questions used in the UK Household Longitudinal Study—UKHLS, also known as Understanding Society

(University of Essex and Institute for Social and Economic Research, 2020) (See Appendix 1). The parameters esti-

mated from the DCE model allow us to calculate equivalent income for all SIPHER‐7 profiles, and thus any UKHLS

respondent.

The existing empirical literature on modeling equivalent income has mostly relied on the revealed preference

approach and estimates from subjective wellbeing (or happiness) regressions. These use national surveys such as the

UKHLS, the German Socio ‐Economic Panel (GSOEP), the Flemish survey (SONAR) and Russia Longitudinal Moni-

toring Survey (RLMS‐HSE) to calculate how much income an individual could trade in for better non‐income di-

mensions while maintaining the same happiness level (see Decancq et al., 2015; Fleurbaey, 2009; Fleurbaey &

Blanchet, 2013).

On the other hand, relatively little work has been carried out using the stated preference approach, and we are

aware of three, of which two used contingent valuation. Fleurbaey et al. (2013) surveyed 542 members of the public

in Marseilles, France, and used contingent valuation across income and health to model preferences at subgroup

level. Respondents were asked to think about a hypothetical scenario in which they could trade‐off income for

perfect health and required to answer the income level (equivalent income) that they would be equally happy to have

if they had no health problems. Capéau et al. (2020), which reports on the MEqIn project, is the largest of the three

studies. The project conducted a large‐scale survey of the Belgian general public, interviewing more than 3000 adults

from over 2000 families. The survey examined several dimensions of individual wellbeing including income, con-

sumption and affordability, health, work status, housing, and time‐use. Furthermore, it asked respondents for their

willingness to pay (WTP) to achieve the best levels in the non‐income dimensions. We are aware of only one study

that has used a DCE to model equivalent income. Abasolo et al. (2018) is a small‐scale exploratory study of a

convenience sample (N = 52 for the quantitative analysis) in Sheffield, UK, and used a DCE based on sequential

ranking to model individual‐level preferences across Physical functioning, Pain, Depression, Close relationships, and

Personal spending.

Our second aim is to examine heterogeneity in preferences across observable population groups by modeling the

DCE data separately for different subgroups defined by gender, age or equivalised household income. We focus on

heterogeneous preferences by observable characteristics, since, if information on preference heterogeneity is to be of use

to policy makers, arguably, they need to be based on observable characteristics. However, to control for unobservable

individual level heterogeneity mixed logit estimations are used.

The third aim is to explore the stability of preferences over time. We repeated the same DCE survey for a second

time, roughly a year later, to control for any seasonal effects. The first DCE survey took place in the autumn of 2020,

in the midst of a pandemic and associated social restrictions. This might have made people more concerned about the

health‐related dimensions of wellbeing and/or about feeling lonely. Thus, if the SIPHER‐7 value set is to be used to

evaluate policy outcomes beyond the pandemic, it is important to establish that the preferences elicited are not
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transient. One approach to examining the stability of preferences over time is to survey the same respondents again at

some later time. However, such panel samples may overestimate the stability of preferences due to a selection effect, if

those with unstable preferences and/or those living unstable lives are more likely to drop out from later surveys.

Furthermore, “panel conditioning” has been observed, where the experience of repeating the same survey itself has an

effect on the respondent's responses in future surveys. For example, Van Landeghem (2014, 2019) found that, ceteris

paribus, reported satisfaction scores decreased the more often one had been exposed to such questions and

Fisher (2019) found that more experienced respondents provided higher‐quality income data. Another approach is the

repeated cross‐section, to recruit fresh but interchangeable samples from the same population using the same sam-

pling method so that observed differences in preferences can be attributed to changes in preferences within (a

subgroup of) society over time and not to differences in the sample stemming from attrition or having more survey

experience. However, this approach needs to assume that unobservable features of the population have remained

stable in the meantime. Our second wave was a hybrid of the panel approach and the repeated cross‐section

approach. To summarise, this paper reports on a stated preference study to calculate an equivalent income value

set for SIPHER‐7, by conducting two waves of an online survey each with over 3000 respondents in the UK using a

DCE. The value set will allow analysts to convert the effects of different social and public policies into a preference‐

based single‐index monetary metric of wellbeing, and to inform inter‐sectoral policy decision‐making. We examine

preference heterogeneity across observable subgroups. By conducting two waves of the survey with both repeating and

fresh respondents in Wave 2, we examine the stability of preferences across the survey waves, distinguishing between

the effects of attrition and of time.

2 | METHODS

2.1 | Equivalent income

Assume that individual (U) wellbeing is a function of a finite number of observable indicators, including income.

Equivalent income (Y0) is defined as the hypothetical amount of individual income that, if combined with the best levels

of non‐income indicators (represented by vector X*), is as good as the current situation (Fleurbaey, 2005; Fleurbaey &

Schokkaert, 2011):

UðX;YÞ ≡ UðX∗
;Y 0Þ ð1Þ

If an individual's non‐income profile (X ) is made up of the best levels across all the non‐income indicators, then

equivalent income will be the same as this person's current income. On the other hand, if any of the non‐income

indicators are not at the best levels, the individual's equivalent income will be no higher than the current income level.

Assuming no loss aversion, the difference between current income and equivalent income corresponds to the

concept of WTP for an individual at X, Y0 to achieve the best non‐income profile.

WTPðX ;YÞ ¼ Y – Y 0 ð2Þ

There are two things to note. First, given the way our DCE was designed with a neoclassical utility function in mind,

there is no distinction between the amount of money that an individual is willing to pay to go from X to X* and the

amount of money that the same individual is willing to accept to go from X* to X, but was not accommodated in our

choice design. Thus, what we refer to as the WTP to achieve the best non‐income profile is not expected to predict actual

measurements of WTP to go from X to X* since the empirical amount is likely to be subject to asymmetry between gains

and losses. Second, DCEs have been widely used to elicit people's WTP for given goods and services outside of the

equivalent income literature, where the monetary attribute typically concerns payments (e.g., price of a good, or

increased taxation for a public service). This approach could be adapted to measure equivalent income, by including in

the DCE a payment attribute to achieve the best non‐monetary profile of wellbeing, in the form of general taxation, for

example, Subtracting this from the respondent's own income would allow an indirect calculation of equivalent income.
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An alternative, developed in Abasolo et al. (2018) and pursued in this paper, is to use income (as opposed to payment)

as the monetary attribute. Here, respondents will be choosing between different life scenarios where income is one of

the features that describe them. The approach can expect to avoid focusing on the payment vehicle and allows a more

direct elicitation of equivalent income.

2.2 | The discrete choice experiment attributes and levels

The wellbeing indicators of SIPHER‐7 consist of: the Effect of Physical Health (hereafter ‘Physical health’ for short), the

Effect of Mental Health (‘Mental health’), Loneliness, Household disposable income, Employment, Housing quality,

and Neighborhood safety. These indicators and the levels of each were selected to be relevant to a wide range of public

policies, through an iterative consultation process within the wider research project involving researchers (with

backgrounds in data science, decision modeling, economics, geography, psychology, public health, social policy, etc)

and policy partners (decision makers and analysts from three local government bodies), and are reported elsewhere

(Tsuchiya, A. & Wu, C. on behalf of the SIPHER Consortium, 2021).

While most of the attributes are self‐explanatory, Employment and Household disposable income need some further

explanation. The Employment attribute has six non‐ordered categories. Respondents are informed that Full‐time

employed (or ‘FT employed’ hereafter) and Part‐time employed (‘PT employed’) include being self‐employed and be-

ing on maternity, parental, sick, or furlough leave. Job‐seeking is qualified as “looking for employment.” Hereafter in

this paper, Taking care of a family member with chronic illness or disability will be referred to as “informal caregiving,”

Full‐time education/training/apprenticeship as “FT education,” and Not working and not looking for paid employment

as “Not working.” For the Housing Quality attribute, attribute levels “Partly true” and “Not true” are referred in the

analysis as “Fair” and “Poor” housing respectively.

The Household disposable income had five levels, set as 40%, 60%, 80%, 100% and 120% of a reference household

disposable income for the choice design, but presented to respondents in actual monetary amounts. The use of

household income as the monetary attribute in a DCE, as opposed to an attribute framed as payments, brings a

particular challenge. The range of household income across the population is much wider than the range of realistic

amounts that people may be willing to pay for a given good or service. Furthermore, household income of any level

needs to be adjusted for household size to be meaningful. To ensure that the respondents can relate to the income levels

they see in the DCE, we created 10 DCE variants each corresponding to one of the decile groups of household

disposable income in Wave 9 of UKHLS. Reference income was defined as the average household disposable income of

the corresponding decile group. Prior to the DCE, respondents were asked to indicate their household disposable in-

come across these decile ranges, and allocated to the corresponding DCE variant, so that the income levels each

respondent saw in the DCE were aligned to their own self‐reported household disposable income, which was equiv-

alised or household size later in the modeling.

2.3 | The discrete choice experiment design

The DCE model with household disposable income as a continuous variable and interacted with employment involves

25 parameters to be estimated, whereas treating household disposable income as a categorical variable would mean 43.

To accommodate the latter comfortably, the DCE consisted of 120 choice tasks, which were divided into 12 blocks of 10

choices.

The design software Ngene was used to generate a D‐efficient “partial profile” design assuming scale and preference

homogeneity (ChoiceMetrics Pty Ltd, 2018) that allowed at least two out of the six non‐income dimensions in each

choice to be tied across the alternatives. We started from an efficient design with 120 pairwise choice tasks and the

identification of all parings of these 240 scenarios that had two out of the six non‐income attributes tied (there are 3600

such pairings). From this set of candidate choice tasks, 120 parings at a time were drawn 10 times to generate 10 partial

profile designs, avoiding choice tasks with identical alternatives and dominant alternatives. The final design was one of

these 10 designs with the lowest D‐error. D‐efficiency of the selected partial profile design fell by less than 10% relative

to the original full profile design.
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2.4 | The qualitative and quantitative pilots

A qualitative pilot aimed to examine how respondents interpret the wording used in the survey and to obtain feedback

on the length and difficulty of the survey. A convenience sample (N = 10) of university estates staff with no graduate

degree was asked to complete the online survey within a video interview with one of the authors (ATT). After this

qualitative pilot, changes were made to the survey (details available in the Appendix 7). The revised design was then

fielded through a quantitative pilot with 100 respondents in August 2020 using the same internet panel and sampling

frame as the main survey. To avoid having to set up 10 income variants of the DCE survey for the quantitative pilot,

those who either reported household disposable income between the first and the fifth deciles or did not answer the self‐

reported income question were allocated to the third income decile variant and those who reported household

disposable income between the sixth and the 10th deciles were allocated to the eighth income decile variant. The

quantitative pilot provided the priors of the parameters used in the final DCE design.

2.5 | The survey protocol

For the purpose of this study, the two waves of the survey were set up identically to each other. The online survey

started with an Introduction and Informed consent questions. These were followed by background questions covering

the SIPHER‐7 indicators, which aimed to help respondents to familiarise themselves with the DCE attributes. There

was also a question regarding household size, gender and age. Respondents were then filtered to one of 10 survey

variants corresponding to their household income levels. Those who did not answer the income question were allocated

to the variant for the fourth decile.

At the start of the DCE section, respondents were asked to complete three practice questions of increasing difficulty,

presented in a tabular format as were the main DCE tasks (see Appendix 2 for the first practice question). The first

practice question included five tied attributes out of seven and a dominant option. If a respondent chose the dominated

option, they were given the reason why their answer was not correct, and the option to re‐do the question or to seek

further explanation on the choice task and the tabulated format. Practice 2 also included a dominant option but with

four tied attributes. The last practice question had three tied attributes, with no dominant option, while the actual

choice tasks had at least two ties.

After completing the practice questions, respondents were directed to the 10 choice tasks, with the reminder that

there are no right or wrong answers for these. Respondents were given one of the 12 DCE blocks within each income

range variant. Within each block, the order of the 10 choice tasks was randomised for each respondent. The left‐right

alignment of the choice tasks was fixed, and there were no further embedded tasks to check for logical consistency.

Figure 1 below presents an example of a choice task.

Once respondents completed the choice tasks, they were presented with a feedback section where they were asked

to select from positive and negative statements describing their experience completing the DCE. Following that, re-

spondents were asked questions about their demographics.

2.6 | The two survey waves

The online surveys were hosted on Qualtrics. The respondents were recruited from the PureProfile panel, with age and

sex quotas. Respondents from either survey who spent less than 30% of the average completion time of the Wave 1

survey (i.e., less than 5 minutes) were excluded from the analysis. Wave 1 took place in October/November 2020, and

Wave 2 was in mid/late November 2021.

Our second wave was a hybrid of the panel approach and the repeated cross‐section approach. All respondents to

the first wave were re‐invited to form the panel sample and to participate in the second wave. Subsequently, the relevant

age/sex quotas for the Wave 2 survey were made up by recruiting a further “refreshment” sample recruited from the

same pool to form the repeated cross‐section sample.

Thus, the DCE data can be broken down into four mutually exclusive sets of observations:

� Panel Wave 1 observations, referred to as P1
� Panel Wave 2 observations, referred to as P2

TA ET AL. - 5
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� Cross‐section sample Wave 1 data only, referred to as C1 (i.e., the attrition sample only observed in Wave 1)
� Cross‐section sample Wave 2 data only, referred to as C2 (i.e., the refreshment sample only observed in Wave 2)

The first aim, to estimate an equivalent income value set for SIPHER‐7, was addressed using a “value set sample”

that included all respondents once, namely either P1 or P2, combined with both C1 and C2. The choice between P1

and P2 is arbitrary, and there is little difference either way (See Appendix 5 for regression results). Subsequently, this

value set sample was broken up into subgroups by gender, age or household income to answer the second aim, to

examine preference heterogeneity across these observable characteristics. The analyses serving the last aim, to explore

differences between those who will attrit and those who will stay, and the stability of preferences over time amongst

first‐time respondents, used combinations of the four sets of observations, which are explained below (2.7.4) in more

detail.

2.7 | Data analysis

2.7.1 | The discrete choice experiment data

The model to estimate is:

Ui ¼ β1Phþ β2Mhþ β3Lþ β4E þ β5H þ β6Sþ γ1lnY
i þ εi ð3Þ

where the notations are the same as those in Table 1, except for lnY i, the logarithm of equivalised disposable in-

come, for each individual respondent. The levels of the non‐income attributes except for Employment were treated

as categorical and ordered, with the best level as the baseline, so that the coefficients were expected to be negative

with an increasing effect. While the categories of the Employment attribute are not logically ordered, the analysis

F I GURE 1 An example of a choice task.
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assumed that respondents shared a common ranking, and a pragmatic choice was made to use FT employment as

the reference category. The γ1 coefficient for income is expected to be positive. The specification omits the intercept,

since our interest is in the relative size of the coefficients, in the form of equivalent income (see the next

subsection).

The DCE model pooled across the 10 income variants and the two waves for the analysis. Household disposable

income in the DCE (I) was entered as the logarithm of equivalised disposable income, for each respondent i, using their

household size based on the OECD square root scale method (OECD, 2008; OECD, 2011). While the DCE choice design

assumed a model including interactions between income and employment, given the lower Bayesian Information

Criterion of the main effects model, and the additional complexity involved in calculating equivalent income based on

the interaction model, a decision was made to use the main effects model as the main model in this analysis. (Results of

the interaction model are in Appendix 5).

To control for the repeat observations from each respondent (within a wave) and for individual level preference

heterogeneity, we use the mixed logit estimation (Hole, 2007). All non‐income attributes were included as random

variables with a normal distribution.

TABLE 1 The attributes and levels used in the DCE.

Attributes Attribute levels

Physical health—Ph Five levels of frequency:

‐ In the past 4 weeks, have you accomplished less than you would

like with your work or other regular daily activities as a result of

your physical health…

1. None of the time/2. Little of the time/3. Some of the time/4.

Most of the time/5. All of the time

Mental health—Mh Five levels of frequency:

‐ In the past 4 weeks, have you accomplished less than you would

like with your work or other regular daily activities as a result of

your emotional problems (such as feeling depressed or anxious)…

1. None of the time/2. Little of the time/3. Some of the time/4.

Most of the time/5. All of the time

Loneliness—L Three levels of frequency:

‐ You feel lonely and left out from others… 1. Hardly ever/2. Some of the time/3. Often

Household disposable income—Ia Five levels (40%, 60%, 80%, 100%, 120%) of a reference disposable

income level.
‐ Monthly (or weekly) household income (i.e. income from wage,

benefits, pensions, etc, after deducting your tax, national insur-

ance, any occupational pension contributions, and after deducting

your rent, mortgage payments or other housing costs).

Employment—E Six non‐ordered categories:

‐ This is about your main daily activity. If you are currently on

maternity/parental/sick or furlough leave, you count as being

employed. (Please choose the option that best describes your main

daily activity).

1. Full‐time employed

2. Part‐time employed

3. Job‐seeking

4. Full‐time education/training/apprenticeship

5. Taking care of a family member with chronic illness or disability

6. Not working, and not looking for paid employment

Housing quality—H Three levels of quality

‐ Your home is in a reasonable state of repair, has reasonable fa-

cilities (cooking/washing) and provides reasonable warmth…

1. All true/2. Partly true/3. Not true

Neighborhood safety—S Three levels of frequency of feeling concerned

‐ You are concerned about the safety of the neighborhood you

live in…

1. Hardly ever/2. Some of the time/3. All of the time

Note: Reference levels/the best levels of categorical attributes for the DCE model are in bold.

Abbreviation: DCE, discrete choice experiment.
aHousehold disposable income (I) is treated as continuous. Both per month and per week values are displayed in the DCE. Only per month values are

reported here.
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2.7.2 | The calculation of equivalent income

Once a DCE model is estimated, the preference parameters can be used to calculate equivalent income for any given

SIPHER‐7 profile. Let us use vector Xk to represent the six non‐income attributes in the model

ðk ¼ ph;Mh; L;E; S and HÞ. Given the definition of equivalent income (Equation 1 above), based on the main effect

model in Equation (3), for any combination of the seven attributes, we have:

X

K

k¼1

β̂Xk þ γ̂1 ln Y i ¼
X

K

k¼1

β̂X∗k þ γ̂1lnY
i0 ð4Þ

where X∗k captures the best levels of these six attributes. Given dummy coding, the reference values X∗k equal to 0, and

therefore equivalent income for any SIPHER‐7 profile
�

Xk
;Y
�

can be calculated by solving Equation (4) for:

Y i0 ¼ Y i
:exp

 

X

k

k¼1

 

β̂

γ̂1

⋅ Xk

!!

ð5Þ

2.7.3 | Subgroup preferences

Subgroup analyses were carried out to explore heterogeneity in preferences. It has been observed that preferences can

vary by gender (Decancq & Schokkaert, 2016; Dolan & Roberts, 2002), age groups (Dolan & Roberts, 2002; Tan-

gian, 2005), or income (Quattrociocchi, 2018; Ura & Ellis, 2008). Furthermore, public policies often target sub-

populations based on gender, age and income, and therefore these seem reasonable subgroups to explore. We did not

have prior expectations regarding the directions of any differences in preferences.

Parameters of a DCE model are on a latent scale and represent scale effects alongside relative preferences be-

tween attributes and levels, and thus are not directly comparable across models. Therefore, subgroup preferences

were compared in terms of WTP to achieve the best levels in the different attributes and in terms of equivalent

income for select SIPHER‐7 profiles. Since the money metric is no longer on a latent scale, but is on an absolute

scale, this approach by‐passes the issue of scale heterogeneity, and the output can be directly compared across

subgroups.

2.7.4 | Stability of preferences across survey waves

A preparatory analysis examined the effect of attrition, namely, amongst those who participated in Wave 1, whether the

Stayers (who will stay in Wave 2) have different preferences from the Attritors (who will drop out)—this used ob-

servations P1 and C1. This analysis is contained within observations from Wave 1, but information from Wave 2 is

necessary to identify the Stayers and the Attritors.

The main analysis across waves examined the stability of preferences over time in two ways. (1) The panel approach

compared the Wave 1 responses and Wave 2 responses of those respondents who participated twice (i.e., the Stayers)—

this analysis uses observations P1 and P2. (2) The repeated cross‐section approach compared those in Wave 1 and those

who were surveyed for the first time in Wave 2—this uses observations from Wave 1 (P1 and C1) alongside first‐time,

refreshment, observations from Wave 2 (C2). To control for the different composition of the sample, this analysis is

repeated using sampling weights. By employing both approaches, we provide a robust examination of the stability of

preferences over time.

For these analyses, the DCE model was fitted separately by subsample and the estimated coefficients were used

to calculate the WTP for each attribute level with a starting equivalised disposable income of £1000/month. In

addition, equivalent income values were computed for SIPHER‐7 profiles with the largest difference in WTP across

subgroups.
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3 | DATA

3.1 | The respondents

Of the 3623 respondents of Wave 1, 93% took more than five minutes to complete the survey. Of these, 11 individuals

were excluded from the modeling as they did not answer the background question on household size, resulting in 3362

respondents included in the analyses. For the Wave 2 survey, 3680 responded, with 97% completing in more than five

minutes. Of these, 24 were excluded because of missing household size, resulting in 3533 respondents included in the

analysis. P1 and P2 have the same 1185 respondents, while C1 has 2177 and C2 has 2348 unique respondents.

The value set sample based on P2, C1 and C2 consists of 5710 respondents and is largely representative of the UK

public in terms of gender and age. Many respondents self‐reported the best levels of the SIPHER‐7 wellbeing indicators,

with 38% of the participants reporting the best levels in Physical health, while 43% of the total with Mental health, 47%

for Loneliness, 83% for Housing condition, and 63% for Safety of their neighborhood. The majority were FT employed

(39%) or retired (21%). In contrast, regarding Household disposable income, 26% and 17% belonged to the bottom two

deciles, respectively. Six percent of the value set sample reported FT employment combined with the best level in the

remaining five non‐income attributes. Fifty‐seven percent of the respondents were either married or living as a couple;

30% had the highest education qualification at degree level or equivalent; and 71% did not have dependent children

living with them (see Appendix 3 for details).

3.2 | Feedback from the survey

Overall, most respondents of the value set sample selected positive statements to describe their experience of the DCE.

Thirty‐six percent of the value set sample indicated that they were confident about their answers, whereas 14% were not

sure about their answers. Twelve percent found that there were too many tasks within the survey (see Appendix 4 for

details).

4 | RESULTS

The main effects regression model using the value set sample (P2, C1 and C2) results in all the coefficients for the non‐

income ordered attributes ordered so that worse levels have larger negative impacts. Household disposable income is

positive as expected and significant at 0.1%. PT employment is associated with a significant positive coefficient at 1%

while other Employment attribute levels have negative and significant coefficients at 0.1%. (The regression coefficients,

alongside those from the interaction model, are reported in Appendix 5).

4.1 | Equivalent income and willingness to pay for hypothetical SIPHER‐7 profiles

Equivalent income was computed for hypothetical SIPHER‐7 profiles, selected for illustrative purposes (see Table 2).

Also shown is WTP to achieve the best non‐income profile (X*) in absolute terms, and in relative terms as a proportion

of equivalised income. The first row, for example, displays a SIPHER‐7 profile, with the best levels in all non‐income

dimensions except for Physical health at its worst level, along with £1000 in equivalised disposable income. The

modeled preferences of the value set sample regard this profile to be equally good as an equivalent income of £491/

month (viz. the best non‐income profile combined with an equivalised income of £491/month), resulting in absolute

WTP of roughly £509 per month, or just more than 50% of their equivalised disposable income. The next row illustrates

that, given Equation (5) above, the size of equivalent income relative to equivalised disposable income remains constant

when disposable income is doubled to £2000 but everything else is kept the same.

The third and fourth rows contrast the effects of having the worst levels in the relatively more personal attributes

(health and loneliness) versus the less personal attributes (work, housing and neighborhood). They result in equivalent

income amounts of £160/month and £191/month, respectively. And finally, the fifth profile has the worst level in all

non‐income attributes, combined with an equivalised disposable income of £1000. This profile brings about the lowest
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TABLE 2 Absolute equivalent income and relative equivalent income for select SIPHER‐7 profiles.

Physical

health

Mental

health Loneliness

Equivalised disposable income

(£/month) Employment

Housing

quality

Neighborhood

safety

Equivalent income (£/m)

[95% CI]

WTP

(£/m)

% EI

in Y

1 All of the

time

a a 1000 a a a 491.43 [472.45 510.42] 508.57 49.14%

2 All of the

time

a a 2000 a a a 982.86 [944.89 1020.84] 1017. 49.14%

3 All of the

time

All of the

time

Often 1000 a a a 160.36 [150.53 170.18] 839.64 16.04%

4 a a a 1000 Informal

caregiving

Poor All of the time 191.07 [176.20 205.94] 808.97 19.11%

5 All of the

time

All of the

time

Often 1000 Informal

caregiving

Poor All of the time 30.64 [27.28 34.00] 969.36 3.06%

Abbreviations: £/m, pounds per month; CI, confidence interval; EI, equivalent income; WTP, willingness to pay; Y, equivalised disposable income.
aindicates the reference level of the attribute.
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equivalent income of almost £31/month corresponding to 3% of equivalised disposable income. Note that equivalent

income is a way of representing multi‐dimensional wellbeing in a single cardinal number, and this number does not

represent actual amounts of money that people can (or do) live on (there is no theoretical lower bound).

4.2 | Subgroup analysis using the value set sample

Heterogeneous preferences are examined across three observable characteristics: binary gender, age tertiles, and

household disposable income tertiles. The main effects model is estimated for each subgroup. WTP for each attribute

level with 95% confidence intervals (CIs) and WTP plots are presented below using the hypothetical equivalised

disposable income of £1000/month. If there is no overlap between the CIs across subgroups, this is interpreted as

evidence in support of preference heterogeneity between the subgroups within the value set sample at the attribute

level. To examine group‐level heterogeneity at the profile level, the regression coefficients are used to compute

equivalent income for the hypothetical SIPHER‐7 profiles with the largest gap between subgroups.

4.2.1 | Subgroups by gender

Of the value set sample, 46% are male and 54% are female. Figure 2 below illustrates the preferences in terms of WTP for

each attribute level calculated for the male and the female subgroups separately. The horizontal axis represents the

WTP in the negative range (WTP of £100 is represented as ‐£100). As can be seen, women have a significantly larger

WTP than men with regards to the worse levels of Physical health and of Mental health. Women also have a signifi-

cantly higher WTP for the worst attribute level in Neighborhood safety.

Table 3 illustrates the extent of the differences in preferences across subgroups by identifying the SIPHER‐7 profile

resulting in the largest difference in equivalent income, where the first row is for the male and female subgroups. As

was seen in Figure 2, since females tend to have larger WTP, for each SIPHER‐7 dimension, we have picked out the

level where the female WTP is the largest relative to the male WTP to calculate the equivalent incomes with CIs. For the

SIPHER‐7 profile shown, with a baseline equivalised disposable income of £1000/month, male respondents have a

significantly higher estimated equivalent income of £186 that is almost double the figure for females (£106). The dif-

ference, amounting to 9% of the hypothetical equivalised disposable income, is the largest between male and female

equivalent income, which have non‐overlapping CIs.

4.2.2 | Subgroups by age

Of the value set sample: 35% are aged between 18 and 40; 33% are between 41 and 57 years old; and 32% are above

58 years old. As Figure 3 shows, across these tertile age groups, the only differences are for some of the Employment

categories and Neighborhood safety. Between the youngest age group and the second age group, there is a clear

discrepancy in their preferences over “not working” (the younger group has significantly larger WTP) and for the worst

level of Neighborhood safety (where the middle‐aged group has larger WTP). Preference heterogeneity is observed in

the Employment dimension (i.e., ‘job‐seeking’, ‘informal caregiving’ and ‘not working’) when comparing the middle

and the oldest age groups. By contrast, larger differences in preferences are observed between the youngest and the

oldest age groups. The CIs do not overlap for the second to last attribute level (‘most of the time’) of Mental health,

“some of the time” and “all of the time” for Neighborhood safety, “job‐seeking,” “informal care giving” and “not

working” (where the youngest group has larger WTP). In terms of the largest difference in equivalent incomes, Table 3

shows that the SIPHER‐7 profile with the largest gap in equivalent income across two age groups depends on the age

group pairing. Across the three age group pairings (and all subgroups), the largest gap is observed between the youngest

age group versus the middle‐age group (10%) with non‐overlapping CIs. When comparing the discrepancies between 18‐

40‐year‐olds and 41‐58‐year‐olds, the oldest group has an estimated equivalent income of roughly two thirds of the

younger group, with non‐overlapping CIs. A smaller gap in equivalent income was observed when comparing the

middle‐age group and the oldest group, with overlapping CIs.
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F I GURE 2 WTP for attribute levels by gender groups. The plot was based on a mixed logit model allowing random coefficients (non‐

income). WTP, willingness to pay.

TABLE 3 Absolute equivalent income and relative equivalent income for select SIPHER‐7 profiles between subgroups.

Subgroup

pair

Physical

health

Mental

health Loneliness Employment

Housing

quality

Neighbor‐

hood safety

Equivalent income

(£/m) [95% CI]

WTP

(£/m)

% EI

in Y

1 Male All of the

time

All of the

time

Often Not working Poor All of the

time

185.66 [167.01 204.32] 814.34 18.57%

Female 105.93 [91.21 120.64] 894.07 10.59%

2 Aged

18–40

Some of

the time

All of the

time

Often FT education Fair All of the

time

318.35 [272.15 364.55] 681.65 31.84%

Aged

41–58

221.81 [197.82 245.80] 778.19 22.18%

3 Aged

41–58

Some of

the time

All of the

time

Often Not working * * 212.37 [190.10 234.64] 787.63 21.24%

Aged 59þ 186.33 l [166.46 206.20] 813.67 18.63%

4 Aged

18–40

Most of

the time

All of the

time

Often FT education Fair All of the

time

245.70 [210.58 280.82] 754.30 24.57%

Aged 59þ 160.15 [142.43 177.87] 839.85 16.02%

5 1st income

tertile

All of the

time

All of the

time

Often Informal

caregiving

Poor All of the

time

63.71 [50.24 77.18] 936.29 6.37%

2nd income

tertile

83.89 [70.02 97.76] 916.11 8.39%

3rd income

tertile

102.88 [90.55 115.20] 897.12 10.23%

Note: Baseline equivalised disposable income 1000(£/m). SIPHER‐7 profiles selected to represent the largest difference in WTP between subgroups.

Abbreviations: £/m, pounds per month; CI, confidence interval; EI, equivalent income; WTP, willingness to pay; Y, equivalised disposable income.
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4.2.3 | Subgroup by income

Of the value set sample: 29%, 29% and 42% report household disposable incomes corresponding to the 1st, 2nd and 3rd,

and 4th to 10th of the UKHLS income decile groups. Figure 4 illustrates that there is little evidence for preference

heterogeneity across these income groups. The largest gaps in equivalent incomes starting from the same hypothetical

equivalised disposable income of £1000/month (Table 3) are small and CIs overlap between adjacent income tertile

groups, although the difference between the 1st and 3rd income tertile groups have non‐overlapping CI, with those in

the highest income group having the smallest WTP. The only significant differences are related to having Physical

health and Mental health problems “all of the time” and “poor housing” where the 3rd tertile income group has

lower WTP.

4.3 | Examining the stability of preferences across survey waves

4.3.1 | Attritors versus stayers: P1 versus C1

To examine the effect of attrition, observations of the Stayers in Wave 1 (P1) and observations of the Attritors in Wave 1

(C1) were modeled separately, and WTP were calculated using the hypothetical equivalised disposable income of £1000/

month.

Figure 5 shows that there is no significant difference between the two groups of observations related to the Physical

health, Mental health, Loneliness, Housing quality, Neighborhood safety and most of the categories of Employment: the

exception is “job‐seeking,” where the Attritors have larger WTP.

Looking at the six non‐income attributes in terms of the WTP to go from the worst level to the best level in each,

their ranking is different between P1 and C1. For P1, the WTP is largest for Mental health, followed by Physical

health, Neighborhood safety, Housing quality, and Loneliness. For C1, the corresponding ranking is Mental health,

followed closely by Physical health, then “informal caregiving,” Housing quality, Loneliness and Neighborhood safety.

Amongst those who participated in Wave 1, there is a difference in preferences at the attribute level between

the Stayers, who returned for Wave 2 (P1), and the Attritors, who dropped out (C1). The Stayers appear to have a

F I GURE 3 WTP for attribute levels by tertile age groups. The plot was based on a mixed logit model allowing random coefficients

(non‐income). WTP, willingness to pay.
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strong preference for “PT employment” over “FT employment”, while the Attritors place more weight on

Loneliness and Housing quality and less weight on Neighborhood safety. The biggest gap between the two groups

lies in “job‐seeking” in the Employment dimension, where the Attritors have a significantly larger WTP than the

Stayers.

F I GURE 5 WTP for attribute levels by the Attritors (C1) versus the Stayers (P1). The plot was based on a mixed logit model allowing

random coefficients (non‐income). WTP, willingness to pay.

F I GURE 4 WTP for attribute levels by income tertile groups. The plot was based on a mixed logit model allowing random coefficients

(non‐income). WTP, willingness to pay.
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The first row of Table 4 presents the SIPHER‐7 profile made up of the levels where the Attritors have the largest

WTP relative to the Stayers. Since the Attritors have smaller WTPs for Neighborhood safety, the best level (where both

groups have zero WTP, represented by the asterisk) is used. Stayers have a higher equivalent income than Attritors by

up to 6% of equivalised disposable income, which is statistically significant.

4.3.2 | The effect of time: The panel approach and the repeated cross‐section approach

In both approaches to examine the effect of time, the observations from the different waves were modeled separately,

and WTP were calculated using the hypothetical equivalised disposable income of £1000/month.

Regarding the panel approach, Figure 6 plots the WTP for attribute levels of the balanced panel sample across the

two waves (P1 and P2; the Stayers). Overall, the results indicate stable preferences over time. In terms of equivalent

income for select SIPHER‐7 profiles, WTP for some attributes are larger at Wave 1 than at Wave 2, but not all. Thus,

Table 4 reports equivalent incomes for two separate SIPHER‐7 profiles: Row 2 is for the profile for which P1 has a larger

WTP than P2, while Row 3 is for the profile where P2 has a larger WTP. The profile in which P1 associated with higher

WTP results in non‐overlapping CIs, indicating significant differences between P1 and P2. Whereas the profiles in

which P2 has higher WTP has overlapping CIs amongst the Stayers at Wave 1 and at Wave 2, implying stable pref-

erences over time for this panel sample. It can be concluded that equivalent income based on the autumn 2020 pref-

erences can be statistically significantly higher than that based on the autumn 2021 preferences by almost 16% of

equivalised disposable income.

Regarding the repeated cross‐section approach, Figure 7 plots the WTPs for the first‐timers at Wave 1 (P1 þ C1) and

the first‐timers at Wave 2 (C2). Overall, the results suggest stable preferences at the attribute level with overlapping CIs

across all attribute levels. In Table 4, Row 4 is for the profile where the first‐timers in Wave 1 have a larger WTP, while

Row 5 is for the profile where the first‐timers in Wave 2 have a larger WTP. The former profile results in overlapping

CIs, whereas the CIs do not overlap in the latter profile. In other words, equivalent income based on the autumn 2020

preferences can be statistically significantly higher than that based on the autumn 2021 preferences by just over 6% of

equivalised disposable income. This finding is robust to the application of sampling weights to correct for the different

sample composition across the two sets of first‐timers (see Appendix 6) and similar to the findings using the panel

approach.

TABLE 4 Absolute equivalent income and relative equivalent income for select SIPHER‐7 profiles across waves.

Sets

of obs

Physical

health

Mental

health Loneliness Employment

Housing

quality

Neighbor‐

hood safety

Equivalent income

(£/m) [95% CI]

WTP

(£/m)

%EI

in Y

1 P1 All of the

time

Little of

the time

Often Job‐seeking Poor a 175.70 [152.55 198.85] 824.30 17.57%

C1 113.65 [99.32 127.98] 886.35 11.37%

2 P1 a Most of

the time

a Not working a Some of the

time

415.21 [367.88 462.55] 584.79 41.52%

P2 484.56 [436.40 532.71] 515.44 48.46%

3 P1 Some of

the time

Some of

the time

Some of the

time

Job‐seeking Fair a 643.43 [555.81 731.05] 356.57 64.34%

P2 485.12 [427.45 542.78] 514.88 48.51%

4 P1 þ C1 a Some of

the time

a PT

employment

a a 749.87 [693.08 806.65] 250.13 74.99%

C2 909.99 [779.81 1040.16] 90.01 91.00%

5 P1 þ C1 Some of

the time

a Often a Fair All of the time 292.96 [270.99 314.93] 707.04 29.30%

C2 227.06 [194.14 259.99] 772.94 22.71%

Note: SIPHER‐7 profiles selected to represent the largest difference in WTP across sets of observations. Baseline equivalised disposable income 1000(£/m). P1:

Stayers, C1: Attritors. (P1 þ C1): first‐timers in Wave 1, C2: first‐timers in Wave 2.

Abbreviations: £/m, pounds per month; CI, confidence interval; EI, equivalent income; obs, observations; WTP, willingness to pay; Y, equivalised disposable

income.
aindicates the reference level of the attribute.
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F I GURE 7 WTP for attribute levels using the repeated cross‐section approach: first‐timers at Wave 1 (P1 þ C1) versus first‐timers at

Wave 2 (P2). The plot was based on a mixed logit model allowing random coefficients (non‐income). WTP, willingness to pay.

F I GURE 6 WTP for attribute levels using the panel approach: the Stayers in Waves 1 (P1) versus Wave 2 (P2). The plot was based on a

mixed logit model allowing random coefficients (non‐income). WTP, willingness to pay.
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5 | DISCUSSION AND CONCLUSION

This study has estimated an equivalent income value set for a suite of seven wellbeing indicators, SIPHER‐7, using a

DCE conducted online across two waves, each with a representative sample of more than 3300 respondents from the

UK general public. The econometric models generated significant coefficients with the expected signs, where relevant,

which were then used to predict equivalent income for SIPHER‐7 profiles.

This is the first large‐scale empirical study that we are aware of to estimate an equivalent income value set using

stated preference data of a nationally representative general public sample. Since the wellbeing indicators used in

SIPHER‐7 can be linked back to the UKHLS, the equivalent income value set reported here allows researchers to

calculate a preference‐based single index of wellbeing for respondents in the survey. Our findings indicate that, of the

six non‐income wellbeing indicators used, Physical health and Mental health are the most important, followed by

Employment, Housing quality, Neighborhood safety and Loneliness.

Existing computations of equivalent income have mostly relied on subjective wellbeing (SWB) or satisfaction re-

gressions using national surveys. However, WTP values elicited through happiness functions often appear unrealisti-

cally high, and there is growing evidence that coefficients from happiness regressions might not be suitable to calculate

reliable marginal rates of substitution (Benjamin et al., 2014).

The design of our stated preference survey involved a methodological challenge regarding the presentation of the

monetary attribute in the DCE. In contrast to most DCE contingent valuation studies that elicit WTP as the variable of

interest, this study aimed to obtain equivalent income, which is the amount of household disposable income left after

subtracting the WTP to achieve the best levels of non‐income dimensions. This resulted in two complications: first, the

income levels in the DCE had to be amounts that respondents could relate to. We used relative income levels to

generate a single DCE design, but presented these in terms of absolute income levels based on the income range each

respondent self‐reported their household income to be in. Second, since equivalent income is an individual level

measure, household income in the DCE needed to be corrected for household size, and this was done by equivalising

the household income level shown in the DCE at the analysis stage using the household size information for each

respondent.

Regarding group‐level preference heterogeneity, value sets in health outcome measures, such as those for the EQ‐

5D, have traditionally not explored heterogeneous preference by population subgroups. This is likely to be because,

while preference heterogeneity in health is likely to exist, resource allocation in publicly funded health care has

typically assumed that there is one population preference based on which priority setting should be carried out. By

reporting subgroup value sets, we do not intend to make a normative argument over the use or otherwise of subgroup

value sets in policy evaluation. But there may be instances with policy interests in examining the preferences of relevant

subpopulations: for example, policymakers may be interested in how a particular intervention might be perceived by

the target population. If so, the study reports results by gender groups, by age groups and by income groups, all of which

resulted in significant differences depending on SIPHER‐7 profiles. In terms of equivalent income, these differences

were found to be at the most under 12% (and significant) of baseline equivalised disposable income between the gender

groups and for age groups, and at the most under 5% (and significant) across income groups.

With policy relevance in mind, the analysis defined subgroups in terms of one observable characteristic at a time.

The results from the mixed logit estimations used to control for individual‐level preference heterogeneity were largely

similar to those obtained from pooled conditional logit estimations with robust errors (for individual‐level clustering) ‐

the latter results are in Appendix 5. Furthermore, if the objective were to analyze individual‐level preference hetero-

geneity itself alongside observable group‐level heterogeneity, more complex data‐driven modeling approaches are

available, such as the use of latent class analysis with observable characteristics in the class‐membership, or interacting

observable characteristics with random parameters.

The study also explored preferences over survey waves, where the second wave, conducted roughly 12 months later,

not only re‐invited the respondents to the first wave, but also a fresh sample recruited in the same way from the same

population. This design allowed us to distinguish between the effect of attrition and the effect of time. The analysis

found the presence of both. Regarding the effect of attrition, the Attritors and the Stayers have clearly distinct pref-

erences. The effect of time was explored in two ways. The first, panel, approach found no significant change in pref-

erence between the two waves. However, the second, repeated cross‐section, approach found that first‐time respondents

in autumn 2020 and first‐time respondents in autumn 2021 have significantly different preferences depending on

SIPHER‐7 profiles, amounting to up to 7% of baseline equivalised disposable income (which was robust to correcting for

the different sample composition across the two sets of first‐time respondents). This suggests that the panel approach
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may overestimate the extent of the stability of preferences over time. While there are some studies that use the panel

approach to examine the stability of DCE preferences (e.g., San Miguel et al., 2002), we are not aware of any DCE

studies that contrast the effect of attrition and the effect of time.

The study has some shortcomings. The suite of wellbeing indicators, SIPHER‐7, was given to the study. In addition,

the design and analysis assume scale and preference homogeneity and do not model preferences at the individual level.

Both waves of the survey were conducted online with no insight into respondents' comprehension. In addition, there

are limitations related to recruiting respondents through an internet panel, such as the representativeness of the sample

with respect to income or internet use.

To conclude, the study provides a population value set in the form of equivalent income, for a suite of wellbeing

indicators called SIPHER‐7, based on preferences of the UK general public. Since the dimensions of SIPHER‐7 are

linked to the UKHLS survey, the results can be used to calculate equivalent income for any UKHLS respondent.

Furthermore, the outputs have the potential to equip policy‐makers with a preference‐based and interpersonally

comparable metric of likely public responses to changes in policies.
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