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It is di�cult to measure public views on tradeo�s between spending priorities because public
understanding of existing government spending is limited and the budgetary problem is com-
plicated. We present a new measurement strategy using UK taxpayer summaries as the baseline
for a continuous treatment, multivariate choice experiment. The experiment proposes de�cit
neutral bundles of changes in spending and taxation, allowing us to investigate attitudes to-
wards modi�cations to the existing budget. We then use a structural choice model to estimate
public preferences over �� spending categories and the taxation level, on average and as a func-
tion of respondent attributes. We �nd that the UK public favours paying more in tax to �nance
large spending increases across major budget categories; that spending preferences are multi-
dimensional; and that younger people prefer lower levels of taxation and spending than older
people. Finally, we report a pre-registered out-of-sample validation of the estimates from the
experiment.

Introduction

How much money should the government collect in taxes and how should it spend these re-

sources across di�erent policy areas? These two questions about the public budget are among

the most important choices that governments make: they both change the material positions of

citizens and enact political and social priorities. With this in mind, pollsters and political scien-

tists have long sought to measure public attitudes regarding how much the government should

tax and spend overall, and howmuch citizens want spent on di�erent things. But despite the im-

portance of taxation and spending itself, and of public opinion about taxation and spending to

democratic governance, we lack good strategies for measuring these basic political preferences.
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their helpful feedback and comments.
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Most studies that engage these questions are based on very general measures of policy mood

such as left-right policy liberalism (Kelly and Enns, ����) or non-budgetary policy preference

(Svallfors, ����), measures that do not engage with the details of budgeting at all. At the other

extreme, we could ask repondents to allocate spending, in detail, across the full range of areas in

a government budget (Bonica, ����). But demanding each respondent provide a full government

budget requires perhaps unrealistic levels of understanding and engagement. The fundamental

tension that scholars face is the collision of the intrinsic complexity of budgeting with the well-

known limitations of citizens’ understanding and engagement with public policy.� How much

information can we reasonably expect to extract about the public’s views regarding taxation and

government spending, when very few members of the public have previously considered what

their ideal budget might look like, let alone tried to articulate it? Is it possible to identify a

budget that the average citizen might endorse without requiring survey respondents to provide

a fully elaborated, internally consistent budget?

This paper proposes a strategy for inferring a distribution of coherent public budget prefer-

ences from accessible questions about tradeo�s over subsets of budget categories. We demon-

strate this approach using a new survey of UK citizens. Using widely-distributed UK taxpayer

summaries as a baseline for status quo levels of taxation and spending, respondents to our ex-

periment face de�cit neutral proposed bundles of changes in tax levels and spending categories.

These choice tasks allow us to investigate public preferences over the tradeo�s that form the

core of public budgeting. Our experimental design ensures that survey respondents have only

to consider the relative merits of the status quo versus a proposal that is identical to the status

quo on all but three potential spending areas and, possibly, the tax level. This radically simpli-

�es the choice task faced by respondents (versus a full budget allocation), but still maintains

the essential quantitative budget constraint that spending changes and tax changes add up.�

�A separate criticism of using stated preferences to elicit preferences over tax and public spending packages is
that surveys ask inherently hypothetical questions of respondents. This may be a particularly important problem in
the context of budget preferences given that willingness-to-pay responses exhibit upward biases (Hausman, ����).
Our approach does nothing to improve on this limitation of survey-based measures of preferences. Given the ubiq-
uity of survey-based approaches and the di�erent problems associated with behavioural measurements of budget
preferences in public opinion, improvements within the survey method are valuable.

�Of course government spending can also be �nanced through increased borrowing, but in this study we wanted to
focus respondents’ attention on the key tradeo�s between tax and spending. Our approach easily permits changing
de�cit levels.
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We compensate for the modest demands made on survey respondents with modelling as-

sumptions that enable us to translate responses onto preferences. The limited data we collect

from each individual does not contain su�cient information to estimate preferences at the indi-

vidual level. Instead, we use a structural choice model to translate the choices from our survey

into estimates of the distribution of preferences across the UK public, as well as how average

preferences vary as a function of demographic and political attributes of citizens. Our gen-

eral strategy is thus to provide citizens with a set of questions that they could answer if they

had well-formed budget preferences, observe the choices they make, and then translate these

choices back into the distribution of well-formed preferences across citizens that would have

generated those responses. We acknowledge that most respondents may not in fact have well-

formed budget preferences. Part of the motivation for our design is that if citizens were asked to

articulate such a budget, one strategy they might sensibly use would be to start from the status

quo and then contemplate which the tradeo�s involved in changing it.

We identify three major substantive �ndings. First, on average, UK citizens express a will-

ingness to support higher taxes in return for increased expenditure across a range of spending

categories which aggregate to an overall increase of �� of current levels. Second, preferences

over spending areas are multidimensional: it is not simply the case that some people want more

spending and others want less. Third, ��-�� year-olds want lower tax and spending levels than

those older than ��, both unconditionally and holding constant their voting preferences, degree

status and income. This is notable given the very large age gradient in voting in the ���� elec-

tion, which saw much higher support for the Labour party among young people than old people.

In contrast to the assumptions of much political commentary, young people in the UK are not

left-wing in the sense of wanting a substantially larger government.

One reasonable concern about the preference estimates we present is that they fall outside

of the support of our experimental design. We therefore conducted a pre-registered validation of

the estimates from the main experiment in a second survey that we report below. The validation

is a “moderate success” by the standard speci�ed in the pre-registration. Substantially more

respondents in the validation study support the average preferred changes we estimate in the

experiment than support the status quo, although not by as high a margin as the structural
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model analysis of the experiment predicted. The experimental results strongly predict patterns

of demographic variation in support for the proposal in the validation study.

Our study contributes to several literatures in political science. First, knowing what policies

people support is necessary to answer questions about elite responsiveness to public prefer-

ences (Lax and Phillips, ����b). It is striking, however, that this important literature is largely

silent on the responsiveness of government spending, focussing instead on issues where spend-

ing is a second-order concern: gay rights (Lax and Phillips, ����a), abortion (Arceneaux, ����)

and support for judicial nominees (Kastellec, Lax and Phillips, ����). It is straightforward tomea-

sure levels of government spending across di�erent policy areas, and feasible to measure the

budgetary implications of legislative proposals, thus we address a key limiting factor for this lit-

erature: the absence of reliable measures of public opinion for levels of spending across policy

domains.

Second, public opinion on economic issues in many countries is often treated as though

it varies primarily according to a single ideological dimension which captures the classic left-

right divide over the size and scope of government (Meltzer and Richard, ����, Caughey, O’Grady

and Warshaw (����)). We show, by contrast, that that voters do not simply favour more or less

government spending (or taxation) overall, but rather favour higher spending in some areas and

lower spending in other areas. These preferences have a complex demographic structure, as

di�erent groups wantmore or less spending in di�erent areas of the budget. This claim is distinct

from the fact that politics in many countries features a multidimensional mix of economic and

social issues: even when focusing solely on �scal policy, improved measurement reveals that

voters’ preferences are not closely approximated by a unidimensional structure. These results

also speak to recent work on coalitions of support for the reorientation of welfare spending

from traditional categories to new ones (Häusermann, N.d.). However, our UK respondents do

not align along a budgetary competition between social investment (education spending) and

consumption (pensions) (Busemeyer et al., ����). Instead, our respondents prefer to increase

both at the expense of higher taxes and spending reductions elsewhere.

Finally, scholars in comparative political economy are increasingly attentive to budget trade-

o�s in social and �scal policy-making at times of austerity. An important body of work asks about
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voter preferences on the hard tradeo� between spending cuts and tax increases, if borrowing is

o� the table, or in need of reduction, so that the government budget constraint is hard (Bremer

and Bürgisser, ����; Hübscher, Sattler and Wagner, ����). Our approach provides an additional

point of evidence – that tax increases may be supported over spending cuts – and one that is

anchored in a more precise balancing of the budget than is usual.

What Do We Know About Budget Attitudes and How to Measure Them?

The literature on public attitudes towards the government budget can be usefully separated into

two largely distinct traditions, each of which informs key design choices in our study. First, pref-

erences over the government budget are part of the long-running debate about whether—and to

what extent—voters have consistent or rational preferences as well as whether they can express

them e�ectively in surveys. This literature motivates our decision to only present budget consis-

tent choices to respondents, but also our decision to only ask about limited numbers of budget

categories at once. Second, we build on the recent expansion of forced choice experiments

within political science, but highlight that the strict quantitative tradeo�s we are interested in in

the context of public �nance require us to move beyond the typical conjoint analysis framework.

The Consistency of Public Budget Preferences

The idea that most citizens fail to engage with budget tradeo�s is widely held. Based on the

general observation that public spending programmes tend to be popular, while the taxes that

pay for them are hated, scholars have focused on whether and why voters want ‘something for

nothing’. This “irrationality” is sometimes cited as another piece of evidence in the claim that

democratic accountability is impossible, given the insatiable demands of the electorate.

This failure of voters to make tradeo�s is more widely lamented than documented. Indeed,

the piece coining the idea of ‘something for nothing’ concludes that the evidence for such pref-

erences ‘is mixed’ (Citrin, ����, ���). Where scholars have investigated budget inconsistency, they

do not tend to conclude that the public is unable to make budget tradeo�s. Sometimes voters

have beliefs that provide good reason for denying a tight tradeo� exists – in particular the per-

ception of waste in the link between taxes paid and services provided (Citrin, ����; Williamson,
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����). If there is waste to be trimmed, a desire to increase spending without increasing taxes

is not inconsistent. In other cases voters may not accurately perceive the costs and bene�ts

on each side of the tradeo�. Scholars have explained a lack of willingness to pay taxes by the

inadequate visibility of the spending they support (Downs, ����; Mettler, ����), and support for

spending programmes by the inadequate visibility of the taxes required to support them (Win-

ter and Mouritzen, ����). In further cases, patterns of public opinion that appear inconsistent at

the aggregate level can arise from preferences that are rational at the individual level where tax-

payers prefer higher levels of spending �nanced by increases in the taxes paid by other people

(Edlund and Sevä, ����).

When survey prompts make budget tradeo�s more explicit, respondents provide more con-

sistent pro�les of responses. The most complete existing study of budget preferences under

tradeo�s was �elded in the pilot to the ���� American National Election Study, presenting re-

spondents with choices on exhaustive and mutually exclusive categories (taxation, de�cits and

domestic and defense spending) that incorporated the relevant tradeo�, asking about the level

of support for policy packages which combined increases in one area with o�setting decreases

elsewhere. Hansen (����) �nds that these data reveal a high degree of consistency in budget

preferences.

Thus, where people are given the chance to express well-structured budget preferences they

are able to do so, even if it is easy to demonstrate that people do not give responses that obey

budget constraints when given questions that neither enforce nor encourage obeying such con-

straints. The imposition of coherence is arti�cial, but so are unconstrained sets of questions

about tax and spending preferences. It is not inconsistent or irrational to prefer both high spend-

ing and low taxes in a situation where there is no reason you cannot want both. Most people

want both, all else equal. The point of the budget constraint is that all else cannot be equal. But

if you are answering an survey that only mentions one at a time, or if you are left free to implic-

itly externalise tax costs to other people or engage in de�cit �nancing, the budget constraints

do not obviously bind. This is not a failure of the respondents, this is a failure of the survey

instrument. Since our goal is to elicit public preferences over feasible budgets, it makes sense

to prompt respondents with feasible tradeo�s.
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Exploring how people make these budget-consistent tradeo�s is di�cult, both for the re-

spondent and the researcher. There are many spending areas in a government budget (which

can be subdivided or clustered in various ways). We are potentially interested in tradeo�s be-

tween all of these. This logic leads very naturally to the idea of simply asking each respondent

to set spending levels across all budget categories. This approach is taken by Bonica (����), who

uses a computer budgeting task that allows respondents to re-allocate the US federal budget

from its existing baseline (holding tax and de�cit constant) across �� spending areas. Unfor-

tunately, this may not be viable as a general solution to the budget preference measurement

problem. Bonica’s study was �elded to a convenience sample of US undergraduate students, so

we have little evidence that the task is accessible to the general population.

Concerns about the di�culty of asking every respondent for a full budget suggests our in-

termediate solution in which we ask about more limited tradeo�s. This can only work if we still

fully explore tradeo�s between all spending areas and incorporate the quantitative information

about the magnitude of changes that is contained in a fully speci�ed budget. If (for example)

a respondent rejects an increase in education paid for by a decrease in healthcare, we can-

not assume that they reject increases in education spending paid for by decreases in pension

spending.

Conjoint Analyses and Quantitative Tradeo�s

In recent empirical work, tradeo�s in general have come increasingly under investigation, with

the use of conjoint experiments proliferating. In ascertaining preferences over various multi-

dimensional policy areas, conjoint choice analyses have been used to investigate support for

di�erent types of policy across a wide range of areas, including: tax progressivity (Ballard-Rosa,

Martin and Scheve, ����), climate change agreements (Bechtel, Genovese and Scheve, ����) and

immigration (Hainmueller and Hopkins, ����), to name but a few.

Forced choice designs in which respondents are asked to choose a package of �scal propos-

als which di�er in terms of spending, taxation and government debt (Bremer and Bürgisser, ����;

Hübscher, Sattler and Wagner, ����) have also been used to elicit preferences over the trade-

o�s involved in �scal consolidation,. In each of these approaches the direction of the changes
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are speci�ed – increases or decreases in taxes and spending of di�erent types, which may be

‘small’ or ‘large’. Thus preferences over tax levels and spending within this directionally-balanced

budget are elicited. The results of these studies also show little (if any) di�erentiation across

spending types, in terms of the e�ect of cuts on support for the package (cutting healthcare is

equally unpopular as cutting pensions, for example); but this is a hard task for this empirical

design as there is no obvious metric by which to convert ‘small’ cuts in one spending area to

‘small’ cuts in another. Our approach makes these tradeo�s more concrete by requiring not just

directionally but arithmetically balanced budgets.

Our approach draws on the intuition that a multivariate, forced choice experiment like a

conjoint experiment is useful for understanding preferences over multidimensional objects like

budgets. But the standard conjoint design is not suited to the quantitative tradeo�s involved in

budgets. The standard conjoint experiment has fully independent treatments; budget tradeo�s

are, by their nature, not independent. Increasing one spending area requires changing other

spending areas or tax to maintain balance. These changes are perfectly multicollinear: knowing

the changes made in K � 1 categories of tax and spending determines the remaining category

exactly. This makes the resulting data not only incompatible with the standard linear regres-

sion analysis of conjoint experiments, but also with the theoretical logic of calculating Average

Marginal Component E�ects (Hainmueller, Hopkins and Yamamoto, ����). In order to explore

these budget tradeo�s, we need a di�erent sort of multivariate forced choice experiment, and a

new strategy to analyse the resulting data.

Experimental Design and Data Collection

We report on two studies in this paper, which we will refer to as the “experiment” and the “valida-

tion” study. In the experiment (�elded in October ����), we presented respondents information

mirroring the taxpayer summaries distributed by the UK government. These summaries, which

are distributed to every UK taxpayer at the end of the �nancial year, indicate how individuals’

income tax and national insurance contributions are proportionally allocated across a variety

of public spending categories. The summaries therefore provide itemized accounts of govern-

ment spending over the previous year, and are personalised for each recipient by scaling them
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to that individual’s total tax level. Examples of these summaries and the simpli�ed version that

we presented to respondents are provided in the supplemental information.

We used the tax summary spending allocation from �scal year ����/�� as a baseline and then

– for each respondent – randomly altered the amount of spending in three spending categories

and (in some cases) the overall tax level. All proposed changes involved maintaining de�cit

neutrality: proposed changes in spending and tax always exactly o�set. Respondents were then

asked to compare the current levels of taxation and spending to the levels we proposed in the

experiment, and to indicate which they preferred.

The creation of our new tax and spending proposals followed three basic steps. First, for each

proposal we randomly selected whether the overall tax rate for the proposal would change (with

probability equal to �/�), or remain the same. If the proposal was subject to a tax rate change, we

multiplied the baseline level of total tax by a factor drawn from a normal distributionwith amean

equal to one and standard deviation equal to �.��. This implies that one third of respondents

were presented with a proposed spending pro�le that was accompanied with an increase in the

overall tax rate; one third with a decrease in the overall tax rate; and one third where the tax

rate remained unchanged. The resulting treatment distribution included changes ranging from

a �� decrease in total tax to a �� increase in total tax, with the bulk of the data between -��

and ���.

Second, we randomly selected three of the spending categories to include in the bundle of

expenditure changes. The full tax summaries include information on the amount of government

spending devoted to �� di�erent spending categories. Asking respondents to consider proposed

spending levels that included changes to all �� of spending categories seemed likely to make

for a very di�cult choice task. Categories included in the new proposals were drawn with equal

probability, with the exception of ‘National debt interest’ and ‘Government administration’ which

we excluded from the experiment.�

�We excluded the national debt category on the basis that the level of payments on existing national debt is
non-discretionary. We similarly excluded government administration as a varying category because the costs of gov-
ernment administration are likely to be mostly non-discretionary given the commitments in other areas. Arguably
payments into the EU budget are similarly non-discretionary (conditional on membership in the EU) but we included
this category because payments into the EU budget are at the core of a highly salient political cleavage in contempo-
rary British politics. Where to draw this line is debatable: there are reasonable arguments for including government
administration as well as for excluding the EU budget contributions.
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Third, given the tax rate and the selected categories, we generated new spending levels for

the proposal. We drew the proposed spending levels for the three included categories from

a dirchlet distribution centred on the status quo spending levels proportionately adjusted to

the new tax level drawn previously. This distributional choice meant that we proposed a wider

range of spending levels for smaller spending areas. The largest spending category baseline in

our experiment was for welfare, and our treatment distribution on this dimension has a central

��� interval from a -��� to a ��� change in spending. By contrast, for proposals that changed

spending on the overseas aid budget – one of the smallest categories in the experiment – the

same interval ranged from a -��� to ��� changes in spending.

Survey prompt

Respondents were �rst presented with an introduction screen which outlined the basic idea of

the task, and provided information on how government spending is currently allocated across

the �fteen spending categories. We expressed all information about tax and spending levels

with reference to the income level of an individual who earned ������ each year, approximately

the median income of a UK taxpayer in ����.�

Respondents were then asked to consider a series of comparisons between randomly gen-

erated proposed tax and spend levels and the status quo allocation. The prompt used in the ex-

periment is given in �gure � below. We provided respondents with current and proposed spend-

ing levels on each selected category in pounds, and also provided information on the implied

change in spending and tax in both pounds and percentage terms. In addition, we provided text

to clarify which spending areas would see increased or decreased spending under the proposed

plan relative to the status quo, and which areas would see no change in spending. Respondents

were then asked to indicate whether they preferred the current levels of spending, the proposed

changes, or whether they were not sure. Each respondent faced �ve di�erent choice tasks, each

time comparing a randomly selected spending proposal to the status quo level of taxation and

spending.
�Our introduction screen, shown in �gure � in the supplemental information, closely mirrored the existing tax

summaries. In particular, respondents are given the titles of the �� categories and the associated status quo level of
spending for each category. Althoughwe did not provide further information to respondents, we provide a description
of the decomposition of spending within each category in table � of the supplemental information.
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Figure �: Experiment prompt
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We have suggested above that part of the logic of this approach is that it is more accessible

to respondents than a full allocation task. The simplest test of respondent engagement with our

prompt is to assess howmany people give “I am not sure” responses, and in particular howmany

give this response to all �ve proposed sets of changes that they saw. Of ���� respondents overall,

���� gave � “not sure” responses, ��� gave �, ��� gave �, ��� gave �, ��� gave �, and ��� gave �. We

would expect that even fully engaged respondents would give this responses to some fraction

of the prompts, but the relatively large number of respondents giving this response to � items

versus � or � of the items con�rms that some fraction of respondents did not engage with the

questions.� Overall, ��� gave this response to all items. Those with lower levels of education

were more likely to not express preferences on any comparison: among those with university

degrees, ��� versus ��� among those without. These are moderate levels of di�erential non-

response that are typical of those seen in political survey data (Berinsky, ����).

Overall, this experiment gives us rich information about how citizensmake tradeo�s between

di�erent spending areas and tax, but it is not straightforward to analyze. It is not a traditional

conjoint experiment, because the experimental treatments are not merely non-independent,

but perfectly multicollinear. As a result, we cannot simply compare responses at higher or lower

levels of spending on a single budget area, because the spending in other areas will be system-

atically di�erent. We cannot �t regressions for the responses as a function of the treatments, be-

cause of the aforementionedmulticollinearity: the “all-else-equal” logic of regression modelling

is ill-suited to data where all-else is never equal by design. Instead, we use a structural model

that assumes respondents have preferences over spending and tax levels, and make choices

accordingly. Given these assumptions and the observed responses, we can infer the underlying

distributions of preferences that would be most likely to have generated the data. Branham and

Jessee (����) use a similar approach to US General Social Survey data on “too much”, “about

right”, “too little” assessments across �� spending areas, mapping these responses back to a

unidimensional spatial model, and then estimating the distribution of public preferences in that
�The relationship between the number of “not sure” responses and respondents’ survey completion time also

suggests that these responses are indicative of a lack of engagement, rather than evidence of respondents �nding
it di�cult to adjudicate between similar budget proposals. Each additional “not sure” response is associated with a
decrease of ��� in the total time respondents spent on the survey. Respondents who gave � “not sure” responses
spent, on average, ��� less time on the survey than respondents who provided � “not sure” responses.
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unidimensional space.

A Model for Respondent Choice

To build a model for respondents’ choices, we need to make some assumptions regarding how

they will tradeo� changes in spending and taxation. We adopt an additive quadratic loss model

for deviations from respondents’ preferred spending level in each spending area, which is consis-

tent with typical approaches in the spatial preference modelling literature (Poole, ����; Clinton,

Jackman and Rivers, ����) and which proves mathematically convenient for de�ning our esti-

mator below. Each respondent i makes a choice between the proposed alternative (A) and the

status quo (S), with an option to say they are not sure (NS) which they prefer. We assume that

they do so as a function of the latent utility of the two alternatives, with “not sure” corresponding

to cases where their utility di�erence is small.�

• Yi = proposed alternative if uiA � uiS > �A

• Yi = not sure if �S  uiA � uiS < �A

• Yi = status quo if uiA � uiS  �S

We assume that respondents i have quadratic loss in deviations of the status quo Si =

(Si1, . . . , SiM) and the proposed alternative Ai = (Ai1, . . . , AiM) from their preferred point  =

( i1, . . . , iM), and that this is weighted per dimension j 2 1, . . . ,M by a factor �j :�

uiA = �
X

j

�j
�
Ai j �  i j

�2 (�)

�In order to identify the latent utility scale relative to the response, we assume that the thresholds that respon-
dents apply for selecting either the proposed alternative or the status quo, as opposed to “not sure”, are symmetric
around � and set to �A = +1 and �S = �1.

�This speci�cation means that we assume that spending dimensions are weighted in the same way by all respon-
dents. In order to interpret response variation as re�ecting how close the alternatives are to individuals’ preferred
points, it is necessary to make this homogeneity assumption about how much respondents care about each spend-
ing dimension. Work by Abramson, Kocak and Magazinnik (����) illustrates an analogous point in detail for standard
conjoint experiments. We also assume spending preferences are independent in the sense that one’s preferred level
of health spending does not vary depending on the current level of spending in other areas of the budget, which is
necessary in order to identify the multivariate normal covariance in preferences across respondents. For these gen-
eral categories of spending, we think that variation in preferred spending levels is likely to be more consequential
than variation in spending dimension weights, and also that covariance in preferred points across persons is more
likely to be consequential than across preference dimensions within persons.
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uiS = �
X

j

�j
�
Si j �  i j

�2 (�)

uiA � uiS =
X

j

�j(S
2
i j � A2i j) + 2�j(Ai j � Si j) i j (�)

The �j weights mean that the model allows for respondents putting similar weights on �

deviations in all categories, or similar weights on percentage changes from baseline spending,

or some other weighting of categories. We discuss alternative speci�cations for the quadratic

loss, and their consequences for model estimates, below.

The values of Si j and Ai j are data and we have plenty of data with which to estimate �j for

each of the dimensions. The thing we neither know, nor can estimate with useful precision, is a

single respondent i ’s preferred allocation in each spending area j , their ideal point  i j .

Estimating the Distribution of Preferences

While we do not have enough data to measure  i j at the individual level, we can estimate the

distribution of these individual-level ideal points in the population. We assume that  i follows

a multivariate normal distribution:

 i ⇠ N (µ,⌃) (�)

where µ is a vector of length M giving the average preferred allocation in each spending

area. ⌃ is the covariance matrix of individual respondents’ preferred allocations around that

average with elements ⌃j j 0 = ⇢j j 0�j�j 0 . Equation � then de�nes an a�ne transformation on this

multivariate normal distribution, and thus implies a univariate normal distribution for the utility

di�erence between the two alternatives faced by a given respondent:

uiA � uiS ⇠ N
⇣
⌫i ,!

2
i

⌘
(�)

⌫i =
X

j

�j(S
2
i j � A2i j) + 2�j(Ai j � Si j)µj (�)

!2i =
X

j

X

j 0
⇢j j 0�j�j 0

�
2�j(Ai j � Si j)

� �
2�j 0(Ai j 0 � Si j 0)

�
(�)

Given our de�nition of the response at the outset this yields the following response distri-
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bution, conditional on parameters, for the three responses:

p(status quo) = �

✓
�S � ⌫i
!i

◆
(�)

p(not sure) = �

✓
�A � ⌫i
!i

◆
��

✓
�S � ⌫i
!i

◆
(�)

p(proposed alternative) = 1��
✓
�A � ⌫i
!i

◆
(��)

This model has amoderate number of free parameters—�� µj , �� �j , �� �j , �� ⇢j � 117 total—but

we have ����� responses with which to estimate those parameters (about ��� per parameter).

Because our experiment can only meaningfully test spending levels that are included in the

range of provided treatments, we put a prior on our estimated average preferred spending levels

that corresponds to that treatment distribution. This prior is µj ⇠ N
�
Sj , sdj

�
, where Sj is the

status quo / baseline spending in each area as described above, and sdj is the standard deviation

of the non-zero treatments provided on each spending area.

It is straightforward to extend the model above to enable the description of variation in in-

dividual preferences as a function of covariates. Instead of estimating a single vector of average

preferred spending levels µ, we instead model individual preferences by replacing Equation �

with

 i ⇠ N (↵+ �Xi ,⌃) (��)

for some 1⇥K vector of covariates Xi describing each respondent i and estimate aM⇥1 vector

of intercepts ↵ and a M ⇥ K matrix of coe�cients � that describe variation in preferences as a

function of each of the K covariates on each of the M spending dimensions. For these models,

we impose the same prior on ↵ that we put on µ in the model without covariates, and a common

shrinkage prior on all � parameters proportional to the category size � ⇠ N
�
0, Sj��

�
to avoid

over�tting small subgroups.

We estimate the models with and without covariates using Hamiltonian Monte Carlo as im-

plemented in Stan (Carpenter et al., ����). Our presented results consist of mean posterior point

estimates and central ��� intervals based on �ve parallel simulation chains of ���� iterations

(after ��� iteration warmup) for each model. In order to maximise the degree of representative-

��



ness with respect to the UK population, we use demographic survey weights provided by YouGov

via a quasi-likelihood approach. The estimates are very similar without using the weights.

Results

Average Preferences

Figure � presents the average preferred change in spending for each of the spending categories

in our experiment, expressed in percentage terms (where current levels are the baseline). UK re-

spondents, on average, endorse spending increases across a wide variety of policy areas. We see

average preferences for spending increases of greater than ��� in education, pensions, health,

the environment and housing; we also see smaller increases in transport, welfare and criminal

justice. By contrast, UK respondents favour budget cuts in only relatively few spending areas:

business and industry, culture, overseas aid, and UK contributions to the EU budget. People

want more spending in the four categories with the largest baseline levels: education, pensions,

health, and welfare. Likewise, the largest preferred spending cuts – to overseas aid and EU

budget contributions – are in the two smallest categories we included in the experiment. One

consequence of this is that the average preferred overall spending levels are �.�� times the cur-

rent spending levels in the categories where we proposed changes. Once we take into account

the two budget categories in which we did not test changes—payments on the national debt and

government administration—this implies that respondents would be willing to accept an overall

tax increase of �� to pay for these increases in spending.

Model checks

In the supplemental information, we look in detail at the values of the auxiliary parameters �,

� and ⇢, as well as examining the several alternative speci�cations of the model. We brie�y

summarise some key �ndings here. The dimensional weights �j are very close to inversely pro-

portional to the baseline spending levels: the correlation coe�cient of the �j parameters with

1/Sj is r = �.���. This indicates that respondents tend to penalise alternatives in terms of

percentages, not pounds (recall that we present both in the experiment). The ⇢j indicate that

preferences across spending areas are correlated in expected ways, given how UK politics is or-

��
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The light grey bands show the central ��� range of the treatment distribution for that spending
area.

��



ganised, but not very strongly. The most highly correlated preferences are those for the core

social welfare categories of welfare, education and health.

In the supplemental information we also report the estimates of µ from our main model

compared to (�) a model where we assume quadratic loss in log spending rather than spending,

(�) a model where we drop respondents who gave “I am not sure” responses to all �ve proposed

changes, (�) a model where we estimate responses separately for each of those �ve rounds of

responses, and (�) a model where we use only responses to proposals that involve no tax change.

Only the last of these model/data variations changes the estimates in a substantively signi�cant

way. Whenwe only use the data without proposed tax changes, our estimated preferred spending

levels shift down and closely approximate an overall budget reallocation with no tax changes,

with similar relative preferences over the �� budget areas. At the same time, the implied estimate

of the preferred level of overall tax becomes more uncertain, because we have excluded all the

observations that tell us anything about tax versus spending tradeo�s. Overall, the estimates are

robust to these model and data variations, telling a consistent story about respondents’ relative

preferences for spending in di�erent areas.

Cross-Sectional Preference Variation

As we described earlier, the average preferences of the public can be further disaggregated in

terms of covariates. We present a series of simple models (�gure �) with single categorical vari-

ables for age (��-��, ��-��, ���), university degree (no, yes), household income (below ���,���,

above ���,���, refused), and combinations of votes in the ���� EU referendum the ���� UK gen-

eral election (Conservative-Leave, Conservative-Remain, Labour-Leave, Labour-Remain, other).

In addition, we �t a multivariate model with age, degree, income, ���� vote and ���� vote, in

order to check whether the univariate patterns that we �nd for some of these variables might

re�ect the correlations between the covariates. We present the results from the multivariate

model in �gure �.
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Figure � (simple models) and �gure � (the multivariate model) both provide results that con-

�rm the face validity of the model and also reveal some interesting patterns that would not be

obvious given commonly held stereotypes about contemporary British politics. Regarding face

validity, we see the basic strong political relationships that we would expect. ���� Conservative

voters want less spending and lower tax overall than ���� Labour voters. Labour voters want

more spending than Conservative voters on most categories of spending, especially welfare, ed-

ucation, health, the environment, and housing. Conservative voters want more defence spending

than Labour voters. Leave voters want far lower spending on the EU (and overseas aid) than Re-

main voters, but also less on the environment, welfare, transport, culture and housing. None of

these are surprising, for many of these relationships we would have reason to worry about the

validity of the method if it had found otherwise.

What might be more surprising to observers of British politics are the associations of re-

spondents’ tax and spend preferences with age. The ���� UK general election saw a historically

remarkable age gradient in voting in the UK, with Labour winning those aged ��-�� by a ��� to

��� margin and the Conservatives winning those aged �� and older by ��� to ��� (Fieldhouse

et al., ����). Nonetheless, younger respondents to our survey prefer substantially lower levels

of taxation and spending overall. This is true both holding constant ���� vote (�gure �) but

also unconditionally (�gure �). In the simple group comparison (�gure �), the average increase

in overall spending and tax preferred by �� year-olds is ���, versus just �� for those under ��

years-old. Young people endorse lower spending levels than older people in every spending cat-

egory except the contribution to the EU budget, spending on culture, and spending on overseas

aid, which are all among the smallest budget areas. In some sense this is rational at the indi-

vidual level: young people have higher tax contributions ahead of them. However the pattern is

in stark contrast to the widely held understanding in UK politics that younger cohorts are more

amenable to greater public expenditure and taxation than older voters.� Unless there is some

very large age-associated bias in our measurement strategy, which we �nd no indications of and

think is unlikely, it is the older voters who want to substantially increase government spending
�Previous work on generational di�erences in political attitudes associated with the legacies of Thatcher and Blair

has some suggestions of this �nding (Grasso et al., ����), but the measures used in that research are less precisely
focused on spending.
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not the younger voters.

Overall, a key �nding of this analysis is that citizens’ spending preferences are multidimen-

sional rather than tightly structured by a single preference dimension. In the supplemental

information, we report details of principal components analysis on the estimated distribution

of preferences from the model. The variation in preferences that we can explain in terms of

covariates is � or � dimensional, depending on the criterion used for dimensionality. The �rst

dimension is oriented from Conservative-Leave to Labour-Remain, associated with wantingmore

spending on everything except Defence, Business, Pensions and Criminal Justice. The second di-

mension is oriented from Conservative-Remain to Labour-Leave, associated with wanting more

spending on everything except the EU budget, culture and overseas aid.

However, once we incorporate the residual preference variation, principal components anal-

ysis largely fails to identify a su�cient set of dimensions. There is a relatively predictive �rst

dimension (with the same interpretation as above) followed by �ve additional dimensions with

eigenvalues greater than �. The Conservative-Leave to Labour-Remain dimension is more pre-

dictive of spending preferences across areas than any other dimension, but not much more

predictive. Preferences over spending in di�erent categories vary in a complex way across indi-

viduals and demographic groups that does not reduce to some groups simply being in favour or

more or less spending, or more left-wing versus right-wing spending priorities. There is some

of this kind of structure, but it does not explain that much of the variation. That preferences

are not simply unidimensional should not surprising given what we know about the high level

of individual-level idiosyncrasy in citizens’ political preferences in other domains (Broockman,

����; Lauderdale, Hanretty and Vivyan, ����), even though the idea of a dominant left-right eco-

nomic dimension is widespread in the political science and political economy literature.

Out-of-sample Validation

The average preferred bundle of spending changes shown in Figure � is outside the domain of

the experimental design, and thus constitutes a model-based extrapolation, in two senses. First,

the experiment never proposed changes in more than three spending categories. Second, while

the estimated average preferred changes in every spending category are within the range of
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treatments, their cumulative e�ect on the tax level is not. To test such a large tax hike while

only distributing its e�ects among three spending areas would have required incredibly large

changes to those areas. Thus it is reasonable to ask whether we should trust the estimates from

our model for such an extrapolation. Might UK citizens’ willingness to accept small tax increases

in exchange for spending increases in their preferred areas falter when faced with the total tax

bill it entails?

To validate our estimates, we conducted a follow-up survey. Because we estimate not only

the average preferred preferences of UK citizens (via the µ parameters), but also their distribu-

tion and relative weight (via the �, ⇢ and � parameters), we can estimate what proportion of

respondents we would expect to support a proposal to change all spending and tax levels to the

average preferred level, versus the status quo. According to our structural model, we calculate

that ��.�� of respondents should prefer the proposal to the status quo (SE: �.���; ��� interval:

�.��-�.���), and ��.�� should prefer the status quo, according to whether they have positive or

negative latent utility di�erences uiA�uiS . In the original experiment, status quos were preferred

nearly twice as often as the proposed changes, so this is a stringent test. Have we found a set

of changes that is substantially preferred to the status quo, even when most proposed changes

were not preferred in the original experiment?

Assessing changes to all spending categories is a more demanding comparison for respon-

dents than the three change comparisons in the original experiment, and so the not sure re-

sponse mechanism is unlikely to be exactly the same. To maximise comparability, we de�ne our

main quantity of interest for the validation to mirror the original structural model analysis, but

allowing for a potentially di�erent rate of “not sure” responses. As before we assume a response

model:

• Yi = proposed alternative if uiA � uiS > 1

• Yi = not sure if �1  uiA � uiS < 1

• Yi = status quo if uiA � uiS  �1

Sincewe are only analysing a single, static question, wemodel uiA�uiS ⇠ N (µval idation,�val idation).

Having estimated µ̂val idation and �̂val idation, we report the implied proportion of respondents with

positive utility di�erences for the alternative over the status quo� (µ̂val idation/�̂val idation) as our
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primary quantity of interest. If “not sure” responses are very rare, this will equal the data pro-

portion supporting the proposed alternative. If not sure responses are moderately frequent, it

reallocates “not sure” responses to the status quo and proposed alternative roughly proportion-

ately.

Our validation study was also conducted by YouGov, using the same sampling methods from

their UK panel, and we asked a single question of �,��� respondents. We presented respondents

with the status quo �gures for each spending category and the overall tax rate from the baseline

tax summary, and then asked them to compare that with a proposal that involved changing all

spending categories to the average preferences estimated from our model. The entire prompt,

as delivered, is provided in supplemental information. We pre-registered this validation study,

the statistic described above, and our standards for a successful validation with EGAP before

data collection.�

Validation results

The results of the validation were as follows. Of the population-weighted respondents, ��� indi-

cated that they supported the proposed changes, versus ��� who indicated that they preferred

the current spending levels. ��� indicated that they were not sure. Using the estimator that

we pre-registered, we calculate that this response distribution corresponds to ��.�� of respon-

dents preferring the proposed changes to the status quo versus our structural model prediction

of ��.��. According to our pre-registered assessment criteria, this counts as a “moderate suc-

cess”. We were able to use the experiment to identify a pro�le of changes that was supported

by substantially more respondents than opposed it, even though the level of support was not

as high as the structural model implied.

In the pre-registration, we identi�ed three reasons to expect that fewer respondents would

endorse this proposal than our structural model implied. The �rst of these was that “the data

from our original experiment shows that respondents prefer the status quo twice as often as our

generated proposals. To the extent this re�ects a status quo bias in responses, as opposed to

substantive preferences for elements of the status quo, our proposal may fail to increase sup-
�Our pre-registration documents (Barnes, Blumenau and Lauderdale, ����) can be found at (http://egap.org/

registration/����).
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port to the predicted level even though it is in some sense optimised to include the elements

that were most supported in the experiment” (Barnes, Blumenau and Lauderdale, ����, �). The

second of these was that “the tax hike implied by our model is considerably larger than any tax

increase we tested in the experiment, and may well have large e�ects on aggregate approval for

the proposal. While the structural model assumes quadratic loss, and therefore builds in some of

this aversion to large changes, any extrapolation relies on functional form assumptions that may

not hold” (Barnes, Blumenau and Lauderdale, ����, �). The third of these was that “this valida-

tion study includes changes to thirteen categories rather than the three included in the original

experiment. This is a much more di�cult task for respondents than our original experiment.

More importantly, unlike the original experiment, it is almost guaranteed that every respondent

will see at least one change to a spending area that they do not like. If respondents are loss-

averse this could signi�cantly depress support for the proposed changes” (Barnes, Blumenau

and Lauderdale, ����, �).

Moving beyond the basic evaluation set out in the pre-registration, we can examine whether

the covariate model estimates from the main experiment that we presented in �gure � indi-

cate the same patterns of support for the proposal that we observe in the validation study, as

a function of the covariates in that model. We make this comparison by post-stratifying the

structural model estimates onto the validation survey respondents, and then characterizing the

relationship between predicted support levels and actual support for the proposal among those

respondents. Figure � shows the results of this analysis. While the observed levels of support

for the proposal are consistently lower than the predicted levels by the roughly �� percentage

points we observed above, they are strongly associated with those predictions, with a slope

close to one and only minor non-linearity in the relationship (left panel). When the individual

respondents are aggregated into the same categorical groupings used previously (right panel),

there is again a strong association between the predicted and observed levels of support. The

demographic groups that the structural model indicated should be more favourable towards the

proposal (which was itself the estimated average preference of the whole population) are in fact

more favourable towards that proposal.

What do these patterns tell us about the general usefulness of the approach that we have
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Figure �: Left: Observed level of support for proposal in validation study as a function of pre-
dicted level of support given the set of explanatory variables in themultivariatemodel presented
in Figure �. Perfect agreement between the predictions and the validation would correspond to
the purple line; the black line is a spline �t to the validation data. Right: Observed level of
support as a function of predicted level of support for di�erent groups.

developed in this paper? The rate of people stating that they were not sure was higher in the

validation (���) than in the original study (���). This was part of our motivation for using com-

parisons involving small subsets of categories in the original experiment; however the increase

in the “not sure” rate was modest, and so might indicate that we could have tested proposals

involving more (or all) categories in the original experiment. There are still good reasons to think

this might not be a good idea, generating a proposal distribution for changes over all categories

and getting individual respondents to domore than one of these comparisons would be di�cult.

Do these results undermine the estimates we produced of the average preferred spending

(and thus tax) levels? To the extent they indicate that respondents do not approximate the

choice logic underlying our structural model, that does imply lesser con�dence in the overall

spending level of the estimates as the “ideal” for the UK population. Nonetheless, our approach

did identify a set of spending level changes that received substantially more support than op-

position, despite high survey item complexity, potential for loss aversion, status quo bias, and

other factors. However, even if we did not in fact identify the ideal spending and tax level overall,

the predictive performance with respect to demographic subgroups gives us good reason to be

con�dent in our estimates of the relative preferences for di�erent spending areas.
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Design Limitations

In designing our experiment, we aimed to provide the easiest possible comparisons to respon-

dents that would still allow us to estimate a multidimensional distribution of tax and spending

preferences. In the theoretical world of the choice model, if we gave respondents more di�cult

comparison tasks it would be possible to more precisely estimate relevant features of respon-

dents’ preferences in several respects. First, our data would be more informative if we did not

always use the status quo as an alternative in the choice. However, in practice, even if we did not

use the status quo as an alternative, we would probably need to include it as a reference so that

people had a reasonable anchor for expressing their views, so this would make the task substan-

tially more di�cult. Second, a design that varied the number of spending categories that were

changing might enable us to better understand the mechanisms behind “not sure” responses,

and perhaps make a more accurate prediction regarding the extent of support for untested pro-

�les of spending changes like the one we considered in the validation. The logical end point of

this would be to simply do an entire experiment consisting only of the sort of comparison we

did in the validation study, where all categories change. We did not adopt this strategy because

we were concerned it would simply prove too di�cult for many respondents, but it is something

to consider for future research.

We did not adjust the presentation according to the income levels of the respondents. This

means that high income people saw smaller (pound) tax increases than they would actually

face, and low income people saw larger ones. In principle one could �x this, particularly with an

online panel where there are pre-existing measures of income that could be used to condition

the presentation of the tax values. However, we noted earlier that the estimated values of �were

inverse proportional to spending levels in each area, which suggests people penalise deviations

from their preferred spending levels according to percentage rather than pound di�erences.

The range of treatments on each dimension is an important design consideration. The reason

to include a wider range of values is that this range limits the possible range of average preferred

points that can be reliably identi�ed. Figure � shows that the estimated average preferred level

of health spending is very close to the top of the range of tested treatment levels, and the prior

that we put on the average spending level for each category matches that treatment distribution.
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Thus it is possible that even higher levels of health spending would have been preferred (despite

the necessary tradeo�s) if we had o�ered them. Several other categories are estimated at levels

that approach the edges of the range of spending changes that we proposed. The reason we did

not use a more variable treatment distribution is that it would have given us less precision for

locating the preferred point because of having a lower density of treatment values in any given

range. Extreme change proposals in a given spending area are more likely to be very unpopular

than moderate ones, and so we were concerned that widely variable proposals would tell us less

about the spending levels that most people want. It was di�cult to know ex ante how variable

our proposals should be; if we had to do it again we would increase the ranges moderately.

Applications and Extensions

Public spending choices are multidimensional, and subject to real (but endogenous) budget

constraints. Having an appropriate strategy to measure preferences in this kind of context, as

we have developed in this paper, allows us to improve our understanding of similarly-structured

questions across political science.

First, this approach translates readily to contexts other than the British national budget, with

appropriate ‘domestication’ of the categories. In the United States, for example, a parallel im-

plementation might use categories from the President’s published budget, as in Bonica (����).

There is no general right answer regarding which categories to use, but the choice ought to be

as accessible as possible to a typical citizen.

Our approach can also provide a way to gauge preferences over spending tradeo�s within

policy areas. For example, within the area of education, voters may prefer allocating more re-

sources to early-years intervention, at the cost of either lower K-�� spending or a higher tax bill.

Considering preferences over budget allocations within narrower policy areas using a forced

choice and structural model strategy can provide richer descriptions of detailed within-policy

budget priorities.

More broadly, if we are interested in preferences over realistic government spending choices,

then we need to �eld survey questions which allow for the expression of preferences structured

by budget realities. The measurement strategy outlined here could be usefully incorporated
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into existing large-scale survey projects in order to measure these preferences in a quantita-

tively meaningful way over time and across space. Including ‘domesticated’ versions of the tax

and spending allocations in national election studies would provide a consistent way to track

relative spending priorities, and the relative priority of tax reductions, within countries over

time. Similarly, forced choices over budget allocations in large cross-national surveys like the

European Social Survey could be used to measure and study di�erences in preferences across

countries. One natural cross-country version of our experiment would be to tailor the budget

categories to re�ect spending by the European Union, and to use our design to measure average

preferences across these areas in di�erent EU member states.

Second, researchers can use this strategy to measure spending preference outcomes in be-

spoke experiments, including – and perhaps especially – in the context of studies focused on

one area of social policy spending. One problem that studies focused on a given area of policy

face when asking about budgetary preferences is that questions about spending in that area typ-

ically follow a series of questions about that spending area, creating potential for both framing

and demand e�ects. Our approach has similar advantages to the use of conjoint experiments

as a way to address social desirability bias, as it ensures that no one is asked for a preference

on a given dimension that could not be alternatively explained in terms of contrasts on other

dimensions.

We have not exhausted the kinds of analysis that can be done with the data we have collected

already. Because our estimation strategy enables estimation of a linear model for preferences in

terms of covariates, the derived preferences can be readily used to generate descriptions of how

spending preferences are geographically distributed usingmultilevel regression and poststrati�-

cation (MRP) techniques. This would generate geographic estimates of public budget preferences

which might be useful for assessing campaigns, intra-party variation in budget preferences of

representatives, and other research questions. Finally, there are also variations on the structural

model that we have speci�ed which would make somewhat di�erent response assumptions. Ex-

ploration of the space of possible modelling strategies is an important avenue for further re-

search to the extent that researchers begin to deploy this kind of experimental design.
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Conclusions

We have demonstrated a new strategy to measure spending preferences multidimensionally and

quantitatively. We elicit quantitative preferences on narrow spending tradeo�s from a sample

of respondents who are representative of the broader public on measurable characteristics, and

translate those into estimates of a distribution of public spending preferences. Doing this in-

volves assuming coherent preferences, but we have argued this is a sensible approach because

it enables us to �nd a distribution of coherent budget preferences that is consistent with the

choices that citizens make when faced with accessible tradeo�s between spending categories

and taxation. Whether or not individual members of the public in fact hold or can articulate

consistent budgetary preferences, it is worth knowing which feasible budgets are likely to best

match citizens’ assessments of the relevant tax and spending tradeo�s.

Our approach to the study of spending preferences looks di�erent from previous strategies in

many ways, but also serves as an example of three broader methodological principles which are

applicable for the improvement of a much broader range of empirical investigation. First, and

most narrowly, our approach highlights the utility of using continuous treatments within mul-

tivariate choice experiments, of which conjoint experiments are one prominant example. Since

the central tool for analysing the data generated in conjoint experiments is regression analysis,

and regression analysis is suited for the analyses of continuous variables, the focus on qualita-

tive attribute levels in conjoint approaches often represents a missed opportunity to generate

more precisely quanti�able e�ects. Second, structural models are a very useful tool for esti-

mating aggregate quantities of interest in contexts where we have insu�cient data to generate

complete descriptions of the distributions at the individual level and where regression-based

approaches are either inapplicable or generate relatively uninteresting causal estimands. Third,

this paper emphasises the importance of validation. In any approach based on a parametric

model, we should be concerned about the degree to which the assumptions made about func-

tional forms drive the results. The validation exercise not only provides greater con�dence in

the model and the results obtained, but also highlights speci�c areas for further development.

Substantively, we �nd that current levels of government spending in the UK are signi�cantly

lower than the average preferences of the UK public, and that this is true across many di�er-
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ent spending categories. Crucially, as the set-up of our experiment forces respondents to take

government budget constraints seriously, the public expresses these preferences for increased

spending even when taking into account increases in taxation required to fund them. We showed

that a public budget including an implied tax hike of approximately �� received majority sup-

port amongst those expressing an opinion. We are also able to identify demographic variation in

preferences for more spending that operates in di�erent directions on di�erent spending areas.

Our �nding that it is older voters, not younger voters, who want to substantially increase UK

government spending is clear in the results of both the original experiment and the validation

study and is �atly at odds with the conventional wisdom regarding age and political preferences

in the UK. It is not impossible that this is an artifact of the fact that our data comes from an

internet panel, but the fact that it persists conditional on gender, education, income, EU refer-

endum vote and general election vote suggests it is not the result of any very simple bias in the

sample selection. This too merits further investigation.
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Tax Summary and Experiment Screenshots
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Figure �: Example of UK Tax Summary
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Figure �: Experiment introduction screen
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Figure �: Validation survey prompt
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Components of Tax Summary Spending Areas

The tax summaries shown above, and which form the basis of our experiment, are based on

information relating to public expenditure on services (both current and capital spend) which

is published each year by the Treasury. The categories are based broadly around the UN’s Clas-

si�cations on the Functions of Government (COFOG), but the relevant classi�cations have been

simpli�ed for public consumption.

Table � below provides more information on the spending items that constitute the cate-

gories that we provide to respondents in the experiment. In particular, it shows how each of the

spending categories is decomposed into the di�erent service “sub-functions” as de�ned by the

Public Expenditure Spending Analyses (PESA) produced by the government each year (see table

�.� in Treasury, ����). Note that this information is included here for completeness: only the

spending category titles were presented to respondents to our survey.

Table �: Spending categories – PESA de�nitions

Spending category Description

Health Medical services; Medical Research; Central and other

health services

Welfare Personal social services; Incapacity, disability and

injury bene�ts; Family bene�ts, income support,

Universal Credit and tax credits; Other unemployment

bene�ts; R&D social protection

State Pensions State pension

Education Primary and pre-primary education; Secondary

education; Post-secondary non-tertiary education;

Tertiary education; Education not de�nable by level;

Subsidiary services to education; R&D education

Criminal justice Police services; Fire-protection services; Law courts;

Prisons; R&D public order and safety
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Spending category Description

Housing and Utilities Housing development (local authority and other social

housing); Community development; Water supply;

Street lighting; R&D housing and community amenities

Environment Waste management; Waste water management;

Pollution abatement; Protection of biodiversity and

landscape; R&D environment protection

Transport National roads; Local roads; Local public transport;

Railway; Other transport

Defence Military defence; Civil defence; Foreign military aid;

R&D defence

National Debt Interest Central government debt interest; Local government

debt interest; Public corporation debt interest

Government Administration Executive and legislative organs, �nancial and �scal

a�airs, external a�airs; General services; Basic

research; R&D general public services

Culture Recreational and sporting services; Cultural services;

Broadcasting and publishing services; Religious and

other community services; R&D recreation, culture and

religion

Business and Industry General economic, commercial and labour a�airs;

Agriculture, forestry, �shing and hunting; Fuel and

energy; Mining, manufacturing and construction;

Communication; Other industries; R&D economic

a�airs

UK contributions to the EU budget VAT-based and GNI-based contributions; EU receipts;

Attributed aid and Common Foreign and Security Policy

Overseas aid Foreign economic aid
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Figure �: Left: estimated dimension weights as a function of baseline spending level (inverted
scale). Right: estimated marginal distribution of preferences on each spending dimension.

Incidental Model Parameters

In themain text of the paper, we focus on the average preference parametersµj for each spending

dimension j , here we provide additional details about the incidental model parameters �j , �j and

⇢j j 0 . The left panel of Figure � shows that the estimated values of �j are inversely proportional

to the baseline spending levels in each category. This indicates that respondents are thinking in

percentage terms, rather than pound terms, in making tradeo�s between deviations from their

preferences on di�erent spending areas.

Our model assumes normally distributed preferences regarding spending allocations, but

spending cannot be less than zero in reality. It would be problematic if we were estimating �j

parameters that were large enough relative to µj such that a substantial fraction of respondents

preferred negative spending in many areas. We do estimate substantial bounds violations in

a few of the smallest spending categories, and particularly for the two that are least popular

(Figure �, right panel). Taking the model very literally, we estimate that ��� of respondents want

less than zero EU spending, ��� want less than zero aid spending, and ��� want less than zero

culture spending. Note, however, that a version of themodel in which we assumed quadratic loss

in log spending rather than in spending eliminates the possibility of these bounds violations. The

results for the main quantities of interest—the average preferred spending levels—are extremely
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similar under this variation to the model (Figure �). These estimates, combined with the results

for the �j parameters suggest that the model with quadratic loss in log-spending rather than

spending may be generally preferable to the main model that we present. We have kept the

model for spending as the primary presentation in the paper because the estimates from that

model were used as the basis for the validation experiment.

The preference correlation parameters ⇢j j 0 shown in � are only weakly identi�ed by the data.

It is perhaps more surprising that we are able to estimate these preference correlations from our

experiment at all. The “not sure” response option helps make this possible. When we observe

an increase in spending on health but a decrease in spending on education, we get more not

sure responses because people are con�icted (either because they want more of both or more

of neither, but seldom only one).
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Figure �: Estimated preference correlations across dimensions. Spending areas ordered by �rst
principal component.
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Figure �: Estimated average spending preferences assuming quadratic loss in log-spending ver-
sus spending (the main model estimates).

Estimates Under Alternative Model Speci�cations and Data Subsets
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Table �: Estimates of average preferred percent changes to spending and taxation levels for the
main model, the model with quadratic loss in log spending, the model dropping respondents
who gave not sure respondents to all �ve problems, a covariate model with dummy variables for
each response round, and a model using only responses to tax neutral tradeo�s.
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Defence �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.��
(�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��)

Welfare �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.��
(�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��)

Education �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.��
(�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��)

Health �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.��
(�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��)

EU budget �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.��
(�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��)

Business and Industry �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.��
(�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��)

Pensions �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.��
(�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��)

Criminal Justice �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.��
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Environment �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.��
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Culture �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.��
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Housing and Utilities �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.��
(�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��)

Overseas Aid �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.�� �.��
(�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��) (�.��)
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Figure �: Screeplots for principle components analysis on the estimated distribution of spending
preferences from the model without covariates (left), �tted values plus residuals from the model
with covariates (center), and just the �tted values from the model with covariates (right).

Principle Components Analysis on Estimated Preference Distributions

In this section, we present results of principle components analysis on the estimated preference

distributions from our model without covariates and our model with all covariates. We examine

principle components from the model without covariates, the �tted values plus residual distri-

bution from the model with covariates, and the �tted values by themselves from the model with

covariates. While the former two analyses re�ect the full estimated distribution of preferences,

the latter only re�ects the components of that distribution that we can predict with the variables

in the model.

The screeplots shown in Figure � illustrate that while there are two relatively strong dimen-

sions in the analysis of the �tted values, when we include the residual distribution there is a

more di�use structure that includes six dimensions with eigenvalues greater than �. When we

turn to the principle components themselves, we see that the �rst principle component largely

runs from Conservative-Leave to Labour-Remain, associated with wanting more spending on ev-

erything except Defence, Business, Pensions and Criminal Justice. Some of the loadings for the

�rst dimension vary in magnitude a bit between the �tted value only model and the full esti-

mated preference distributions, but both re�ect a similar dimension of preference dimension. In

contrast, and consistent with the screeplots, the second dimension is only clearly interpretable

for the �tted value only analysis, where it is oriented from Conservative-Remain to Labour-Leave,

associated with wanting more spending on everything except the EU budget, culture and over-
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Table �: First (D�) and second (D�) principle components for the spending areas based on the
model without covariates, �tted values plus residuals from the model with covariates, and just
the �tted values from the model with covariates.
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ly

Defence �.�� �.�� -�.�� �.�� �.�� �.��
Welfare �.�� �.�� �.�� -�.�� -�.�� �.��
Education �.�� �.�� �.�� �.�� �.�� �.��
Health �.�� �.�� �.�� �.�� �.�� �.��
EU budget �.�� �.�� �.�� �.�� �.�� -�.��
Business and Industry -�.�� -�.�� -�.�� -�.�� -�.�� �.��
Pensions -�.�� -�.�� -�.�� �.�� �.�� �.��
Criminal Justice �.�� �.�� -�.�� -�.�� -�.�� �.��
Environment -�.�� -�.�� �.�� �.�� �.�� �.��
Transport �.�� �.�� �.�� �.�� �.�� �.��
Culture �.�� �.�� �.�� -�.�� -�.�� -�.��
Housing and Utilities �.�� �.�� �.�� -�.�� -�.�� �.��
Overseas Aid �.�� �.�� �.�� �.�� �.�� -�.��

seas aid. The second dimension of the full preference distributions broadly resembles this same

dimension, but less clearly so.
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