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Background Mandatory vaccination has been mooted to combat falling childhood vaccine uptake rates in England.
This study investigated parental preferences for a mandatory vaccination scheme.

Methods Discrete choice experiment. Six attributes were investigated: vaccine, child age group, incentive, penalty,
ability to opt out, and compensation scheme. Mixed effects conditional logit regression models were used to investi-
gate parental preferences and relative importance of attributes.

Findings Participants were 1,001 parents of children aged 5 years and under in England (53% female; mean
age=33¢6 years, SD=7¢1; 84% white). Parental preferences were mostly based on incentives (30¢7% relative impor-
tance; 80¢9% [95% confidence interval 76¢3−85¢0%] preference for parent and 74¢8% [71¢0−78¢3%] for child incen-
tive; reference: no incentive) and penalties (25¢4% relative importance; 69¢5% [65¢7−73¢1%] preference for schemes
where unvaccinated children cannot attend school or day care and 67¢6% [63¢6−71¢4%] for those withholding finan-
cial benefits for parents of unvaccinated children; reference: £450 fine). Parents also preferred schemes that: offered
a compensation scheme (18¢1% relative importance; 66¢4% [62¢7−69¢8%] preference; reference: not offered), man-
dated vaccination in children aged 2 years (versus 5 years; 11¢4% relative importance; 42¢6% [39¢4−45¢9%] prefer-
ence; reference: 2 years), mandated the 6-in-1 vaccine (10¢5% relative importance; 58¢2% [54¢6−61¢7%] preference;
reference: MMR), and that offered only medical exemptions (versus medical and religious belief exemptions; 4¢0%
relative importance; 45¢5% [41¢1−50¢0%] preference; reference: medical exemptions).

Interpretation These findings can inform policymakers’ decisions about how best to implement a mandatory child-
hood vaccination scheme in England.

Funding Data collection was funded by a British Academy/Leverhulme Small Research Grants (SRG1920\101118).

Copyright � 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Keywords: Childhood vaccine; Vaccine hesitancy; Financial incentives; Exemptions; Policy
Introduction
The World Health Organization estimates that 4 to
5 million lives are saved by vaccination annually; a fur-
ther 1.5 million deaths could be avoided if vaccine
uptake improves.1 The COVID-19 pandemic has
highlighted the importance of vaccination. However,
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uptake of childhood vaccines is declining in high-
income countries.2,3 Where vaccinations are mandatory,
recent rates of non-medical exemptions have increased.4

Currently, child vaccination is voluntary in England, but
mandating it has been mooted to combat falling vaccine
rates.5

There is no standard approach to mandatory vaccina-
tion schemes. Approaches vary by which vaccines are
mandatory, age groups included, and flexibility of the
mandate (e.g. penalties, enforcement, ability to opt out,
compensation for serious adverse events). Of the 105
countries that mandated vaccination in December 2018,
the most common penalty used was limiting the
1
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Research in context

Evidence before this study

Uptake of childhood vaccines in high-income countries
has decreased in recent years. Making vaccination man-
datory has the potential to increase uptake. There is no
standard approach to mandatory vaccination schemes.
Research suggests that the cultural context will affect
perceived acceptability of vaccine laws. Mandatory vac-
cination has been mooted in England as a way to
increase vaccine uptake. However, there is no recent
research investigating parental preferences for how a
mandatory vaccine scheme could be implemented.

Added value of this study

We used a discrete choice experiment to investigate
English parents’ preferences for a mandatory childhood
vaccination scheme. Variables included were parame-
ters that are likely to be considered by policymakers if a
mandatory vaccination scheme were to be proposed.

Implications of all the available evidence

Study results indicate that parents prefer mandatory vacci-
nation schemes that offer financial incentives for vaccina-
tion. The penalty imposed for missing a vaccine dose,
and the inclusion of a compensation scheme for severe
adverse effects also influenced preferences. These results
can be used to inform policy should a mandatory vaccina-
tion scheme be proposed in England.

1 In England, parents can receive a Child Benefit allowance for

children under 16 years old (https://www.gov.uk/child-

benefit).
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unvaccinated child’s access to schooling or day care.6 A
recent review of vaccination laws in Europe found
much variation between countries, and that no common
“best approach” could be pinpointed.7 Instead, the
report found that context in individual countries should
be considered when drafting vaccine laws.

In England, there is a lack of research investigating
parents’ views on, and preferences for, a mandatory vac-
cination scheme. This is partly because child vaccina-
tion is voluntary. The COVID-19 pandemic has re-
ignited the debate around mandatory vaccination, with
COVID-19 vaccination being mandated in frontline
health and social care workers in England.8 Research
into the acceptability of financial incentives and quasi-
mandatory childhood vaccination schemes (where
parents can opt their child out of vaccination for medi-
cal, religious, or philosophical reasons) in England indi-
cates that parents prefer universal, rather than targeted,
schemes, and that financial incentives are not consid-
ered appropriate motivation for vaccination.9,10 Quanti-
tative research indicates that parents at high risk of
incomplete vaccination prefer schemes offering cash
incentives to no incentive; there was no preference in
parents not at high risk of vaccine refusal.9−11 However,
this study did not investigate parental preferences for
other aspects of mandatory vaccination schemes that
would need to be considered before implementation,
such as the ability to opt out.

The aim of the present study was to assess parental
preferences for a mandatory vaccination scheme in
parents of children aged five years and under who lived
in England. Subgroup analyses assessed variation in
preferences in groups identified a-priori as being more
likely to refuse child vaccinations and less likely to
approve of mandatory vaccination.
Methods
Discrete choice experiments (DCE) allow researchers to
investigate participant preferences for a number of pre-
selected attributes, each with multiple levels.12 Partici-
pants are presented with two different hypothetical sce-
narios, known as a choice set, which vary in the levels of
the attributes, and are asked to indicate their preference
(scenario a, scenario b, both the same). Researchers can
then identify participant preferences for the levels of
each attribute and the relative weight of each attribute
in participant preferences. This approach is increasingly
used in health policy research.
Measures

Discrete choice experiment
Attribute selection. Attributes for investigation were
based on a recent systematic review conducted by our
team,13 and on those which are likely to be considered
by policymakers if a mandatory vaccination scheme
were to be proposed (see supplementary materials 1 for
detailed rationale). For this study, we selected six attrib-
utes, four with two levels (vaccine [6-in-1, measles,
mumps, and rubella (MMR)], child age group [2 years
and older, 5 years and older], ability to opt out [medical
exemptions only, medical and religious belief exemp-
tions], availability of a compensation scheme [offered,
not offered]) and two attributes with three levels (incen-
tive [no incentive, £130 cash pay-out for parent per vac-
cine dose, £130 voucher for child per vaccine dose],
penalty [£450 fine for each dose of the vaccine missed,
child unable to attend school or childcare if unvacci-
nated, parent not able to claim Child Benefits1 if child
not vaccinated]; Table 1).
Experimental design. For this study, a full factorial
design would require participants to rate every scenario
(32 £ 24 = 144); this was not practical. We used a
www.thelancet.com Vol 16 Month May, 2022
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Attribute Level 1 Level 2 Level 3

Vaccine that would be

mandatory:

Measles, mumps, and rubella (MMR; part

of routine NHS vaccine schedule)

Diphtheria, tetanus, whooping cough

[pertussis], polio, Hib [Haemophilus

influenzae type b], hepatitis B (6-in-1

vaccine, 4-in-1 pre-school booster; part

of routine NHS vaccine schedule)

-

Vaccination would be

mandatory in chil-

dren aged:

2 years and older 5 years and older -

If [CHILD] is vaccinated: You will receive a voucher of £130 to

invest for [CHILD] for each dose of the

vaccine

You will receive a cash pay-out of £130

for each dose of the vaccine

Neither you nor [CHILD] will

receive a monetary pay-out

for each dose of the vaccine

If [CHILD] is not

vaccinated:

You will not be able to claim Child Bene-

fits for [CHILD] until she/he is

vaccinated

[CHILD] will not be able to attend school

or childcare / day care until she/he is

vaccinated

You will be fined £450 for each

dose of the vaccine missed

Ability to opt out: You can only opt out if [CHILD] has a

medical condition diagnosed by a

health professional that means she/he

cannot be vaccinated

You can opt out if [CHILD] has a medical

condition diagnosed by a health pro-

fessional that means she/he cannot be

vaccinated, or if the vaccination goes

against your religious beliefs

-

Compensation scheme: A compensation scheme will be offered

for very rare, very severe adverse

effects

A compensation scheme will not be

offered as very severe adverse effects

are very rare

-

Table 1: Attributes and levels included in the discrete choice experiment.

Articles
fractional factorial design with each participant rating
sixteen choice sets. The sample was split, with half
receiving group set A and half receiving group set B.
Thus, we used 32 choice sets (total of 64 scenarios). The
design was optimised using a modified Fedorov algo-
rithm (D-optimisation) to determine the 64 most opti-
mal allocations, and 32 most optimal comparisons from
the complete factorial design.14,15 Within each group
set, choice sets were randomly presented to avoid order
effects.

For each choice set, participants were asked which of
the scenarios for a hypothetical mandatory vaccination
scheme they preferred (scenario 1 or 2). Participants
could also indicate that they did not prefer either sce-
nario by choosing a third opt-out option (“neither”).
Where participants selected that they did not prefer
either scenario, they were subsequently asked to indi-
cate which scenario was most preferable (“the least
bad”). This is common practice in DCEs.9−11 Figure 1
shows an example choice set.

Internal validity was measured using a repeated
question to check the stability of responses.16 We ran-
domly selected a choice set from group set A and group
set B, which was presented to participants at the end of
the group set. The choice set was inverted (scenario 1
became scenario 2, and vice versa). Thus, participants
rated a total of seventeen choice sets. Results from the
internal validity choice set were not included in DCE
analyses.
www.thelancet.com Vol 16 Month May, 2022
Final survey materials are presented in the supple-
mentary materials 2.
Psychological factors
Participants were asked to what extent they agreed with
a series of eleven statements on an eleven-point Likert
scale (“strongly disagree (0)” to “strongly agree (10)”).
Statements measured theoretically driven constructs
associated with uptake of vaccines, guided by the Protec-
tion Motivation Theory17 and the validated Vaccination
Attitudes Examination (VAX) scale,18 including per-
ceived susceptibility and severity of vaccine preventable
illnesses, perceived effectiveness and safety of child vac-
cines, approval of mandatory vaccination in general,
thinking that vaccination campaigns are about making
money for the manufacturers, preference for natural
immunity and herd immunity. Statements were
adapted from existing literature.10,18,19
Socio-demographic characteristics
We asked participants for their age, sex, ethnicity, high-
est educational qualification, employment status, total
household income, marital status, how many children
they were the parent or legal guardian of, and whether
they had a chronic illness.

For the questionnaire, we asked participants to think
about one of their children who was aged 5 years or
3



Figure 1. Example choice set.
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Articles
younger (index child). We collected data about this
child’s age (in years), sex, and whether they had a
chronic illness.

Participants provided their full postcode, from which
region and index of multiple deprivation (2019) were
derived.
Pilot testing
We piloted the survey, including the DCE, with five
parents of children aged 5 years or younger (three
female, two male) for understanding of materials. Pilot
participants were asked to give their interpretation of,
and answer, each question. In doing so, we were able to
identify problems with phrasing and presentation of
items. Comments from pilot participants resulted in
framing the DCE with reference to a named index child,
changes in wording to the study materials and changes
in the layout of the DCE.
Data collection

Design
Data were collected using an online cross-sectional sur-
vey (conducted 20 May to 7 June 2021) conducted
by Panelbase, a Market Research Society Company
Partner.
Participants
Participants were recruited from two specialist research
panel providers (people who have opted in to take part
in online surveys; Panelbase and Lucid). Those aged
18 years or older, living in England, with a child aged
5 years or younger were eligible. Recruitment used non-
probability sampling, an approach common in standard
opinion polling methods. Quota sampling was based on
sex (50% female), ethnicity (86% white) and Govern-
ment Office Region (nationally representative) using
targets from the Office for National Statistics,20 to
ensure the sample was broadly representative of the
English general population.
Power
A full sample size calculation would require estimates
of the true values of the parameters, which are not
known before beginning the research. Estimates indi-
cate that a reliable model can be achieved with a mini-
mum of twenty participants per choice set.21 Given 32
choice sets, we aimed to recruit 1000 participants
(32 £ 30 = 960), to give us adequate power for model
convergence in the main analysis.
Ethics
Ethical approval for this study was granted by King’s
College London Psychiatry, Nursing, and Midwifery
www.thelancet.com Vol 16 Month May, 2022
Research Ethics subcommittee (reference number LRS-
20/21-21880).
Data analysis
Socio-demographic characteristics of participants, par-
ent vaccine sentiment and approval of mandatory vacci-
nation were analysed by index child vaccination status
(not, partially or fully vaccinated).

To check D-efficient design properties of the DCE,
sample attribute level balance summary statistics were
calculated, orthogonality of the design was assessed by
inspection of the correlation matrix, and choice sets
were observed visually to inspect the overlap.
DCE analysis (mixed-effect logit regression)
Mixed effects conditional logit regression models were
run to investigate parental preferences for each level of
individual attributes, fitting the attributes as random
effects, with 500 Halton draws.12,22 We calculated con-
ditional preference for levels within the attributes and
comparisons of relative importance of attributes, log
likelihood, likelihood ratio test and the Akaike informa-
tion criterion (AIC) for goodness of fit of the model.
These analyses were run in Stata version 16.23

We conducted a sensitivity analysis, excluding all
participants who did not answer the internal validity
question consistently.
Subgroup analyses
We identified groups in whom uptake of child vaccina-
tion and approval of mandatory vaccination were lower
based on parent socio-demographic characteristics.
Groups and cut-offs were identified a-priori based on
the literature (lower parental education [other or no
qualifications, vs degree or higher], lower total house-
hold income [up to £29,999, vs £30,000 or higher],
greater number of children [one, vs two, three or more;
proxy for household size], not identifying as white eth-
nicity [white, vs other], living in London [London, vs the
North (North East, North West, Yorkshire and the
Humber), the Midlands (East Midlands, West Midlands,
East of England), the South (South East, South West)],
not being partnered [not partnered, vs partnered], youn-
ger parent age [under 30 years, vs 30 years and
over]).3,9,13,24−28 We also grouped parents by index of
multiple deprivation using a three-way split (lowest [liv-
ing in most deprived deciles, 1 to 3], vs middle [living in
deciles, 4 to 7], highest [living in least deprived deciles,
8 to 10].

We used dimension reduction techniques to aid fea-
ture identification for psychological factors. We con-
ducted an exploratory factor analysis, using direct
oblimin rotation as items may have been correlated. All
psychological factor items were included in the factor
analyses. Two components explained 62% of the
5
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variance, with the addition of a third explaining only 6%
more. As the third component had an Eigenvalue of
substantially less than one (0¢7), we interpreted there to
be two main components emerging from principal com-
ponent analyses. We created a single variable (“approval
of child vaccination”) by summing scores for six varia-
bles that loaded strongly onto the first component
(resulting variable range 0−60), with higher scores
reflecting more positive vaccination beliefs. We hypoth-
esised that people with more positive vaccine senti-
ments would be more likely to vaccinate their child and
to approve of mandatory vaccination schemes. To group
participants a-priori, we used a tertile split (approval of
child vaccination: lowest [scores 0 to 42], vs middle
[scores 43 to 52], highest [scores 53 to 60]). SPSS version
26 was used for these analyses.29

DCE analyses were repeated within each subgroup.
Results

Participants
1056 participants completed the survey, but 55 were
excluded for quality assurance purposes (e.g. complet-
ing the survey too quickly, or giving the same answer to
several consecutive questions). Therefore, the final sam-
ple was 1001. Participants were broadly representative
of the English population (53% female, 84% white eth-
nicity) and ranged in age between 18 and 65 years
(mean=33¢6 years, SD=7¢1). Participant characteristics
differed by child vaccination status, with female, older,
white, and partnered parents being more likely to report
that their child was fully vaccinated (Table 2). People
who lived in London were less likely to have a fully vacci-
nated child, as were those whose child had a chronic
illness.

Parents with fully vaccinated children were likely to
hold more positive vaccine sentiments and approve of
mandatory vaccination (Table 2).
Discrete choice experiment
The attributes that most influenced participants’ prefer-
ences were incentives and penalties included in manda-
tory vaccination schemes, followed by the availability of
a compensation scheme (Table 3). Participants had a
strong preference for mandatory vaccination schemes
that offered a financial incentive to themselves or their
child for each vaccine dose, compared to not receiving
an incentive. When using incentivisation to the child as
the reference category, participants slightly preferred a
cash incentive for themselves, compared to an incentive
to their child. Compared to receiving a £450 fine for
each dose of the vaccine missed, parents preferred
schemes that did not allow unvaccinated children to
attend school or day care and those that withheld finan-
cial benefits for parents of unvaccinated children. When
denying unvaccinated children schooling or childcare
was denoted as the reference category, there was no sig-
nificant preference for schemes that withheld benefits
for parents of unvaccinated children. Participants pre-
ferred schemes that: offered a compensation scheme,
versus not offering one; mandated the 6-in-1, rather
than MMR vaccine; mandated vaccination in children
aged 2 years and older, compared to 5 years and older;
and had a slight preference for schemes with medical
exemptions only, rather than those with medical and
religious exemptions.

In group set A, internal validity was 63% (n = 298/
473), whereas in group set B, internal validity was 67%
(n = 355/528). Results of the sensitivity analysis, exclud-
ing all participants who did not answer the internal
validity question consistently, found the same patterns
as full group analyses (supplementary materials 3).
Subgroup analyses
Subgroup analyses followed the same pattern as in the
whole sample. Major differences in subgroups are
described narratively; all results are reported in the sup-
plementary materials 4.
Socio-demographic characteristics
Participants from black and minoritized ethnic groups
showed different patterns of preferences to white partic-
ipants, placing more importance on the ability to opt
out of a mandatory vaccination scheme (Black and
minoritized ethnic group relative importance=11¢1%,
preference for schemes allowing medical exemptions
only [27¢6% (95% CI 13¢7% to 46¢1%) preference for
schemes allowing medical and religious belief exemp-
tions]; white group relative importance=3¢0%, no prefer-
ence for ability to opt out [46¢7% (95% CI 42¢0% to
51¢4%) preference for schemes allowing medical and
religious belief exemptions] and that offered a compen-
sation scheme (Black and minoritized ethnic group rela-
tive importance=22¢9%, white group relative
importance=17¢3%). Less emphasis was placed on which
vaccine (Black and minoritized ethnic group relative
importance=1¢8%, no preference for vaccine [48¢4%
(95% CI 38¢3% to 58¢5%) preference for 6-in-1 vaccine];
white group relative importance=13¢6%, 60¢8% [95%
CI 56¢8% to 64¢7%] preference for 6-in-1 vaccine) and
age group the vaccine would be made mandatory (Black
and minoritized ethnic group relative importance=5¢7%,
no age preference [45¢7% (95% CI 36¢9% to 54¢8%)
preference for children aged 5 years and older]; white
group relative importance=11¢3%, prefer schemes for
children aged 2 years and older [42¢7% (95% CI 39¢2%
to 46¢2%) preference for children aged 5 years and
older]).

There were some regional differences in preferences
for mandatory vaccination schemes. Participants living
www.thelancet.com Vol 16 Month May, 2022



Socio-demographic
characteristics

Level Not vaccinated,
n = 39

Partially
vaccinated,
n = 145

Fully vaccinated,
n = 817

p-value

n (%) n (%) n (%)

Parent Sex Male 28 (6¢0) 80 (17¢1) 360 (76¢9) 0¢002
Female 10 (1¢9) 64 (12¢1) 456 (86¢0)
Other 1 (100¢0) 0 (0¢0) 0 (0¢0)
Prefer not to say 0 (0¢0) 1 (50¢0) 1 (50¢0)

Age (years) M, SD M = 31¢7,
SD=6¢7

M = 31¢6,
SD=7¢6

M = 34¢0,
SD=6¢9

<0¢001

Ethnicity White British 32 (4¢2) 96 (12¢6) 635 (83¢2) 0¢02
White other 1 (1¢3) 12 (15¢8) 63 (82¢9)
Black and minoritised ethnic 5 (3¢3) 33 (21¢9) 113 (74¢8)
Prefer not to say 1 (9¢1) 4 (36¢4) 6 (54¢5)

Chronic illness Not present 24 (3¢9) 80 (12¢9) 515 (83¢2) 0¢002
Present 13 (3¢7) 52 (14¢7) 288 (81¢6)
Do not know 0 (0¢0) 6 (54¢5) 5 (45¢5)
Prefer not to say 2 (11¢1) 7 (38¢9) 9 (50¢0)

Highest qualification Degree equivalent or higher 14 (3¢2) 56 (12¢7) 372 (84¢2) 0¢09
Other or no qualifications 24 (4¢3) 87 (15¢7) 442 (79¢9)
Prefer not to say 1 (16¢7) 2 (33¢3) 3 (50¢0)

Employment status Full-time 26 (4) 96 (14¢7) 530 (81¢3) 0¢10
Part-time 6 (3¢8) 24 (15¢1) 129 (81¢1)
Not working/other 6 (3¢2) 23 (12¢4) 157 (84¢4)
Prefer not to say 1 (25¢0) 2 (50¢0) 1 (25¢0)

Total household

income

Under £10,000 4 (9¢8) 6 (14¢6) 31 (75¢6) 0¢09
£10,000−£19,999 6 (4¢4) 24 (17¢8) 105 (77¢8)
£20,000−£29,999 10 (5¢7) 32 (18¢2) 134 (76¢1)
£30,000−£39,999 3 (1¢8) 28 (16¢7) 137 (81¢5)
£40,000−£49,999 6 (3¢9) 19 (12¢3) 130 (83¢9)
£50,000−£74,999 4 (2¢0) 18 (9¢1) 175 (88¢8)
£75,000 or over 3 (3¢1) 15 (15¢3) 80 (81¢6)
Do not know 0 (0¢0) 1 (25¢0) 3 (75¢0)
Prefer not to say 3 (11¢1) 2 (7¢4) 22 (81¢5)

Region East Midlands 3 (2¢9) 14 (13¢5) 87 (83¢7) 0¢001
East of England 5 (5¢7) 13 (14¢9) 69 (79¢3)
London 16 (8¢7) 41 (22¢4) 126 (68¢9)
North East 0 (0¢0) 6 (11¢8) 45 (88¢2)
North West 4 (3¢3) 14 (11¢5) 104 (85¢2)
South East 2 (1¢4) 14 (9¢6) 130 (89¢0)
South West 4 (5¢1) 8 (10¢3) 66 (84¢6)
West Midlands 3 (2¢6) 13 (11¢4) 98 (86¢0)
Yorkshire and the Humber 2 (1¢7) 22 (19¢0) 92 (79¢3)

Partnership status Single / separated /

divorced / widowed

8 (4¢7) 37 (21¢9) 124 (73¢4) 0¢003

Married / partnered 30 (3¢6) 108 (13) 692 (83¢4)
Prefer not to say 1 (50¢0) 0 (0¢0) 1 (50¢0)

Number of children

aged 17 years or

younger

One 16 (4¢4) 58 (15¢9) 291 (79¢7) 0¢37
Two 13 (3¢3) 58 (14¢8) 320 (81¢8)
Three 7 (4¢9) 12 (8¢3) 125 (86¢8)
Four or more 3 (3¢0) 17 (16¢8) 81 (80¢2)

Positive vaccine

sentiment

M, SD M = 30¢4,
SD=15¢1

M = 36¢2,
SD=12¢2

M = 48¢2,
SD=9¢8

<0¢001

I approve of mandatory

vaccination

Strongly disagree (0) to

Strongly agree (10)

M = 4¢4,
SD=3¢3

M = 5¢4,
SD=3¢2

M = 7¢7,
SD=2¢6

<0¢001

Table 2 (Continued)

Articles
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Socio-demographic
characteristics

Level Not vaccinated,
n = 39

Partially
vaccinated,
n = 145

Fully vaccinated,
n = 817

p-value

n (%) n (%) n (%)

Index child Sex Male 20 (3¢8) 80 (15¢1) 429 (81¢1) 0¢52
Female 19 (4¢0) 64 (13¢6) 387 (82¢3)
Prefer not to say 0 (0¢0) 1 (50¢0) 1 (50¢0)

Age (years) Mean, SD M = 2¢5,
SD=1¢6

M = 3¢0, S
D=1¢5

M = 3¢0,
SD=1¢5

0¢12

Chronic illness Not present 31 (3¢6) 112 (13¢0) 717 (83¢4) <0¢001
Present 4 (3¢4) 26 (21¢8) 89 (74¢8)
Do not know 1 (10¢0) 6 (60¢0) 3 (30¢0)
Prefer not to say 3 (25¢0) 1 (8¢3) 8 (66¢7)

Table 2: Participant characteristics, by index child vaccination status.
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Attribute Level Preference mean
difference
(standard error)

% who prefer this
level (95% CI)

p-level Relative
importance

Vaccine MMR Reference 10¢5%
6-in-1 0¢13 (0¢03) 58¢2 (54¢6 to 61¢7) <0¢001

Child age group 2 years and older Reference 11¢4%
5 years and older -0¢14 (0¢03) 42¢6 (39¢4 to 45¢9) <0¢001

Incentive

No incentive Reference

30¢7%

Incentive for child (£130 voucher) 0¢32 (0¢03) 74¢8 (71¢0 to 78¢3) <0¢001
Incentive for parent (£130 cash pay-out) 0¢39 (0¢03) 80¢9 (76¢3 to 85¢0) <0¢001

Incentive for child (£130 voucher)

Incentive for parent (£130 cash pay-out)

0¢06 (0¢03) Reference

56¢3 (50¢0 to 62¢4)
0¢05

Penalty

£450 fine Reference

25¢4%

Parent not able to claim Child Benefits for child

until they are vaccinated

0¢29 (0¢03) 67¢6 (63¢6 to 71¢4) <0¢001

Child not able to attend school or childcare / day

care until they are vaccinated

0¢32 (0¢03) 69¢5 (65¢7 to 73¢1) <0¢001

Child not able to attend school / day care until

they are vaccinated

Parent not able to claim Child Benefits for child

until they are vaccinated

-0¢04 (0¢03) Reference

47¢5 (42¢8 to 52¢2)
0¢30

Ability to opt out Medical exemption Reference 4¢0%
Medical and religious belief exemption -0¢05 (0¢03) 45¢5 (41¢1 to 50¢0) 0¢05

Compensation scheme Not offered Reference 18¢1%
Offered 0¢23 (0¢03) 66¢4 (62¢7 to 69¢8) <0¢001

Table 3: Percentage of participants who have a positive preference for a mandatory vaccine scheme attribute.
Model fit summary statistics. Log likelihood = -10,313¢87, Likelihood Ratio Test = 1,030¢58, p < 0¢0001, Akaike's Information Criterion = 20,661¢73.
in the South placed less emphasis on incentives (South
relative importance=21¢2%, other regions relative
importance =26¢2% to 34¢3%) and penalties (South rela-
tive importance=17¢2%, other regions relative impor-
tance =26¢4% to 30¢5%) of vaccination schemes. People
living in the South and London placed more importance
on the ability to opt out (South relative
importance=13¢4%, preference for schemes allowing
only medical exemptions [38¢0% (95% CI 31¢1% to
45¢2%) preference for schemes allowing medical and
religious belief exemptions]; London relative
importance=12¢1%, preference for schemes allowing
www.thelancet.com Vol 16 Month May, 2022
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only medical exemptions [36¢6% (95% CI 25¢7% to
48¢7%) preference for schemes allowing medical and
religious belief exemptions]; North relative
importance=4¢6%, no preference for ability to opt out
[60¢6% (95% CI 48¢6% to 71¢7%) preference for
schemes allowing medical and religious belief exemp-
tions]; Midlands relative importance=0¢7%, no prefer-
ence for ability to opt out [49¢2% (95% CI 40¢6% to
57¢9%) preference for schemes allowing medical and
religious belief exemptions]).

Participants who reported not having a partner
placed more emphasis on the ability to opt out of a man-
datory vaccination scheme (participants who were not
partnered relative importance=10¢9%, partnered partici-
pants relative importance=6¢9%). Participants who
were not partnered preferred schemes that offered med-
ical and religious belief exemptions (69¢1% [95% CI
53¢9% to 81¢5%] preference for schemes allowing medi-
cal and religious belief exemptions), while partnered
participants preferred schemes allowing only medical
exemptions (42¢3% [95% CI 37¢7% to 47¢0%] preference
for schemes allowing medical and religious belief
exemptions).

Participants with three or more children placed a
much stronger emphasis on incentives for vaccination
(participants with three or more children relative
importance=39¢1%, participants with two children or
fewer relative importance=26¢7% to 29¢2%), and less
emphasis on the age group in which vaccine would be
mandated (participants with three or more children rel-
ative importance=1¢6%, no age preference [48¢8% (95%
CI 41¢5% to 56¢1%) preference for children aged 5 years
and older]; participants with two children relative
importance=13¢5%, preference for children aged 2 years
and younger [40¢7% (95% CI 35¢6% to 45¢9%) prefer-
ence for children aged 5 years and older]; participants
with one child relative importance=12¢5%, preference
for children aged 2 years and younger [42¢6% (95% CI
37¢5% to 47¢9%) preference for children aged 5 years
and older]). Parents aged under 30 did not show a pref-
erence for schemes that would not allow them to claim
benefits for their child if not vaccinated (parents aged
under 30 years, 57¢9% [95% CI 47¢0% to 68¢2%] prefer-
ence for schemes not allowing parents to claim benefits
for their child if not vaccinated; parents aged 30 years or
over, 70¢3% [95% CI 65¢9% to 74¢3%] preference for
schemes not allowing parents to claim benefits for their
child if not vaccinated.
Psychological factors
Dimension reduction techniques indicated that psycho-
logical factors could be grouped into two distinct
groups, with the first component being the most influ-
ential (supplementary materials 5). The first component
reflected generally positive vaccine sentiments
(“approval of child vaccines”; child vaccines are effective
www.thelancet.com Vol 16 Month May, 2022
and safe, approval of mandatory vaccination), while the
second reflected generally negative vaccine sentiments
(“disapproval of child vaccines”; child vaccines cause
side effects, not liking child vaccines generally, prefer-
ring natural immunity, and thinking that child vaccina-
tion campaigns are financially motivated). Factor
loadings of individual items onto components are
reported in supplementary materials 5.

Preferences for a mandatory vaccination scheme var-
ied by vaccine sentiment. Those with the most positive
vaccine sentiments placed less emphasis on penalties
(participants with the least positive vaccine sentiments
relative importance=28¢7%; participants scoring in the
middle range for positive vaccine sentiments relative
importance=30¢0%; participants with the most positive
vaccine sentiments relative importance=21¢1%) of the
schemes, and more emphasis on the vaccine to be made
mandatory (participants with the least positive vaccine
sentiments relative importance=7¢6%, no vaccine pref-
erence [57¢0% (95% CI 49¢6% to 64¢1%) preference
for 6-in-1 vaccine]; participants scoring in the
middle range for positive vaccine sentiments relative
importance=4¢2%, no vaccine preference [54¢3% (95%
CI 47¢4% to 61¢0%) preference for 6-in-1 vaccine]; par-
ticipants with the most positive vaccine sentiments rela-
tive importance=15¢0%, 63¢4% [95% CI 57¢9% to
68¢7%] preference for 6-in-1 vaccine) and the age group
in which vaccines should be made mandatory, with par-
ticipants with the least positive vaccine sentiments
showing a preference for mandatory vaccination
schemes that mandated vaccination in older children
(participants with the least positive vaccine sentiments
relative importance=9¢3%, 56¢2% [95% CI 50¢2% to
62¢0%] preference for children aged 5 years and older;
participants scoring in the middle range for positive vac-
cine sentiments relative importance=15¢8%, preference
for children aged 2 years and older [37¢4% (95% CI
32¢0% to 43¢2%) preference for children aged 5 years
and older]; participants with the most positive vaccine
sentiments relative importance=17¢0%, preference for
children aged 2 years and older [36¢3% (95% CI 31¢3%
to 41¢5%) preference for children aged 5 years and
older]). Participants with the least positive vaccine senti-
ments showed a preference for mandatory vaccination
schemes that allowed medical and religious belief
exemptions (participants with the least positive vaccine
sentiments, 60¢2% [95% CI 51¢2% to 68¢6%] preference
for schemes allowing medical and religious belief
exemptions; participants scoring in the middle range
for positive vaccine sentiments, preference for schemes
allowing medical exemptions only [39¢9% (95% CI
31¢9% to 48¢3%) preference for schemes allowing medi-
cal and religious belief exemptions]; participants with
the most positive vaccine sentiments, preference for
schemes allowing medical exemptions only [38¢4%
(95% CI 32¢2% to 45¢0%) preference for schemes allow-
ing medical and religious belief exemptions]).
9
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Discussion
We investigated English parents’ preferences for a man-
datory childhood vaccination scheme. The attributes
that most strongly influenced parental preferences were
financial incentives for vaccination, the penalty imposed
for missing a vaccine dose, and the inclusion of a com-
pensation scheme for severe adverse effects. Our results
contrast with systematic review findings that parents
dislike mandatory vaccination schemes that offer finan-
cial incentives.13 This difference is likely due to selective
sampling used in qualitative studies that were synthes-
ised in the systematic review, with studies included
selectively recruiting parents who had refused all vac-
cines for their child and who were home schooling their
child in countries where school vaccine mandates were
in operation. Social desirability bias may also have
affected results in qualitative interview or focus group
studies more so than in our anonymised survey. A pre-
vious DCE in English parents found a preference for
financial incentives only in parents “at high risk” of vac-
cine refusal (those living in more deprivation, who had
a child with a chronic illness, single parents, were aged
less than 20 years, or had three or more children).10,11

However, this study included fewer parents in each sub-
group and so had less power to detect smaller effects.

We found that parents preferred schemes that
denied access to schooling and childcare, or that
stopped parents of unvaccinated children receiving tax
benefits, compared to receiving a fine for each vaccine
dose missed. Systematic review findings indicate that
parents felt peace of mind in schemes that restricted
mixing of unvaccinated children at school or day care.13

Should a mandatory vaccination scheme be proposed,
this may be the preferential option. However, caution
should be taken as parents who strongly oppose vaccina-
tion may seek alternative ways to school their child such
as home-schooling.30 Further research is needed to
quantify the percentage of parents who may seek alter-
native schooling for their children if a mandatory vac-
cine scheme restricting access to schooling or childcare
for unvaccinated children were to be implemented.
Studies should investigate whether there is a dispropor-
tionate effect on children from disadvantaged groups,
or those of parents who are vaccine hesitant. Care
should also be taken to avoid penalizing the child for
their parents’ vaccination decision.13

Implementing a mandatory vaccination scheme is
unlikely to affect vaccination decisions in parents of
children who vaccinate their child voluntarily. Instead,
their aim is to increase uptake in those who refuse vac-
cines for their children. We investigated parental prefer-
ences in subgroups that were less likely to vaccinate
their child and have less positive attitudes towards man-
datory vaccination. There were few meaningful differen-
ces between subgroup and whole sample analyses.
However, parents with the least positive vaccine beliefs
using our composite measure displayed significant
differences in their preferences, preferring schemes
that allowed medical and religious belief exemptions
(versus medical exemptions only) and that mandated
vaccination in older (versus younger) children. Previous
research indicates that mandating vaccination has the
potential to increase vaccine refusal in children of vac-
cine hesitant parents,31 and entrench negative vaccine
beliefs.30 While some vaccine hesitant parents may
choose to vaccinate their child, it is possible that imple-
menting a mandatory vaccination scheme that does not
align with one’s preferences may lead to more negative
vaccine beliefs and refusal in others. Steps should be
taken to quantify this before deciding to implement a
mandatory vaccination scheme, and the decision to
implement such a mandatory vaccine scheme should be
taken with caution.

Parent-reported child vaccine uptake in this study
broadly followed patterns seen in other literature and
official national statistics, with lower uptake of vaccines
in children of younger parents, single parents, parents
of Black and minoritized ethnic groups, and parents liv-
ing in London.3,24,26 Men reported lower uptake of vac-
cination in their children; we are unsure why this may
be. Children with a chronic illness were also less likely
to be vaccinated. This may be due to contraindications
for vaccination, however true contraindications in chil-
dren are rare. Parents with less positive vaccine senti-
ments also reported lower child vaccine uptake. Parents
may not vaccinate their child due to lack of access to vac-
cination or not wanting to vaccinate.32 While mandating
vaccination may affect parents’ willingness to vaccinate
their child, they are unlikely to address access problems.
If the decision to implement a mandatory vaccination
scheme is made, care should be taken to ensure that it
does not disproportionately affect disadvantaged
groups.6

Strengths of this study include the use of a large
sample of parents, whose socio-demographic character-
istics (sex, ethnicity, region) were broadly reflective of
the general English population. As quota sampling uses
targets based on socio-demographic characteristics and
prevents people from completing the survey if targets
have already been fulfilled, response rate is not an accu-
rate measurement of response bias. Limitations include
that power to detect differences in subgroup analyses
was lower than in whole-sample analyses. We are
unsure whether the beliefs and attitudes of those who
sign up to take part in online research are representative
of the beliefs and attitudes of the general population.
However associations within the data should remain
valid.33 To minimise biasing of the sample towards
those interested in vaccination, participants did not
know the topic of the survey when choosing to take
part. Internal validity for the sample was 63% (group A)
to 67% (group B). This is likely because scenarios were
complex. Previous research suggests that excluding par-
ticipants who do not answer consistently may remove
www.thelancet.com Vol 16 Month May, 2022
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valid preferences from the data and reduce the power of
the experiment.34 We conducted a sensitivity analysis,
re-running DCE analyses excluding those who
answered the internal validity question inconsistently;
there were no differences in results. We presented par-
ticipants with sixteen choice sets as part of the DCE,
under the maximum recommended, to reduce the influ-
ence of research fatigue.12 We investigated parental
preferences for scenarios in which there were no incen-
tives for not vaccinating one’s child, but there was no
“no penalty” option. This was because we hypothesised
that where there was the choice to receive or not receive
a penalty for not vaccinating one’s child, the preference
would be not to receive a penalty. Therefore, we chose
to investigate parental preferences for different types of
penalties. We could have chosen different age groups
for the vaccine to be mandated in, for example selecting
children aged 18 months and 3 years 10 months (to
allow 6 months from the recommended dates for child
vaccination35), rather than aligning age groups with
NHS uptake figures. As child age group had a relatively
small influence on parental preferences (11¢4% relative
importance), we do not expect that using slightly dif-
ferent age groups would have a meaningful effect on
the overall pattern of results. Scenarios were designed
to convey that children would need to be fully immu-
nised with the selected vaccine as appropriate for the
ages selected. However, we did not specify the num-
ber of doses that a child would need to be up to date
with the MMR or 6-in-1 vaccine at different ages
(MMR, age 2 years: 1 dose, age 5 years: 2 doses. 6-in-
1, age 2 years: 3 doses, age 5 years: 3 doses). It may
have been appropriate to include other illnesses in
our definition of child chronic illness (e.g. cerebral
palsy) and removed others (e.g. high blood pressure),
due to their prevalence in childhood. Due to the
COVID-19 pandemic and additional burden that pub-
lic health officials and policy makers were under, we
were unable to conduct qualitative interviews to
inform our DCE materials. Respondent preferences
may not reflect acceptability for a mandatory vaccina-
tion scheme; further research is needed to investigate
this. Results may not be generalisable to other coun-
tries or vaccines.

While mandatory vaccination schemes have been
implemented in several countries, the cultural con-
text is likely to determine their sucess.7 Results of
this study should be used to inform policymakers’
decisions about how best to implement a mandatory
vaccination scheme in England in the eventuality
that one is proposed. Results suggest that direct
financial rewards were key drivers to English paren-
ts’ preferences for a mandatory vaccination scheme,
followed by the indirect financial security of having a
compensation scheme in place for complications
stemming from the vaccine. However, preferences
differed by vaccine sentiment.
www.thelancet.com Vol 16 Month May, 2022
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