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Abstract

Background Discrete choice experiments are increasingly
used to assess preferences for vaccines and vaccine service
delivery.

Objectives To synthesize and critically assess the appli-
cation of discrete choice experiments in childhood/ado-
lescent vaccines, to describe how discrete choice
experiments have been applied to understand preferences,
and to evaluate the use of discrete choice experiment data
to inform estimates of vaccine uptake.

Methods We conducted a systematic review of six elec-
tronic databases. Included studies were discrete choice
experiments and conjoint analyses published from 2000 to
2016 related to childhood/adolescent vaccines where
respondents were parents, children/adolescents, or service
providers. Validity assessment was used to assess study
quality and risk of bias.
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Results In total, 27 articles were included, representing 21
different studies. A majority of articles were published
between 2011 and 2016. Vaccines studied included human
papillomavirus (24%), influenza (19%), meningococcal
vaccines (14%), childhood vaccines (14%), hypothetical
vaccines (10%), hepatitis B (5%), and diphtheria, tetanus,
pertussis, hepatitis B, poliomyelitis, and Haemophilus
influenzae type b (5%). Most studies assessed parent
preferences (67%). The most common attributes were risk
(24%), degree/duration of protection (21%), and cost
(15%). Commonly reported outcome measures were esti-
mates of uptake (33%), willingness-to-pay (22%), and
other marginal rates of substitution (14%). Validity
assessments yielded high scores overall. Areas of weakness
included low response rates, inefficient experimental
design, and failure to conduct formative qualitative work
and a pilot of the discrete choice experiment.

Conclusion This is the first systematic review of child-
hood/adolescent vaccine-related discrete choice experi-
ments. In future, special attention should be paid to
ensuring that choice context and discrete choice experi-
ment design are compatible to generate reliable estimates
of uptake.
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Key points for decision makers

There has been a marked increase in the use of
choice-based stated preference methods to study
individual preferences for childhood and adolescent
vaccines from 2011 to 2016. Of 27 articles identified
in the review period, 81% were published in this
time period compared with 19% published from
2000 to 2010.

Of the 21 included studies, more than half provided a
discussion of vaccine uptake. Methods used to
estimate uptake were varied. Only one study
compared estimated uptake with observed vaccine
acceptance.

Overall, the quality of included studies was high.
Areas of weakness included failing to use formative
qualitative work or piloting of the discrete choice
experiment, not reporting on statistical design, and
low or unreported response rates.

1 Introduction

There is growing concern that childhood immunization
coverage is below the level required to achieve herd
immunity and may be decreasing owing to parents’ hesi-
tancy to accept vaccines for their children [1, 2]. Studies of
the uptake of existing vaccines have identified a variety of
factors influencing the decision to accept vaccines. Recent
reviews of qualitative and quantitative literature suggest
that vaccine acceptance is influenced the characteristics of
the vaccine, awareness of immunization recommendations,
knowledge and beliefs about vaccines and vaccine-pre-
ventable diseases, and characteristics of the health system
or immunization program [3-5].

In the context of an expanding routine childhood
immunization schedule, understanding preferences for new
vaccines is important. This is particularly true as many new
vaccines are individual rather than combination vaccines,
which may add to the number of injections that a child
receives in a single visit. Similarly, the addition of an oral
rotavirus vaccine and nasal influenza vaccine may prove
overwhelming to parents if offered in the context of a
single visit, or may add to the number of visits required to
complete the full set of recommended childhood vaccines,
which may lower rates of uptake as parents opt out of
vaccines that they perceive to be of relatively less
importance.
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In economics, a distinction is made between ‘revealed
preferences’ based on analysis of observed choices and
‘stated preferences’, which are obtained by asking indi-
viduals to indicate their preference between hypothetical
alternatives [6]. Stated preference data can be particularly
useful in understanding how individuals value goods that
are traded on the market or are not yet available in the
market. Stated preference methods are increasingly used in
health economics to address a wide range of issues related
to health policy and health outcomes [7]. Discrete choice
experiments (DCEs) or choice-based conjoint analyses are
survey-based tools designed to elicit and quantitatively
evaluate individual preferences. This approach is grounded
in Lancaster’s Theory of Demand, which suggests that
utility from consuming goods or services can be described
by the utility derived from the individual attributes.
Therefore, the overall utility derived from consuming a
good is a function of the combination of attributes that a
good possesses and the quantities in which those attributes
are manifested in the good [8]. Using this approach, indi-
viduals are presented with a series of hypothetical choice
scenarios in which alternatives are described by a common
set of attributes, which take on different levels over the
course of a series of choice sets. Based on individual
responses to repeated choices, the trade-offs that respon-
dents make as the attribute levels change can be observed
and the value that respondents place on each individual
attribute estimated [6].

In the context of vaccine preferences, DCEs have been
used to understand the relative importance of existing
vaccines attributes as well as the factors that may underlie
preferences for hypothetical or new vaccines. An advan-
tage of using stated preference data generated by a DCE
over revealed preference to understand factors motivating
uptake is that revealed preference data is limited to the
vaccine alternatives that are currently available. This is
further compounded by the fact that consumers often do
not have a choice between vaccines or between providers at
the point of service delivery, as many childhood and ado-
lescent vaccines are publicly funded and only one alter-
native or one provider is available. Even where private
options exist, there may be limited choice or availability of
vaccines and providers. Using a DCE, preference for
attributes that are outside the parameters of currently
available vaccines may be included to identify how chan-
ges to vaccine or service delivery attributes may impact
uptake.

Qualitative studies and surveys of parents’ attitudes and
beliefs have also been used to explore factors related to
vaccine uptake. However, these approaches are limited in
terms of the extent to which the results can be used to
inform policy, as the results are often limited to identifying
factors that are important or not important in motivating
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the choice to vaccinate and cannot be used to understand
trade-offs between characteristics or demonstrate how
changes in vaccine characteristics or service delivery may
impact uptake. In contrast, DCEs can be used to quantify
the trade-offs that parents make between characteristics
and coefficients derived from modeled results. The prob-
ability that respondents will choose a vaccine over avail-
able alternatives can be calculated and an estimate of
overall vaccine uptake in different scenarios obtained.

The specific objectives of this review were to synthesize
and critically assess the application of DCE:s in the study of
childhood and adolescent vaccines, to describe how DCEs
have been applied to understand preferences, and to eval-
uate the use of DCE data to inform estimates of vaccine
uptake.

2 Methods
2.1 Search Strategy

Six electronic indexed databases were searched: PubMed,
Web of Science, EconLit, CINAHL Plus, EMBASE, and
MEDLINE. Search terms were: vaccin®* OR immunis* OR
immuniz* AND discrete choice OR stated preference OR
DCE OR conjoint analysis. A detailed search strategy is
provided in Online Resource 1. The search was limited to
peer-reviewed articles published in English from January
2000 to December 2016.

Studies included in the review met the following
inclusion criteria: presented the results of DCEs and
choice-based conjoint analysis studies; aimed at eliciting
preferences among patients, parents, and healthcare work-
ers; related to childhood and adolescent vaccines and
immunization programs; research conducted in high- and
upper-middle-income settings [9]. Studies employing
contingent valuation, time trade-off, standard gamble,
ranking, or scaling approaches that did not include an
element of choice were not included.

Duplicates were removed electronically and all unique
studies were screened for relevance based on title and
abstract. The full text of potentially eligible references was
reviewed and retained if the study met inclusion criteria.
An update to the review conducted in January 2017 iden-
tified two additional references, which were included fol-
lowing full-text screening.

2.2 Data Extraction and Validity Assessment

Data extraction was performed by C.M.I. for all studies
using a standardized template including fields related to
study setting, survey administration, experimental design,
choice task construction, analytic approach, outcome

measures, and source of funding. Threats to the validity of
all included studies were assessed based on the 13 criteria
checklist developed by Mandeville et al. [10]. This
checklist incorporates elements of a quality checklist
developed by Lancsar and Louviere [11] and correlates
well with the ten domains of good research practice in
conjoint analyses identified by Bridges et al. [12].

3 Search Results

A total of 563 records were returned from initial searches.
After removing duplicates, 340 records remained. A further
253 were excluded based on title and abstract screening.
Full text was retrieved for 65 references and 25 were
selected for final inclusion. Following search updates in
June 2016 and January 2017, two additional references
were identified for inclusion in the final sample (see
Fig. 1). The final sample is therefore made up of 27 full-
text articles representing results from 21 different studies.
A data extraction table for each study is presented in
Online Resource 2. For the remainder of the review, the
term ‘study’ refers to a group of publications based on one
stated preference survey unless otherwise noted.

Databases searched
CINHAL Plus: 17
Econ Lit: 15
Embase: 86
Medline: 46
PubMed: 75

Web of Science: 314

514 Records Retrieved }

"] 213 Duplicates Removed

[340 Records Screened Based on]

Title and Abstract

275 Records Removed
Publication Type: 44
Study Topic: 111
Study Design: 101
Study Setting: 9
Respondent Population: 2
Adult Vaccine: 8

4

[ 67 Full Text Articles Reviewed ]

42 Records Removed
Publication Type: 3
Study Topic: 1

Study Design: 33
Study Setting: 2
Adult Vaccine: 1

Not Original Analysis: 2

2 Record Added in Search
Update

A 4

[ 27 Articles Included ]

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) flow diagram of screening articles for choice-
based stated preference studies related to childhood and adolescent
vaccines
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3.1 Year and Discrete Choice Experiment Country
of Origin

Twenty-two (81%) of the included articles were published
from 2011 to 2016 [13-34], two (7%) were published from
2006 to 2010 [35, 36], and three (11%) were published
from 2000 to 2005 [37-39]. Of the 21 studies, six (29%)
were conducted in USA [15, 17-19, 21, 26, 27], five (24%)
were conducted in the Netherlands [16, 20-22, 31-34, 36],
and two (10%) were conducted in Australia [24, 37, 38],
Japan [29, 30], and the UK [13, 14, 28] each. The
remaining studies were conducted in Germany [23, 35],
France [35], Thailand [25], and Europe [39] (countries not
specified).

3.2 Study Topic and Respondents

The 21 included studies covered nine different topics. Five
studies (24%) were related to human papillomavirus [15,
16, 20, 21, 25, 36], four (19%) were related to influenza
[17, 18, 26, 29], and three (14%) were related to
meningococcal vaccines [24, 27, 35]. Three studies (14%)
assessed preferences for childhood vaccines in general [13,
14, 19, 30] and two studies (10%) were related to hypo-
thetical vaccines that were either not available on the
market or not publicly funded or privately sold in the study
context [28, 39]. One such study covered vaccines for
rotavirus and invasive and non-invasive pneumococcal
disease [28] and the other did not specify the specific
disease that the vaccine was intended to provide protection
against [39]. The remaining four studies were related to
hepatitis B vaccine for newborns [22], varicella [37, 38],
rotavirus [31-34], and diphtheria, tetanus, pertussis, hep-
atitis B, poliomyelitis, and Haemophilus influenzae type b
vaccine [23] (5% each) (see Table 1).

Table 1 Number of studies and publications according to vaccine
type

Number of studies and
publications

Vaccine

Childhood vaccines

Hepatitis B

2 [13, 14, 19, 30]
1122]
Diphtheria, tetanus, pertussis, hepatitis B, 1 [23]
poliomyelitis, and Haemophilus

influenzae type b

Human papillomavirus 5 [15, 16, 20, 21, 25, 36]

Hypothetical vaccines 2 [28, 39]
Influenza 417, 18, 26, 29]
Meningococcal vaccines 3 [24, 27, 35]
Rotavirus 1 [31-34]
Varicella 1 [37, 38]
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Articles were eligible for inclusion if responses were
elicited from parents, adolescents/children, or service pro-
viders. Fourteen studies (67%) included responses only
from parents [13, 14, 18-20, 22, 25, 28-35, 37-39], three
studies (14%) surveyed children or adolescents only [16,
17, 21, 36], three studies (14%) surveyed providers [23, 26,
27], and one (5%) surveyed both parents and adolescents
[24].

3.3 Research Aims

Included studies reported a variety of research aims, with
most studies reporting more than one aim. The most
commonly reported aim was to assess preferences, either
for vaccines as a whole, for specific attributes, or variations
in preferences across population groups (15 articles) [13,
15, 17, 18, 20, 21, 23-27, 29, 30, 32, 36]. Eight articles
aimed to estimate vaccine uptake [13, 15, 20, 21, 24, 26,
32, 37] and seven aimed to assess willingness to pay
(WTP) [15, 19, 24, 25, 29, 35, 39]. Seven articles either
focused on methodological questions or included a
methodological research component [14, 16, 21, 31, 33, 34,
38]. Three articles each aimed to assess the trade-offs that
respondents made between attributes [20, 28, 36] and to
make policy recommendations about the design of vaccine
service delivery [13, 21, 32]. One study aimed specifically
to compare the results of the DCE (stated preference) with
actual vaccine uptake (revealed preference) [22] (see
Fig. 2).

3.4 Methods Used to Develop Discrete Choice
Experiments

Selection of relevant attributes and levels is critical to the
design and development of a DCE that can adequately
reflect participants’ preferences. Authors reported using a
range of methods to identify attributes and levels in
included studies. Seventeen studies used a literature review
to identify attributes and levels [13-20, 22-25, 27-34,
36-38], 13 consulted with experts [15-20, 22-24, 26, 27,
31-34, 36-38], and 11 conducted qualitative work [13, 14,
16-20, 22, 23, 26, 31-34, 36, 39]. One study used only a
previous DCE to identify attributes and levels [21] and one
did not clearly state how attributes and levels were iden-
tified [35]. Eight studies used three of the methods listed
[16-20, 22, 23, 31-34, 36], six used two methods [13-15,
24, 26, 27, 37, 38], and six studies used only one method
[21, 25, 28-30, 39].

A multinomial choice structure requires that choice
profiles be paired or grouped to create choice sets.
Amongst studies using a multinomial choice approach,
nine studies (47%) did not specify the method used for
creating choice sets [15, 17-19, 24-26, 35, 39]. Five
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Fig. 2 Number of articles 16

reporting research aims

14
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Number of Articles
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Research Aims

SP = Stated Preference, RP = Revealed Preference

studies (26%) created choice sets based on d-efficiency [13,
14, 20, 21, 27, 31-34], which seeks to combine profiles in
such a way that both the variance and covariance of
parameters are minimized [40]. Three studies used a fold-
over approach [22, 23, 28] and two combined choice pro-
files randomly [29, 30]. One study used a software program
developed by Street and Burgess [16, 36].

3.5 Choice Task Structure

Twenty studies used a multinomial choice structure in
which respondents were asked to choose between two or
more alternatives. A binary choice task structure was used
in one study (5%) [37, 38]. This approach involved a
choice between accepting one vaccine scenario and
choosing not to accept vaccination in this scenario.

Five of the 21 studies (25%) presented respondents only
with a choice between two alternatives with no possibility
to ‘opt out’ [17-19, 23, 26]. This is referred to as a forced
choice and may be appropriate where individuals have
already decided to vaccinate and are being offered a choice
between two different types of vaccines. Another five
studies (25%) used a forced choice task in the first instance
and followed this up with the option to ‘opt out’ or indicate
that they would not actually choose the alternative they
selected in the force choice task [22, 24, 31-35, 39]. In four
studies, this was done by asking respondents to indicate

that they would not choose the preferred scenario in real
life [24, 31-35, 39], and, in one study, respondents were
asked to indicate how likely it was that they would choose
their preferred scenario in real life on a 10-point scale [22].

Nine studies (42%) presented respondents with only an
unforced choice task [15, 16, 20, 21, 25, 27-30, 36],
meaning that respondents were asked to choose between
two or more alternatives and an ‘opt-out’ alternative. This
approach is appropriate where an individual’s choice may
be influenced by the acceptability of the alternatives pre-
sented. Of these studies, the ‘opt out” was described as ‘no
vaccine’ in six studies [16, 20, 21, 25, 28, 30, 36] and
‘neither vaccine’ in two studies [15, 27]. One study
described the ‘opt out’ as ‘neither vaccine’ in the article
text, and ‘no vaccine’ in the sample choice task [29]. One
study presented respondents with an unforced choice task
followed by a forced choice [13, 14]. In this case, the
unforced choice was between two vaccine programs or to
choose neither and not have their child immunized. The
forced choice was then framed by asking which of the two
alternatives the respondent would choose if immunization
was mandatory.

The number of choice tasks presented to each participant
ranged from four to 18. Five studies (24%) included fewer
than nine choice tasks [15, 22, 25, 29, 30], nine studies
(43%) included nine to 16 choice tasks [16, 20, 21, 24,
26-28, 31-34, 36-38], and four studies (19%) included
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more than 16 tasks per participant [13, 14, 19, 35, 39]. In
three studies (14%), the number of choice tasks was not
reported [17, 18, 23].

3.6 Experimental Design

Following the identification of attributes and levels, the use
of an experimental design provides a framework for gen-
erating the choice profiles that will be presented to
respondents. In terms of experimental design, one study
(5%) used a full factorial design [22], meaning all possible
combinations of attribute levels were included and 15
studies (70%) used a fractional factorial design, which
incorporates only a fraction of the total number of possible
choice profiles [13-16, 19-21, 23-25, 27-34, 36-38]. Five
studies (25%) did not provide any detail on experimental
design [17, 18, 26, 35, 39]. Of the 16 studies reporting the
type of experimental design used, seven (44%) generated
the design using a software package [13, 14, 20, 21, 24, 25,
27, 31-34], four (25%) used a catalog approach [16, 28-30,
36], and the specific approach was unclear for the
remaining five (31%) [15, 19, 22, 23, 37, 38]. Eight studies
reported using software to generate an experimental
design; five (63%) reported using Ngene [13, 14, 21, 24,
25, 31-34], two (25%) used SAS [20, 27], and one (13%)
used Sawtooth [35].

3.7 Attributes Used

The number of attributes included in each DCE ranged from
three to eight and the number of levels per attribute ranged
from two to seven. A total of 100 attributes were used in the
21 studies. Figure 3 outlines the number of attributes cate-
gorized into 11 domains. Twenty-four attributes were related
to risk, 21 were related to the degree or duration of vaccine
protection, and 15 were related to cost. Risk-related attri-
butes were used differently across studies and included risk
of mild or severe side effects, infection risk, and risks

Fig. 3 Attribute domains 30
25
20
15
10

w
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associated with dosing and handling. Duration and degree of
vaccine protection included the length of time that a vaccine
would confer immunity, vaccine effectiveness/efficacy, and
the number of serogroups covered. Vaccine costs were
described as the cost per dose, the cost for a full course of
doses or visits, out-of-pocket costs, price, and the structure of
a reward for obtaining immunizations. Other attribute
domains included dosing and number of visits (8%), ele-
ments of health status (7%), service delivery (5%), infor-
mation (5%), vaccine administration (5%), time (4%),
vaccine contents (3%), and other (3%).

The relative statistical significance of an attribute is
conditional on the set of attributes included in the partic-
ular study, making it difficult to draw firm conclusions
about the relative importance of attributes in influencing
individual preferences. This is further complicated by
variation in how studies defined statistical significance;
some studies reported p values of <0.1, <0.5, and <0.01
while others reported p values of <0.05, <0.01, and
<0.001, making it difficult to draw strong conclusions.
With these caveats in mind, Table 2 shows that attributes
related to risk, cost, and the degree or duration of protec-
tion were commonly statistically significant across 16
studies that reported statistical significance [13-16, 19-26,
28-36]. Four studies did not report statistical significance
[17, 18, 37-39] and one study reported statistical signifi-
cance but did not provide a legend [27], thus it was not
possible to appropriately categorize the p values.

3.8 Survey Administration and Sample Size

Surveys were interviewer administered in three of the 21
studies (14%) [28, 37-39] and self-administered in 15
studies (71%). Of the self-administered studies, ten were
completed online [13-15, 17-19, 23, 24, 27, 29, 30] and
five were paper based [16, 20-22, 31-34, 36]. In three
studies, the mode of administration was not reported
(14%).
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Table 2 Number of studies

Domain® (n = number of studies) P <005* P<001 P<0.001 Not statistically significant

reporting relative statistical

significance of included Cost (n = 10) 2 7 6 1

attribute domains Time (1 = 3) 0 1 ) 0
Risk (n = 13) 1 11 11 3
Health status (n = 3) 0 3 1 2
Service delivery (n = 3) 2 1 1 1
Information (n = 1) 1 4 0 0
Degree/duration of protection (n =9) 2 17 5 3
Dosing/visits (n = 5) 2 3 3 1
Vaccine contents (n = 1) 1 0 0 0
Vaccine administration (n = 2) 0 1 1 0
Other (n = 2) 0 1 1 0

* Results from 16 studies reporting statistical significance. Five included studies did not report statistical

significance

® Results reported are derived from main-effects models and pooled results if available. Where responses
from subpopulations were only modeled separately, results are included for each model. Where latent class
models were used, results are reported for each class of the main model separately. Therefore, totals may

sum to more than 16

Until recently, there has been limited guidance available
around methods to determine the minimum sample size
needed to detect differences in preferences, leading many
researchers to rely on rules of thumb or practical consid-
erations in determining sample size [41]. Sample sizes of
included studies ranged from 50 respondents to over 2000,
with the majority of studies including 100-500 respon-
dents. Thirteen studies did not report any sample size
calculations or provide a justification for the choice of
sample size [15, 17-19, 22-25, 27-29, 35, 37, 38]. Six
studies indicated that sample size calculations were guided
by a ‘rule of thumb’ [13, 14, 16, 20, 21, 30, 36, 39], and
two studies mentioned that sample size calculations had
been performed but did not provide details of the calcula-
tions [26, 31-34].

3.9 Source of Funding

Previous comprehensive reviews of DCE applications
across all areas of health have not reported on sources of
funding. Of the 21 studies included in this review, eight
(35%) [17, 18, 23, 24, 26, 27, 35, 39] were funded by
pharmaceutical companies involved in manufacturing the
specific vaccines under study.

3.10 Estimation Procedures and Outcome Measures

A concise summary of approaches to analyzing DCE data
is provided by de Bekker-Grob et al. [42]. The estimation
procedures, subgroup analyses, and outcome measures
used in the included studies are summarized in Table 3. Six
studies used a conditional or multinomial logit approach to
analysis [17, 18, 23, 25, 27, 29]. These models have long

been considered the workhorse of DCE analysis; however,
they have fallen out of favor more recently owing to
restrictive assumptions around substitution between alter-
natives when one alternative is removed from the choice
set or an additional alternative is added (commonly known
as independence of irrelevant alternatives), homogeneity of
error terms, and uncorrelated choices [43]. Seven studies
used random parameters logit (also referred to as mixed
logit) models [15, 16, 22, 24, 27, 30-34, 36], which relax
the assumptions around the independence of irrelevant
alternatives as well as allowing for the heterogeneity of
error terms and can account for the panel nature of DCE
data [43]. Four studies used random or mixed-effects logit
models [13, 14, 26, 28, 37, 38], three (13%) used hierar-
chical Bayes’ estimation [17, 18, 39], and two used latent
class analysis [21, 31-34]. A generalized mixed-logit
model was used in one study [31-34]. Four studies used
other model types [16, 19, 26, 28, 35, 36]. Overall, this is in
keeping with the trend of a recent systematic review of all
DCE applications in health, which found an increasing
reliance on multinomial logit and random parameter logit
approaches in recent years [7].

Identification of variations or differences in preferences
across groups may be achieved either by specifying separate
models for different groups or incorporating interaction
terms into the model. Such subgroup analyses were reported
in 17 of the 21 included studies (81%). Sociodemographic
characteristics such as age, sex, income, educational attain-
ment, or ethnicity were included 13 times (some studies
included more than one sociodemographic characteristic)
[15, 17-21, 24, 26, 28-35, 37, 38], vaccine knowledge or
beliefs were incorporated five times [15, 28, 31-35, 39], and
vaccination status was included two times [21, 29].
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Table 3 Estimation Analytic aspect

procedures, subgroup analyses,
and outcome measures used in
included studies

Estimation procedure (n = 24)

Subgroup analysis (n = 32)

Outcome measure (n = 32)

Specification Number of studies (%)*
Conditional/multinomial logit 6 (25)
Generalized mixed logit 14)
Hierarchical Bayes estimation 3 (13)
Mixed logit 6 (25)
Latent class 2 (8)
Random/mixed-effects logit 4 (17)
Other 2 (8)
Sociodemographic 12 (38)
Knowledge/beliefs 9 (6)
Vaccination status 5 (16)
None 5 (16)
Other 7 (22)
Attribute importance 2 (6)
Individual utility 2 (6)
Marginal rate of substitution 5(14)
Odds ratio/change in log odds 309
Uptake/probability analysis 12 (34)
WTA 2 (6)
WTP 7 (22)
Other 2 (6)

WTA willingness to accept, WT'P willingness to pay

# The total for each category is greater than the total number of studies, as some studies used more than one

approach

Methodological aims drove eight other types of subgroup
analyses [13, 14, 19,23, 26,27,29,31-34, 39] including split
samples where respondents were provided with different
educational materials, different formats for presenting risk,
different ranges for attribute levels, or comparisons of
modeled results with and without respondents who selected
the ‘opt-out’ option or failed dominance or consistency tests.

The sign of modeled coefficients can provide an indi-
cation of whether respondents value an attribute positively
or negatively; however, the absolute value of coefficients
produced by the above-mentioned modeling approaches is
not directly interpretable. Interpretation of modeled results
therefore requires additional analysis to produce mean-
ingful outputs. Of the studies reviewed, 12 used modeled
coefficients to estimate vaccine uptake under different
scenarios [13-18, 20, 22, 28, 31-39], eight estimated
individual WTP [15, 19, 24-26, 28-30], and five produced
other marginal rates of substitution to illustrate the rate at
which respondents would trade between a decrease in one
attribute level to obtain more of another attribute [16, 20,
21, 27, 31-34, 36]. Three studies reported the odds ratio or
change in log odds for each parameter to indicate how
much more/less likely an individual would be to choose an
alternative with a given attribute level (all else being held
constant) [23, 26, 27] and two each reported individual
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attribute importance [17, 18], individual utility levels [22,
39], and willingness to accept [13, 14]. One used both
market simulation and revenue calculation approaches
[39].

Of eight studies reporting WTP, six used data from an
unforced choice scenario [15, 24, 25, 28-30] and two used
forced choice data [19, 26]. Estimates of WTP derived
from a forced choice may overestimate actual WTP
because it is assumed that all individuals will purchase one
of the alternatives provided.

3.11 Estimates of Uptake

Twelve of the included articles (48%) provided a discus-
sion of uptake [13-18, 20, 22, 28, 31-39]. This is more
than the eight articles that reported this as a research aim
[13, 15, 20, 21, 24, 26, 32, 37]. Approaches to calculating
potential uptake included estimating marginal effects,
elasticities, and calculating the probability that sampled
individuals would choose a specific vaccine scenario (ei-
ther based on total estimated utility or by establishing a
participation threshold). Marginal effects and elasticities
are both used to describe the impact of a unit change in one
variable on the probability that an alternative will be
chosen. Marginal effects are appropriate where variables
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are dummy or effect coded and elasticities are appropriate
for continuous variables [44]. This approach was used in
two of the 12 studies discussing uptake [28, 35]. The
remaining ten used a scenario analysis approach whereby a
full choice scenario was specified and the probability of
choosing this scenario in relation to a baseline was calcu-
lated [13-18, 20, 22, 31-34, 36-39]. The baseline level or
scenario was clearly outlined in six studies, allowing the
reader to interpret the relative change in reported uptake
[13, 15, 16, 20, 32, 37]. Of all ten studies using the scenario
approach, the correct formula for calculating probability
was provided in three cases [15, 32, 37]. In the remaining
seven studies, a formula for calculating probability esti-
mates was either incorrect or not reported.

In estimating uptake using DCE data, it is important to
differentiate between conditional and unconditional choi-
ces. A conditional choice is modified by a prior decision to
undertake a given course of action, where an unconditional
choice has no such prerequisite [6]. Unconditional choice is
commonly represented in DCEs by the inclusion of an opt-
out alternative, which allows respondents to indicate that
none of the alternatives offered are acceptable. In the case
of vaccination, selection of an opt-out alternative may
indicate that the respondent would prefer not to vaccinate
at all or simply that the configuration of attributes and
levels in the specific choice task is not acceptable (but an
alternative configuration not presented may be acceptable).
If an opt-out alternative is not provided and the respondent
is presented with a ‘forced choice’ between alternatives,
the associated choice is interpreted as being conditional on
the decision to vaccinate. Therefore, associated estimates
of uptake may represent the preference of respondents who
have already decided to accept a vaccination, but will
likely significantly overestimate uptake where individuals
have the option to choose no vaccination in real life. Of the
12 studies reviewed that provided an estimate of uptake,
eight estimated unconditional uptake (data included an opt-
out alternative) [13, 15, 20, 22, 28, 36, 37, 39] and three
either estimated conditional uptake (forced choice data)
[17, 18, 35] or, in the case of a choice structure that
included both a forced and unforced choice, did not specify
which data set was used [32].

Five studies related to vaccines that were already
available on the market in the study setting compared
modeled uptake with observed uptake in the target group.
In three studies, all related to human papillomavirus vac-
cination, modeled uptake among sampled respondents was
10-50% higher than observed population uptake [15, 16,
20]. In one study, related to newborn hepatitis B vaccina-
tion, the highest estimate of uptake among sampled
respondents was 9% lower than observed participation in
the national program [32]. A second study on preferences
for newborn hepatitis B vaccination compared modeled

estimates of uptake based on sampled respondents stated
preferences with the actual uptake (revealed preference) of
the same respondents [22]. In this study, 80% of actual
choices were predicted correctly by the model (including
choices to both accept and reject vaccination when
offered). In the remaining cases, the model either predicted
that a parent would accept vaccination for their newborn
when offered but the vaccine was not received (13%), or
the model predicted that vaccination would not be accepted
but when the offer was made, parents accepted it (6%) [22].

3.12 Journal

Included studies were published in journals with a variety
of disciplinary focuses. Thirteen studies published articles
in clinical journals [5, 17-19, 21, 23-26, 29, 30, 32, 33,
36], six studies published articles in health economics
journals (including one health technology assessment
report) [13, 16, 34, 35, 37, 38], two studies each published
in general journals [21, 28] or journals with a research
methodology focus [22, 31], and one study was published
in a marketing journal [39].

3.13 Validity Assessment

A summary of the validity assessments for all 21 included
studies is provided in Table 4. For each item, a score of 0,
0.5, or 1 was assigned based on whether an item was not
present (not reported), partly present, or present. Assess-
ments were conducted based on the full-text article as well
as online supplementary material. With a total of 13 items,
each study could achieve a maximum score of 13. The
average score across all studies was 8.4 with a range of
4-12.5.

Included studies generally scored well on three out of
four elements related to choice task design, two of four
items related to conduct, and all items related to analysis.
In terms of choice task design, attributes in 13 of 21 studies
(62%) were conceptually distinct, varied independently of
each other, and were unidimensional [15, 16, 20, 21,
24-27, 29, 31-39]. Fifteen studies (71%) included an opt-
out alternative or justified the use of a forced-choice
approach [13-16, 20, 21, 23-30, 35-38]. With respect to
the conduct of the DCE, 16 studies (76%) elicited
respondents from target populations that were appropriate
for the research [13, 14, 16, 19-25, 27-34, 36-38] and 12
studies (57%) used a sampling frame that was representa-
tive of the target population [16-18, 20-22, 24, 26, 27,
29-34, 36]. More than half of all studies scored 1 on each
of the four elements related to design. Twelve studies
(57%) appropriately pooled or separated analyses for dif-
ferent groups [13, 14, 16, 19, 21, 23, 24, 27, 29-38], 16
studies (76%) used an econometric model that accounted
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for correlation in choices made by the same individuals
[13-16, 19-22, 24, 26-28, 30-39], 17 studies (81%) used
an econometric model that was appropriate for the choice
task design [13-16, 20-25, 27-39], and 17 studies (81%)
compared relative attribute effects using a common metric
[13-16, 19-22, 24, 26-39].

Areas of particular weakness in the included studies
related to the identification and inclusion of appropriate
individuals in formative qualitative work used to identify
attributes and levels (five of 21 studies scored 1 on this
item) [13, 14, 17, 20, 22, 31-34], conducting piloting
amongst the target population (three studies scored 1 on
this item) [15, 24, 31-34], the use of optimal or statistically
efficient experimental designs (seven studies scored 1 on
this item) [13-16, 20, 21, 27, 31-34, 36], and ensuring that
the response rate was sufficient to minimize response bias
(five studies scored 1 on this item) [16, 19, 21, 22, 31-34,
36]. Failing to include the target population in formative
qualitative work or piloting of a DCE may mean that rel-
evant attributes and levels are not included or that the
description and presentation of the attributes are not well
suited to the target population. This could lead to inap-
propriate interpretation of the DCE results where important
attributes are excluded or misinterpreted by respondents.
Using an experimental design that is not statistically effi-
cient or optimal may result in more choice tasks being
presented to each respondent, which may increase
respondent fatigue, or could mean that standard errors
around parameter estimates are wider (meaning there is
less certainty about the true value) than they would be
using a statistically efficient design. Finally, a low response
rate can lead to bias where some individuals (or groups)
are systematically excluded or less likely to respond. This
can mean that results are not generalizable to the popula-
tion that they are intended to apply to.

Veldwijk
et al. [31-34]
125

and Kondo [30]

Shono

Shono and
Kondo [29]

0.5
1
1
0
1
1
0
1
8.5

Sadique Sapede
et al. [27] et al. [28] and Girod [39]

0.5 0.5

1 0.5

0 0

0 0

0 0.5

1 1

1 1

1 1

55 7.5

Poulos

et al. [26]

Pereira

Ngorsuraches
[25]

Marshall
et al. [24] et al.
5.5

123D

Lloyd
et al
0

0

0

1

1

0

0

5.5

4 Discussion

The increasing use of DCEs observed during the study
period suggests a growing interest in the application of
choice-based stated preference methods to understand the
factors contributing to the preference for childhood and
adolescent vaccines. This review retrieved 27 studies
linked to 21 separate DCEs covering nine different vac-
cines or topic areas. Given the range of different vaccines
covered and respondent populations included, this review
focused on study methodology rather than providing a
summary or comparison of specific findings.

More than half of the included studies included a dis-
cussion of vaccine or service uptake, an explicit research
aim of only eight articles. Methods used to estimate uptake
were poorly reported in a number of cases with authors

research objective
target population
response bias®
subgroups appropriate
choice task design
correlation of choices
using a common metric

population
Econometric model accounts for serial

Piloting conducted amongst target
Target population(s) appropriate for
Sampling frame representative of
Response rate sufficient to minimize
Any pooled analysis from different
Econometric model appropriate for
Relative attribute effects compared

Total score

Items

? Response rates above 20% were scored as 1, rates from 10 to 19% were scored as 0.5, and rates below 10% were scored as 0. Studies that did not report response rates were also scored 0

Table 4 continued
N/A not applicable, scored as 1

Dimensions
Conduct
Analysis
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reporting poor concordance between modeled uptake from
DCEs and observed coverage rates in settings where
assessed vaccines were currently available on the market.
This may be owing to flaws in the DCE design or the use of
an inappropriate analytical approach, both elements cov-
ered by the validity assessment tool that highlighted several
weaknesses. It may also be the result of a poor under-
standing and characterization of the choice context. For
example, many DCEs focused on vaccine attributes alone
and there was an overall lack of service delivery compo-
nents in included studies. Where respondents are not rou-
tinely offered a choice between vaccines with alternative
risk profiles, focusing on vaccine characteristics may not
provide reasonable insight into vaccine uptake. Indeed, this
is akin to a conditional choice context in which one
assumes that respondents have already decided to accept a
vaccine. Where the research aim is to stimulate demand
and increase uptake, additional elements may be required
to more fully understand the choice context, drivers of
vaccine uptake, and strategies to optimally target groups at
risk of a low vaccine uptake.

Only one included article specifically aimed to assess
variation in preferences across population groups, though
this was an implicit aim of studies that recruited respon-
dents from specific groups and analyzed responses sepa-
rately. Overall, the most commonly reported subgroup
analyses were according to sociodemographic characteris-
tics, with fewer studies investigating the link between
preferences and knowledge and beliefs or vaccine status. In
terms of policy, it may be more straightforward to target
individuals based on individual characteristics because
without a clear understanding of how these characteristics
relate to knowledge and beliefs and vaccine status, it may
prove difficult to effectively tailor service delivery to
groups at risk of low vaccine uptake.

Several high-quality studies applying best practices in
design and analysis were included in the review; however, a
number of studies were lacking in rigour. Quality assessment
scores of included studies varied widely, from 4 to 12 out of
13 possible points. Scores did not appear to improve sub-
stantially over time, with the average scores of studies pub-
lished in 2000-5, 2006—10, and 2011-16 approximately 8.2,
10, and 9.1 over the three time periods. This suggests that
there has not been a general trend toward improved quality in
this field. Studies with articles published in health economics
journals or journals with a methodological focus had an
average quality assessment score of 10 and 10.75, respec-
tively. Studies with articles published in general or clinical
journals had average quality assessment scores of 8.5 and
8.35. The one study published in a marketing journal had a
quality assessment score of 7.5. Across studies that were
industry sponsored, the average score on the quality assess-
ment tool was 7.1, compared with 9.3 among non-industry-
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funded studies. Weaknesses were seen across all four
dimensions of the quality assessment tool, including choice
task design, experimental design, conduct, and analysis.

The strengths of this review include a comprehensive
search strategy and the use of a formal quality assessment
tool. This review focused only on studies involving parents,
children, and adolescents and healthcare providers as
respondents. Studies including individuals responsible for
making decisions around vaccine acceptance, purchasing,
or delivery are most likely to provide insight into uptake
and coverage. However, several studies have also assessed
societal values for vaccines to estimate WTP for disease
prevention. These studies may provide useful information
for resource allocation purposes and should be considered
for inclusion in reviews assessing the use of DCEs as an
input into economic evaluations.

4.1 Implications for Research and Policy

All studies included in this review used an unlabeled or
generic choice task design, meaning that respondents
were asked to choose between alternatives A and B for
example, with no specific descriptor such as a service
provider type, a mode of administration, or a brand name.
Hensher et al. have suggested that while it is possible to
estimate uptake using such designs, forecasting may be
improved by accounting for differences in scale and cal-
ibration of parameter estimates, which would require
alternative specific constants and therefore a labeled
design [44]. In the case of vaccines, identifying a label
that accurately reflects the choice alternatives may prove
challenging and further work would be required to iden-
tify appropriate labels. While forecasting may still be
achieved with an unlabeled design and generic parame-
ters, this approach is also improved by model calibration
[6], an approach that has not been widely adopted in
health economics.

The external validity of DCEs is a topic of much con-
cern amongst state preference researchers in health eco-
nomics [45]. Two articles included in this review explicitly
investigated the choice processes that participants used in
responding to DCE choice tasks [31, 38]. Further work may
be useful in interrogating discrepancies between prefer-
ences and vaccine uptake or in understanding the effect of
information and education materials on choice.

As further research aims to better understand preferences
for vaccines and vaccine program alternatives, DCEs can be
used to provide important insight into acceptable alternatives.
In conjunction with monitoring of vaccine acceptance rates
and changes in uptake over time and across population groups,
DCEs may be used to provide evidence for interventions that
are most likely to work in what contexts. On the supply side,
studies included in the current review focus on attributes that
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are largely not amenable to policy changes. For example, the
risk of adverse events or the degree and duration of coverage
may be altered in the long term in the vaccine development
process, but in the short term may not be altered by changes
made on the front line in service delivery or programming.

Therefore, efforts to understand the drivers of pref-
erences and uptake and future research aiming to inform
program design and improve uptake should include
elements of service delivery. On the demand side,
additional efforts to understand heterogeneity in prefer-
ences may provide insight into how to better target
programming to individuals that may be less likely to
accept vaccinations or not receive all recommended
doses. Moving forward, adherence to a common set of
criteria in the design and development of DCEs, such as
the checklist developed by the International Society of
Pharmacoeconomics and Outcomes Research Conjoint
Analysis Task Force [12], would ensure that studies are
adequately reported and make it easier for readers to
judge study quality.

5 Conclusion

The use of DCEs to assess preferences for vaccines has
expanded rapidly in the last 5 years. While several high-
quality studies have been identified, we have identified areas
for improvement in the design and analysis of DCE data.

As stated preference approaches are adopted to address
new and varied research questions, we suggest that special
attention be paid to ensuring that the choice context is well
understood and that DCEs are designed to reflect research
aims, particularly where estimating or forecasting uptake is
a specific research goal.
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