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Abstract

Introduction. This study aimed to understand the impact of alternative modes of information provision on the stated
preferences of a sample of the public for attributes of newborn bloodspot screening (NBS) in the United Kingdom.
Methods. An online discrete choice experiment survey was designed using 4 attributes to describe NBS (effect of
treatment on the condition, time to receive results, whether the bloodspot is stored, false-positive rate). Survey
respondents were randomized to 1 of 2 survey versions presenting the background training materials using text from
a leaflet (leaflet version) or an animation (animation version). Heteroskedastic conditional logistic regression was
used to estimate the effect of mode of information provision on error variance. Results. The survey was completed
by 1,000 respondents (leaflet = 525; animation = 475). Preferences for the attributes in the DCE were the same in
both groups, but the group receiving the animation version had 9% less error variance in their responses.
Respondents completing the animation version gave higher ratings compared with the leaflet version in terms of ease
of perceived understanding. Subgroup analysis suggested that the animation was particularly effective at reducing
error variance for women (20%), people with previous children (16.5%), and people between the ages of 35 and 45 y
(11.8%). Limitations. This study used simple DCE with 4 attributes, and the results may vary for more complex
choice questions. Conclusion. This study provides evidence that that supplementing the information package offered
to parents choosing to take part in NBS with an animation may aid them their decision making. Further research
would be needed to test the animation in the health system. Implications. Researchers designing DCE should care-
fully consider the design of their training materials to improve the quality of data collected.
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Highlights

� Prior to completing a discrete choice experiment about newborn bloodspot screening, respondents were
shown information using either a leaflet-based or animated format.

� Respondents receiving information using an animation version reported that the information was slightly
easier to understand and exhibited 9% less error variance in expressing their preferences for a newborn
screening program.

� Using the animation version to present information appeared to have a larger impact in reducing the error
variance of responses for specific respondents including women, individuals with children, individuals
between the ages of 35 and 45 y, and individuals educated to degree level.
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The need for relevant information provided in an accessi-
ble format spans the delivery of many types of health
care interventions and national programs. One example
of a national program in which information provision is
a fundamental requirement is the newborn bloodspot
screening (NBS) program in the United Kingdom.1 In
the United Kingdom, the NBS program involves taking
a drop of blood from the heel of a newborn baby, usually
when they are less than 1 wk old.2 The test occurs early
in life, with the aim of identifying and treating 9 serious
conditions as early as possible to improve the child’s
prognosis. These conditions are phenylketonuria, cystic
fibrosis, sickle cell disease, congenital hypothyroidism,

medium-chain acyl CoA dehydrogenase deficiency,
maple syrup urine disease, isovaleric acidaemia, glutaric
acidaemia type1, and homocystinuria.

The parental decision about whether to allow their
infant to participate in the bloodspot screening program
is a key choice at the start of a child’s life.1 Effective
information provision is seen as core to making a ‘‘good’’
decision and having a choice.3,4 There is also evidence
that information provision may be valued for minimizing
distress, particularly in situations in which further testing
is required after the initial screening test and/or diag-
noses are given.5 Parents potentially participating in an
NBS program must be clear about the potential harms of
NBS (distress following unexpected diagnosis, concerns
about carrier status) as well as the potential benefits.

Publicly available documents for health professionals
clearly outline what information should be given to par-
ents about an NBS program. In the United Kingdome,
this includes making sure the parents have the informa-
tion that they are giving consent for the sample to be
taken, sample to be analyzed in the laboratory and used
for quality assurance, laboratory to send the results to
the child health records department, results being stored
on the child health information system, potential identifi-
cation of their baby as a ‘‘carrier’’ of sickle cell disease or
cystic fibrosis, and referral to specialist services if a result
is positive. Parents must also be aware they are giving
consent for the blood spot card being stored for a mini-
mum period by the laboratory and their baby’s
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anonymized data being used for research studies.6 Up
until early 2019, alongside verbal provision of informa-
tion by a midwife, health professionals were also guided
to provide an information booklet called Screening Tests
for You and Your Baby.7 From May 2019, the United
Kingdom moved to offer the information from this
booklet online, alongside an animation embedded in
material on a separate page for parents on screening tests
in pregnancy.8,9

In active NBS programs across the world, the most
frequent modes of information provision are verbal from
health care professional, leaflets, or a combination of a
leaflet supporting verbal communication.10–12 With the
observed constraints limiting the time available for health
professionals to provide information, leaflets tend to be
the predominant mode of information provision for par-
ents making the informed choice about NBS.1 There are
concerns raised about the use of leaflets, such as poor lit-
eracy levels and evidence that information coverage in leaf-
lets is often not comprehensive and has been suggested to
present a biased picture.13,14 Crucially, there is substantial
evidence to support the assumption that parents do not
read leaflets, and their efficacy in providing useful informa-
tion is limited in the context of making an informed choice
for NBS.1,4,10,12,15–17 Some parents may use the Internet as
an additional source of information gathering. The possi-
bility of using non–paper-based alternative modes of infor-
mation provision, such as videos, has generated mixed
findings.18 Yang et al.19 reported that a 10-min video pro-
vided before birth resulted in parents being more likely to
engage in appropriate postresult behaviors and also to
retain information. However, others reported that mothers
in their sample did not find videos to be an effective com-
munication model.17

Across countries, there are substantial differences in
the type and number of conditions included in an NBS
program and differences in opinion about the appropri-
ate model of consent. Despite an NBS program being in
place for almost 50 y in some countries, an enduring
challenge is the requirement for an evidence-based and
effective mode of information provision.1 Previous stated
preference studies have been used to explore participants’
preferences for the attributes of an NBS or the way in
which information is provided as part of the NBS.20–23

However, no research has been conducted to determine
the potential impact of using different modes of informa-
tion of participants’ preferences and level of perceived
understanding about an NBS. Within this context, this
study aimed to understand the stated preferences of a
sample of the public for attributes of an NBS and
whether the mode of information provision affected

these preferences or the error exhibited by participants in
expressing their preferences. This study also sought to
explore whether the types of information resulted in dif-
ferent levels of improvement or decline in error variance
in different subgroups of the sample. Differences in par-
ticipants’ reported ability to make a decision about
screening having received NBS information in different
formats were also explored.

To address these aims, 4 research questions were
posed. The first research question was, What are they
key drivers of preferences for participation in NBS in the
United Kingdom? The second research question being
addressed was, If, and how, does the mode of informa-
tion provision affect stated preferences for NBS? The
third research question was, Is there evidence that differ-
ent modes of information provision may be particularly
beneficial for different subgroups of the population? The
final research question was, Do different modes of infor-
mation provision affect participant’s self-reported under-
standing of the information and the ease of making a
decision about screening?

Methods

A discrete choice experiment (DCE), embedded in an
online survey, was designed in accordance with pub-
lished criteria and is reported in line with published gui-
dance.24–27 Two versions of the online survey were
created that differed in the mode of information provi-
sion about NBS provided in the training materials at the
start of the survey. The same DCE design and back-
ground questions were used in each version of the online
survey. Ethical approval for this study was granted by
University of Manchester’s Proportionate University
Research Ethics Committee (2020-7102-12847).

Conceptualizing the Choice Question

The choice question defined in the DCE was framed to
understand the stated preferences of a sample of individ-
uals for NBS in the UK setting. The choice question
posed to each respondent was, If you had to choose 1 of
these screening programs, each containing 9 conditions,
which would you choose? Each choice set (see Figure 1)
contained 3 alternatives: screening program 1, screening
program 2, and no screening. No screening represented
the alternative to allow opting out of a NBS program.

Defining Attributes and Levels

The attributes to describe the alternative NBS programs,
and the opt-out alternative, used in the DCE (see Table 1),
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Table 1 Attributes and Levels Used in the Choice Sets

Attribute Levels Justification for Inclusion
Coding of Variable in
Design and Analysis

Type of treatment available Treatment will stop the
disease from getting worse.

Treatment will slow the
worsening of the disease

Treatment will relieve some
of the symptoms
of the disease.

Globally, different NBS programs
include a different range of
conditions. In the United
Kingdom, conditions are added
only if early treatment can
significantly improve outcomes for
patients. In some countries,
conditions are also included to
provide early diagnosis even when
treatment options are more limited.

Effects coded

Time to diagnosis
and start of treatment

3 d
7 d
14 d
21 d

For many inherited diseases,
treatment must be started quickly
to prevent damage. In addition,
long waits for test results may
increase parental anxiety.

Continuous

Is the bloodspot sample stored? Yes
No

Previous research has shown that
many parents are not aware that a
bloodspot is stored for future
research use.

Effects coded

Chance that the initial positive
screening result is wrong

1%
2%
5%
10%

False-positive results from NBS may
cause parental anxiety, and the
number of such results may
increase as the number of included
conditions increases.

Continuous

NBS, newborn bloodspot screening.

Figure 1 Example choice set.
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were identified from a published systematic review of stud-
ies eliciting preferences for antenatal and NBS programs
and qualitative interviews with parents and midwives con-
ducted as part of a larger research study.1,28 Four pub-
lished stated preference surveys were identified that
quantified preferences for a NBS program.20–22,29 The can-
didate attributes selected from these 4 published DCEs,
and the qualitative interviews, were the type of treatment
available for children with inherited diseases that are
detected early by screening, the time from the screening
test to diagnosis and the start of treatment, whether the
bloodspot was stored or not, and the false-positive rate of
screening. Levels for these attributes were assigned based
on the potential values for each level seen in current imple-
mentations of NBS programs.1

Creating the Experimental Design

The experimental design of this DCE aimed to minimize
the potential effect on the error variance of respondents’
choices by reducing the cognitive burden of the survey.
Therefore, a simple design with a relatively small number
of choice sets was created.30,31 A D-efficient design, using
NGene, created the choice sets.32 D-efficiency involves
minimizing the inverse of the variance-covariance matrix
in a maximum likelihood estimation.33 Small prior values
for the coefficients were included to indicate the expected
ordering of the levels as a pragmatic approach to limit
the number of dominant choice profiles appearing in the
design. Each respondent was randomized to answer 7
choice questions. Of the 24 available choice sets, 4 blocks
each containing 6 questions were created. An additional
question was created and added to each of the 4 blocks
as a test for internal validity as a dominance check. The
validity check featured a choice set in which 1 choice pro-
file featured levels that were better or equal to the levels
in the alternative profile. The method proposed by
Tervonen et al.34 was used to predict the failure rate of
the dominance choice question using the results of a
pooled conditional logit model.

The Survey

The survey comprised 5 sections (see Supplementary
Appendix 2): an introduction to the study and training
materials, questions about respondents’ views on the
information, the DCE questions, questions about respon-
dents’ experience of completing the DCE questions, and
demographic questions. Upon clicking the link to enter
the survey, respondents were randomized to receive 1 of
2 versions of the online survey that used training

materials presented as an animated storyline (‘‘anima-
tion’’ version) or the text-based information (see
Supplementary Appendix 1.1) as provided in the NBS
leaflet in the United Kingdom (‘‘leaflet’’ version). Both
versions of the survey contained pages that summarized
the attributes, their definitions, and levels using text-
based information (see Appendix 1.1). This was necessary
so that all respondents had the opportunity to go and re-
read the definition of each attribute in the choice ques-
tions that were presented using summary headings for
each attribute.

After reading the information or watching the anima-
tion, respondents were asked to rate their perceived
degree of understanding on a 5-point scale (1 = very
easy to 5 = very hard) and if they felt it would enable
informed consent for NBS. After completing the 7 choice
questions in the DCE, respondents were asked whether
they believed they would make the same choices in real
life and the degree of difficulty when making the choices
in the survey. Respondents were also asked if they took
account of all 4 attributes when making a choice.

In the final section of the survey, respondents were
asked 2 attitudinal questions and 19 questions to under-
stand their background and experiences. The first attitu-
dinal question used to Health Information Orientation
Scale to seek to determine the degree to which respon-
dents felt they engage with and/or are apprehensive
about receiving health-related information.35,36 The sec-
ond attitudinal question asked respondents to rate the
degree to which they agreed or disagreed with 6 ethical
statements about NBS. The demographic questions
included participants’ gender, number of previous chil-
dren, religion, level of education, whether they or their
partner were currently pregnant, and whether they had
children who had previously received NBS.

Training Materials

Two versions of training materials to be used at the start
of the online survey were created: a text-based version
using information from the current UK NBS leaflet and
an animation. In the DCE, participants were randomized
to receive the version containing only leaflet-based infor-
mation or the version containing only the animation-
based information. The NBS-leaflet version used screen-
shots of the relevant pages from the NBS section of the
leaflet ‘‘Screening Tests for You and Your Baby.’’ In the
United Kingdom, prior to May 2019, this leaflet was
supposed to be given to women and their partners
around weeks 8 to 12 during the pregnancy.37 The ani-
mation version was built around a linear storyline that
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aimed to convey the same information as the leaflet but
also emphasized that the parents had a choice to make
when taking part in NBS. The animation for use in the
second arm of the DCE was developed by the research
team as part of this study. The animation version (see
Supplementary Appendix 1.2) was created by first writ-
ing a script that animators (SciAni)38 turned into a ‘‘car-
toon’’ style story. Three key elements were factored in
the design and how the individuals in the animation were
portrayed: mix of ethnic backgrounds, gender-neutral
colors for the baby’s clothes, and mix of family types.
This creative process was iterative and involved interac-
tion between the animators, the research team, and 3
experts (senior midwife, laboratory scientist, NBS pro-
gram coordinator). The rationale and development of
the script for the animation version was informed by a
study published by Ulph et al. that that included qualita-
tive interviews with 45 parents and 37 health profession-
als, an observation study with 8 midwives. In addition,
the potential role of using non–text-based information
strategies was explored in a DCE completed by 800
respondents including parents.1,20,21

Pilot Study

A version of the online survey was pilot tested by 3 mem-
bers of the public and qualitative feedback collated on
the survey. Based on their feedback, only minor changes
were made to the descriptions of the attributes and levels.
Two quantitative pilot tests of the survey, each compris-
ing 50 respondents, were then fielded to check the coding
of the DCE and that there were no potential problems in
analyzing the data. The 100 respondents were identified
using the same sample frame as the main survey. No
changes were made to the survey based on these quanti-
tative pilot tests.

Study Sample

The sample size required to yield statistically significant
parameter estimates from the observed choice data is
determined by a number of factors including the number
of choice sets, profiles in each choice set, and levels on
each attribute. In addition, the degree of preference het-
erogeneity in the responses also drives the required sam-
ple size.39 This study took a pragmatic approach to
sample size calculation and aimed to recruit a sample of
1,000 members of an Internet panel (using the market
research company Dynata).40 Respondents between the
ages of 18 and 45 y were targeted to make the scenario
of using a NBS program potentially relevant. The study

sample was equally divided (250 in each group) into 4
target groups: men with children, women with children,
men without children, and women without children.

Data Collection

The online survey was programmed using Lighthouse
Studio version 9.8.141 and hosted on a secure server held
by the University of Manchester. All data were held on
this server. Potential respondents, recruited by Dynata,
were sent a link to the survey. On completing the survey,
the respondents were directed back to the Dynata Web
site to receive reimbursement for taking part. The survey
was fielded in February and March 2020 with data col-
lection completed before the COVID-19 pandemic.

Data Analysis

Choosing the logistic regression model specification. The
first part of the analysis explored the choice data col-
lected from the 2 versions of the online survey (animation
or leaflet) using logistic regression models to understand
respondents’ preferences for an NBS program and com-
prised 4 steps. The first step was the identification of the
best specification of the regression model for the com-
bined sample of respondents who had completed the ani-
mation and leaflet version of the online survey. A
conditional logistic regression model was estimated with
all the attributes coded assuming the movement between
levels was linear and continuous. An alternative specific
constant was included to represent the probability that
participants would choose a screening service with no
false-positive results, no wait for results, and mean effects
for the storage of the bloodspot and treatment benefit
compared with no screening. The robustness of this
assumption about linearity was investigated using the
approaches described in Supplementary Appendix 1.3.
After choosing the best functional form of the model,
uncorrelated and correlated random parameter models
were then estimated to allow for potential preference het-
erogeneity and preference and scale heterogeneity in the
data, respectively. The best model was chosen by using
the Bayesian information criterion (BIC), which takes
account of the impact of large number of parameters in a
model and mitigates against the risk of overfitting.

Comparing preferences by mode of information
delivery. The second part of the data analysis aimed to
understand whether the animation version of the survey
changed respondents’ ability to state their preferences
for an NBS program and comprised 2 steps. The first
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step of this analysis aimed to determine the degree of
error variance in the stated preferences from the
observed choice data collected from each version of the
online survey (animation or leaflet). The concept of
‘‘error variance’’ is used to refer to any influence or fac-
tor that people use to make their choices that is not
explicitly described in the attributes and levels used in
the experimental design. It was hypothesized that infor-
mation that was more engaging would result in partici-
pants having a better understanding of the key attributes
of a screening program, thereby exhibiting less error
when expressing their preferences. Using the results of
the best-fitting regression model estimated in step 4 of
part 1 of the analysis, marginal rates of substitution
(MRS) were calculated to control for potential scale het-
erogeneity as the result of comparing between 2 survey
versions.42,43 Calculating MRS requires specification of
an attribute to use in the denominator. Confidence inter-
vals for the MRS were calculated using the delta
method44, with statistical significance set at P = 0.05. If
the estimated confidence intervals for the MRS of each
attribute overlapped, then it was concluded that there
was no difference in the preferences between the respon-
dents completing the animation or leaflet version of the
online survey (preference homogeneity). The second part
of this analysis aimed to quantify the degree of error var-
iance (testing for scale heterogeneity) in the estimated
coefficients for each online version of the survey (anima-
tion or leaflet) using a heteroskedastic conditional logis-
tic regression. The scale parameter, which was used to
quantify the observed error variance in each group of
respondents (text version or animation version) was esti-
mated for the full sample of respondents and excluding
those respondents who failed the dominance test ques-
tion. In addition, the number of participants who always
chose the profile with a better level (attribute dominance)
of the time to results attribute or false-positive results
attribute was calculated and the scale parameter esti-
mated with and without these participants included in
the data.

Impact of different modes of information delivery on sam-
ple subgroups. The next stage of the analysis aimed to
determine whether a particular version of the online sur-
vey (animation or leaflet) had an impact on preferences
for specified subgroups of the respondents. Individual
heteroskedastic conditional logistic regression models
were estimated for a prespecified list of subgroups (men
v. women, people with previous children v. people with
no previous children, different age bands, women or men
whose partners were currently pregnant v. those who

were not, and people who had previously received screen-
ing v. those who had not).

Effect of different modes of information delivery on self-
reported understanding and ease of decision making. The
final stage of the analysis aimed to identify whether the
mode of information provision (animation or leaflet)
influenced the degree of self-reported level of under-
standing by respondents completing each version of the
online survey. Data from the 2 questions collected using
the 5-point rating scale, summarized as a mean overall
score for each question, were analyzed. The mean scores
for the animation version and leaflet version were com-
pared using Mann-Whitney U tests (with a statistical dif-
ference defined as P \ 0.05). The mean scores for each
prespecified demographic group were also compared to
explore whether the leaflet or video were particularly
well or poorly understood by different groups.

Results

A total of 1,000 respondents (see Table 2) completed the
online survey (animation version = 475 respondents;
leaflet version = 525 respondents). Participants spent a
median of 52 s reading the text-based information and
6.22 min watching the animation. Details of the demo-
graphic makeup of the 2 groups can be found in Table 2.
Of the 1,000 respondents, 176 (17.6%) failed the internal
validity test but were retained in the data set in line with
common practice.45 The observed failure rate of 17.6%
was less than the 30% predicted by the method proposed
by Tervonen and colleagues, indicating that the data
were of good quality.34 In total, 19.4% of the sample dis-
played dominant preferences for a single attribute, with
most of these always choosing profiles with lower false-
positive rates (15.1%). A minority of individuals
(n = 16, 1.6%) always chose the no-screening program
option in each choice set, and these were retained in the
data set as it is possible that some respondents object to
NBS on religious or other grounds. These respondents
were divided equally between the animation-version
(n = 8) and leaflet version of the survey (n = 8), sug-
gesting that the mode of information provision did not
influence respondents’ preferences about whether to opt-
out of the NBS as described.

Preferences for a NBS Program

The uncorrelated random parameter logit model had the
lowest BIC of the 3 candidate models and was chosen to
compare the preferences of the 2 groups. Table 3 shows
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the results of this model with the attributes coded as
described in Table 1. These results indicated homogene-
ity in the preferences across the respondents completing
each of the 2 versions (animation or leaflet) of the online
survey. The calculated MRS are also shown using ‘‘time
to results’’ as the denominator. Supplementary Appendix
1.3 shows the results of the visual inspection tests for

linearity in the 2 attributes: time to results and percent-
age of false positive. Supplementary Appendix 1.3 also
outlines the results of the process taken to choose the
correct functional form for these 2 attributes. The final
chosen model used piecewise parameters for false-
positive rates with a knot at 5% to allow for nonlinear
preferences.46

Table 2 Respondent Characteristics

Characteristic Animation Version, n = 475 (%) Leaflet Version, n = 525 (%)

Gender
Male 236 (49.7) 264 (50.3)
Female 239 (50.3) 261 (49.7)

Age band, y
18 to 24 55 (11.6) 65 (12.4)
25 to 34 178 (37.4) 189 (36.0)
35 to 45 242 (50.9) 271 (51.6)

Number of children
None 233 (49.1) 267 (50.9)
1 130 (27.4) 113 (21.5)
2 78 (16.4) 108 (20.6)
�3 34 (7.2) 37 (7.0)

Level of education
No formal qualifications 7 (1.4) 4 (0.8)
1 to 4 O-levels/GCSEs 17 (3.8) 12 (2.3)
5+ O-levels/GCSEs 37 (7.8) 41 (7.8)
National vocational qualifications 45 (9.4) 47 (9.0)
A-levels/AS-levels 91 (19.2) 110 (21.0)
Undergraduate degree 173 (36.4) 204 (38.9)
Master’s degree 81 (17.1) 87 (16.6)
PhD 18 (3.8) 13 (2.5)
Other formal qualification 6 (1.3) 6 (1.1)

Religion
No religion 248 (52.2) 270 (51.4)
Christian 178 (37.5) 191 (36.4)
Buddhist 10 (2.1) 9 (1.7)
Hindu 8 (1.6) 16 (3.0)
Jewish 1 (0.2) 6 (1.1)
Muslim 24 (5.1) 26 (5.0)
Sikh 2 (0.4) 2 (0.4)
Other 4 (0.8) 5 (1.0)

Currently pregnant (or partner is pregnant)
Yes 32 (6.7) 38 (7.2)
No 436 (91.8) 480 (91.4)
Don’t know 7 (1.5) 6 (1.1)

Number of previous pregnancies
None 237 (49.9) 263 (50.1)
1 116 (24.4) 111 (21.1)
2 82 (17.3) 87 (16.6)
�3 40 (8.4) 63 (12.0)

Previously offered newborn bloodspot screening
Yes 92 (19.4) 105 (20.0)
No 120 (25.2) 122 (23.2)
Don’t know 30 (6.3) 31 (5.9)

GCSE, general certificate of secondary education.
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A comparison of the calculated MRS (see Table 3),
which corrects for the potential effect of scale heteroge-
neity,42,43 indicates that the preferences of respondents
completing the animation version of the online survey
did not statistically significantly differ from the observed
preferences of respondents completing the leaflet version
of the online survey. The observed result was less nega-
tive MRS for the attribute ‘‘time to result’’ for respon-
dents who completed the leaflet version of the online
survey, suggesting that this group showed a modest
(albeit not statistically significant) preference for
improvements in time to result as part of an NBS
program.

The preferences from all respondents indicated they
placed a high intrinsic value on participating in an NBS
program. All respondents showed preferences in line with
a priori expectations and disliked increasing levels of
false-positive results in an NBS program. All respondents
preferred an NBS program that featured conditions in
which progression could be stopped by early treatment
with a lower preference for an NBS program that only
slowed disease progression or relieved symptoms from
the conditions. None of the respondents indicated strong
preferences for whether the bloodspot sample was stored.
On average, respondents were willing to wait 129 d for a
result (animation version) or 124 d for a result (leaflet
version) as part of an NBS program. The preferences for
attributes of an NBS in each group were not affected
when participants who failed the internal validity test
were removed.

Impact of Mode of Information Provision on
Stated Preferences for an NBS Program

Table 4 shows the results of a heteroskedastic conditional
logistic regression to identify observed differences in the
error variance of respondents completing each version
(animation or leaflet) of the online survey. These results
indicated that respondents who completed the animation
version of the online survey exhibited less error variance
in their responses. This result was statistically significant
at the 5% level. The calculated scale parameter for the
sample receiving the animation-based information in this
analysis was 1.09 (95% confidence intervals: 1.01–1.18),
indicating that those receiving the animation exhibited
9% less error variance in expressing their preferences.
This scale parameter figure is calculated by taking the
exponent of the error variance term produced in the het-
eroskedastic condition logit (0.088). When respondents
who failed the dominance test were excluded from the
sample, the estimated scale parameter for respondents
who completed the survey with the animation version
was 1.08 (95% confidence interval: 1.00–1.17). When
respondents who always chose the better or worse levels
of the continuous attributes were removed, the estimated
scale parameter for participants completing the anima-
tion version was 1.09 (95% confidence interval 1.00–
1.19). When both participants who failed the dominance
test and participants with attribute-dominant preferences
were removed, the estimated scale parameter rose to 1.10
(95% confidence interval 1.01–1.20).

Table 3 Results of the Uncorrelated Random Parameter Logit Model to Estimate Preferences for a Newborn Bloodspot
Screening Program in the United Kingdom

Attribute and Level

Video Leaflet

Coefficient MRS CIs Coefficient MRS CIs

Constant for NBS compared with no screening 7.180*** 210.68 154.69 to 266.67 5.994*** 194.27 146.36 to 242.19
Treatment stops progression 0.685*** 20.11 14.22 to 26.00 0.638*** 20.66 14.86 to 26.47
Treatment slows progression 20.159** 24.66 27.59 to 21.73 20.092* 22.98 25.62 to 20.34
Treatment reduces symptoms 20.527*** 215.45 220.57 to 10.33 20.546*** 217.68 222.98 to 212.39
Bloodspot is stored 0.005 0.138 21.51 to 1.79 0.009 0.28 21.35 to 1.92
Bloodspot is not stored 20.005 20.138 21.79 to 1.51 20.009 20.28 21.92 to 1.35
False-positive rate up to 5% 20.230*** 26.74 28.95 to 24.53 20.2067*** 26.70 28.90 to 24.50
False-positive rate more than 5% 20.084** 22.47 24.24 to 20.70 20.087*** 22.82 24.53 to 21.09
Time to results 20.034*** — — 20.031***

CI, confidence interval; MRS, marginal rates of substitution; NBS, newborn bloodspot screening.
*Significant at the 5% level.
**Significant at the 1% level.
***Significant at the 0.1% level.
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Supplementary Appendix 1.4 reports the estimated
scale parameter for subgroups of the respondent sample
that completed the animation version of the online sur-
vey. This analysis suggested that using an animation was
particularly effective at improving the error variance of
choices (reducing the error variance) of respondents who
were female, have children, and are aged between 35 and
45 y. The influence of the animation version for respon-
dents with different levels of education was less clear.
The error variance of the responses from people with
degree-level education was improved by the animation
version. However, although the animation improved the
error variance of the responses from people educated to
the level of secondary school exams, the observed error

variance of the responses from people with vocational
qualifications was higher. The sample size for these
groups was small (17 and 45, respectively), so caution
should be taken in interpreting the results. No significant
effect of the animation version was observed in any reli-
gious group apart from Christians, who had lower error
variance. However, this group, along with people with
no religion, may have been the only groups with suffi-
cient sample size to observe an effect.

Self-Reported Level of Understanding

Figure 2 shows the results from the 2 questions that asked
respondents to self-report the level of understanding once
they had watched or read the training materials. These
results show that respondents, in general, reported they
found the information either ‘‘very easy’’ or ‘‘easy’’ to
understand in both formats of the training materials (ani-
mation or leaflet). The Mann-Whitney U tests for statisti-
cally significant differences using the mean score from
these questions indicate that, on average, respondents
watching the animation self-reported that it was easier to
provide informed consent based on this information.
Removing participants who had failed the internal valid-
ity test did not affect the mean self-reported understand-
ing or ability to provide informed consent of either group.

Self-reported ease of understanding of the information
was better for the video compared with the leaflet across
demographic groups, with the exception of individuals
with 5+ O levels or general certificates of secondary
education, national vocational qualifications (NVQ), and
Buddhist or Sikh religion (see Supplementary Appendix
SA1.4.2). While these groups had a small sample size, the

Figure 2 Self-reported level of understanding of training
materials.
1. Mann-Whitney U test Prob . |z| = 0.008.

2. Mann-Whitney U test Prob . |z| = 0.000.

Table 4 Results of the Heteroskedastic Conditional Logistic Model to Quantify Differences in Error Variance between the
Samples

Attribute/Level Coefficient P Value Confidence Interval

Constant for NBS compared with no screening 2.657*** 0.001 2.499 to 2.814
Treatment stops progression 0.383*** 0.001 0.336 to 0.429
Treatment slows progression 20.079*** 0.001 20.121 to 20.037
Treatment reduces symptoms 20.304*** 0.001 20.349 to 20.258
Bloodspot is stored 0.004 0.79 20.023 to 0.030
Bloodspot is not stored 20.004 0.79 20.030 to 0.023
False-positive rate up to 5% 20.137*** 0.001 20.163 to 20.112
False-positive rate over 5% 20.041** 0.001 20.065 to 20.018
Time to results 20.021*** 0.001 20.025 to 20.017
Error variance term
Video 0.088* 0.027 0.010 to 0.166

NBS, newborn bloodspot screening.

*Significant at the 5% level.

**Significant at the 1% level.

***Significant at the 0.01% level.
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finding that the video was worse for participants with
NVQs (although not statistically significantly) aligns
with the finding from the DCE that the video resulted in
higher error variance for these participants.

Discussion and Conclusions

Discussion

This study was motivated by the premise that animation-
based training materials, rather than the standard text-
based leaflet format, would facilitate information provi-
sion for respondents indicating their preferences for a
NBS program.1 It was hypothesized that if an animation
was used, respondents’ preferences for a NBS program
would not be influenced but that there would be more
less error variance in the observed stated preferences.
This study, using an age-stratified representative sample
of the UK public, suggested that using an animation as
training materials did not change the observed stated
preferences for a NBS program, but it did change the
error variance of the stated preferences. The reduced
error variance of preferences was particularly relevant in
respondents who were female, with children, between the
ages of 35 and 45 y, and with a degree-level education.
However, the video increased error variance for individu-
als with NVQs. More participants in the video arm
reported that the information was easy to understand as
compared with those in the leaflet arm, and this finding
was generally consistent across demographic groups,
with the exception of some lower education level groups.
The results of this study suggest that introducing an ani-
mated storyline into the package of information cur-
rently provided to inform parents about bloodspot
screening as part of a national program may be benefi-
cial, although individuals should be able to choose which
mode of information provision is most suitable to them.

This study indicated all participating respondents
would take up an NBS program as described in the choice
experiment in instances in which the NBS program could
enable the early detection of conditions whose progres-
sion could be stopped by early treatment. In contrast,
respondents were less likely to choose an NBS program in
which early detection only slowed the disease or relieved
symptoms. These finding have face validity suggesting
that respondents were engaging with the survey questions.
Neither the storage of the bloodspot sample nor increased
rates of false-positive results were strong drivers of prefer-
ences for an NBS program in this study.

There is some evidence that using animations for infor-
mation provision may provide more effective information
exchange than traditional text-based information. For

example, 1 DCE compared the effect of information pro-
vided in text or via an animated storyline on the prefer-
ences of members of the public for a biologic calculator
in rheumatoid arthritis.47 The researchers found evidence
that respondents receiving an animated storyline as part
of the DCE training materials exhibited 20% less error
variance in their responses than those receiving text-based
information. In another DCE and broader survey to
investigate the effects of video versus text-based informa-
tion on preferences for ovarian cancer treatment, no dif-
ferences in error variance were identified, but respondents
receiving the video were more likely to correctly answer
questions testing respondents’ understanding of the infor-
mation.48 These results suggest that including engaging
training materials may be beneficial in producing results
with less error variance, and therefore greater statistical
significance, from the same sample of participants.
Researchers should also be aware that the design and
conduct of a DCE is an art not a science that can follow
a formulaic approach. Producing animation-style training
materials is more expensive than generating text versions.
Therefore, researchers need to assess whether the benefits
(more informative results) are worth the additional costs
when compared with other strategies such as increasing
the sample size completing the survey. To address this
question would require a formal evaluation using a cost-
effectiveness framework to quantify the incremental costs
and benefits of animation versions of training materials
compared with expanding the sample frame.49

The key limitation of this study is the use of responses
to a DCE as a proxy for parents’ level of understanding
of NBS for the purpose of providing informed consent
for screening. To reduce the complexity of the choice
tasks, only 4 attributes were used, and in reality, parents
may base the decision as to whether their child should be
screened on more aspects of NBS. It is therefore impor-
tant that the video-based animated storyline is fully
tested to determine whether the improvements in error
variance identified in this study are reflected in improve-
ments in the ability of parents to provide informed con-
sent for screening. This is particularly important given
potential indications that the animation may have
increased error variance for participants with vocational
qualifications. Further qualitative research may help to
explain why the animation appeared to increase error
variance for this group while reducing error variance for
women, people with children, and people between the
ages of 35 and 45 y. When comparing these with results
with the self-reported ease of understanding of the infor-
mation, the groups that exhibited lower error variance in
the video arm also appeared to have a high reported level
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of understanding across both the leaflet and video arms.
It may be that those with previous children remember
receiving previous information about NBS and that
people between the ages of 35 and 45 y are more likely
to have children in the sample. In addition, women
who have had children may be more likely to be the
primary decision maker about a child’s health, meaning
that they have engaged more with previous information
and the information presented in the DCE. Further
qualitative research would be needed to explore these
hypotheses.

When directly asked how easy it would be to provide
informed consent based on the information provided in
the animated storyline, respondents provided an average
rating that lay between ‘‘very easy’’ and ‘‘easy,’’ and it
was deemed easier to provide informed consent based on
the animated storyline than text-based information.
However, there may be other aspects of the delivery of
the video and leaflet that affect people’s ability to access
and take on board the information provided. For exam-
ple, parents would have to take the time to find a video on
the internet on their computer or smartphone. Some par-
ents may not have easy access to the internet, and so a
focus on video-based information may not be an equitable
solution to informing parents about NBS. Participants
also spent much longer watching the animation than read-
ing the leaflet. This may be because the video is more
engaging or may indicate that participants did not pay suf-
ficient attention to the leaflet-based information. Further
research is needed to determine how long it takes to read
the information in full in order to check whether the read-
ing times in this study were too fast.

While the animation was designed using the same
content of information as the leaflets, there were some
differences between the versions. The animation con-
tained orientating statements at the beginning including
the reasons why patients were receiving the information
and why screening was conducted, which were not present
at the beginning of the leaflet-based information. The ani-
mation specifically mentions midwives as giving the infor-
mation, whereas the leaflet refers more generically to
health professionals. The animation directly states that
individuals can choose to screen or not screen, while the
leaflet does not specifically mention the ability to fully opt
out. Finally, the animation mentions that there is a choice
as to whether the blood spot is stored, whereas the leaflet
states that it is stored for 5 y. Other aspects of the video
may have driven differences in preferences, and it is not
possible to fully disentangle these. For example, the ani-
mation was designed using diverse ethnicities in health
professional roles, whereas the leaflet features very few

images in general. This diversity, among other varying fac-
tors, may hypothetically have increased engagement with
the materials beyond the effect of video versus leaflet-
based information.

Combined, the differences between the versions of
information shown to participants make it very difficult
to disentangle which aspect of the animation made it eas-
ier to understand and resulted in lower error variance than
the text-based information. Further qualitative research
would be beneficial to identify which specific aspects of the
information were beneficial from both a clinical and meth-
odological perspective. However, an interesting finding of
this study is that, despite these differences, particularly
with regard to the presentation of choice about screening
and bloodspot storage, there was no difference in prefer-
ences for the screening program itself.

Conclusion

This result supporting the use of animation to provide
information is of relevance for analysts designing train-
ing materials as part of choice experiments to elicit pre-
ferences for health care interventions. This finding is also
relevant to inform the provision of different formats of
information to enable informed choice in the health care
context as part of national blood spot screening pro-
grams. This study also demonstrated that different
modes of information provision may have different
impacts on participants’ ability to express their prefer-
ences. As such, service providers should consider provid-
ing informational materials in a variety of formats so
that patients can choose the mode of information deliv-
ery they find most engaging.
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