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Sub-optimal vaccination coverage and recent outbreaks of vaccine-preventable diseases serve as a reminder that
vaccine hesitancy remains a concern. ImmunizeCA, a new smartphone app to help track immunizations, may address
several reasons for not vaccinating. We conducted a study to describe demographic variables, attitudes, beliefs and
information sources regarding pediatric vaccination in a sample of childbearing women who were willing to download
an immunization app. We also sought to measure their current mobile usage behaviors and determine if there is an
association between participant demographics, attitudes, beliefs and information sources regarding pediatric
vaccination and mobile usage. We recruited participants using a combination of passive and active methods at a
tertiary care hospital in Ottawa, Canada. We used surveys to collect demographic information, examine attitudes,
behavior, and information sources regarding immunization and self-reported mobile phone usage. A total of 54 women
participated. The majority had positive attitudes toward vaccination (96%) and intended to vaccinate their children
(98%). Participants were interested in information on pediatric vaccination (94%), and found information from public
health the most reliable and accessible (78%). Participants also trusted immunization information from their doctor or
nurse and public health (83%) more than other sources. There was variability in participant use of mobile apps for other
purposes. The median participant mobile readiness score was 3.2. We found no significant associations between
participant age, behavior and attitudes regarding vaccination and mobile readiness scores. This is the first evaluation of
mobile readiness for a smartphone app to track immunizations. Our findings suggest that there exists an opportunity to
provide reliable information on vaccination through mobile devices to better inform the public, however predictors of
individual engagement with these technologies merits further study.

Introduction

Technology and technological applications are increasingly
being utilized in health care settings. For immunization, recall/
reminder text messages have been successful in increasing cover-
age in both pediatric and adult populations.1 In addition, they
are preferred by users over traditional reminder methods such as
mail or phone 2 and can be simple, short, and personalized.2-4

Recall/reminders are relatively passive, offer cost effective scal-
ability, and ease of customization based on age group, gender
and medical condition. However, text messaging has character
restrictions (»160) and requires accurate contact information
which can be challenging over time.1 Using contemporary meth-
ods such as email and smartphone applications (apps) offer the
advantages of text messaging (scalability, low cost and automatic
customization) while mitigating some of the challenges (stable

form of contact and character limits).5 However, they may
require more active engagement in order to achieve change and
there exists a paucity of literature examining the effectiveness and
acceptability of email reminders and smartphone applications to
increase vaccination coverage.6

ImmunizeCA is a free smartphone app that permits Canadian
users to track immunizations.7 Current adult and pediatric
schedules are embedded allowing users to enter immunizations
and the app creates a virtual immunization card which resembles
the official paper record for each profile entered in the app. The
app also has a reminder system, which can sync to the device’s
calendar app and creates custom notifications for upcoming or
overdue immunizations. The app has direct links to Immuniza-
tion Fact Sheets and information on vaccine-preventable disease
(VPD) outbreaks, and has the ability to notify parents if their
child is at risk.
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Particularly in vulnerable infants, on-time vaccination is criti-
cal in preventing morbidity and mortality from VPDs. In gen-
eral, factors known to inhibit on-time vaccination include:
concerns about vaccine safety, which are increasingly dissemi-
nated via the Internet, challenges understanding the vaccination
schedule, logistical issues related to attending vaccination
appointments, and finally, the belief that vaccination is unneces-
sary because VPDs are rare.8 ImmunizeCA has features which
address each of these factors and thus has the potential to impact
vaccine hesitancy and on-time vaccination coverage.

However, the readiness of individuals to utilize a mobile app
for interacting with personal health information, specifically, for
tracking immunizations and accessing vaccine information
remains uncertain. We are conducting an ongoing, longitudinal
study to evaluate the impact of a smartphone mediated applica-
tion in maternal adherence to on-time pediatric vaccination. As a
necessary first step, we measured baseline immunization atti-
tudes, information sources and mobile usage behaviors of a sam-
ple of childbearing women who were willing to download the
app. Specifically, the objective of this study was to describe par-
ticipant baselines attitudes, beliefs and information sources for
pediatric vaccination and current mobile usage behavior. We also
sought to determine if there is an association between vaccination
attitudes, beliefs and mobile usage behavior.

Results

Characteristics of participants
A total of 54 women consented to participate and all com-

pleted the survey. 20% of participants were recruited through
passive methods, and 80% were through active methods.

We had one individual who was interested in participating
who was deemed ineligible due to her device (Blackberry Q10).
An additional 5 individuals contacted research staff to participate
and then were nonresponsive; they did not provide consent or fill
out the survey.

The mean age of the study population was 31.8 years
(Table 1). Over half (63%) of the participants were first-time
mothers and 96% indicated they were married or in a common
law relationship. Nearly all (93%) had completed a post-second-
ary diploma or degree. When asked to identify all of the type(s)
of health care provider(s) mothers expected to be involved in
their child’s future health care, the majority selected family doc-
tor or pediatrician (79% and 37% respectively). Over a quarter
mentioned a non-physician and 33% reported planning to seek
healthcare for their child from more than one provider.

Attitudes, beliefs and behaviors regarding vaccination
The vast majority of participants agreed or strongly agreed

that vaccines prevent serious infectious diseases (96%), most
agreed or strongly agreed that on-time vaccination was important
for their child (86%), and 89% believed that other people’s chil-
dren should be vaccinated (Table 2). Over a quarter of respond-
ents agreed or strongly agreed that the risk of vaccination
outweighed the benefits (26%). When asked if vaccines were

given at too young an age, 70% of participants disagreed or
strongly disagreed. Nearly all participants agreed or strongly
agreed that they planned on vaccinating their child (98%)
(Table 2). Overall, 22% of participants agreed and nearly 10%
neither agreed nor disagreed that they may forget their child’s
vaccination appointments. A larger proportion of first-time
mothers (27%) agreed that they may forget their child’s vaccina-
tion appointments, as compared to mothers of more than one
child (15%).

Information sources
When asked about the reliability and accessibility of pediatric

vaccine information from various sources and which sources were
most trusted, the majority of participants (92%) were very inter-
ested in information about pediatric vaccination (Table 2) and
66% agreed or strongly agreed it was generally available and
accessible. Participants identified public health as the most reli-
able (76%) and trusted source (87%). Half of participants (50%)

Table 1 Demographics of study participants

Measure All Participants n D 54

Mean Age (SD) 31.8 (4.6)
First Time mother, n (%)

Yes 34 (63.0)
No 20 (37.0)

Number of previous children, n (%):
0 34 (63)
1 15 (27.8)
2 3 (5.6)
3 2 (3.7)

Relationship Status, n (%):
Married or common-law 52(96.3)
Dating 0(0.0)
Divorced/Separated 0(0.0)
Single 1(1.9)
Unanswered 1(1.9)

I will seek health care for my child(ren) from
the following sources, n(%): *

43(79.6)

Family Doctor
Pediatrician 20(37.0)
Nurse Practitioner 9(16.7)
Complementary and Alternative Medicine Provider 5(9.3)
Multiple sources 18(33.3)

Highest education level attained, n(%):
<High School 0(0.0)
High School 1(1.9)
Some post-secondary 3(5.6)
Community college/ technical school diploma 8(14.8)
Undergraduate Degree 21(38.9)
Graduate Degree 21(38.9)

Current occupation status, n(%):
Not employed outside of the home 6(11.1)
Student 1(1.9)
employed part-time 4(7.4)
Employed Full-time 40(74.1)
Self employed 2(3.7)
Maternity leave 2(3.7)
Self employed 2(3.7)

** Selections are not mutually exclusive and thus, may add to more than
100%.
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agreed or strongly agreed information is reliable and accessible on
the Internet, while only a third (33%) of participants agreed or
strongly agreed that information is reliable and accessible through
mobile devices, while nearly half (49%) responded that they nei-
ther agreed nor disagreed with this statement.

Mobile device usage, mobile readiness scores and association
with vaccination attitudes and behaviors

The vast majority (86%) of participants reported using apps
on their smartphones regularly to obtain information (e.g. transit
schedules, weather news) (Table 3). Organizational apps (such as
scheduling, guides and planners) were also reported to be used by
many participants (58% responded often or always). There was
considerable variability in the responses about using smartphones
to manage bank transactions (Table 3). Educational apps such as
language learning programs were reportedly the least used, with
just over a quarter of participants reporting using them often or
always. Similarly, fitness and health apps were only reported to
be used by 35% of participants. In total, we observed 21 different
mobile readiness scores ranging from 1 to 5 (Fig. 1). The median

was 3.2(IQR 1.2) with 21(38%) participants scoring between 3
and 4 on our scale.

In our posthoc analyses, we did not identify any significant
associations between behaviors and attitudes about vaccination
and the mobile readiness scores. There was no statistically signifi-
cant linear correlation between participant age and mobile readi-
ness score (p D 0.66). Mobile readiness scores were not
significantly different between first-time mothers and mothers
who had previous children (p D 0.37).

Discussion

Ensuring high on-time vaccination coverage is a priority for
public health programs. This is particularly important with the
re-emergence and transmission of VPDs such as measles and per-
tussis in developed countries and the continued transmission in
developing countries. Vaccine hesitancy has been partly fuelled
by anti-vaccinationists leveraging the Internet and social media
to communicate their messages,9 individuals seeking information

Table 2 Attitudes and Behavior and Information sources regarding vaccination

Responses

Total Participants, n D 54

Survey Questions Missing Strongly Disagree Disagree Neither agreenor disagree Agree Strongly agree

The risk of vaccination outweighs the benefits, n(%) 0 (0.0) 20 (37) 17(31.5) 3(5.6) 2(3.7) 12(22.2)
Vaccines prevent serious infectious diseases, n(%) 0(0.0) 0(0.0) 0(0.0) 2(3.7) 16(29.6) 36(66.7)
Vaccines cause disease, n(%) 1(1.9) 31(58.5) 17(32.1) 3(5.7) 1(1.9) 1(1.9)
Vaccines are given at too young an age, n(%) 0(0.0) 20(37.0) 17(31.5) 9(16.7) 4(7.4) 4(7.4)
I believe vaccinating on-time is important for my child’s

health, n(%)
0(0.0) 2(3.7) 2(3.7) 3(5.6) 12(22.2) 35(64.8)

I believe that other people’s children should be
vaccinated, n(%)

0(0.0) 0(0.0) 0(0.0) 6(11.1) 20(37.0) 28(51.9)

I plan to have my own child vaccinated, n(%) 0(0.0) 1(1.9) 0(0.0) 0(0.0) 14(25.9) 39(72.2)
I may forget my child’s vaccination appointments, n(%) 0(0.0) 21(38.9) 16(29.6) 5(9.3) 12(22.2) 0(0.0)
I plan to use Complementary and Alternative Medicine

for my child, n(%)
0(0.0) 9(16.7) 13(24.1) 22(40.7) 9(16.7) 1(1.9)

Reliable vaccination information is generally available
and accessible, n(%)

0(0.0) 0(0.0) 10(18.5) 8(14.8) 26(48.1) 10(18.5)

Reliable vaccination information is available and
accessible from Public Health, n(%)

0(0.0) 0(0.0) 3(5.6) 10(18.5) 25(46.3) 16(29.6)

Reliable vaccination information is available and
accessible from the Internet, n(%)

0(0.0) 1(1.9) 12(22.2) 14(25.9) 22(40.7) 5(9.35)

Reliable vaccination information is available and
accessible from Mobile Devices, n(%)

1(1.9) 1(1.9) 8(15.1) 26(49.1) 15(28.3) 3(5.7)

Reliable vaccination information is available from
Complementary and Alternative Medicine providers, n
(%)

1(1.9) 4(7.5) 8(15.1) 36(67.9) 5(9.4) 0(0.0)

I am interested in information about pediatric
vaccinations, n(%)

1(1.9) 0(0.0) 1(1.9) 2(3.8) 30(56.6) 20(37.7)

I trust information from the Internet about pediatric
vaccinations, n(%)

0(0.0) 0(0.0) 19(35.2) 28(51.9) 7(13.0) 0(0.0)

I trust information from my doctor or nurse about
pediatric vaccinations, n(%)

2(3.7) 0(0.0) 5(9.6) 4(7.7) 17(32.7) 26(50.0)

I trust information from my Complementary and
Alternative Medicine provider about pediatric
vaccinations, n(%)

0(0.0) 6(11.1) 10(18.5) 30(55.6) 7(13.0) 1(1.9)

I trust information from Public Health about pediatric
vaccinations, n(%)

0(0.0) 1(1.9) 2(3.7) 4(7.4) 29(53.7) 18(33.3)
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from sources such as the Internet and friends and family are pre-
dictive of intention to peruse an alternative immunization sched-
ule.10 In addition, studies have shown that simply searching
“vaccination” on the Internet yields up to 60% anti-vaccine con-
tent.11,12 In this study, although most of our study population
viewed vaccination positively, was highly interested in informa-
tion regarding pediatric vaccination, and used mobile devices reg-
ularly, more participants agreed that reliable vaccination
information is available and accessible from the Internet than on
mobile devices. We also found no evidence of association
between attitudes or behavior toward vaccination and mobile
device usage. We believe we have identified an opportunity to
provide reliable and accessible immunization information
through mobile devices. This may also present a novel mecha-
nism for public health officials to circumvent the Internet and
communicate directly with parents.13-15

While the opportunities posed by personal, mobile immuniza-
tion records appear to be vast, they may only be realized if the
public is receptive and the technology can achieve widespread
adoption. In order to gauge readiness of individuals to utilize
smartphones as a method of tracking immunizations, we
reported on participant’s current smartphone behaviors as a

proxy for mobile readiness. The specific questions we used to
assess mobile readiness reflected the 2 factors which were found
to be highly predictive of technology readiness in the 2014 assess-
ment of TRI construct validity: the number of online behaviors
engaged in during the past year and the number of technology-
oriented behaviors.16 These were reflected in the questions we
asked participants regarding their mobile usage for other pur-
poses (Table 3). These questions used to assess mobile readiness
have not been used by others. The TRI, however, has been previ-
ously used in research by over 127 groups in 30 countries.16 In
contrast to the homogeneity of vaccination attitudes, we observed
a wide variety of mobile readiness scores (Fig. 1). This may be an
important factor to consider, as individuals may not be equally
likely to adopt an app, despite having uniform attitudes regarding
vaccination. However, the predictive value of these questions will
need to be further validated. TR may be an important predictor
or technology-related behaviors, although data on its impact in
the health care context is still scarce.17,18.

This study had several notable strengths. We captured partici-
pants during an important period to evaluate their attitudes
toward vaccination, just prior or just after having a child.
Another strength of this study was that all participants who con-

sented to participate completed the sur-
vey. Our study is also, to the best of our
knowledge, the largest sample of com-
pleted surveys related to a vaccination
app, and the only evaluation of mobile
readiness for a vaccine tracking app for
smartphones.

Limitations of this study included
the homogeneity in the responses
related to vaccination attitudes, which
suggests the sample is likely not repre-
sentative of the general population. Our
sample size also limited the power of
the study to detect associations between
mobile usage and vaccination attitudes
although it is consistent with other
studies conducted to evaluate the feasi-
bility, acceptability or efficacy of smart-
phone mediated interventions for
health.19-29 However, our ability to
detect associations was more limited by

Table 3Mobile Device Usage

Responses

Total Participants, n D 54

Missing Never Rarely Often Sometimes Always

Managing bank transactions, n(%) 0(0.0) 15(27.8) 8(14.8) 14(25.9) 6(11.1) 11(20.4)
Using information apps (train schedules, weather, news), n(%) 0(0.0) 1(1.9) 1(1.9) 20(37.0) 7(13.0) 25(46.3)
Using entertainment apps (gaming), n(%) 1(1.9) 9(17.0) 12(22.6) 12(22.6) 10(18.9) 10(18.9)
Using educational apps (language learning programs, reference works), n(%) 0(0.0) 14(25.9) 13(24.1) 11(20.4) 13(24.1) 3(5.6)
Using organizational apps (financial planning, voice recording, scheduling,

nutritional guides), n(%)
0(0.0) 4(7.4) 6(11.1) 23(42.6) 12(22.2) 9(16.7)

Using fitness and/or health apps, n(%) 0(0.0) 10(18.5) 14(25.9) 15(27.8) 11(20.4) 4(7.4)

Figure 1. The distribution of participant mobile readiness scores (n D 54) calculated using the mean
response to survey questions examining baseline mobile usage behavior outlined in Table 3.
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the homogeneity of responses, i.e. the fact that so many of the
attitudes were similar made it difficult to identify what factors
influence the small variations we did observe. This is not surpris-
ing considering that the type of individuals who would be willing
to participate in this study would be strongly supportive of vacci-
nation. Participants were also highly educated, mostly married,
employed and on average 2 years older than the average maternal
age at childbirth in Ontario,30 which may be an indicator of atti-
tudes toward immunization and openness to using a mobile
app.31,32 The relationship between mobile readiness and vaccina-
tion attitudes would be better examined by a cross-sectional study
design where individuals sampled were not restricted to those
willing to download an immunization app.

With nearly all of participants reporting that they planned on
vaccinating their child and believing that other people’s children
should be vaccinated, we were surprised to observe that over a
quarter of participants agreed or strongly agreed that the risk of
vaccination outweighed the benefits, although this could reflect a
misinterpretation of the question. This particular question was
flagged during pilot testing and subsequently revised to accom-
modate concerns. However, these revisions may not have been
sufficient in resolving confusion. Further clarification of this
question may have been warranted.

Another warranted avenue of investigation is that it is possible
that support toward vaccination in first time mothers during
pregnancy may deteriorate as they are exposed to misinformation
regarding vaccination shortly after birth. This is particularly true
if they are relying on the Internet for which it is recognized the
accuracy of immunization information is poor.11,33,34 Direct
communication by public health through user friendly mobile
apps could provide a mechanism to mitigate against this. This is
the first part of a longitudinal study which aims to determine the
impact of a mobile application on maternal attitudes and beliefs
regarding pediatric vaccination.

The receptiveness of the vaccine hesitant to an app and the
impact of the app on attitudes toward vaccination merits further
study. Given that mobile devices and applications have a higher
barrier to entry for development and distribution as compared to
tools traditionally leveraged by anti-vaccine communities such as
Internet and social media,9,33,35,36 mobile apps may be less likely
to deliver inaccurate information to users regarding immuniza-
tion and over time may become a convenient, reliable and trusted
source for those seeking information. Unlike websites, apps are
subjected to approval by the app stores, in particular by Apple
which is attentive to public reporting on inappropriate or inaccu-
rate information contained within apps.

Conclusions

Despite the efficiency, cost-effectiveness and safety of immu-
nization programs, vaccine hesitancy remains a concern and sev-
eral regions of the world are witnessing the re-emergence of
previously controlled VPDs. Mobile technologies provide public
health officials with an opportunity to leverage technology and
regain lost ground to anti-vaccine campaigners. Mobile

technologies can also be used to communicate with the public in
new ways as well empowering individuals to become participa-
tory in their health. Our study found that there is potentially an
unrealized opportunity to communicate immunization informa-
tion via mobile applications. While being willing to download an
app and interested in information on pediatric vaccination, only
one third of participants reported that reliable and accessible on
mobile devices. While text messaging and other recall interven-
tions have been successful in increasing immunization uptake,
the impact of mobile apps on vaccination attitudes and increasing
immunization coverage remains unclear. Future studies should
examine the impact of mobile apps on these metrics.

Methods

Study setting
The study was conducted at the Civic campus of The Ottawa

Hospital, a large, teaching hospital in Ottawa, Ontario, Canada.
Recruitment took place in parts of the Obstetrics/Gynecology
Newborn Care and Women’s Health Program, The Birthing
Unit and Perinatal Care units which provides care to over 4200
women and their families every year.37 The study was approved
by the Research Ethics Board at The Ottawa Hospital. Partici-
pants were recruited over a 9 month period between November
2013 and July 2014.

Study population
Our study population included women aged 18 years and

older who were in their third trimester of pregnancy or who had
given birth within the previous 3 months. Participants who spoke
English, owned a smartphone and consented to participate were
eligible for the study. Women were recruited through a combina-
tion of active and passive recruitment. Passive methods used
included displaying posters describing the study in the hospital’s
obstetrical units, ultrasound waiting rooms and obstetrician offi-
ces. In parallel, supplementary active methods of recruitment
such as short presentations at prenatal information sessions held
at the Civic campus, snowball sampling and study handouts
given by physicians and clinical managers at their discretion.

Data collection tools
A baseline survey of 32 questions (7 demographic, 25 other)

was developed and pilot-tested on 5 mothers. Minor changes
were made to the survey as a result, and those results were not
included in the sample (n D 54). Pilot testing was conducted to
ensure that participants understood the survey questions and
instructions.

Survey questions
Participant demographic information at baseline was col-

lected. Variables collected include age, relationship status,
employment status, education level, type of health care provider,
and pregnancy history. The survey itself included questions on a
5-point Likert scale to collect participants’ baseline attitudes and
behaviors related to childhood vaccinations, as well as informa-
tion about smartphone and mobile app usage.
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There is no established definition for “mobile readiness."
However, “technology readiness” is defined as “peoples propen-
sity to embrace and use new technologies for accomplishing goals
in home life and at work”.38 For the purposes of this study, we
have adapted this and have defined mobile readiness as “an indi-
vidual’s propensity to embrace and adopt a mobile device as a
platform for accessing and interacting with personal health infor-
mation." We believe that mobile readiness is critical to the topic
we are examining because the effectiveness of applications to
influence immunization attitudes will be dependent on their like-
lihood to use those applications. Obviously an application that
appears to have the necessary features to influence vaccination
attitudes will not be effective if the target population is not pre-
pared to utilize it.

We have assumed that participation in the study suggested a
willingness to use the app, as this was a requirement to participate
in the study. What is less certain is whether the participants will
actually utilize the app. In order to ascertain this, we measured
participant use of app for other purposes, for example bank trans-
actions or acquiring information such as news, weather or transit
schedules. The concept of using number of technology oriented
behaviors to predict an individual’s propensity to adopt a novel
technology is derived from content that was identified to be pre-
dictive of Technology readiness index scores,16 specifically the
number of online behaviors engaged in during the past year (i.e.,
banking) and number of technology oriented behaviors (i.e.
using cloud applications).

Descriptive analyses
Baseline demographic information is presented as means and

standard deviations (SD). Responses to questions on the Likert
scale and to categorical variables are presented as frequencies and
percentages.

Statistical analysis
Using polytomous logistic regression, we conducted univariate

analyses to assess the relationship between participants’ responses

to survey questions related to mobile device usage and behaviors
and attitudes about vaccination, as well as between demographic
variables (participant age and parity) and mobile device usage.
Responses were modeled as ordinal values from 1 to 5. We indi-
vidually modeled the relationships between each survey question
relating to mobile readiness and both demographic variables and
behaviors / attitudes about vaccination. In the posthoc analysis,
we created a mobile readiness score by taking the sum of the 6
mobile usage survey question responses for each participant, and
modeled the relationships between this score and behaviors / atti-
tudes about vaccination. We used a Spearman’s rank correlation
coefficient to verify whether there was a significant correlation
between participant age and mobile readiness score. We used a
Wilcoxon rank sum test to test for significant differences in the
mobile readiness scores between first-time mothers and mothers
who had previous children.
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