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Systematic review
Stroke preparedness in children: translating knowledge into behavioral intent:
a systematic review and meta-analysis
Cassandra Ottawa1,2, Luciano A. Sposato3, Fadl Nabbouh2, Gustavo Saposnik2*, and on
behalf of the Stroke Outcomes Research Canada (SORCan – www.sorcan.ca)4
Background If translated into behavioral intent, improving
stroke knowledge may potentially impact on better outcomes.
Children are an attractive target population since they can
drive familial behavioral changes. However, the impact of
interventions on stroke knowledge among children is unclear.
We performed a systematic review and meta-analysis to investigate whether educational interventions targeting children
improve stroke knowledge and lead to behavioral changes.
Methods We searched Ovid, PubMed, and Embase between
January 2000 and December 2014. We included studies written
in English reporting the number of children aged 6–15 years
undergoing educational interventions on stroke and providing
the results for baseline and early and late postintervention
tests. We compared the proportion of correct answers
between baseline, early, and late responses for two endpoints:
knowledge and behavioral intent.
Results Of the initial 58 articles found, we included nine that
met the inclusion criteria. Compared with baseline tests
(51·7%, 95% confidence interval 40·9–62·4), there was
improvement in stroke knowledge in early (74·0%, 95% confidence interval 64·4–82·5, P = 0·002) and late (67·3%, 95%
confidence interval 55·4–78·2, P = 0·027) responses. There was
improvement in the early (92·1%, 95% confidence interval
86·0–96·6, P < 0·001) and late (83·9%, 95% confidence interval
73·5–92·1, P = 0·001) responses for behavioral intent compared
with the baseline assessment (63·8%, 95% confidence interval
53·5–73·4).
Conclusion Children are a potentially attractive target population for improvement in stroke knowledge and behavioral
intent, both in the short and long term. Our findings may
support the implementation of large-scale stroke educational
initiatives targeting children.
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Introduction
Stroke is the major leading cause of death and disability in adults
(1). Recombinant tissue plasminogen activator (tPA) administered intravenously to treat acute ischemic stroke within 4·5 h of
symptoms onset can improve clinical outcome (2–4). Thus,
timely recognition of stroke symptoms is crucial to improve
patient outcomes since the delay in administering thrombolytic
therapy has become the greatest barrier to improving stroke
outcome (5).
Increasing children’s knowledge about stroke may constitute
an innovative way of reducing treatment delays, with some additional benefits. In the 2009 National Health Interview Survey, only
51·2% of participants were aware of five stroke warning symptoms and would have called 911 (1). Despite widespread education efforts targeting the adult population, only one-third of
individuals access the emergency department in <2 h (1). Thus,
evidence shows that there is still a need for improvement of
overall stroke knowledge to reduce time from symptoms onset to
administration of tPA. Many strategies have been tested to
improve stroke knowledge, but children have seldom been considered as targets for these interventions. The great majority of
stroke patients require someone else to call for help or 911 (6,7).
Since children are almost always accompanied by their parents or
other adults, improving their knowledge about stroke symptoms
and about what to do when someone experiences a stroke may
result in more patients being assessed and treated within the time
window for tPA administration. Children may also positively
influence their parents by discussing at home what they have
learnt about stroke. Educating children about stroke may also
prove useful for shaping their attitudes toward healthier lifestyles,
ultimately reducing their future burden of risk factors.
The overall efficacy of educational interventions about stroke
in children is not clear. Therefore, we completed a systematic
review and meta-analysis to investigate whether these interventions have an impact on stroke knowledge and behavioral intent
among middle school children.

Methods
Searching strategy
We conducted an electronic search using Ovid, PubMed, and
Embase for articles published between January 2000 and December 2014. We searched a combination of key terms, including:
‘stroke awareness’, ‘stroke knowledge’, ‘stroke preparedness’,
‘Behavioral intent’, ‘intervention’, ‘campaign’, and ‘children’. For
further refinement, inclusion criteria for studies selected to be
reviewed were as follows: (1) children aged 6–15 years, (2) an
educational intervention about stroke, (e.g. stroke symptoms,
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response when a stroke is suspected), (3) tests administered
before and after the educational intervention, and (4) written in
English.
Study identification and selection
Two independent researchers (C. O. and F. N.) and a library
technician at the Health Sciences Library at the Li Ka Shing Institute of Knowledge performed separate searches with these criteria. A third reviewer (G. S.) assessed the articles to ensure their
conformity to the inclusion criteria. From the chosen studies,
patient demographics, study design, and intervention outcomes
were collected. Data were extracted to a form, which included
relevant information. The Newcastle–Ottawa scale was used to
assess the quality of the studies.
Outcome measures
The study outcomes included the proportion of children giving
correct answers regarding (1) stroke knowledge about risk factors
and symptoms and (2) behavioral intent in terms of awareness
and readiness to implement urgent action plans (e.g. call 911 if
stroke symptoms are detected) and to control stroke risk factors
in tests administered before (baseline) and after the educational
interventions. There were two types of postintervention tests; the
early postintervention assessment was provided immediately after

the educational activity, and the late postintervention test was
administered after up to 15 months.
Statistical analysis
We combined studies using random effects to estimate the proportion of children giving correct answers regarding stroke
knowledge and behavioral intent in baseline, early, and late
postintervention tests. We used inverse variance weights to
produce summary estimates using an arcsine transformed proportion of correct answers because it produces stable variances
in cases of small numbers of observations (8,9). Results were
expressed as proportions and 95% confidence intervals (95%
CI). We compared the summary estimate for knowledge of risk
factors and stroke symptoms in baseline, early, and late tests.
Only when there was no difference in the proportion of correct
answers between risk factors and stroke symptoms we combined
both measures in a single ‘knowledge‘ summary estimate. In the
case of ‘behavioral intent’, there were too few studies assessing
the intent to control stroke risk factors to be compared with
those evaluating urgent action plans; thus, we combined both
measures in a single ‘behavioral intent’ summary estimate as
well.
We assessed between-study heterogeneity with the Q statistic
(considered statistically significant if P < 0·1) and I2. We used

Table 1 Summary of studies included in the meta-analysis
Time between
intervention
and late test

Mean
age

Duration of intervention

Intervention

12–13

45 min presentation

Lecture with a slide show and short
role-play

3 months

Study title

Place of study

Amano et al. 2014
(11)

Iwata, Shizuoka & Suita
City, Osaka & Minami,
Nara, Japan
Kansas City, Missouri,
USA
Tochigi Prefecture, Japan

Up to 14

11 min presentation

Presentation with a live performance

7–10 days

13–15

40 min

3 months

Cincinnati, Ohio, USA

13

50 min presentation

Corpus Christi, Texas,
USA
Suita City, Osaka, Japan

12–14
10–11

12 days (four 50 min
lessons over 3 years)
30 min presentation

Didactic lesson, animated cartoon, and
a manga
Presentation consisting of FAST
mnemonic, interaction with a stroke
survivor, class discussion, and
role-playing. Students also completed
a risk reduction goal form.
Lessons, role-play

Suita, Osaka, Japan

12–13

20 min

Dressman and
Hunter 2002 (12)
Matsuzono et al.
2015 (13)
Miller et al. 2007
(14)

Morgenstern et al.
2007 (15)
Sakamoto et al.
2014 (16)
Shigehatake et al.
2014 (17)
Williams and Noble
2008 (18)

Williams et al. 2012
(19)

Harlem, New York, US

9–11

3 days (1 h presentation
per day)

Harlem, New York, US

9–12

3 days (1 h presentation
per day)

Didactic lesson, animated cartoon, and
a manga
Didactic lesson, animated cartoon, and
a manga
Presentations that consisted of various
multimedia, including interactive
exhibits (e.g. hands-on brain model),
videos, skits, and a rap song
incorporating the FAST mnemonic
Presentations that consisted of various
multimedia, including interactive
exhibits (e.g. hands-on brain model),
videos, skits, and a rap song
incorporating the FAST mnemonic

2 months

N/A
3 months

3 months

15 months

N/A, not available.
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Fig. 1 Meta-analysis of improvement of knowledge in baseline and early and late posteducational intervention tests.
Red circles indicate the assessment of symptoms, yellow circles represent tests for risk factors, and orange circles account for both the evaluation of
symptoms and risk factors.
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The electronic search returned 58 potential studies to be included,
which were supplemented by a manual screening of the references
included in the articles (Fig. S1). Of the 58 eligible studies, nine
met the inclusion criteria and were selected for data abstraction
(11–19). Overall, 3084 children underwent educational interventions and undertook at least one test. The characteristics of each
study are summarized in Table 1. Reasons for the disparity in
sample size between baseline, early, and postintervention tests
were students opting out after their pre-intervention tests, student
absences, disruptive behavior precluding participation, family
members having experienced a stroke during the intervention,
and student transfers.
Overall, there was improvement in stroke knowledge compared
with baseline tests (51·7%, 95% CI 40·9–62·4), both in early
(74·0%, 95% CI 64·4–82·5, P = 0·002) and late (67·3%, 95% CI
55·4–78·2, P = 0·027) posteducational intervention tests (Figs 1
and 2). There were no differences between early and postintervention tests for knowledge (P = 0·33). The comparison of knowledge about risk factors vs. stroke symptoms showed similar results
(Table S1).
There was improvement in the early (92·1%, 95% CI 86·0–96·6,
P < 0·001) and late (83·9%, 95% CI 73·5–92·1, P = 0·001) posteducational intervention tests for behavioral intent compared
with the baseline (63·8%, 95% CI 53·5–73·4) assessment (Figs 1
and 2). There were no differences between early and postintervention tests for behavioral intent (P = 0·086).
There was significant heterogeneity in all the random effects
analyses as reflected by I2 >85% and P(Q) < 0·001 in all the tests
(Figs 1 and 3). There was evidence of publication bias in the Egger
tests only for delayed tests of knowledge and behavioral intent.
However, the funnel plots showed considerable asymmetry for all
the analyses (Fig. S2). Studies showed moderate to high quality, as
assessed by the Newcastle–Ottawa scale (Table S2).

Discussion
Children are eager to learn and show a greater openness to change
than adults (20). Moreover, they can become transformation
agents at home, positively impacting on their parents’ lifestyle and
behavioral patterns (21). Also, learning healthy habits within the
first years of life may also result in healthier attitudes during
adulthood (22). Thus, educational activities aimed at increasing
stroke knowledge at school may result not only in potential shortterm benefits for the family group but also in the long-term
perspective for the children themselves and the overall society.
© 2015 World Stroke Organization
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funnel plots and Egger regression tests for investigating publication bias. A P value <0·1 was deemed significant for publication
bias in the Egger regression tests (10). We used t-tests to compare
the proportion of improvement in baseline vs. early tests, baseline
vs. late tests, and early vs. late tests. We performed the metaanalyses with Microsoft Excel (Microsoft Excel 2011 for
Macintosh, Redmond, WA, USA). The full description of the
methods is provided in the supplemental file.

92.1
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83.9
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p<0.001
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Fig. 2 Summary of comparisons between baseline vs. early and late tests
for knowledge and behavioral intent.
Results represent the meta-analytic summary measure of the proportion
(%) of children with correct tests. Error bars represent 95% confidence
intervals. P values indicate the level of significance of differences between
summary measures (two-sided t-tests).
Panel (a) shows changes in the summary measures for correct responses in
baseline, early, and late tests for stroke knowledge. Panel (b) shows
changes in the summary measures for correct responses in baseline, early,
and late tests for for behavioral intent.

In this systematic review and meta-analysis, we assessed the
impact of stroke knowledge and behavioral intent educational
interventions targeting children. We found that children showed
an improvement in knowledge and behavioral intent compared
with baseline results, both for early and delayed tests.
Studies conducted with adult populations show conflicting
results regarding knowledge retention in the short and long terms
(23–25). Together, our results indicate that educational interventions were effective in sufficiently increasing short- and long-term
knowledge among children. One of the major challenges of educational interventions at the population level is helping participants to translate knowledge into action. People may be aware of
stroke signs but at the same time may ignore what to do if someone
is having a stroke (26). Interestingly, children showed an improvement in their behavioral intent in the short term, and the effect of
the educational interventions persisted in the long term. From the
perspective of policy makers, this finding is promising and may
encourage larger educational campaigns focused on children.
Vol 10, October 2015, 1008–1013
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Fig. 3 Meta-analysis of improvement of behavioral intent in baseline and early and late posteducational intervention tests.
Blue circles indicate the assessment of awareness and readiness to implement urgent action plans (e.g. call 911 if stroke symptoms are detected), yellow
circles represent tests of intent to control stroke risk factors (e.g. healthy diet), and green circles account for the evaluation of both awareness and
readiness to implement urgent action plans and intent to control stroke risk factors. RFC, risk factors control. UAP, urgent action plan.

Our study has some limitations. First, our meta-analysis
included children with a relatively wide span of ages (6–15).
Second, time between education and late postintervention assessment varied considerably (e.g. up to 15 months). Finally, the low
number of studies has likely played a role on the heterogeneity
found in some of the analyses, which prevented us from conducting subgroup analyses. Other potential factors explaining heterogeneity are differences in reminder materials, number of teaching
sessions, durations of presentations, format of interventions (e.g.
traditional teaching sessions, animated cartoons, music/dance
activities), interventions taking place in the same school on
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siblings of different ages/grades and potentially providing reinforcement in some cohorts, race/ethnicity, socioeconomic status,
and language barriers (e.g. FAST mnemonic provided in English
for Japanese studies).
In conclusion, educational programs targeting students aged
6–15 are effective strategies to improve stroke knowledge and for
stimulating positive behavioral changes, both in the short and
long term. Children showed an exciting ability to translate knowledge into action in the early and late postintervention period. Our
findings may support the implementation of large-scale stroke
educational initiatives targeting children.
© 2015 World Stroke Organization
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