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Abstract 

Background  If carried out correctly and without delay, activation of emergency services by stroke bystanders could 
improve mortality and disability from stroke. This paper describes the development of a school-based intervention 
using the Intervention Mapping approach. It aims to improve the appropriate activation of emergency medical ser-
vices for suspected stroke by 12-15-year-old children.

Methods  The development of the intervention was guided by Intervention Mapping approach. The logic model 
of the problem was created through analysis of the existing literature and semi-structured interviews with stakehold-
ers. Based on these findings, performance objectives and their determinants were determined and matched to create 
a model for changing emergency medical services activation behavior. Behavior change methods and their practical 
applications were then determined. Based on them, intervention messages and materials were designed, the inter-
vention was drafted, pretested, and finalized.

Results  It was found that the main performance objectives for the activation of emergency medical services were 
(1) recognizing symptoms, (2) communicating with the victim, and (3) calling an ambulance immediately. Their main 
determinants were knowledge, social influence, risk perception, self-efficacy, outcome expectations, and skills. Deter-
minants were then matched with performance objectives to create the matrices of requested behavior changes. The 
following change methods were chosen: modeling, elaboration, belief selection, providing cues, scenario-based risk 
information, and cultural similarity. Methods were translated into practical applications in the form of a short educa-
tional film. The production company created, pretested, and finalized the film. As a result, a 5-minute entertainment-
education video was created modeling an acute stroke with a child as the main bystander.

Conclusion  The Intervention Mapping approach guided the development of a school-based program to improve 
Emergency medical services activation in stroke by 12–15 year old children. Our process and approach can serve 
as a model for researchers and health promotion professionals aiming to improve help-seeking behavior for stroke 
to improve stroke help-seeking behavior as well as other acute diseases.
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Background
Strokes are one of the leading causes of death with over 
six and a half million deaths per year worldwide [1] and 
over 13 thousand deaths in Czechia [2]. In addition, it 
is the third leading cause of disability worldwide [1], as 
for every minute of an untreated stroke, up to 1.9  mil-
lion neurons can be lost [3]. Consequently, even a slight 
increase in the time from the onset of symptoms to treat-
ment increases the likelihood of disability at discharge 
[4]. The main reason for the increased time from onset to 
treatment is the delayed activation of emergency medi-
cal services (EMS) by stroke victims or bystanders [5–7], 
which is mainly caused by the non-recognition of stroke 
symptoms and delayed or even absent ambulance calls 
[8–11]. Therefore, there is a need to inform the lay public 
about the actions that need to be taken to appropriately 
activate the EMS for stroke.

In reaction to this need, educational campaigns were 
developed to inform the lay public about EMS activation 
for stroke in several European countries such as England 
[9, 12], Sweden [13], Ireland [14] and Germany [15, 16]. 
Most of them were found to have a positive impact on 
knowledge about stroke (i.e., symptom and risk factors 
recognition, intention to call an ambulance) [17]. How-
ever, qualitative studies have shown that people who saw 
such campaigns and knew the main stroke symptoms 
still failed to correctly identify stroke when it happened 
in their surroundings [18–20]. The reason for this lies in 
the complexity of the EMS activation behavior, which in 
addition to knowledge, is also caused by other essential 
determinants, such as perceived risk perception, expec-
tations about symptoms severity, social support of sig-
nificant others, etc [6, 18, 21]. In addition, the results 
of public education campaigns are highly dependent 
on intensity, funding and often have a short-term effect 
[22–25].

These findings highlight the need to develop interven-
tions that address the complexity of the behavior using 
a systematic and planned approach that will allow pro-
gram maintenance without excessive retention costs. 
One possible solution could be shifting stroke education 
to the school setting. Integrating such programs into the 
curriculum would allow for continuous implementation 
without relying on external experts or additional fund-
ing. Systematic reviews of stroke school-based programs 
show that they have the potential to increase the num-
ber of individuals capable to recognize stroke and trans-
fer knowledge to other community members [26–28]. 
However, most of the existing school-based programs 
suffer from the same disadvantage as programs for 
the general public - they are focused mainly on stroke 
knowledge without considering other possible determi-
nants of EMS activation [26]. Therefore, there is a need 

for evidence- and theory-based school intervention that 
aims to improve stroke help-seeking behavior.

In this paper, we describe the development of a new 
version of educational intervention for the Czech 
e-learning called “HOBIT”, launched at 2014, and aimed 
to improve emergency medical services (EMS) activa-
tion for stroke by schoolchildren aged 12–15 years [29]. 
E-learning was placed on the HOBIT website and had an 
educational and an assessment part. Education part con-
sisted of a film. Assessment part consisted of a pretest for 
measure baseline knowledges and an immediate posttest 
to give students immediate feedback. The film was done 
in the health education format by providing information 
about stroke symptoms, risk factors, appropriate reac-
tions (including calling EMS), and pathophysiology [29]. 
The targeting of the HOBIT to the specific age group of 
12–15 years old children was based on the Czech curric-
ulum, where human biology as well as diseases, injuries 
and prevention is discussed in several waves in grades 
6–9 (lower secondary education) [30].

HOBIT was one of the few school-based stroke aware-
ness programs in Europe at that time [26, 31, 32]. Over 
6 years, it was implemented in 182 schools across the 
Czech Republic. However, recognizing the limitations 
of knowledge-based approaches and the need to prepare 
students for real-life situations, we decided to develop a 
new educational content for the HOBIT e-learning based 
on behavior change principles. The current study details 
the planned and systematic development of new educa-
tional content for HOBIT using the Intervention Map-
ping approach.

Methods
The Intervention Mapping (IM) approach was used to 
guide the planned and systematic development of the 
updated version of the HOBIT intervention. The IM 
approach provides a framework for effective decision-
making at each step of intervention development. The 
IM approach emphasizes the systematic use of theory 
and evidence that allows one to address relevant factors 
causing a health problem and to find the right approach 
to solve this. An important distinguishing feature is the 
use of an ecological approach, addressing both individu-
als, as well as the environment and the participation of 
all important stakeholders at all stages of the intervention 
development. IM consists of 6 steps and completion of 
all of the steps serves as a blueprint for designing, imple-
menting and evaluating an intervention based on theo-
retical, empirical and practical information [33]. The six 
steps of the IM process are shown in Fig. 1. In the follow-
ing sections, each step is briefly described and applied to 
the development of the HOBIT program.
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The first step in the IM approach was to conduct a 
needs assessment and create the Logic model of the 
problem. The key purpose of this step was to analyze 
the health problem and its causes using theory, empiri-
cal evidence and available epidemiological data [34]. The 
problem analysis was performed through three strategies: 
(1) a literature review of empirical studies, (2) interviews 
with stroke survivors and (3) an interview with a practic-
ing neurologist.

In the second step, problem analysis was used to deter-
mine the behavioral outcomes to be achieved as a result 
of the health promotion program [34]. In this study, only 
outcomes that can be reached on the individual level were 
included. Behavioral outcomes were then divided into 
several performance objectives, which represent specific 
steps (i.e., sub-behaviors) that need to be implemented 
by the target group to conduct target behavior (timely 

EMS activation). For each performance objective, per-
sonal determinants were selected. Personal determinants 
were defined as factors that are under the direct control 
and influence of the individual and can be changed with 
interventions [34]. Determinants were selected from the 
preliminary list of determinants created in the needs 
assessment phase and based on their changeability and 
relevance to the intervention development. They were 
then linked to the relevant performance objectives to 
create a matrix of change with change objectives, which 
described what needs to change for the person in order 
to execute performance objectives in relation to the 
determinants [34].

In step 3, health promotion specialist conceptualized 
and designed the intervention. Change methods and 
applications were chosen at this step. A change method 
was defined as “a general technique for influencing the 

Fig. 1  Intervention mapping steps and tasks derived from Bartholomew, 2016 [34]
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determinants of behaviors” ([34], pp. 347). Applications 
were define as the “ways in which the theory-based meth-
ods are presented and delivered in an intervention” ([34], 
pp. 348). During translating change method into practi-
cal applications, the parameters of the method’s efficacy 
were taken into account [35].

In step 4, the intervention was produced. The program 
structure and organization, materials, messages, as well 
as their pretesting and production were also discussed. 
It was determined where and how potential participants 
will interact with the program [34]. The appropriate 
amount of materials and the mode of delivery for a par-
ticular school system was also determined [34].

In IM step 5, health promotion specialist “developed 
an implementation plan to enable adoption, implementa-
tion and maintenance of the health promotion program” 
([34], pp. 483). However, before embarking on plan-
ning for a larger-scale implementation, we aim to evalu-
ate the effectiveness of the intervention in enhancing 
EMS activation determinants and behavioral intentions. 
Therefore, in the current project, our focus has been on 
developing an implementation plan at a smaller scale, 
specifically for the Randomized Controlled Trial (RCT). 
After receiving positive results from the RCT, plans for 
the larger scale implementation will be made. The last 
step of IM included planning and conducting an evalua-
tion of the intervention [34] which is not a subject of the 
current study.

Results
Step 1: The logic model of the problem
We first formed a planning group comprised of impor-
tant stakeholders, including the main investigator, health 
promotion specialist, PR and communication specialist, 
members of the target group (children), stroke survi-
vors and a neurologist. This planning group was estab-
lished and coordinated by the Public Health Group of the 
Stroke Department at the International Clinical Research 
Center in Brno, Czechia.

The first step was to describe health and quality of life 
problems related to untreated stroke. The age-stand-
ardized stroke years of life lost (YLL) is 864 per 100,000 
men and 607 per 100,000 women in Czechia [36]. Dis-
ability-adjusted life years (DALY) is 1031 per 100,000 
men and 608 per 100,000 women [36]. These YLL and 
DALY rates are almost two times higher than in West-
ern European countries [36]. Taking into account that 
the Czech Republic ranks third in Europe in the number 
of thrombolysis per population [37], the most likely rea-
son for high YLL and DALY rates is delayed ambulance 
calls by stroke bystanders, which makes it impossible to 
administer time-dependent treatment to the patient (i.e., 
thrombolytics).

As the next step, the problem behaviors involved in the 
inappropriate EMS activation behavior and its determi-
nants were analyzed. To carry out the literature review, 
the following search terms were used: stroke, awareness, 
public campaign and pre-hospital delay. Findings indi-
cated that the main reasons for delayed EMS activation 
are failure to recognize stroke, inability to use the FAST 
assessment method (Face, Arm, Speech, Time) and call 
an ambulance [8–11]. The main determinants identified 
via this approach for the above risk behaviors were: lack 
of skills in stroke assessment and crisis communication, 
low self-efficacy in crisis situations, low stroke suscep-
tibility, underestimation of the severity of the situation, 
inadequate knowledge of symptoms and social influence 
of significant others who induce a delay or completely 
forego EMS activation [6, 18, 21, 38, 39].

Additionally, we conducted one-on-one interviews with 
two women aged 24 and 29 years old, who had a stroke 
in their twenties. They were recruited from the stroke 
ambassadors cooperating with the research team. Their 
cases were chosen as less typical and less severe cases, 
which are generally more useful for a deeper understand-
ing of the problem. An interview with a neurologist, who 
is part of the Stroke Department at the International 
Clinical Research Center in Brno, Czechia where HOBIT 
is running, was also conducted to assess the medical 
perspective on the problem. All interviews were audio-
recorded, transcribed and analyzed thematically to iden-
tify key themes. The interviews confirmed the results of 
the literature review by more precisely specifying and 
describing the specific barriers to EMS activation. Based 
on the above findings, we created a logic model of the 
problem, which identified that the main health problem 
to is the excess of mortality and disability from stroke due 
to a delayed EMS activation. The main behavior than lead 
to this problem is: (1) not recognizing stroke symptoms, 
(2) not using FAST assessment method, (3) incorrect 
usage of medical services. These behaviors are predicted 
by several sub-behaviors (determinants), such as lack of 
knowledge or skills, low stroke susceptibility, low sus-
pected severity, wrong outcome expectations of stroke, 
low self-efficacy and social influence of significant others. 
The complete logic model of the problem is summarized 
in Fig. 2.

Step 2: Formulating intervention objectives
The main behavioral outcome of the HOBIT program is 
the timely activation of EMS by secondary school chil-
dren aged 12–15 years old when a stroke is suspected in 
their environment. This outcome is considered the target 
behavior in all existing programs for help-seeking behav-
ior in stroke [5, 40, 41].
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The selection of performance objectives was based 
on the F.A.S.T guidelines issued by the American 
Stroke Association, which distinguishes 3 steps: (1) 
recognize symptoms, (2) assess them using the FAST 
method and (3) call an ambulance immediately [42]. 
These steps have been expanded based on an extensive 
literature review and interviews with stroke survivors. 
Therefore, the performance objectives were formu-
lated as follows: secondary school children aged 12–15 
years old (1) notice symptoms and compare these 
with symptoms of stroke, (2) communicate with vic-
tim/bystanders and apply stroke recognition methods 
and (3) call an ambulance and communicate with the 
operator.

The Logic model of the problem from IM step 1 
revealed that important determinants included not 
only knowledge of stroke, but also risk perception, out-
come expectancies, social influence, self-efficacy and 
skills (see Fig.  2). Their changeability and relevance 
were assessed via interviews with the planning group 
along with existing empirical evidence [6, 18, 21, 38]. 
Those determinants were linked to the relevant per-
formance objectives to create a matrix of change with 
change objectives. (see Table 1).

Step 3: program design
Theory‑ and evidence‑based change methods and practical 
applications

Intervention modality  The initial decision was made 
regarding the intervention modality. It was decided to 
keep the e-learning modality of the intervention, as the 
goal was to update the content of the HOBIT program, 
which has its own history and a solid network of users 
throughout the Czech Republic. Here, we define e-learn-
ing as education which enables students to acquire new 
knowledge and skills with the help of educational content 
available online and provides automatic feedback to the 
student’s study activities [43].

Just as in the previous version, E-learning is placed 
on the HOBIT website and has an educational and an 
assessment part. Such e-learning format was found to 
be the optimal form for delivering school-based stroke 
interventions as teachers are not required to have any 
knowledge about stroke, reduces the burden on teachers 
to prepare lectures, allows lectures to be given anytime, 
anywhere. In addition, this format is more suitable for the 
standard school curriculum, based on the presentation of 

Fig. 2  The logic model of the problem (= inappropriate EMS activation for stroke)



Page 6 of 14Volevach et al. BMC Public Health         (2024) 24:3322 

Ta
bl

e 
1 

M
at

rix
 o

f c
ha

ng
e 

ob
je

ct
iv

es
 a

cc
or

di
ng

 to
 in

te
rv

en
tio

n 
m

ap
pi

ng
 re

co
m

m
en

da
tio

ns

D
et

er
m

in
an

ts

Pe
rf

or
m

an
ce

 O
bj

ec
tiv

es
 

(P
O

)
Kn

ow
le

dg
e

Ri
sk

-p
er

ce
pt

io
n

O
ut

co
m

e 
ex

pe
ct

at
io

ns
So

ci
al

 in
flu

en
ce

Se
lf-

effi
ca

cy
Sk

ill
s

PO
1.

 N
ot

ic
e 

sy
m

pt
om

s 
an

d 
co

m
pa

re
 th

es
e 

w
ith

 s
ym

pt
om

s 
of

 s
tr

ok
e

K1
.1

. R
ec

al
l s

tr
ok

e 
sy

m
p-

to
m

s
K1

.2
. R

ec
al

l m
im

ic
ki

ng
 

sy
m

pt
om

s 
K1

.3
. R

ec
al

l 
ris

k 
fa

ct
or

s

R1
.1

. R
ec

og
ni

ze
 y

ou
ng

er
 

pe
op

le
 a

re
 a

t r
is

k 
of

 s
tr

ok
e

R1
.2

. R
ec

og
ni

ze
 h

ea
lth

y 
pe

op
le

 a
re

 a
t r

is
k 

of
 s

tr
ok

e

O
1.

1.
 E

xp
la

in
 th

at
 s

ym
p-

to
m

s 
re

co
gn

iti
on

 c
an

 
sa

ve
 li

fe
O

1.
2.

 E
xp

la
in

 th
at

 e
ve

n 
w

ea
k 

sy
m

pt
om

s 
ha

ve
 

se
ve

re
 c

on
se

qu
en

ce
s

O
1.

3.
 R

ec
og

ni
ze

 s
tr

ok
e 

as
 a

 s
ev

er
e 

di
se

as
e 

w
ith

 s
ev

er
e 

co
ns

eq
ue

nc
es

SE
1.

1.
 E

xp
re

ss
 c

on
fid

en
ce

 
in

 d
is

tin
gu

is
hi

ng
 s

tr
ok

e 
sy

m
pt

om
s 

fro
m

 m
im

ic
k-

in
g 

sy
m

pt
om

s

PO
2.

 C
om

m
un

ic
at

e 
w

ith
 v

ic
tim

/b
ys

ta
nd

er
s 

an
d 

ap
pl

y 
st

ro
ke

 re
co

gn
i-

tio
n 

m
et

ho
ds

K2
.1

. R
ec

al
l t

he
 F

A
ST

 
m

et
ho

d
O

2.
1.

 E
xp

la
in

 th
at

 a
ct

in
g 

as
se

rt
iv

el
y 

ca
n 

sa
ve

 li
fe

SI
2.

1.
 R

ec
og

ni
ze

 th
at

 c
an

 
in

te
rv

en
e 

ev
en

 if
 s

ig
ni

fi-
ca

nt
 o

th
er

s 
do

 n
ot

 a
llo

w
 

it/
 it

 is
 n

ot
 a

llo
w

ed
 

by
 s

oc
ia

l s
ta

tu
s

SE
2.

1.
 E

xp
re

ss
 c

on
fid

en
ce

 
in

 a
pp

ly
in

g 
th

e 
FA

ST
 

m
et

ho
d 

SE
2.

2.
 E

xp
re

ss
 

co
nfi

de
nc

e 
in

 c
om

m
un

i-
ca

tin
g 

th
at

 a
n 

am
bu

la
nc

e 
ca

ll 
is

 n
ee

de
d

SK
2.

1.
 D

em
on

st
ra

te
 

th
e 

sk
ill

s 
to

 a
pp

ly
 th

e 
FA

ST
 

m
et

ho
d

SK
2.

2.
 D

em
on

st
ra

te
 

th
e 

sk
ill

s 
to

 e
xp

la
in

 
to

 v
ic

tim
/b

ys
ta

nd
er

s 
th

at
 a

n 
am

bu
la

nc
e 

ca
ll 

is
 n

ee
de

d

PO
3.

 C
al

l a
n 

am
bu

la
nc

e 
an

d 
co

m
m

un
ic

at
e 

w
ith

 th
e 

op
er

at
or

K3
.1

. R
ec

al
l c

al
lin

g 
EM

S 
as

 th
e 

on
ly

 ri
gh

t r
ea

ct
io

n
K3

.2
. r

ec
al

l w
ha

t t
o 

sa
y 

to
 th

e 
op

er
at

or

O
3.

1.
 E

xp
la

in
 

th
at

 a
n 

im
m

ed
ia

te
 E

M
S 

ca
ll 

ca
n 

sa
ve

 li
fe

SI
3.

1.
 R

ec
og

ni
ze

 th
at

 c
al

l-
in

g 
EM

S 
is

 th
e 

co
rr

ec
t 

ac
tio

n 
ev

en
 in

 th
e 

pr
es

-
en

ce
 o

f s
oc

ia
l p

re
ss

ur
e 

fro
m

 o
th

er
s

SE
3.

1.
 E

xp
re

ss
 c

on
fid

en
ce

 
in

 th
e 

ne
ed

 to
 c

al
l E

M
S

SE
3.

2.
 E

xp
re

ss
 c

on
fid

en
ce

 
in

 d
es

cr
ib

in
g 

sy
m

pt
om

s

SK
3.

1.
 D

em
on

st
ra

te
 

th
e 

sk
ill

s 
to

 e
xp

la
in

 th
e 

si
tu

-
at

io
n 

to
 th

e 
EM

S 
op

er
at

or
 

co
rr

ec
tly



Page 7 of 14Volevach et al. BMC Public Health         (2024) 24:3322 	

knowledge and subsequent testing of their assimilation. 
Therefore, the HOBIT intervention was scheduled as a 20 
to 40  min e-learning lesson with a pretest-film-posttest 
structure, which brings the intervention closer to the 
usual style of teaching in school lessons.

The reason for choosing video format for the edu-
cational part of e-learning was based on the Cognitive 
Theory of Multimedia Learning which highlights the 
simultaneous use of visual and verbal methods, thus 
maximizing working memory capacity and therefore 
learning outcomes [44–46]. The effective use of video 
as an educational tool is enhanced with the involvement 
of three basic elements: (1) cognitive load; (2) student 
engagement; (3) active learning [46]. Taking into account 
the above parameters, it was decided to use the Enter-
tainment – Educational (E-E) approach in the video.

E-E incorporates an educational message into the 
entertainment content [47]. It is considered to be more 
appropriate than traditional formats for populations with 
low literacy or motivation, such as children [47]. The is a 
growing body of scientific evidence suggesting that it is 
highly effective for changing health behaviors. However, 
the usage parameters such as narrative involvement (e.g., 
the level of interest, realism, transplantation) and charac-
ter identification (e.g., the level of emotional and cogni-
tive identification, similarity, liking) must be met [47].

To assess E-E usage parameters for the specific popu-
lation of Czech school-children, 17 structured discus-
sions with a total of 157 children aged 12–15 were con-
ducted in November and December 2021. The aim was 
to assess the preferences of the target group and ensure 
the socio-cultural relevance of the intervention. During 
discussions, the form (e.g., cartoon, song, documentary, 
etc.) and length of the video, as well as other important 
characteristics (main character, environment), were dis-
cussed. Children indicated that they preferred a feature 
film format with entertainment elements (e.g., jokes or 
background music) with a length of 2–5 min.

Change methods and practical applications  Based on 
the modality of the intervention (E-E video), determi-
nants, and change objectives, behavior change methods 
were chosen. In our case, we selected the change methods 
based on those formulated by Kok et al. [35]. The health 
promotion specialist identified specific practical appli-
cations for the intervention by matching change objec-
tives with theoretical methods and their parameters for 
application. For example, for the change objective “recall 
stroke symptoms,” the “elaboration” change method was 
chosen. The parameters to elaboration effectively change 

target behavior are personal relevance, surprising, 
repeated, easily understandable, and direct instruction. 
To incorporate the mentioned change objective with its 
change method to the intervention, the practical applica-
tion “knowledge about stroke is given in personally rel-
evant, surprising and repeated way by embedding it into 
entertainment storytelling” was created. Specific practi-
cal applications of the determined change objective are 
shown in Table 2.

Practical applications were then incorporated into a 
design document as recommendations for script process-
ing by a production company. The specific artistic and 
visual processing of the practical applications was left 
to the discretion of the production company (see step 4 
“Program Production”).

Step 4: program production
Prepare design documents, draft message and materials
The health promotion specialist prepared a design docu-
ment, appropriate for film creation. In the first part of 
the document, the length and the format of the product, 
the description of the audience, the way the users will 
interact with the product, and the expected impact were 
described. In the second part of the document, determi-
nants, performance objectives, change objectives, meth-
ods for behavior change and their parameters have been 
detailed (see Table 2).

For the incorporation of the above elements into the 
film, a production company with experience in health-
related topics, children-related content and entertain-
ment-education format was hired. Based on the design 
document, the production company wrote the script 
showing the creative translation of scientific elements 
into the film. The health promotion specialist ensured 
that all elements were incorporated into the film accord-
ing to the design document. In the first version of the 
script, the health promotion specialist made corrections 
to the symptoms, their strength and sequence, the dis-
play of risk factors as well as the inclusion of some other 
determinants.

Pretest, refine and produce the program
Before the final production, the draft of the script was 
pretested with 15 children aged 12–16 (mean age 14, 
47% of females) to ensure that all the parameters of 
effectiveness were met. Children were recruited via 
email to the school principals cooperating with the pro-
ject team requesting voluntary completion of the ques-
tionnaire by interested students subject to informed 
consent from parents or legal guardians. Pretest had 
the format of a questionnaire with open-ended and 
close-ended questions. Considering the parameters of 
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the change methods used, the following dimensions 
were measured: interest, realism, similarity with a char-
acter, cognitive and general involvement and emotional 
and cognitive identification. They were measured on 
the 5-point Likert scale (1-strongly agree, 5-strongly 
disagree) using appropriate statements [48–51]. These 
results were supplemented with informal feedback 
collected in open-ended questions (e.g., “What could 
we change in the scripts to make it more appealing to 
you?”).

The percentage of participants who agreed or strongly 
agreed with the statements was 73% (N = 11) for inter-
est, cognitive involvement and cognitive identification; 
67% (N = 10) for general involvement; 67% for realism 
(N = 10); 40% (N = 6) for similarity and emotional iden-
tification with the character. Informal feedback revealed 
that the main reason for lower scoring on the latter 
dimensions was the use of a master model rather than a 
coping model, usage of which is one of the main param-
eters for modeling as a behavior change method. Other 
identified reasons included unrealistic emotional expres-
sions and the communication style of the characters.

Based on the above results, health promotion special-
ist proposed several changes in the script to improve 
cultural relevance in terms of emotional expressions, 
communication styles and identification with the char-
acters [52]. Proposed changes included: (1) incorporating 
coping model by creating scenes in which the main char-
acter experienced doubts about intervening in the situ-
ation and received assistance from adult characters, (2) 
change the father and police character’s behavior to be 
more polite and empathetic to make it look more realis-
tic. The revisions were incorporated into the final version 
of the script by the production company. The synopsis of 
the film script is shown in Fig. 3.

The filmmaking process involved members of the pro-
duction company as well as members of the working 
group. The film was shot in Prague over two days, and 
professional actors were hired by the production com-
pany and approved by a PR specialist and a health pro-
motion specialist. When making the film, the director 
followed the script (a short version is shown in Fig.  3 
Synopsis). During filming, a PR specialist and a health 
promotion specialist checked that all the practical appli-
cations specified in step 3 were followed. The filmmaking 
process is shown in Fig.  4. Subsequently, the produc-
tion company edited the film so that its final length did 
not exceed 5  min. A health promotion specialist subse-
quently approved the final version of the film. As a result, 
a 5-minute narrative film in the entertainment-education 
format modeling an acute stroke with a child as the main 
savior was created. The screenshot of the film is shown 
in Fig.  5. The film’s final version was integrated as an 

intervention component into the e-learning platform on 
a dedicated website for the HOBIT program.

Step 5: Implementation plan
Implementation plan for RCT​
School management may be considered as an important 
stakeholder in school-based interventions. However, 
past experiences with the implementation of the initial 
HOBIT intervention show that contacting school prin-
cipals has proven to be ineffective, as they either do not 
respond to the invitation or refer to teachers. Moreover, 
the curriculum in the Czech Republic additional subject 
areas in which the content is determined by the teachers 
themselves. Therefore, in the current intervention, school 
teachers serve as the adopters and implementers since 
they are potentially interested in incorporating external 
programs into their lessons.

The primary outcome of the adaptation that a mini-
mum of 2 schools located in the South-Moravian region, 
Czechia, would adopt the HOBIT program in 2023. In 
this case, the performance objectives for adaptation 
include that teachers should: (1) evaluate the need to 
implement the program, (2) review all the information 
regarding the program and (3) decide to implement the 
program in their lessons.

As for the implementation, the main outcome is that 
the HOBIT program is implemented including all of its 
components (i.e., pretest-film-posttest) in the prede-
termined e-learning form according to the instructions. 
In order to consider the implementation to be success-
ful, there are several performance objectives to be met: 
(1) prepare the computer classroom, (2) make sure all 
students have successfully registered at the e-learning 
website and (3) make sure that all students complete all 
components of e-learning. In regard to facilitating the 
implementation with high completeness and accuracy, 
special video instructions have been developed and 
posted on the website. Teachers will also be provided 
with free lessons concerning stroke and provided with 
contact for the technical support line.

If RCT demonstrates a positive effect of the HOBIT 
intervention on changing EMS activation determinants, 
a large-scale implementation plan including matrices 
of change objectives, change methods and practical 
applications will be developed. In such a case, an imple-
mentation plan will also be developed for program main-
tenance, ensuring the program continues over time and 
becomes institutionalized (i.e., integrated as part of the 
organization’s routines) [34].

Step 6: Evaluation plan
We used a clustered randomized controlled trial (RCT) 
to assess the efficacy of the HOBIT intervention on EMS 
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activation in suspected stroke. As was mentioned in step 
2, the main behaviors related to appropriate EMS acti-
vation for stroke are noticing symptoms and comparing 
these with symptoms of stroke, communicating with vic-
tim/bystanders and applying stroke recognition meth-
ods, calling an ambulance and communicating with the 
operator. However, measuring help-seeking behavior in 
acute diseases at the behavior outcome level is challeng-
ing [41]. Therefore, the effect evaluation of the current 
intervention was measured on the behavior intention and 
determinants’ level as the difference in mean test scores 
before and after the educational film. The results of the 
RCT plan will be published elsewhere.

Discussion
This paper presented the detailed stepwise process used 
to develop the HOBIT school-based intervention aimed 
to improve EMS activation for suspected stroke by 12–15 
years old children. This study contributes to the literature 
as the first one to design a stroke intervention for this 
specific target group using the systematic intervention 
development framework – the Intervention Mapping 
approach. The development process resulted in an enter-
tainment-educational video modeling an acute stroke 
and adjusted for the target group’s psychosocial and cul-
tural specifics.

The added value of this study lies not only in the crea-
tion of a theory- and evidence-based intervention, but 
also in the systematic documentation of its precise con-
tent, illuminating the development process. The devel-
opment of interventions remains a ‘black box’ within the 
complex intervention trial design and is rarely published. 

Fig. 3  Synopsis of the E-E film for the HOBIT project

Fig. 4  The filmmaking process of the E-E film for the HOBIT project

Fig. 5  The screenshot of the E-E film for the HOBIT project
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Thus, researchers are often left without guidelines and 
tend to repeat methodological mistakes found in previ-
ous studies, which leads to some interventions never hav-
ing an impact on public health [53].

Through a deep multi-method needs analysis, we com-
piled a more accurate list of determinants that affect 
EMS activation that include including not only knowl-
edge [32, 54–57], but also social influence, risk percep-
tion, self-efficacy, outcome expectations and skills. These 
determinants were combined with sub-behaviors to cre-
ate the most precise change objectives, for which tailored 
behavior change methods were then applied. To our 
knowledge, most existing interventions do not use spe-
cific behavior change methods or do not clarify their use 
[32, 54–56, 58].

As a result, we can assert with greater confidence that 
the HOBIT intervention is: (i) based on extensive forma-
tive work, stakeholder engagement and “best practice” 
evidence from evaluated interventions; (ii) combines 
theory with scientific evidence to inform the intervention 
objectives; and (iii) embedded within Czech school cur-
riculum to facilitate broader scaling. Therefore, the pre-
sent study makes a valuable contribution to the limited 
literature on the development of effective interventions 
to improve EMS activation for suspected stroke by school 
children.

While this study highlights the promise of the HOBIT 
intervention, further research is warranted to explore 
its effectiveness in larger-scale implementation. There-
fore, we plan to implement the program at the level of 
the entire Czech Republic as the next step. Additionally, 
since one of the stated benefits of targeting stroke pro-
grams at children is that they spread their knowledge to 
the wider community, we plan to evaluate spreading the 
impact of HOBIT on the family members of participating 
children. Furthermore, exploring the cost-effectiveness of 
implementing the HOBIT intervention within the school 
curriculum could inform future public health decisions.

Conclusion
This paper reports the development of the school-based 
HOBIT program aimed to improve EMS activation for 
suspected stroke by 2–15 years old children. It repre-
sents the first attempt to systematically apply theory and 
evidence in the development of an intervention of this 
nature and was designed to reduce mortality and disabil-
ity rates caused by delayed EMS activation among stroke 
bystanders. Intervention mapping was a useful plan-
ning approach to the development of the current project 
and helped to create a more tailored intervention with 
increased potential to change EMS activation behavior. 
The data shown in this article can provide valuable expe-
rience for designing and refining further interventions.
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