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Abstract

Background: Despite various global health crises, the prevention and handling of unintentional childhood injuries remains an
important public health objective. Although several systematic reviews have examined the effectiveness of different child injury
prevention measures, these reviews did not address the evaluation of mobile communication intervention tools. Whether and how
mobile apps were evaluated provides information on the extent to which communication theories, models, and evidence-based
knowledge were considered. Previous studies have shown that the effectiveness of mobile apps increases when theories and
evidence are considered during their development.

Objective: This systematic review aimed to identify research on mobile apps dealing with the prevention and handling of
unintentional injuries in children and examine the theoretical and methodological approaches thereof. In addition, this review
analyzed the different needs of various target groups of the mobile apps described in the articles.

Methods: In total, 8 electronic databases, ranging from interdisciplinary to medical and technical as well as social sciences
databases, were searched for original research articles or brief reports in peer-reviewed journals or conference proceedings.
Moreover, this review encompassed a systematic scan of articles published in the BMJ journal Injury Prevention. These steps
were followed by a snowball search based on the literature references in the articles identified through the initial screening. The
articles had to be written in English or German, published between 2008 and 2021, and evaluate mobile apps dealing with the
prevention and handling of unintentional child injuries. The identified 5 studies were analyzed by 5 independent researchers using
an inductive approach. Furthermore, the quality of the studies was assessed using the Mixed Methods Appraisal Tool.

Results: A total of 5 articles were included and assessed with regard to overall quality of theoretical and methodological
foundations, assessed variables, the focal app’s architecture, and the needs of the study participants. The overall study quality
was moderate, although part of this classification was due to a lack of details reported in the studies. Each study examined 1
mobile app aimed at parents and other caregivers. Each study assessed at least 1 usability- or user experience-related variable,
whereas the needs of the included study participants were detailed in only 20% (1/5) of the cases. However, none of the studies
referred to theories such as the Technology Acceptance Model during the development of the apps.

Conclusions: The future development and evaluation of apps dealing with the prevention and handling of child injuries should
combine insights into existing models on user experience and usability with established theories on mobile information behavior.
This theory-based approach will increase the validity of such evaluation studies.

(Interact J Med Res 2023;12:e45258) doi: 10.2196/45258
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Introduction

Background
The risk of unintentional injuries in children has repeatedly
been revealed as a relevant factor in medical treatment. The
second wave of the German Health Interview and Examination
Survey for Children and Adolescents (KiGGS Wave 2,
2014-2017) showed that, under the consideration of previous
studies [1], unintentional injuries in children remain at a
continuously high level, especially in times of changing
conditions and associated shifts in risk. For example, at the start
of the COVID-19 pandemic, physicians initially predicted a
higher risk of unintentional poisoning incidents because of the
increased use of cleaning agents and disinfectants [2], which
was later reported in studies from several countries (Italy [3],
Brazil [4], United States [5], Iran [6], Australia [7], and Morocco
[8]). Shifting risks and associated consequences for the
well-being of children clearly underline the importance of
research and measures to prevent unintentional child injuries.

Unintentional injuries vary by age and encompass various
categories, such as traffic injuries (eg, motor vehicle–, bicycle-,
and pedestrian-related accidents), burns, fires, falls, drowning,
suffocation, and poisonings [9,10]. Most of these injuries are
preventable [11]. However, to know how such injuries could
be prevented, this information must reach the respective target
groups via appropriate communication measures, for example,
via mobile apps. Apps may play a decisive role by providing
tools, information, and practical guidance to prevent, mitigate,
and handle the risk of unintentional injuries [12]. Thus, research
on apps proves to be crucial to develop appropriate, informative,
and user-friendly communication measures.

In the context of preventing unintentional injuries in children
aged <7 years, Stehr et al [13] provided a detailed analysis of
intervening communication strategies and their effectiveness.
The authors emphasized that the chosen communication was
more effective when a theory was applied in the study.
Highlighting the potential of digital media, the research also
showed that tailoring improves the effectiveness of digital health
communication interventions. The researchers concluded that
digital adaptation is an important aspect of disseminating
knowledge and informing those who can take measures to
prevent unintentional child injuries: “caregivers, i.e., parents
and other guardians as well as childcare workers and health
professionals working with children” [13].

Given these facts, the successful development of an app depends
on several factors, which are described in the following section.

Theory- and Evidence-Based Digital Communication
Through Mobile Apps
Mobile health (mHealth) technology such as mobile apps can
be an effective communication tool to distribute health
information [14,15]. Apps offer a number of advantages: they
not only are an instrument of mass communication but also

enable the provision of (tailored) information on, for example,
preventive measures in 1 communication channel [16]. The
information can be received anywhere, at any time, and in any
situation. To be effective, the information must be
evidence-based and evaluated [17]. The term evidence-based
refers conventionally to evidence-based medicine being defined
as “the conscientious, explicit and judicious use of current best
evidence in making decisions about the care of individual
patients” [18]. As Larson [17] noted, most of the existing
mHealth apps lack evidence when it comes to the intervention
itself. However, this evidence-based health information is
necessary to be able to make evidence-informed decisions [19].

When making decisions based on information provided in an
app, several aspects need to be considered: (1) the content of
the information; (2) the presentation of the information (eg,
design and layout); and (3) from the user’s point of view, how
comprehensive and relevant the information is [19] or what the
user’s needs are when searching for information (eg, length of
text, features, and different modes of communication such as
visualization). Thus, the term evidence-based refers not only to
proven scientific findings in the respective medical context. It
also includes scientific insights into which communication
channel, which format, and which message work effectively for
which target group [20], as well as data that allow for
conclusions to be drawn on the structure and presentation of
the app’s content.

In addition, communication strategies that apply a
communication theory such as the Theory of Planned Behavior
are more effective in producing certain outcomes (eg, knowledge
improvement). However, and in relation to prevention, Stehr et
al [13] showed that almost two-thirds of their analyzed
communication strategies were not theory based. Health
communication theories allow for the prediction and explanation
of individual behaviors, such as the use of a particular means
of communication and the acceptance related to it. Therefore,
not only the content itself but also the way it is presented as
well as the health information behavior of the target groups play
a decisive role in the development and use of apps.

To date, little is known about the usability of mobile apps
regarding child injury prevention [21,22] or their effectiveness
(for mHealth in general, see the study by Chib and Lin [23],
and for child injury prevention, see the studies by Cho et al [24]
and Ning et al [25]). After a systematic review of the literature
on unintentional injuries in people of different ages, Omaki et
al [22] concluded that evaluation data on smartphone apps are
lacking. Furthermore, they could not provide any insights into
the role that theory plays in the development of these digital
intervention tools [22]. Similar to the findings of Stehr et al
[13], only a few of the included studies described the theoretical
background. Omaki et al [22] suggested that a more detailed
description of the theories is necessary to be able to make
generalizable statements on the role that theory plays in
changing safety behaviors through the use of an app.
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Technology Adoption
Changing safety behaviors, disseminating knowledge, and
increasing self-efficacy are all important outcome types when
communication on prevention is researched. However, the
precondition for the effectiveness of an app is its use. Thus, it
is not only about adapting protective behavior but also about
adapting media use behavior to expedite technology adoption.
However, this depends on aspects such as the perceived ease
of use or perceived usefulness of the app, its perceived
trustworthiness, and perceived risks regarding data protection
[26]. In addition, previous research shows that trust in the app
publisher and content [25] as well as in the technology itself
[27] increases the acceptance of an app.

There are few studies that have developed and evaluated mobile
apps for child health promotion (eg, based on the Theory of
Planned Behavior [28]) and systematic reviews on educational
aspects of mobile injury prevention programs [29]. However,
there is to date no systematic review on the theory-related
evaluation of mHealth interventions focusing on child injury
prevention and handling.

Objectives
This study identified research on mobile apps dealing with the
prevention and handling of unintentional injuries in children
and sought to gain insights into the different theoretical and
methodological approaches of the identified studies.
Furthermore, our systematic review tried to understand the
different needs of various target groups of these mobile apps
and, thus, took a user-centered design approach into account.
These objectives are specified in our research questions (RQs):
(1) Which apps for the prevention and handling (first aid) of
unintentional injuries in children have been studied in scientific
literature? Which app architecture characteristics and features
can be described? What do they visualize? Who is their target
audience? (RQ 1); (2) What theories and methods are used to
evaluate these mobile apps? (RQ 2); and (3) Which needs do
private caregivers, professional caregivers, and health
professionals have when using apps dealing with the prevention
and acute (pain) management of unintentional injuries in
children aged <7 years? What constraints may prevent the use
of the apps? (RQ 3).

Methods

Preparatory Steps
Before we carried out our systematic search, we conducted a
cursory review and prereview mapping of articles dealing with
mobile apps aiming at the prevention or acute (pain)
management of unintentional injuries. This step seemed
necessary not only to identify possible keywords for the
definition of an appropriate search string but also to gain insights
into the field of mobile app research. This prereview also helped
specify our RQs and identify relevant databases and journals.
Thus, our systematic literature review followed the steps
comprehensively described by Xiao and Watson [30] and was
conducted in accordance with the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines
[31] and checklist (Multimedia Appendix 1). A research protocol

was registered in the PROSPERO database (ID omitted for
double-blind peer review).

Search Strategy
Regarding academic databases, we included the
technical-oriented databases IEEE Xplore and ACM Digital
Library; the multidisciplinary databases Scopus and Web of
Science; and databases from the disciplinary fields of
psychology (PsycINFO), communication sciences
(Communication Abstracts and Communication & Mass Media
Complete), and biomedical and life sciences (PubMed) in our
search. Using a Boolean approach, the search string combined
the terms “app” or “application” with different synonyms for
“children” and several unintentional injury-related categories
such as “drowning,” “poisoning,” or “accidents” derived from
the definitions offered by Sleet [9] and Schnitzer [10] (RQ 1)
and the results of our prereview mapping of relevant articles.
The search string also encompassed several usability-related
categories such as “ease of use” or “user experience” derived
from our research interest (RQs 2 and 3). Research has shown
that the needs and preferences of users are highly correlated
with perceived usability [32], whereas usability-oriented app
research might also indicate factors or constraints that limit or
prevent the use of an app. Finally, as our search string
(Multimedia Appendix 2) aimed at yielding relevant articles on
the prevention and acute (pain) management of injuries, we
decided to exclude research on “disease self-management” apps.

Furthermore, we decided to conduct a systematic scan of articles
published in the BMJ journal Injury Prevention. The added
value of complementary hand searching has repeatedly been
marked in scientific discussion [33,34] as it reduces the
possibility of missing relevant studies. The separate search for
relevant articles published in Injury Prevention seemed to
promise a useful addition to our search strategy, not only
because of the journal’s specific focus on the prevention of
unintentional injuries as well as its broad scope with regard to
injuries in general but also because our prereview mapping
yielded particularly interesting results from the aforementioned
journal [22].

Inclusion Criteria
Several inclusion and exclusion criteria were defined to evaluate
the identified papers for further consideration in the literature
review (eligibility assessment). For inclusion, studies had to
have been written in English or German, had to elaborate on
the elements of the main RQs, and had to have been published
between the years 2008 and 2021. We chose this specific time
frame as digital apps became increasingly prevalent with the
release of the first iPhone in 2007 and, more specifically, with
the launch of the Apple App Store in 2008 [35]. Following the
logic of the research process, the search in the databases could
only include articles up to and including March 2021—this was
the first point of data collection, whereas the hand search
covered all articles up to and including the end of April 2021.

The population of interest was health professionals and private
and professional caregivers of children aged <7 years. We chose
this age because, first, unintentional injuries in the home and
during recreational activities are most common at this age [36].
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Second, infants, toddlers, preschoolers, and school beginners
depend on the knowledge of caregivers as they need to learn
which risks to take and which to avoid [37,38]. If there was no
exact age specification for the children and no explicit
specification of an age of >6 years, the studies were included.
For an overview of all the inclusion criteria, see Multimedia
Appendix 3.

Exclusion Criteria
Articles that did not meet the inclusion criteria were excluded.
Furthermore, articles describing mobile apps that dealt with the
handling and prevention of intentional child injuries (eg, abuse)
or tracking and collecting individual health data as part of an
ongoing treatment were excluded, as were studies that did not
provide empirical data, merely focusing on technical or
theoretical aspects. For an overview of all the exclusion criteria,
see Multimedia Appendix 3.

Systematic Database Search
A total of 358 papers were retrieved from 8 academic databases.
Duplicate removal reduced our sample to 229 papers that went
through several assessment and selection stages. The selection
process is presented in the PRISMA flowchart (Multimedia
Appendix 4) as well as in the overview in Multimedia Appendix
2.

Given the number of identified papers, 5 raters were involved
in the eligibility assessment. To ensure a coherent and consistent
selection process, we validated our interrater reliability. We
randomly selected 100 papers from our sample. The titles and
abstracts of these papers were assessed by all 5 raters. The Fleiss
κ, an adaptation of the Cohen κ for ≥3 raters [39,40], was used
to analyze our interrater agreement. The Fleiss κ accounts for
chance agreement between several coders and measures not
only accuracy (eg, by aligning the coding with the codebook)
but also precision (eg, ensuring that agreement between different
coders is not due to chance alone [41]). Measurement is carried
out based on a calculated score, whereby a score of 1 indicates
perfect agreement and a score of 0 indicates agreement totally
owing to chance. After assessing the randomly selected papers,
we calculated a Fleiss κ value of 0.63—implying substantial
agreement [42]. In view of the number of raters, we judged the
level of agreement to be acceptable to assess the titles and
abstracts of the remaining articles by only 1 rater each.

The remaining 129 articles were equally distributed among the
5 researchers involved in the title and abstract check. Each
article was assessed by 1 researcher. This procedure left us with
11 papers. To confirm eligibility, these papers were further
assessed through a full-text screening by 2 raters each. This step
particularly focused on the documented objectives as well as
the target users of the mobile apps described in the respective
articles. Finally, discrepancies or disagreements concerning a
particular eligibility assessment were resolved through
discussion and consensus-oriented decision-making by all
researchers.

The systematic database search ultimately yielded a total of 4
articles that were considered relevant for our literature review.

Systematic Scan of Injury Prevention (BMJ Journal)
Articles
A total of 899 papers were retrieved from volumes 14 to 27 of
this journal. The articles were reviewed for eligibility by 2
researchers. Owing to the quantity of articles, they were assessed
first based on the title and then on their abstracts. Again, critical
cases were discussed within the team, and a final decision was
reached by consensus. Initial title analysis led to the exclusion
of 95.9% (862/899) of the papers. The following review of the
remaining articles’ abstracts further excluded 97% (36/37) of
the papers. Full-text screening of the remaining paper finally
resulted in the inclusion of 1 article.

Reference Tracking
The final step of our literature review included a (backward)
snowball search based on the literature references of all 12
papers included in the full-text screening. Following Wohlin
[43], snowballing is “particularly useful for extending a
systematic literature study,” offering options to find additional
studies that were not detected in the searched databases. Thus,
330 articles were further reviewed for eligibility by 2
researchers. Title and abstract analysis led to the exclusion of
97.3% (321/330) of the articles, so that 9 articles remained for
the subsequent full-text screening. However, none of these
articles met the inclusion criteria. As previously, critical cases
in this step were discussed within the team.

As a result of these 3 different search strategies, 5 articles were
selected for our comprehensive literature review.

Assessing Quality
To critically appraise the quality of the selected studies, we used
the Mixed Methods Appraisal Tool (MMAT), which was
developed for the appraisal stage of complex systematic
literature reviews [44]. The MMAT specifically allows for the
quality assessment of different study designs in systematic
mixed study reviews, enabling us to assess the quality of all 5
included studies at once. Conflicting assessments were discussed
between 2 researchers involved in this systematic literature
review and finally resolved through consensus. The final
appraisal and evaluation of the included studies are explained
in more detail in the Results section.

Extracting, Analyzing, and Synthesizing Data
All 5 articles were coded using the qualitative data analysis tool
MAXQDA (VERBI Software GmbH). The code system
(Multimedia Appendix 5) was developed using an inductive
approach; based on the original articles, we identified
dimensions, categories, and subcategories that described the
apps as well as their evaluation process and the major findings.
The entire article was coded, including graphics and information
boxes. A total of 5 coders worked on the material—coded,
discussed, and recoded—striving for coherence through an
iterative process. The coding process involved 4 stages. First,
2 coders coded the same article on their own. Second, they
discussed the marked overlaps and divergences. If an intercoder
agreement was not achieved, the whole team reviewed and
reflected on the relevant passage (“negotiated agreement” [45]).
Third, the codes were refined if necessary. Fourth, coding was
repeated. Owing to the small number of studies and their various
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differences regarding the applied methods and data analysis
strategies, we did not carry out any statistical evaluations. In
addition, the data were analyzed using Miro (RealtimeBoard
Inc dba Miro), a web-based whiteboard that allowed us to group
different codings collaboratively.

Results

Characteristics of the Included Studies
Table 1 provides an overview of the app and study
characteristics of the included studies.

Table 1. Overview of the included studies.

Study characteristicsApp characteristicsStudy

Data analy-
sis

Data collec-
tion

Participants
(sample size)

Consideration of
previous research

Research questions or
objectives

Target au-
dience

Main fo-
cus

ObjectivesName

Statistical
techniques,
for example,
cross-tabula-
tions and in-
dependent
chi-square
statistics

Survey (con-
ducted via a
laptop or
tablet)

Caregivers
(n=89): any
adult accompa-
nying a child
to the partici-
pating dentist
offices

Cursory overview
of literature on
peer-reviewed
apps

Comparison of the effec-
tiveness and user prefer-
ence of the app with a
poster containing the
same information and
testing of the app’s suit-
ability to inform parents
about dental trauma
management

ParentsHan-
dling

Deliver in-
formation
on dental
trauma

Dental
Trauma
first aid
mobile
app

Iskan-
der et
al [46]

Thematic
analysis

3 focus groupsMothers
(n=15)

Scoping literature
review on unin-
tentional child-
hood injuries and
review of app
stores, websites,
and apps provid-
ing information
on unintentional
injuries

Parents’ assessment of
the usability of the app
(ease of use, usefulness,
and esthetics), considera-
tion of multiple perspec-
tives on the app, and
identification of strengths
and weaknesses of the
app as well as potential
for improvement

Parents
and care-
givers

Preven-
tion

Support
parents and
carers in re-
ducing un-
intentional
injuries

GUSaJones
et al
[47]

Statistical
techniques
and quality
assurance re-
view—manu-
al verifica-
tion of each
case

Web-based
survey, app
use data, and
reported cases

App users
(n=1339 web-
based feed-
back respon-
dents and
n=9256 con-
secutive, pub-
lic webPOI-
SONCON-
TROL cases)
and a toxicolo-
gist (n=1)

Not mentionedAssessment of the feasi-
bility and user accep-
tance of the app and
safety and correctness of
triage recommendations

The pub-
lic, par-
ents, and
employ-
ees of
poison
centers

Han-
dling

Increase
access to
accurate in-
formation
on poison-
ing, reduce
costs of
poison cen-
ters and in-
crease their
efficiency,
and harmo-
nize triage

webPOI-
SON-
CON-
TROL
app

Litovitz
et al
[48]

Not men-
tioned

2 focus
groups, includ-
ing app use
data

End users
(n=16)

Systematic litera-
ture review on
sport and recre-
ational activities
and their injury
risks and review
of websites and
apps providing
information on
sports injuries

Description of the devel-
opment of the web-based
tool, collection of feed-
back on the selection of
information for the app,
and user experience of
the app (data visualiza-
tion and interactivity)

The pub-
lic, coach-
es, par-
ents, ath-
letes, in-
jury re-
searchers,
and practi-
tioners

Preven-
tion

Provide
web-based
sport injury
and preven-
tion infor-
mation

Active
& Safe
Central

Rich-
mond
et al
[49]

Thematic
analysis and
statistical
techniques,
for example,
chi-square
test

5 focus
groups, web-
based pretest
and posttest
survey, and
app use data

Parents or le-
gal guardians
(n=40)

Cursory overview
of literature on
the delivery of
preventive infor-
mation

Awareness of injury pre-
vention and safety behav-
ior at home, user experi-
ence of the app, and moti-
vations for injury preven-
tion and challenges in
making one’s home safer

Parents
and care-
givers

Preven-
tion

Help par-
ents and
caregivers
make their
homes
safer by
identifying
injury risks

Make
Safe
Happen

Roberts
et al
[50]

aGUS: Growing up Safely.
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Study Quality: MMAT Results
Of the 5 studies included, 2 (40%) exclusively applied
qualitative methods such as focus groups, 2 (40%) used
quantitative methods such as surveys, and the last study (n=1,
20%) used a mixed methods approach, as documented in the
MMAT overview (Multimedia Appendix 6). In total, 60% (3/5)
of the studies used usability constructs, such as perceived
usefulness or functionality assessment, and let the participants
test the app while conducting focus groups or gaining data via
web-based surveys [48-50].

Critically appraising the methodological quality of the evaluation
studies was challenged by a lack of reported details on data
collection, data analysis, and the interpretation of the study
results. The mixed methods study by Roberts et al [50] provided
the most methodological details. On the basis of this paper, we
were able to answer 14 of the 15 MMAT questions on
methodological quality. In contrast, the studies by Iskander et
al [46] and Richmond et al [49] were the most difficult to assess.
In this case, 2 out of 5 questions from the MMAT could not be
answered. Therefore, a valid assessment of the overall study
quality is hardly possible, which is why we will only address a
few specific issues in this section.

Most studies (4/5, 80%) used appropriate measures and methods
to address their research interests; however, Litovitz et al [48]
did not provide enough information for an assessment. No study
used a representative sample of their target population, although
they all recruited the study participants from the group of
potential app users. Regarding data analysis, Iskander et al [46]
and Richmond et al [49] provided insufficient information to
assess the validity of the data analysis process and the
interpretation of the data. However, as far as can be assessed,
Jones et al [47], Litovitz et al [48], and Roberts et al [50] largely
evaluated and interpreted the research data adequately.

Overall, the quality appraisal by means of the MMAT resulted
in an average overall score of approximately 50%, indicating a
rather moderate methodological quality of the included studies.
However, the lack of reported details contributed to this low
score to a considerable degree. This points to the difficulties
related to the adequate assessment of a paper’s methodological
quality. The MMAT is based on the assumption that publications
present all methodological information in an ideal-typical way;

however, this is not always the case. Accordingly, the average
overall score reported previously should be treated with caution
as, in all cases, no definite assessment could be made on at least
1 item.

Answering the RQs

Mobile Apps Dealing With the Prevention and Handling
of Unintentional Injuries in Children via Mobile Apps
(RQ 1)
Each paper presented the evaluation of a single app. In total,
60% (3/5) of the apps focused on preventing unintentional
injuries (Grow up Safely, Active & Safe Central, and Make Safe
Happen), whereas the remaining 40% (2/5) offered advice on
handling unintentional injuries through appropriate first aid
measures (Dental Trauma first aid mobile app and
webPOISONCONTROL app; Table 1).

App Architecture Characteristics and Features
In total, 60% (3/5) of the apps offer features that allow for
tailoring the information to the respective user. In both Grow
up Safely and Make Safe Happen, users can select the age of
their child and then automatically receive the injury prevention
information that is important for this phase of their child’s life.
The webPOISONCONTROL app works in a similar way by
providing personalized recommendations on how to react in
case of an intoxication based on the child’s age and other
personal information. To assist users in implementing preventive
measures, Make Safe Happen and webPOISONCONTROL
include reminders via calendar notifications or emails to
encourage consistent safety behavior. In addition, Make Safe
Happen provides checklists to assess injury hazards in one’s
home. A barcode scanner in the webPOISONCONTROL app
can help identify toxic substance ingredients. Active & Safe
Central, Make Safe Happen, and the webPOISONCONTROL
app also provide additional information via external links. A
download function has been integrated into Active & Safe
Central allowing resources, evidence synthesis tables, and
reports to be saved.

The paper on the Dental Trauma app by Iskander et al [46] only
provided very rudimentary information on what prevention or
handling information was offered and how it was provided by
the app (Table 2).

Table 2. Overview of app features and visual elements.

Visual elementsFeatures

Data
tables

InfographicsPhotographsData
download

Reminders
or follow-up

Tools for hazard
identification

Tailored in-
formation

Information
provision

✓✓Dental Trauma first aid mobile app

✓✓✓Grow up Safely

✓✓✓✓✓webPOISONCONTROL app

✓✓✓✓✓Active & Safe Central

✓✓✓✓✓Make Safe Happen
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Visualization Elements

The use of visualizations was only explained to a very limited
extent. Although Roberts et al [50], Iskander et al [46], Litovitz
et al [48], and Jones et al [47] included screenshots of the apps
in their papers, they did not provide any details on how the
pictures in the app were chosen or what purpose they served.
On the basis of the screenshots, Dental Trauma used
photographs to differentiate between injuries, whereas Grow
up Safely and Make Safe Happen used screenshots mainly to
illustrate the app and its menu. The webPOISONCONTROL
screenshots indicated minimal use of visualizations, with the
only photo showing 2 pills of a particular drug. Active & Safe
Central used more visualizations, mentioning infographics and
data tables illustrating the individual injury risks associated with
different sports and recreational activities (Table 2).

Target Audience

All apps were designed to be used by parents or caregivers
(Table 1). Medical staff or physicians were only indicated as
target users for Active & Safe Central, which also aims to inform
the public, mentioning parents, coaches, athletes, and injury
researchers. Roberts et al [50] and Iskander et al [46] collected
demographic information such as age, level of education, and
ethnicity of the app users. However, only Iskander et al [46]
included this information in their analysis of individual
preferences. They found that age did not have an effect on the
frequency of internet use or on the preference for health
information being delivered via posters or apps. The authors
noted that this might be due to the small age range of the
caregivers represented in the study. Differences were found in
the interest in using an app to inform oneself about (dental)
health information being higher for people with a lower level
of education. In this case, a lower level of education was
associated with a higher interest in information. The authors
suggested that this might be due to a higher baseline health
knowledge in people with higher education levels [46].

Theoretical and Methodological Foundations of the
Evaluative Study Designs (RQ 2)

Theoretical Foundations and Evidence Research

Although there are a number of established approaches to
researching the acceptability and use of an app (eg, the
Technology Acceptance Model [51] and Unified Theory of
Acceptance and Use of Technology model [52]), these were not
used in any of the studies. Furthermore, no existing theories
were applied in the development of the apps. However, 20%
(1/5) of the papers mentioned health literacy as relevant to
(visual) language [47] in the discussion part, whereas another
research team used “an integrated knowledge translation
approach” [49] but did not reference previous research on this
approach or describe how they operationalized it. Therefore,
80% (4/5) of the studies did not follow a theory-based research
approach, whereas the fifth paper did not provide sufficient
information on how the chosen approach was translated into
methodology.

Existing evidence-based knowledge on how best to communicate
prevention or handling information to caregivers via mHealth
apps (eg, simple language, visuals, and examples) was not
systematically considered in any of the 5 included articles (Table
1). However, Richmond et al [49] and Jones et al [47]
thematically reviewed the literature on unintentional injuries in
children focusing on the type of injury and the percentage of
accidents.

Assessed Variables and Methodological Foundations

Despite the lack of a common theoretical background, all studies
(5/5, 100%) evaluated at least 1 variable related to usability or
user experience, although this was evaluated in varying degrees
of detail. Jones et al [47] and Richmond et al [49] also collected
data on the evaluation of the apps’ look and appearance.
User-related variables were also included in all studies (5/5,
100%). Table 3 provides an overview of the variables that were
not only mentioned but also analyzed.

Table 3. Overview of variables.

User-related variablesApp-related variablesStudy

DemographicsAttitudes or
motivations

Awareness or
knowledge

Issues or
limitations

Interactivity
or navigation

FunctionalityLook or ap-
pearance

Usability or us-
er experience

✓✓✓✓Iskander et al [46]

✓✓✓Jones et al [47]

✓✓✓Litovitz et al [48]

✓✓✓✓✓✓Richmond et al [49]

✓✓✓Roberts et al [50]

The variety of the assessed variables is also reflected in the
different methods used in the studies, ranging from simple to
rather complex designs. The most commonly used qualitative
method was focus groups to evaluate the app either during or
after development [47,49,50]. Jones et al [47] and Richmond
et al [49] examined the interaction of users with the app, whereas
Roberts et al [50] focused more on the participants’ attitudes.
The most common quantitative method used in the analyzed
studies was surveys. These were also used at different points

in time within the study design—Iskander et al [46] only
surveyed participants after they had used the app, whereas
Roberts et al [50] used a pre- and posttest design to assess the
extent to which the app influenced safety behavior. This study
also included an analysis of the app usage data regarding
frequency of use and retrieved information. In all studies (5/5,
100%), participants were recruited from the target group of app
users, mainly parents or caregivers of young children.
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Needs of Private Caregivers, Professional Caregivers,
and Health Professionals and Constraints Preventing
the Use of the App (RQ 3)

Overview

As mentioned previously, all studies (5/5, 100%) focused on
private caregivers (eg, parents and legal guardians), although
Litovitz et al [48] offered no detailed description of the study
participants. No study explicitly involved professional caregivers
or health professionals in the evaluation of the app except for
Richmond et al [49], who included “injury researchers and
practitioners” as well as end users [49], and Litovitz et al [48],
who asked a toxicologist to analyze the safety of the triage
recommendations. Jones et al [47] mentioned parents and
“carers” but did not explain who was considered a carer and
only included mothers in their sample.

Only 40% (2/5) of the papers offered results on the needs of the
study participants. Jones et al [47] provided a detailed report
on participants’needs based on several focus group discussions,
whereas Litovitz et al [48] only briefly summarized the most
liked or preferred features that were collected through a
web-based survey via open comment fields. Both papers
mentioned trust as a relevant factor. However, without further
elaboration, Litovitz et al [48] indicated the need for trusted
and accurate information sources, whereas Jones et al [47] found
trust to be an influencing factor for app use, with participants
not only demanding links to other reputable sources in the app
but also feeling “more likely to use the app if it had been
recommended by a trusted source such as a health visitor or
midwife” [47]. Data security and privacy were only reported in
the study by Litovitz et al [48].

Considering the contents of the app, the participants expressed
their need for simple, easy-to-understand texts that offered more
than trivial or “common sense” information [47]. This need for
simplicity was also emphasized in the study by Litovitz et al
[48] but not discussed further. Instead, Litovitz et al [48] listed
several other needs—such as helpfulness, convenience, or a
step-by-step approach with regard to their app—without further
elucidating them. Visuals were generally evaluated as relevant
in the study by Jones et al [47]; however, the participants
expressed a dislike of images of wounds or other injuries, stating
that they might distract users from the text or context.

Constraints of App Use

Jones et al [47] and Roberts et al [50] also identified several
aspects that might prevent either app use or the implementation
of new prevention behaviors. The main constraint for app use
is a lack of awareness of the app (eg, as the users forget to access
the app regularly after downloading it). Push notifications that
promote regular engagement with the app were seen as an
adequate tool to combat this constraint [47]. However, even if
users engage with the app and receive relevant information
through it, this is no guarantee that they will also follow the
app’s recommendations. This might be due to being
overwhelmed by a large number of recommended actions, a
lack of resources to implement new safety measures, or
disagreements with other family members regarding their
appropriateness [50].

Discussion

Principal Findings
This systematic review is the first to focus exclusively on
mHealth interventions aimed at the prevention and handling of
unintentional injuries in children aged <7 years as well as the
methodology applied in these evaluation studies. The results
show that a theory- and method-driven evaluation of app
usability is rarely applied. This hampers the comparability of
evaluations of different apps with regard to user preferences
and target group-specific adaptation.

Previous reviews have assessed the effectiveness of preventive
interventions regarding child injuries in general [11,13],
examined the state of research in relation to low- and
middle-income countries [53] or disadvantaged groups [54], or
focused on technology-based interventions without specifically
addressing private and professional caregivers [22]. Although
unintentional injuries cause pain, disabilities, and death in
children and, therefore, pose a major public health challenge
[53,55,56], not many apps deal with the prevention or handling
of unintentional child injuries. Accordingly, research on these
apps is limited. We identified 5 papers that did analyze existing
apps on this issue and evaluated them. However, the excluded
conference abstracts [22,57] and study protocols [58,59] indicate
that more research is being conducted. Cooray et al [57] proved
this with their article published in 2021 on a behavioral
theory-based app for parents to prevent falls in children. They
emphasized that their methodological approach was the first of
its kind, driven by the same rationale on which our review is
based. That study shows that a theory-based, evidence-based,
and user-centered approach to digital app development is a
useful way to intentionally affect the behavior of the target
group. However, as their article was published after our data
collection period, it was not included in our review.

In addition, we identified studies on a theoretical framework
for developing such an app; however, they did not include the
development of the mobile app itself [25,60].

All 5 included studies explored factors of app usability;
however, none of them drew on findings from evaluation
research on mHealth technologies. In addition, the study designs
focused on an exploratory or inductive approach instead of
relying on existing knowledge that explains use or health
information–seeking behavior. Even though data on individual
variables were collected, these were considered independently
of health behavior theories or models as a research framework.

This isolated examination of single variables reduces the validity
of the studies. By drawing on proven theories and models, it
would have been possible to systematically test central basic
assumptions whose scope exceeds the specific study context.
In contrast, without reference to existing theories and models,
it is not clear whether the findings of a study represent an
isolated phenomenon or whether they point to generalizable
findings.

Moreover, even before the communicative content is developed,
different theories can provide clues as to which variables, such
as the users’ attitudes, subjective norms, or perceived
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self-efficacy, influence their behavior. This knowledge can help
develop more effective communication messages for different
target groups.

As previous usability studies in this specific research field have
not been linked to mobile information behavior models or
constructs such as health literacy, the applied research on
mHealth interventions with regard to unintentional injuries in
children is rather rudimentary (for similar findings on mobile
apps in general, see the study by Chib and Lin [23]).

An explanatory factor could be that most researchers on this
topic work in medical fields and, therefore, might not be familiar
with information behavior models from a communication
science perspective. An interdisciplinary look at the
development and evaluation of such apps could advance research
in this area.

Another point concerns the publishing strategies for scientific
publications. In the study by Richmond et al [49], we can see
that another publication by this research team [60] describes in
much more detail how their framework for possible intervention
strategies was developed “emphasizing four types of research
evidence [...]: (1) epidemiologic evidence describing the burden
and cause of injury, (2) evidence concerning the effectiveness
of interventions, (3) evidence on effective methods for
implementing promising interventions at a population level,
and (4) evidence and theory from the behavioral sciences” [60].
This shows that knowledge from different disciplines did indeed
play a role in the development of the mobile apps. However,
their 2015 paper had to be excluded as it did not meet our
inclusion criteria given that there was no mobile app developed
or evaluated.

However, the included 2019 paper only mentions this
information in passing without explaining how the different
types of evidence influenced the implementation and
transformation of scientific knowledge on sports injuries and
prevention. Our review would have needed both papers to
provide a complete picture of the current state of the art (see
the Strengths and Limitations section). Such publication
strategies need to be considered for future reviews.

Although the papers we analyzed did not have much in common,
two categories could be identified among the examined
variables: (1) app-related variables describing, for example,
ease of use, and (2) user-related variables such as knowledge
or risk perception. However, these papers did not provide
information on how these variables were operationalized in the
surveys [46,48,50]. This is a general challenge when researchers
have to describe their study in a very limited format. Therefore,
the methodological section should become a more important
chapter in journal articles so that the methods used to obtain
the data can be reflected upon. Only then will it be possible to
evaluate the quality of a study and check the possibilities of
reproducing it. This not only helps promote good scientific
practice but can also strengthen trust in science.

Current Gaps
Usability is not just about the presentation of knowledge but
also deals with ergonomic design, user-friendly settings, and
accessibility (eg, clear layout, icons and their comprehensibility,

and understandable error messages [61]) as well as technical
setting options. Although some of the studies (2/5, 40%)
evaluated aspects such as the layout of the apps, icon selection,
and comprehensibility, they did not use a comprehensive concept
of software ergonomics [62].

Regarding visualizations, the studies showed somewhat
conflicting results [49]. On the one hand, the data proved that
images help users navigate and search within apps. In contrast,
especially in the area of injury management, images of injuries
can be stressful. This fine line between the positive and negative
effects of using images in health apps needs to be handled with
great care.

Health literacy was implicitly addressed in the work by Jones
et al [47]. In this case, the study participants discussed whether
the texts in the app were easy and quick to understand.
Nevertheless, the content should still be interesting enough to
hold the readers’ attention. For app developers, it could be a
challenge to address a wider range of health literacy (see the
Constraints of App Use section).

Linked to this are the needs of the target users—although some
apps (eg, Make Safe Happen [50]) distinguished very precisely
between different groups of parents (eg, based on the age of the
child), others had rather vague target groups [49]. Targeted
communication is essential if the mHealth intervention intends
to make the information relevant to the specific target
groups—considering data on their knowledge, (risk) perceptions,
and motivations [63]. Furthermore, contrary to our expectations,
only private caregivers were examined in more detail. Even
though health professionals were not addressed as target
users—except in the study by Richmond et al [49]—their views
and reflections might offer relevant insights, especially as they
are an effective intermediary [13] in the prevention and handling
of unintentional child injuries.

Interestingly enough, gender did not play an analytical role,
even though research shows that especially mothers of young
children, expectant mothers [64,65], and mothers with low
health literacy [66] use mHealth communication.

At least one study was able to show that users pay attention to
(1) sources that recommend the app or (2) whether the app
quotes, mentions, or links to reputable sources (eg, well-known
people such as midwives [47]). This means that it is advisable
for app creators not only to obtain the information in the app
from evidence-based or familiar sources and relevant institutions
but also to clearly mark the sources in the app.

Constraints of App Use
We have already mentioned how difficult it is for app content
developers to consider different health literacy levels and
demands. This includes not only the step of accessing
information but also of understanding, appraising, and applying
it [67]. One way to give people access to information via mobile
apps could be push notifications. In particular, injury prevention
apps should be designed to remind the user to consult the app
in situations of uncertainty. In this case, too, the needs of the
target groups are decisive for the design of the app, be it the
ergonomics or the content. The digital possibilities of mHealth
interventions to support behavior change or informed
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decision-making are present [68], but so are barriers. The
amount of information may be sufficient for one user but too
much for another—even in the same target group. These aspects
cannot be easily generalized for every app. It depends on the
topic, the individual user, whether the amount of information
is appropriate, and many other aspects. In short, theory-based
evaluations are crucial. This also applies to the question of
whether and how app use leads to changes in behavior or has
an impact on prevention or first aid behavior [23]. None of the
studies evaluated the effects of app use. This highlights the
importance of continuous app evaluation to match the intended
use with the actual app use.

Strengths and Limitations
One of the assumed strengths of the review later turned out to
be a weakness as well: the scope of this review was quite
narrow, which led to a very limited number of results.

However, this particular limitation may also indicate one of its
strengths. The function of a literature review may lie not only
in its identification, analysis, or synthesis of relevant research
literature but also in its ability to identify desiderata or research
gaps in a specific research area. Therefore, the study not only
contributes to the investigation of existing studies’ deficits
regarding their generalizability but also links the results to extant
theories or models. The literature review might also help
uncover previously unconsidered aspects or variables that could
benefit future studies in the field of mobile apps dealing with
the prevention and handling of unintentional injuries in children.
At the same time, a desiderata-oriented form of literature review
might also help in identifying common deficits in publication
and writing processes that so far have often been overlooked.

Concerning the search method of our systematic review, a
further limitation should be noted. In its third pillar, the
developed search string only comprises generalized categories
of unintentional injuries, which were identified by means of a
prereview mapping as well as by recourse to the definition of
unintentional injuries offered by Sleet [9] and Schnitzer [10].
Thus, this operationalization of unintentional injuries only
covers categories of unintentional injuries (such as burns or
poisonings) but not the concrete or possible causes of such
accidents (such as stoves and ovens or a specific chemical) as,
otherwise, the search string would have had to define an
all-encompassing, expansive list of possible causes covering
every conceivable scenario (eg, poisoning through medications,
alcohol, and hydrocarbons). Therefore, the developed search
string cannot fully ensure that all the relevant papers were
actually identified. In at least 1 known case [69], a relevant
article was not identified because it did not refer to specific
categories of unintentional injuries in the title, abstract, or
keywords.

Owing to the number of articles, the titles and abstracts of 129
articles were checked by only 1 rater each. To keep potential
bias to a minimum, the interrater reliability was examined
beforehand by calculating the Fleiss κ. In case of uncertainty,
the inclusion or exclusion of an article was discussed among
the researchers.

As we excluded all papers that did not explicitly report an
empirical study on the evaluation of an app, we were not able
to include papers that solely discussed the theoretical
frameworks of app development. However, when designing the
review, we did not consider that researchers might publish the
results of their work in several articles (eg, 1 focusing on
theoretical [60] and 1 on empirical [49] aspects). This turned
out to limit the validity of our findings, especially our
conclusions, as we were not able to include all published
information on a particular research project.

Conclusions and Directions for Future Research
The aim of this systematic review was to summarize the state
of the art on the evaluation of mHealth apps in the context of
the handling and prevention of unintentional injuries in children
aged <7 years. The findings of this review highlight two
objectives that play an important role in developing and
evaluating these apps: (1) the use of tailored (visualized)
information being a part of (2) knowledge transfer and
transformation. Both of these objectives play a role when it
comes to app- and user-related variables.

Information tailoring in mHealth contexts contains more than
the message itself; the app allows for personalization features
such as the age of the child that can make the provided content
more useful for the user [47]. Future research should combine
insights into user experience and usability with existing theories
on mobile information behavior and (visual) literacy constructs
[14]. Thus, use and health information-seeking behavior
variables may deliver data on how to tailor information to the
needs of different target groups, including professionals. As
previous research shows, gender should also be considered as
a relevant predictor of mHealth app use [70]. When all this is
considered, the efficiency of an mHealth intervention can be
increased.

On the basis of this review, it is concluded that the focus of
evaluative usability studies on the prevention and handling of
unintentional injuries in children should be shifted from
technical developments and first-phase studies examining
singular variables to collecting evaluation data derived from
theories and models to raise the validity of the foundational
premises measuring health behavior.
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