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Abstract

Background: According to the World Health Organization, implementing mobile health (mHealth) technologies can increase
access to quality health services worldwide. mHealth apps for smartphones, also known as health apps, are a central component
of mHealth, and they are already used in diverse medical contexts. To benefit from health apps, potential users need specific
skills that enable them to use such apps in aresponsible and constructive manner.

Objective: Thisstudy aimed to eval uate the effectiveness of the free and widely used web-based intervention, The APPocal ypse?.
Besides providing knowledge about health apps, the web-based intervention was designed to promote digital health and media
literacy by teaching skillsthat enable usersto distinguish between trustworthy and lesstrustworthy health apps. It was hypothesized
that after completing the web-based intervention, participants’ knowledgein the domain of health apps, their digital health literacy,
and their media literacy would be higher than it was before completing the web-based intervention.

Methods: The study was divided into 3 parts. During part 1, participants (n=365; 181 female, 181 male, and 3 diverse; mean
age 17.74, SD 1.391 years) provided demographic information and answered the pre- and postmeasurements. The measurements
included questionnaires about participants’ knowledge in the domain of health apps, digital health literacy, and media literacy.
During part 2, participants had 1 week to compl ete the web-based intervention. During part 3, participants answered the pre- and
postmeasurements again. Furthermore, they answered educational quality and user experience questionnaires. Bayesian paired
samples 2-tailed t tests were conducted to test the hypotheses.

Results: Overal, the results support the hypotheses. After completing the web-based intervention, participants demonstrated
more elaborate knowledge in the domain of health apps. Specifically, they displayed higher competencies in the domains of
subjective (Bayes factor, [BF,0]=1.475x10"°; effect size 5=—1.327) and objective health app knowledge (BF;,=8.162x10%;
effect size 6=—1.350). Furthermore, participants demonstrated higher digital health literacy. Specifically, they displayed higher
competencies in the domains of information appraisal (BF,,=3.413x10%; effect size 5=—0.870), information searching
(BF,;=3.324x10%, effect size 5=—0.604), eval uating reliability (BF,;=3.081x10%; effect size 5=—0.766), and determining relevance
(BF10:3.451><1024; effect size d=—0.618). Regarding media literacy, the results were mixed. Participants displayed higher
competencies in the domain of technology literacy beliefs (BF;,=1.533x 10?%; effect size 3=—0.570). In the domain of technology
control beliefs, their competencies did not seem to improve (BF;4=0.109; effect size 6=—0.058). In comparison to relevant
benchmarks, the web-based intervention offers exceptional educational quality and a superior user experience.

Conclusions: The free web-based intervention The APPocalypse? might promote the constructive use of heath apps, digital
health literacy, and media literacy. Therefore, it may contribute to achieving the health-related United Nations Sustainable
Development Goals.
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Introduction

Mobile health (mHealth) describes medical and public health
practicesthat are “ supported by maobile devices, such asmobile
phones, patient monitoring devices, personal digital assistants,
and other wirelessdevices’ [1]. According to the World Health
Organization (WHO), the implementation and use of mHealth
technologies have the potential to increase access to quality
health services worldwide [2]. Furthermore, implementing
mHealth technologies may contribute to achieving the
health-rel ated Sustainable Devel opment Goal sthat were adopted
by the United Nations [2,3].

mHealth apps for smartphones, also known as health apps, are
a central component of mHealth, and they are already used in
diverse medical contexts [4-9]. They are, for example, used in
suicide prevention [4], the management of chronic respiratory
diseases [5], cardiac rehabilitation in older adults [6], and the
self-management of hypertension [7]. Various studies have
shown that health apps can promote both the physical [8] and
mental health [9] of their users. Despite the medical benefits of
health apps, laypeople and medical professionals often find it
difficult to choose specific health apps because the market offers
awiderange of health appsand their quality variesgreatly [10].
In addition, many health apps seem to attach too little
importance to the data security and privacy of their users, which
seems particularly problematic with regard to sensitive health
data[11,12].

To benefit from health apps, potential users need specific skills
that enable them to use health apps in a responsible and
constructive manner. In an attempt to promote such skills,
stakehol ders from the health care sector have started to develop
various educational resources[11,13-16]. A renowned German
university, for example, has partnered with a federal ministry
to provide young [16] and old people [15] with genera
information about health apps. Furthermore, the German
Medical Association and the National Association of Statutory
Health Insurance physicians have developed a patient
information leafl et that summarizes critical questionsthat users
should ask themselves before using health apps [13]. From a
pedagogical and didactic perspective, however, many of these
educational resources are not ideally designed, even though
they offer valuable information.

One exception isthe web-based intervention The APPocal ypse?,
which has been developed by the independent, nonprofit
foundation Stiftung Gesundheitswissen [17]. The web-based
intervention is superior to many other educational resources
because it makes use of diverse evidence-based e-learning
design principles [18]. The web-based intervention is free of
charge and publicly available at the e-learning platform
Gesundweiser [19], which has aready won a renowned
educational mediaaward for providing outstanding educational
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resources [20]. The web-based intervention was developed by
a multiprofessional team with the intent of teaching the
necessary skills to assess the opportunities and risks of health
apps. The learning content was based on guidelines and
recommendations provided by various stakeholders from the
health care sector, as well as scientific checklists for the
evaluation of health apps [11,13,14]. Besides providing
knowledge about health apps, the web-based intervention was
designed to promote digita health and media literacy by
teaching skills that enable users to distinguish between
trustworthy and less trustworthy health apps and health
information in general [21-24]. Whether a hedlth app is
trustworthy might be assessed by answering questionslike, “Is
the content up-to-date and reliable?’, “1sthe app recommended
by a health insurance company?’ and “What personal data are
stored?’ [13]. The e-learning platform Gesundweiser was
developed in Germany and is currently available in German.
To enhance privacy protection, the devel opers decided to keep
tracking to aminimum. Therefore, users do not need to provide
demographic information like age and country of residence to
access the platform.

The aim of this study was to evaluate the effectiveness of the
free and publicly available web-based intervention with
participants between the ages of 16 and 21 years by testing the
following hypotheses:

Hypothesis 1: after completing the web-based intervention,
participants’ knowledge in the domain of health apps will
be higher than it was before completing the web-based
intervention.

Hypothesis 2: after completing the web-based intervention,
participants’ digital health literacy levels will be higher
than they were before completing the web-based
intervention.

Hypothesis 3: after completing the web-based intervention,
participants’ media literacy levels will be higher than they
were before compl eting the web-based intervention.

Furthermore, the educational quality and user experience will
be assessed and compared against relevant benchmarks to
objectively evaluate the practical value of the web-based
intervention.

Methods

Ethical Consider ations

Before data collection, a detailed study protocol that included
information about the procedures, measures, and statistical
analyses was submitted to the ethics committee of the Berlin
Medica Association. The ethics committee consisted of 2
medical doctors, 1 lawyer, 1 statistician, and 1 layperson. The
ethics committee had no ethical or professiona objections to
the study protocol (reference number Eth-53/22). All participants
gavetheir informed consent to take part in the study. At theend
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of the study, participants received a €50 (US $54.67)
internet-based shop voucher as compensation for participating
in the study.

Target Population

Research hasfound that young peopl e seem to be the main users
of health apps [25,26]. Furthermore, the WHO stresses that
competencies in the domain of health technology and digital
health literacy should be taught to school-age children [27,28].
Moreover, data show that young people especially seem eager
to participatein web-based learning activities[29]. Additionally,
to comply with the German General Data Protection Regulation
(Artikel 8, Datenschutz-Grundverordnung), participants had to
beat |east 16 years of age. Therefore, students between the ages

Table 1. Protocol of the power analysis.

Konig & Suhr

of 16 and 21 yearswererecruited as participants. A professional
market research institute was responsible for the recruitment
process. To increase the representativeness of the sample,
participants were recruited from all German states, from the
most common types of schools, and from different grades.

Power Analysis

Before datacollection, an apriori power analysiswas cal cul ated
with the statistical software G* Power (University of Diisseldorf)
to determine an adequate sample size[30]. Detailed information
about the power analysisis shown in Table 1. Resultsindicated
that at least 327 participants were needed to identify a small
effect with sufficient power.

Parameter Value

General information

t tests Means: difference between 2 dependent means (matched pairs)
Analysis A priori: compute required sample size

Input
Tails 2
Effect sizedz 0.2
o error probability 0.05
Power (1-3 error probability) 0.95

Output
Noncentrality parameter & 3.6166283
Critical t 1.9672675
df 326
Total sample size 327
Actual power 0.9501171

Procedure guestionnaires. Research has shown that an adequate

The pre- and postmeasurement study was conducted on the
internet. Data collection took place in December 2022 and was
conducted by the market research institute SPLENDID
RESEARCH GmbH (Hamburg, Germany). Participants were
drawn from a web-based research panel and invited through
email to take part in the study. If needed, individuals were
reminded through email to participate in the 3 different stages
of the study. Before the study started, participantswere provided
with detailed information about the general purpose of the study,
the upcoming questionnaires, and data security measures. Before
data collection, all participants gave their informed consent to
take part in the study. The study was divided into 3 parts. During
part 1, participants provided demographic information and
answered the pre- and postmeasurements. The pre- and
postmeasurements included questionnaires about participants
knowledge in the domain of health apps, digital health literacy,
and media literacy. During part 2, participants had 1 week to
compl ete the web-based intervention. During part 3, participants
answered the pre- and postmeasurements again. Furthermore,
they answered educational quality and user experience
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compensation for participating in research studies might improve
dataquality [31]. Therefore, at the end of the study, participants
received a €50 (US $54.67) internet-based shop voucher as
compensation for participating in the study.

Material

Theweb-based intervention was designed by amultiprofessional
team to teach the necessary skills to assess the opportunities
and risks of health apps. The learning content was based on
guidelines and recommendations provided by various
stakeholders from the health care sector, as well as scientific
checklistsfor the evaluation of health apps[11,13,14]. Besides
providing knowledge about heath apps, the web-based
intervention was designed to promote digital health and media
literacy by teaching skills that enable users to distinguish
between trustworthy and less trustworthy health apps and health
information in general [21-24]. The web-based intervention
consists of 5 mandatory modules, 1 optional module, and 1 final
test. Within the modules, animated videos, instructional texts,
and diverse interactive tasks are used to create a motivational
learning environment. The entire web-based intervention can
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be completed in about 90 minutes. Theweb-based intervention  landing page of the e-learning platform. Textbox 1 provides an
iscalled The APPocalypse? and can be accessed freely through — overview of the learning content of the web-based intervention.
the e-learning platform Gesundwei ser. Figure 1 [19] shows the

Figure 1. Landing page of the e-learning platform Gesundweiser.
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Textbox 1. Overview of the learning content of the web-based intervention. Modules and their content and key messages are given.

Mandatory module 1
«  Health apps are becoming increasingly popular. However, there are a few things you should keep in mind when using them:
«  Thereare many different types of health apps.
«  Health apps can help people stay healthy or better manage anillness.
«  Health apps can aso poserisks, eg, if they pass on incorrect information.
«  Therisksof ahealth app are not always apparent at first glance.

Mandatory module 2

. Tofind atrustworthy health app that is right for you, there are a few things you can consider even before you download the app:
« Ratings and download numbers are only indications of an app’s popularity and visibility.
«  Theapp description should contain as much concrete information as possible about the purpose of the app.
« A good app should make it clear who it is made for.

«  Seasand certificates only provide initia indications of the trustworthiness of an app.

Mandatory module 3

. If youwant to use a health app, then it makes sense to pay attention to a few things:
« Already in the app store or, at the latest, in the imprint, it should be clearly recognizable who the provider of the app is.
«  Canyou see how the app is funded? In this way, you can deduce the possible interests of the producer.
« Itisadvisableto check in advance which additional functions have to be purchased. Thisway, you can avoid high costs.
« Advertising within the app should be marked as such, eg, by the note “ advertisement.”

Mandatory module 4

«  Health apps and protecting your data—what can you look out for when using apps?
« Health data must be particularly protected because it tells others something about your health.
«  Theprivacy statement states what data an app collects and whether it is shared.
«  Thepermissions an app asks for should match the functions of the app.

« You can aso change an app’s access rights on your smartphone later.

Mandatory module 5
«  How canyou tell whether a health app is of good quality?
«  Thetextsare neutrally worded and up-to-date, and the recommendations are clear.
« Authorsareindicated, and their qualifications match the content.
o Theillustrationsin the app are labeled in a meaningful way and offer explanatory notes.

« Individual settings can be made so that the app delivers the right functionality for me.
Optional module
«  Theoptional module provides information about health apps that are paid for by health insurance companies.

Final test
«  Thelearning content istested in the final test.
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M easures

Health App Knowledge

Currently, no validated instrument exists that assesses the
specific health app knowledge of the web-based intervention
The APPocalypse?. Therefore, based on the content of the
web-based intervention, a questionnaire was devel oped to assess
subjective health app knowledge. Participantsrated 4 items (eg,
“1 can explain the characteristics of atrustworthy health app”)
on scales ranging from 1 (totally disagree) to 6 (totally agree).
A total score was generated by calculating the mean.
Additionally, a multiple-choice test was developed to assess
objective health app knowledge. The test was based on the
content of the web-based intervention and consisted of 11
multiple-choice questions with 4 response options each. For
example, 1 question asked, “Which of these applications are
health apps?’ The following were the response options: (1)
“pedometer application,” (2) “application for better deep,” (3)
“vaccination calendar application,” and (4) “food diary
application.” For every question, participants received 1 point
if they chose all the correct response options. A total scorewas
generated by summing up al the points. The headth app
knowledge questionnaire and the multiple-choice test can be
found in Multimedia Appendix 1.

Digital Health Literacy

The subscale“information appraisal” from the eHealth Literacy
Scale was adapted to measure digital health literacy in the
context of health apps[21,24]. The subscale consisted of 4 items
(eg, “I can distinguish between trustworthy and questionable
health apps”) that were rated on scalesranging from 1 (strongly
disagree) to 5 (strongly agree). Furthermore, 3 of the 7 subscales
from the Digital Health Literacy Instrument were adapted to
measure digital health literacy in the context of health apps
[22,32]. The subscales* information searching” (eg, “Whenyou
search the internet for information on health apps, how easy or
difficult is it for you to find the exact information you are
looking for?"), “evaluating reliability” (eg, “When you search
theinternet for information on health apps, how easy or difficult
is it for you to decide whether the information is reliable or
not?'), and “ determining relevance” (eg, “When you search the
internet for information on health apps, how easy or difficult is
it for you to decide if the information you found is applicable
to you?’) consisted of 3 items each and were rated on scales
ranging from 1 (very difficult) to 4 (very easy). The described
subscal es were chosen because they focus on the specific skills
that were addressed within the web-based intervention. A total
scorewas generated for every subscale by cal culating the mean.

Media Literacy

A total of 2 of the 3 subscal esfrom the Technology Commitment
Scale were adapted to measure media literacy in the context of
health apps [33]. The subscales “technology literacy beliefs”
(eg, “When dedling with health apps, | am often afraid of
failing,” reverse coded) and “technology control beliefs’ (eg,
“Whether | am successful in using health apps depends
essentially onme”) consisted of 4 items each and wererated on
scales ranging from 1 (strongly disagree) to 5 (strongly agree).

https://www.jmir.org/2023/1/e46336
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A total score was generated for every subscale by calculating
the mean.

Educational Quality

The subscale“learning and value” from the Student Evaluation
of Educational Quality instrument was adapted to measure
educational quality [34,35]. The subscale consisted of 5 items
(eg, “My interest in the subject hasincreased as a consequence
of this online course”) that were rated on scales ranging from
1 (strongly disagree) to 5 (strongly agree). A total score was
generated by calculating the mean. In a large study that
evaluated 3660 |earning courses, the average learning and value
score was 4.0 [35]. Therefore, alearning and value score of 4.0
or higher will serve as a threshold that indicates superior
educational quality. No hypotheses were made about educational
quality. Therefore, the analysisis exploratory.

User Experience

The 4 subscalesfrom the Visual Aesthetics of Website Inventory
were used to measure user experience [36]. The subscales
“simplicity” (eg, “The layout appears well structured”’) and
“diversity” (eg, “The layout appears dynamic”) consisted of 5
items each. The subscales “colorfulness’ (eg, “The color
compositionisattractive”) and “ craftsmanship” (eg, “ Thelayout
appears professionally designed”) consisted of 4 items each.
All itemswererated on scalesranging from 1 (strongly disagree)
to 7 (strongly agree). A total score was generated for every
subscale by cal culating the mean. Furthermore, an overall score
was generated by calculating the overall mean. Detailed
information about the subfacets of user experience and their
theoretical and practical importance can be found elsewhere
[36]. Previous research has shown that an overall score of 4.5
or higher is associated with a generally good impression of
websites [37]. Moreover, a benchmark study found that the
average e-learning platform does not manage to surpass this
threshold [38]. Therefore, an overall score of 4.5 or higher will
serve as a threshold that indicates a superior user experience.
No hypotheses were made about user experience. Therefore,
the analyses are exploratory.

Statistical Analyses

Statistical analyseswere conducted with the statistical software
SPSS (version 29.0.0.0; IBM Corp) [39] and JASP (version
0.16.4; University of Amsterdam) [40]. Cronbach a was
calculated with SPSS for every scale to ensure the quality of
the measures. Bayesian paired samples 2-tailed t tests were
conducted with JASP to test the hypotheses. Table 2 shows a
detailed protocol of the Bayesian analyses with al the needed
information to replicate the analyses. Given the study design,
Bayesfactors (BFs) might be interpreted as anecdotal evidence
(BFq: 1-3), moderate evidence (BF,o: 3-10), strong evidence
(BF4q: 10-30), very strong evidence (BF,,: 30-100), or extreme
evidence (BF;o: >100) for the alternative hypothesis compared
to the null hypothesis considering the observed data [41]. For
all Bayesian analyses, detailed information about the robustness
of the calculated Bayes factors and the corresponding effect
sizes will be reported. Readers not familiar with Bayesian
statistical analyses in medical contexts and the statistical
software JASP can find introductory material elsewhere[41-43].
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Parameter Value
General information

t tests Bayesian paired samplest test
Input

Alternative hypothesis
Bayes factor
Tests

Missing values

Measure 1 # measure 2
BF1g
Student

Exclude cases per dependent variable

Plots (2) Prior and posterior (additional information; 95% Cl); (2) Bayes factor ro-
bustness check (additional information); (3) sequential analysis
Additional statistics Descriptives
Prior Default (Cauchy scale 0.707)
wereincluded in data analyses. Asintended, participants came
Results y pertiap

from al German states, the most common types of schools, and

Sample Characteristics

A total of 365 participants (181 female, 181 male, and 3 diverse)

different grades. The average participant was 18 years of age
(mean 17.74, SD 1.391 years). Table 3 provides detailed
information about the sample distribution by state, type of

completed the study by finishing the mandatory modules and 501 and grade.
final test and by answering all measures. All study participants '
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Table 3. Sample distribution by state, type of school, and grade.

Characteristics Values, n (%)

Statein German (statein English)

Baden-Wiirttemberg (Baden-Wirttemberg) 18 (4.9)
Bayern (Bavaria) 49 (13.4)
Berlin (Berlin) 20 (5.5)
Brandenburg (Brandenburg) 22 (6)
Bremen (Bremen) 8(2.2)
Hamburg (Hamburg) 15(4.2)
Hessen (Hesse) 36(9.9)
Mecklenburg-Vorpommern (M ecklenburg-West Pomerania) 12 (3.3)
Niedersachsen (Lower Saxony) 38(10.4)
Nordrhein-Westfalen (Northrhine-Westphalia) 43 (11.8)
Rheinland-Pfalz (Rhineland Palatinate) 15 (4.1)
Saarland (Saarland) 8(2.2)
Sachsen (Saxony) 32(8.8)
Sachsen-Anhalt (Saxony-Anhalt) 20(5.5)
Schleswig-Holstein (Schleswig Holstein) 12 (3.3)
Thiringen (Thuringia) 17 (4.7)
Type of school
Hauptschule (eg, junior high schools) 16 (4.4)
Realschule, Werkreal schule, Sekundarschule, or Realschule plus (eg, secondary high schools) 69 (18.9)
Schule mit mehreren Bildungsgangen (z.B. Gesamtschule, Gemeinschaftsschule oder Stadtteilschule; eg, 44 (12.1)
comprehensive schools)
Gymnasium (eg, grammar schools) 129 (35.3)
Forder-oder Sonderschule (eg, specia schools) 1(0.3)
Berufliche Schule (eg, vocational schools) 103 (28.2)
Other 3(0.8)
Grade
9 26 (7.1)
10 89 (24.4)
1 66 (18.1)
12 85(23.3)
13 40 (11)
Other 59 (16.2)

uality of M easur es scale. Common conventions define values of .7 or higher as
Q y acceptable [44,45]. Every scale surpassed this commonly used
Most measures and their instructions were slightly adapted to  threshold. Table 4 provides further information about the scales
be more applicable in the context of health apps. To ensurethe  and the corresponding Cronbach a values.

quality of the measures, Cronbach a was calculated for every
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Table 4. Number of scaleitems and corresponding Cronbach a value (N=365).

Measures Cronbach a Items, n

Health app knowledge 4
Subjective knowledge (pre) 912
Subjective knowledge (post) .873

Digital health literacy
Information appraisa (pre) .816 4
Information appraisal (post) .819 4
Information searching (pre) .748 3
Information searching (post) 757 3
Evaluating reliability (pre) 742 3
Evaluating reliability (post) 701 3
Determining relevance (pre) 772 3
Determining relevance (post) 791 3

Media literacy 4
Technology literacy beliefs (pre) .904
Technology literacy beliefs (post) .890
Technology control beliefs (pre) 742
Technology control beliefs (post) .842

Educational quality 5
Learning and value .800

User experience
Overall score .924 18
Simplicity 820 5
Diversity .813 5
Colorfulness .736 4
Craftsmanship .782 4

Health App Knowledge

It was hypothesized that after completing the web-based
intervention, participants' knowledge in the domain of health
apps would be higher than it was before completing the
web-based intervention. The results of the Bayesian analyses
show extreme support for the hypothesis. After completing the
web-based intervention, participants displayed higher
competenciesin the domains of subjective health app knowledge

https://www.jmir.org/2023/1/e46336

RenderX

(extreme evidence: BF;,=1.475x10"%; error %=2.129x107%*
effect size 6=—1.327) and objective health app knowledge
(extreme evidence: BF;,=8.162x10%; error %=5.117x10"%,
effect size 6=—1.350). Table 5 shows the descriptive statistics
of the corresponding pre- and postmeasurements. Figure 2
(subjective health app knowledge) and Figure 3 (objective health
app knowledge) provide detailed information about the
robustness of the cal culated Bayesfactors and the corresponding
effect sizes.
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Table 5. Descriptive statistics of the pre- and postmeasurements. Health app knowledge: subjective knowledge ranged from 1 (low) to 6 (high) and
objective knowledge ranged from O (low) to 11 (high); digital health literacy: information appraisal ranged from 1 (low) to 5 (high), information searching
ranged from 1 (low) to 4 (high), evaluating reliability ranged from 1 (low) to 4 (high), and determining relevance ranged from 1 (low) to 4 (high); and
media literacy: technology literacy beliefs ranged from 1 (low) to 5 (high) and technology control beliefs ranged from 1 (low) to 5 (high).

Measures Mean (SD) SE Coefficient of variation 95% Cl
Health app knowledge
Subjective knowledge (pre) 3458 (1.193) 0062 0345 3.335-3.581
Subjective knowledge (post) 5016 (0.710) 0037 0142 4.943-5.089
Objective knowledge (pre) 2.748 (2.003) 0.105 0.729 2.542-2.954
Objective knowledge (post) 5712(2.024) 0106  0.354 5.504-5.921
Digital health literacy
Information appraisal (pre) 3.375(0.784) 0.041 0.232 3.295-3.456
Information appraisal (post) 4.103 (0.637) 0.033 0.155 4.038-4.169
Information searching (pre) 2.511 (0.617) 0.032 0.246 2.447-2.574
Information searching (post) 2.924 (0.561) 0.029 0.192 2.866-2.982
Evaluating reliability (pre) 2.353(0.638) 0.033 0.271 2.288-2.419
Evaluating reliability (post) 2.908(0.601) 0.031  0.207 2.846-2.970
Determining relevance (pre) 2.429 (0.648) 0.034 0.267 2.363-2.496
Determining relevance (post) 2.900 (0.626) 0.033 0.216 2.835-2.964
Media literacy
Technology literacy beliefs (pre) 3.462 (1.007) 0.053 0.291 3.359-3.566
Technology literacy beliefs (post) 4.041 (0.796) 0.042 0.197 3.959-4.123
Technology control beliefs (pre) 3.321 (0.709) 0.037 0.214 3.248-3.39%4
Technology control beliefs (post) 3.379 (0.919) 0.048 0.272 3.284-3.473

Figure 2. Health app knowledge: subjective knowledge. BF: Bayes factor.
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Figure 3. Health app knowledge: objective knowledge. BF: Bayes factor.
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Digital Health Literacy

It was hypothesized that after completing the web-based
intervention, participants' digital health literacy levels would
be higher than they were before completing the web-based
intervention. The results of the Bayesian analyses show extreme
support for the hypothesis. After completing the web-based
intervention, participants displayed higher competenciesin the
information appraisal (extreme evidence:

BF,,=3.413x10"; error %=6.978x10~*; effect size 5=—0.870),
information searching (extreme evidence: BF,;=3.324x10%;

domains of

Konig & Suhr

reliability (extreme evidence BF,,=3.081x10%; error
%=8.626x10"°; effect size d=-0.766), and determining
relevance (extreme evidence: BF,,=3.451x10°% error

%=8.938x107"; effect size 5=—0.618). Table 5 shows the
descriptive dtatistics of the corresponding pre- and
postmeasurements. Figure 4 (information appraisal), Figure 5
(information searching), Figure 6 (evaluating reliability), and
Figure 7 (determining relevance) provide detailed information
about the robustness of the calculated Bayes factors and the
corresponding effect sizes.

error  %=9.840x107%; effect size 3=—0.604), evaluating
Figure4. Digital health literacy: information appraisal. BF: Bayes factor.
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Figure5. Digital hedlth literacy: information searching. BF: Bayes factor.
Prior and Posterior Bayes Factor Robustness Check Sequential Analysis
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Figure 6. Digital health literacy: evaluating reliability. BF: Bayes factor.
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Figure 7. Digital health literacy: determining relevance. BF: Bayes factor.
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Media Literacy

It was hypothesized that after completing the web-based
intervention, participants’ medialiteracy levelswould be higher
than they were before completing the web-based intervention.
Theresults of the Bayesian analyses are mixed. After completing
the web-based intervention, participants displayed higher
competencies in the domain of technology literacy beliefs

(extreme evidence: BF,;=1.533x10%; error %=2.776x10"%;

Figure 8. Medialiteracy: technology literacy beliefs. BF: Bayes factor.

effect size 6=—0.570). In the domain of technology control
beliefs, however, participants competencies did not seem to
improve (BF;,=0.109; error %=0.199; effect size =—0.058).
Table 5 shows the descriptive statistics of the corresponding
pre- and postmeasurements. Figure 8 (technology literacy
beliefs) and Figure 9 (technology control beliefs) provide
detailed information about the robustness of the cal culated Bayes
factors and the corresponding effect sizes.
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Figure 9. Medialiteracy: technology control beliefs. BF: Bayes factor.
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Educational Quality

The educational quality measure ranged from 1 (low rating) to
5 (high rating). The mean of thelearning and value score (mean
4.361, SE 0.029, SD 0.549; coefficient of variation=0.126;
minimum=21.600, maximum=5.000) surpassed the threshold of
4.0 which indicates a superior educational quality.
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RenderX

User Experience

The user experience measures ranged from 1 (low rating) to 7
(high rating). The means of the overall (mean 5.660, SE 0.040,
SD 0.761; coefficient of variation=0.134; minimum=2.944,
maximum=7.000), simplicity (mean 5.689, SE 0.044, SD 0.839;
coefficient of variation=0.147; minimum=2.600,
maximum=7.000), diversity (mean 5.620, SE 0.045, SD 0.860;
coefficient of variation=0.153; minimum=2.200,
maximum=7.000), colorfulness (mean 5.628, SE 0.047, SD
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0.890; coefficient of variation=0.158; minimum=2.250,
maximum=7.000), and craftsmanship (mean 5.707, SE 0.048,
SD 0.925; coefficient of variation=0.162; minimum=1.750,
maximum=7.000) scores surpassed the threshold of 4.5, which
indicates a superior user experience. The raw data set contains
further variables that have not been described because they
exceed the scope of this study.

Discussion

Principal Findings

The central aim of this study was to evaluate the effectiveness
of the free and widely used web-based intervention The
APPocalypse?. It was hypothesized that after completing the
web-based intervention, participants' knowledge in the domain
of health apps (hypothesis 1), their digital health literacy
(hypothesis 2), and their media literacy (hypothesis 3) would
be higher than it was before completing the web-based
intervention. Overall, the results of the Bayesian analyses
support these hypotheses. After completing the web-based
intervention, participants demonstrated more elaborate
knowledgein the domain of health apps. More specifically, they
demonstrated higher subjective and objective health app
knowledge. Furthermore, participants demonstrated higher
digital health literacy. More specifically, they demonstrated
more elaborate competencies in the domains of information
appraisal, information searching, evaluating reliability, and
determining relevance. Regarding media literacy, the results
were mixed. After completing the web-based intervention,
participants demonstrated more elaborate competencies in the
domain of technology literacy beliefs. However, their
competencies in the domain of technology control beliefs did
not seem to improve.

The mixed medialiteracy results need further explanation. The
discrepancy might be explained by the nature of the items that
were used in the questionnaires. The items used to measure
technology literacy beliefs described competencies that regard
specific problems (eg, “When dealing with health apps, | am
often afraid of failing”). Such problems can be addressed in
web-based interventions through specific training practicesthat
improve the needed competencies and thereby reduce associated
fears. The items used to measure technology control beliefs,
however, did not address specific problems. Instead, they
described more genera beliefs (eg, “Whether | am successful
in using health apps depends essentially on me”), which are
harder to addressin training practices. Furthermore, thewording
of the technology control belief items resembles formulations
that are typically used to describe and measure psychological
personality traits, which are known to be relatively stable over
time and hard to change [46,47].

Another central aim of this study was to objectively evaluate
the practical value of the web-based intervention. To this end,
the educational quality and user experience of the web-based
intervention were assessed and compared against relevant
benchmarks and thresholds. The results show that the web-based
intervention offers exceptional educational quality and asuperior
user experience. These results are especially relevant because
educational quality and user experience might influence users

https://www.jmir.org/2023/1/e46336

Konig & Suhr

willingness to participate in web-based interventions and
improve their knowledge acquisition [48-51]. In the future, the
effectiveness and user experience of the web-based intervention
might be further improved by implementing virtual reality
components and opportunities for collaboration [52,53].
Moreover, the current results might be used to identify skill sets
that could be addressed in more detail when updating the
learning content of the web-based intervention. This might be
especialy relevant in regard to the technology control beliefs,
which did not seem to improve substantially. Previous research
suggeststhat even psychological traits might change over time,
and in some circumstances, an updated version of the web-based
intervention could benefit from additional tasks that especially
address technology control beliefs[54].

Limitations and Future Directions

Even though the results of this study suggest that web-based
interventions might promote digital health literacy, media
literacy, and the constructive use of health apps, there are
limitations to the generalizability of the results, which arise
from certain characteristics of the study. Especially significant
are 2 of these limitations.

Thefirst limitation concerns the chosen study sample. Students
between the ages of 16 and 21 years were recruited because
young people are the main users of health apps[25,26], and the
WHO stressestheimportance of teaching digital health literacy
skillsto school-age children [27,28]. However, one might argue
that health apps can be especially beneficia for older adults,
who are often confronted with diverse health problems[55,56].
Furthermore, older people often possess limited skills in the
domains of digital health literacy and media literacy [57,58].
Following this argumentation, older people might bein special
need of web-based interventionsthat promotetheir digital health
literacy, media literacy, and their constructive use of health
apps. Therefore, future studies should replicate this study with
more diverse age groupsto explore whether the current findings
are generalizable to other age groups.

The second limitation concerns the study’s design. To test the
hypotheses, this study adopted a pre- and postmeasurement
design that assessed the competencies of the same participants
before and after completing the web-based intervention. Such
research designs are widely used in educational and medical
contexts and offer various advantages (eg, economic
implementation) [59]. These research designs, however, have
2 major drawbacks. First, pre- and postmeasurement designs
do not allow for causal inferences because they do not follow
a strict experimental protocol [60,61]. Second, pre- and
postmeasurement designs are at risk of inducing demand effects
[62-64]. After answering the premeasurements, for example,
participants might have guessed that the web-based intervention
is designed to improve digital health and media literacy skills
and therefore adjusted their answers in the postmeasurements
accordingly. It needs to be stressed, however, that such
adjustments are relatively unlikely regarding the objective
knowledge acquisition test that was administered. Neverthel ess,
future studies should replicate this study within a rigorous
experimental between-subjectsdesign to allow causal inferences
and avoid demand effects.
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Conclusions Goas that were adopted by the United Nations [2,3].

Overall, the free and widely used web-based intervention The ~Furthermore,  because the web-based intervention offers
APPocalypse? might promote the constructive use of health €xceptional educational quality and asuperior user experience,
apps, digital health literacy, and media literacy. Therefore, it it might motivate usersto compl ete the web-based intervention,

might help to reach the health-related Sustainable Development thereby sustainably promoting their skills in the domains of
digital health and health apps [48-51].

Acknowledgments

This research was funded by the independent, nonprofit foundation Stiftung Gesundheitswissen. ChatGPT has occasionally been
used to generateideasfor English phrasing (eg, “What isthe most used English trand ation for the German word ‘ iberschreiten’ ?°).
The authors want to thank all individuals who were involved in the development and evaluation of the web-based intervention.
SPLENDID RESEARCH GmbH was responsible for the recruitment of study participants and data acquisition.

Data Availability
The data sets generated and analyzed during this study are available from the Stiftung Gesundheitswissen on reasonabl e request.

Authors Contributions

LK and RS contributed to the conceptualization of the study and to the study design and were responsible for analysis and
interpretation of data, fact-checking and revising the manuscript critically for important intellectual content, reviewing the final
manuscript, as well as approving its publication. LK was responsible for drafting the first version of the manuscript.

Conflictsof Interest

The authors are employees of the independent, nonprofit foundation Stiftung Gesundheitswissen and were involved in the
development and eval uation of the web-based intervention.

Multimedia Appendix 1

Investigator-devel oped data collection instruments.
[DOCX File, 39 KB-Multimedia Appendix 1]

References

1.  mHealth: second global survey on eHealth. World Health Organization. 2011. URL.: https.//iris.who.int/bitstream/handle/
10665/44607/9789241564250_eng.pdf ?sequence=1 [accessed 2023-11-23]

2. mHedlth: use of appropriate digital technologies for public health. World Health Organization. 2018. URL : https.//apps.
who.int/gb/ebwhalpdf_filesWHA71/A71_20-en.pdf [accessed 2023-11-22]

3. Transforming our world: the 2030 agenda for sustainable development. United Nations General Assembly. 2015. URL:
https://sdgs.un.org/2030agenda [ accessed 2023-11-22]

4. MdiaR, FrancisK, Hickey E, Bogue J, Duggan J, O'Sullivan M, et al. Mobile health technol ogy interventions for suicide
prevention: systematic review. IMIR Mhealth Uhealth. 2020;8(1):€12516 [FREE Full text] [doi: 10.2196/12516] [Medline:
31939744]

5. SeursK, Seys SF, Bousquet J, Fokkens WJ, Gorris S, Pugin B, et al. Mobile health tools for the management of chronic
respiratory diseases. Allergy. 2019;74(7):1292-1306 [doi: 10.1111/all.13720] [Medline: 30644567]

6. Bostrom J, Sweeney G, Whiteson J, Dodson JA. Mobile health and cardiac rehabilitation in older adults. Clin Cardiol.
2020;43(2):118-126 [FREE Full text] [doi: 10.1002/clc.23306] [Medline: 31825132]

7. LiR,Liang N, BuF, Hesketh T. The effectiveness of self-management of hypertension in adults using mobile health:
systematic review and meta-analysis. IMIR Mhealth Uhealth. 2020;8(3):e17776 [ FREE Full text] [doi: 10.2196/17776]
[Medline: 32217503]

8. LaranjoL, Ding D, Heleno B, Kocaballi B, Quiroz JC, Tong HL, et al. Do smartphone applications and activity trackers
increase physical activity in adults? Systematic review, meta-analysis and metaregression. Br J Sports Med.
2021;55(8):422-432 [FREE Full text] [doi: 10.1136/bjsports-2020-102892] [Medline: 33355160]

9.  LinardonJ, CuijpersP, Carlbring P, Messer M, Fuller-Tyszkiewicz M. The efficacy of app-supported smartphoneinterventions
for mental health problems: ameta-analysis of randomized controlled trials. World Psychiatry. 2019;18(3):325-336 [FREE
Full text] [doi: 10.1002/wps.20673] [Medline: 31496095]

10. Larson RS. A path to better-quality mHealth apps. IMIR Mhealth Uhealth. 2018;6(7):€10414 [FREE Full text] [doi:
10.2196/10414] [Medline: 30061091]

11. LevineDM, CoZ, Newmark LP, Groisser AR, Holmgren AJ, Haas JS, et al. Design and testing of amobile health application
rating tool. NPJ Digit Med. 2020;3:74 [FREE Full text] [doi: 10.1038/s41746-020-0268-9] [Medline: 32509971]

https://www.jmir.org/2023/1/e46336 JMed Internet Res 2023 | vol. 25 | e46336 | p. 14
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v25i1e46336_app1.docx&filename=32ff560c6d4bd85b2e2b16828c67091c.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e46336_app1.docx&filename=32ff560c6d4bd85b2e2b16828c67091c.docx
https://iris.who.int/bitstream/handle/10665/44607/9789241564250_eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/44607/9789241564250_eng.pdf?sequence=1
https://apps.who.int/gb/ebwha/pdf_files/WHA71/A71_20-en.pdf
https://apps.who.int/gb/ebwha/pdf_files/WHA71/A71_20-en.pdf
https://sdgs.un.org/2030agenda
https://mhealth.jmir.org/2020/1/e12516/
http://dx.doi.org/10.2196/12516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31939744&dopt=Abstract
http://dx.doi.org/10.1111/all.13720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30644567&dopt=Abstract
https://europepmc.org/abstract/MED/31825132
http://dx.doi.org/10.1002/clc.23306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31825132&dopt=Abstract
https://mhealth.jmir.org/2020/3/e17776/
http://dx.doi.org/10.2196/17776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217503&dopt=Abstract
https://bjsm.bmj.com/content/55/8/422
http://dx.doi.org/10.1136/bjsports-2020-102892
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33355160&dopt=Abstract
https://europepmc.org/abstract/MED/31496095
https://europepmc.org/abstract/MED/31496095
http://dx.doi.org/10.1002/wps.20673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31496095&dopt=Abstract
https://mhealth.jmir.org/2018/7/e10414/
http://dx.doi.org/10.2196/10414
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30061091&dopt=Abstract
https://doi.org/10.1038/s41746-020-0268-9
http://dx.doi.org/10.1038/s41746-020-0268-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32509971&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kénig & Suhr

12. Rowland SP, Fitzgerald JE, Holme T, Powell J, McGregor A. What isthe clinical value of mHealth for patients? NPJ Digit
Med. 2020;3:4 [FREE Full text] [doi: 10.1038/s41746-019-0206-x] [Medline: 31970289]

13. Gesundheits-Apps: worauf sollte ich achten? Arztliches Zentrum fiir Qualitét in der Medizin. 2020. URL: https://www.
aezq.de/aezq/gesundheitsapps/pdf/gesundheitsapps-pati enteni nformation- 1aufl-versl.pdf [accessed 2023-11-22]

14. Kaulen B, Weigand M. Digitalisierung und Patientensicherheit. Aktionsbiindnis Patientensicherheit. 2018. URL: https:/
/www.aps-ev.de/hempfehlungen/digitalisierung-und-patientensicherheit/ [accessed 2023-11-22]

15. Gesundheits-Apps—Qualitat von Gesundheits-Apps einschitzen. Gesund-im-Netz. 2023. URL: https://www.
gesund-im-netz.net/home/gesundheitsapps/ [accessed 2023-11-22]

16. Gesundheits-Apps: vertrauenswiirdigkeit von Gesundheits-Apps einschitzen. Klick2Health. 2023. URL : https://www.
klick2health.net/wegwei ser/gesundheits-apps/ [accessed 2023-11-22]

17.  Uber die Stiftung. Stiftung Gesundheitswissen. 2020. URL: https://www.stiftung-gesundheitswissen.de/ueber-die-stiftung
[accessed 2023-11-22)

18. Clark RC, Mayer RE. e-Learning and the Science of Instruction. Hoboken, NJ. John Wiley & Sons, Inc; 2016.

19. Gesundweiser. URL: https://gesundweiser.de/ [accessed 2023-11-23]

20. Gesdllschaft fur Padagogik, Information und Medien. 2022. 27. Comenius-EduM edia-Award fur digitale Bildungsmedien.
Comenius EduMedia. 2022. URL : https.//comenius-award.de/wp-content/upl 0oads/2022/06/COM -22-Pressemteilung. pdf
[accessed 2023-11-22)

21. Marsal M, Engelmann G, Skoda EM, Teufel M, Béuerle A. Measuring electronic health literacy: development, validation,
and test of measurement invariance of arevised German version of the eHealth literacy scale. JMed Internet Res.
2022;24(2):e28252 [FREE Full text] [doi: 10.2196/28252] [Medline: 35107437]

22. vander Vaart R, Drossaert C. Development of the digital health literacy instrument: measuring a broad spectrum of health
1.0 and health 2.0 skills. JMed Internet Res. 2017;19(1):e27 [FREE Full text] [doi: 10.2196/jmir.6709] [Medline: 28119275]

23.  Norman CD, Skinner HA. eHealth literacy: essential skillsfor consumer health in a networked world. J Med Internet Res.
2006;8(2):€9 [FREE Full text] [doi: 10.2196/jmir.8.2.€9] [Medline: 16867972]

24. Norman CD, Skinner HA. eHEALS: the eHealth Literacy Scale. JMed Internet Res. 2006;8(4):e27 [FREE Full text] [doi:
10.2196/jmir.8.4.e27] [Medline: 17213046]

25. Carroll K, Moorhead A, Bond R, LeBlanc WG, Petrella RJ, FiscellaK. Who uses mobile phone health apps and does use
matter? A secondary dataanalytics approach. JMed Internet Res. 2017;19(4):e125 [FREE Full text] [doi: 10.2196/jmir.5604]
[Medline: 28428170]

26. Paradis S, Roussel J, Bosson JL, Kern JB. Use of smartphone health apps among patients aged 18 to 69 yearsin primary
care: population-based cross-sectional survey. IMIR Form Res. 2022;6(6):€34882 [ FREE Full text] [doi: 10.2196/34882]
[Medline: 35708744]

27. Health literacy in the context of health, well-being and learning outcomes the case of children and adolescents in schools:
the case of children and adolescentsin schools. WHO Regional Officefor Europe. 2021. URL : https://www.who.int/europe/
publicationg/i/item/WHO-EURO-2021-2846-42604-59268 [accessed 2023-11-22]

28.  World Health Organization. Shanghai declaration on promoting health in the 2030 agenda for sustainable devel opment.
Health Promot Int. 2017;32(1):7-8 [doi: 10.1093/heapro/daw103] [Medline: 28180270]

29. Share of peoplein the European Union (EU-27) taking part in any form of onlinelearning activities from 2015 to 2020, by
age group. Statista. 2022. URL: https://www.stati sta.com/stati stics/1245252/european-union-taking-part-online-
learning-activities-by-age/ [accessed 2023-11-22]

30. Faul F, Erdfelder E, Lang AG, Buchner A. G* Power 3: aflexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav Res Methods. 2007;39(2):175-191 [FREE Full text] [doi: 10.3758/bf03193146] [Medline:
17695343]

31. Litman L, Robinson J, Rosenzweig C. The relationship between motivation, monetary compensation, and data quality
among US- and India-based workers on Mechanical Turk. Behav Res Methods. 2015;47(2):519-528 [doi:
10.3758/s13428-014-0483-x] [Medline: 24907001]

32. Kaolpatzik K, Mohrmann M, Zeeb H. Digitale gesundheitskompetenz in Deutschland. AOK-Bundesverband. 2020. URL :
https://www.aok-bv.de/imperia/md/aokbv/gesundheitskompetenz/studienbericht_digitale gk web.pdf [accessed 2023-11-22]

33. Neyer FJ, Felber J, Gebhardt C. Kurzskala Technikbereitschaft (TB, technology commitment). ZIS—GESIS. 2016. URL :
https://zis.gesis.org/skal a/Neyer-Fel ber-Gebhardt-Kurzskal a- Technikbereitschaft-(TB,-technol ogy-commitment) [accessed
2023-11-22]

34. Marsh HW. SEEQ: areliable, valid, and useful instrument for collecting students' evaluations of university teaching. Brit
Jof Edu Psychol. 2011;52(1):77-95 [doi: 10.1111/].2044-8279.1982.tb02505.x]

35. Daumiller M, Grassinger R, Engelschalk T, Dresel M. SEEQ-DE. Diagnostica. 2021;67(4):176-188 [doi:
10.1026/0012-1924/a000274]

36. Moshagen M, Thielsch MT. Facets of visual aesthetics. Int JHum Comput Stud. 2010;68(10):689-709 [doi:
10.1016/].ijhcs.2010.05.006]

37. Hirschfeld G, Thielsch MT. Establishing meaningful cut points for online user ratings. Ergonomics. 2015;58(2):310-320
[doi: 10.1080/00140139.2014.965228] [Medline: 25311956]

https://www.jmir.org/2023/1/e46336 JMed Internet Res 2023 | vol. 25 | e46336 | p. 15

(page number not for citation purposes)


https://doi.org/10.1038/s41746-019-0206-x
http://dx.doi.org/10.1038/s41746-019-0206-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31970289&dopt=Abstract
https://www.aezq.de/aezq/gesundheitsapps/pdf/gesundheitsapps-patienteninformation-1aufl-vers1.pdf
https://www.aezq.de/aezq/gesundheitsapps/pdf/gesundheitsapps-patienteninformation-1aufl-vers1.pdf
https://www.aps-ev.de/hempfehlungen/digitalisierung-und-patientensicherheit/
https://www.aps-ev.de/hempfehlungen/digitalisierung-und-patientensicherheit/
https://www.gesund-im-netz.net/home/gesundheitsapps/
https://www.gesund-im-netz.net/home/gesundheitsapps/
https://www.klick2health.net/wegweiser/gesundheits-apps/
https://www.klick2health.net/wegweiser/gesundheits-apps/
https://www.stiftung-gesundheitswissen.de/ueber-die-stiftung
https://gesundweiser.de/
https://comenius-award.de/wp-content/uploads/2022/06/COM-22-Pressemteilung.pdf
https://www.jmir.org/2022/2/e28252/
http://dx.doi.org/10.2196/28252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35107437&dopt=Abstract
https://www.jmir.org/2017/1/e27/
http://dx.doi.org/10.2196/jmir.6709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28119275&dopt=Abstract
https://www.jmir.org/2006/2/e9/
http://dx.doi.org/10.2196/jmir.8.2.e9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16867972&dopt=Abstract
https://www.jmir.org/2006/4/e27/
http://dx.doi.org/10.2196/jmir.8.4.e27
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17213046&dopt=Abstract
https://www.jmir.org/2017/4/e125/
http://dx.doi.org/10.2196/jmir.5604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28428170&dopt=Abstract
https://formative.jmir.org/2022/6/e34882/
http://dx.doi.org/10.2196/34882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35708744&dopt=Abstract
https://www.who.int/europe/publications/i/item/WHO-EURO-2021-2846-42604-59268
https://www.who.int/europe/publications/i/item/WHO-EURO-2021-2846-42604-59268
http://dx.doi.org/10.1093/heapro/daw103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28180270&dopt=Abstract
https://www.statista.com/statistics/1245252/european-union-taking-part-online-learning-activities-by-age/
https://www.statista.com/statistics/1245252/european-union-taking-part-online-learning-activities-by-age/
https://link.springer.com/article/10.3758/BF03193146
http://dx.doi.org/10.3758/bf03193146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17695343&dopt=Abstract
http://dx.doi.org/10.3758/s13428-014-0483-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24907001&dopt=Abstract
https://www.aok-bv.de/imperia/md/aokbv/gesundheitskompetenz/studienbericht_digitale_gk_web.pdf
https://zis.gesis.org/skala/Neyer-Felber-Gebhardt-Kurzskala-Technikbereitschaft-(TB,-technology-commitment)
http://dx.doi.org/10.1111/j.2044-8279.1982.tb02505.x
http://dx.doi.org/10.1026/0012-1924/a000274
http://dx.doi.org/10.1016/j.ijhcs.2010.05.006
http://dx.doi.org/10.1080/00140139.2014.965228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25311956&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kénig & Suhr

38. Thielsch MT, Spieth JH, Jahn M, Hirschfeld G, Koller F. Der VisAWI im Praxiseinsatz: Best Practices, neue Benchmarks
und neue Entwicklungen. German UPA; 2014 Presented at: UP14—Vortrage; November 18, 2017; Stuttgart URL : https:/
[dl.gi.def/items/5bfcbd77-73fd-4c1d-b372-080f bc45a098/full

39. Released 2022. IBM SPSS statistics for windows, version 29.0. IBM Corp. 2022. URL: https://www.ibm.com/de-de/
products/spss-statistics [accessed 2023-11-22]

40. JASP 2022. URL: https.//jasp-stats.org/ [accessed 2023-11-22]

41. Kelter R. Bayesian alternativesto null hypothesis significance testing in biomedical research: a non-technical introduction
to Bayesian inference with JASP. BMC Med Res Methodol. 2020;20(1):142 [FREE Full text] [doi:
10.1186/s12874-020-00980-6] [Medline: 32503439]

42. QuintanaDS, Williams DR. Bayesian aternativesfor common null-hypothesis significancetestsin psychiatry: anon-technical
guide using JASP. BMC Psychiatry. 2018;18(1):178 [EREE Full text] [doi: 10.1186/s12888-018-1761-4] [Medline:
29879931]

43. van Doorn J, van den Bergh D, Bohm U, Dablander F, Derks K, Draws T, et al. The JASP guidelines for conducting and
reporting aBayesian analysis. Psychon Bull Rev. 2021;28(3):813-826 [ FREE Full text] [doi: 10.3758/s13423-020-01798-5]
[Medline: 33037582]

44. Bland M, Altman DG. Cronbach's alpha. BMJ. 1997;314(7080):572 [FREE Full text] [doi: 10.1136/bmj.314.7080.572]
[Medline: 9055718]

45. Tavakol M, Dennick R. Making sense of Cronbach's alpha. Int JMed Edu. 2011;2:53-55 [FREE Full text] [doi:
10.5116/ijme.4dfb.8dfd] [Medline: 28029643]

46. Geiser C, Gotz T, Preckel F, Freund PA. States and traits. Eur J Psychol Assess. 2017;33(4):219-223 [EREE Full text] [doi:
10.1027/1015-5759/a000413]

47.  Schmitt M, Blum GS. State/trait interactions. In: Zeigler-Hill V, Shackelford TK, editors. Encyclopedia of Personality and
Individual Differences. Cham, Switzerland. Springer; 2020.

48. Hassenzahl M. Theeffect of perceived hedonic quality on product appealingness. Int JHum Comput Int. 2001;13(4):481-499
[doi: 10.1207/s15327590ijhc1304 07]

49. Espinosa-Curid |IE, Pozas-Bogarin EE, Martinez-Miranda J, Pérez-Espinosa H. Rel ationship between children' s enjoyment,
user experience satisfaction, and learning in a serious video game for nutrition education: empirical pilot study. IMIR
Serious Games. 2020;8(3):€21813 [FREE Full text] [doi: 10.2196/21813] [Medline: 32940609]

50. Hollender N, Hofmann C, Deneke M, Schmitz B. Integrating cognitive load theory and concepts of human—computer
interaction. Comput Hum Behav. 2010;26(6):1278-1288 [doi: 10.1016/j.chb.2010.05.031]

51. RohlesB, Backes S, Fischbach A, Amadieu F, Koenig V. Creating positive learning experiences with technology: afield
study on the effects of user experience for digital concept mapping. Heliyon. 2022;8(4):€09246 [FREE Full text] [doi:
10.1016/j.heliyon.2022.09246] [Medline: 35497031]

52. Cooper N, MillelaF, Cant I, WhiteMD, Meyer G. Transfer of training-virtual reality training with augmented multisensory
cues improves user experience during training and task performance in the real world. PLoS One. 2021;16(3):€0248225
[EREE Full text] [doi: 10.1371/journal.pone.0248225] [Medline: 33760859]

53. AbuhassnaH, Al-Rahmi WM, Yahya N, ZakariaMAZM, Kosnin ABM, Darwish M. Development of a new model on
utilizing online learning platforms to improve students’ academic achievements and satisfaction. Int J Educ Technol High
Educ. 2020;17:38 [FREE Full text] [doi: 10.1186/s41239-020-00216-7]

54. RobertsBW, Luo J, Briley DA, Chow PI, SuR, Hill PL. A systematic review of personality trait changethrough intervention.
Psychol Bull. 2017;143(2):117-141 [doi: 10.1037/bul0000088] [Medline: 28054797]

55. YerrakalvaD, YerrakalvaD, Hajna S, Griffin S. Effects of mobile health app interventions on sedentary time, physical
activity, and fitnessin older adults: systematic review and meta-analysis. J Med Internet Res. 2019;21(11):e14343 [FREE
Full text] [doi: 10.2196/14343] [Medline: 31778121]

56. Li C, Neugroschl J, Zhu CW, Aloysi A, Schimming CA, Cai D, et a. Design considerations for mobile health applications
targeting older adults. JAlzheimersDis. 2021;79(1):1-8 [ FREE Full text] [doi: 10.3233/JAD-200485] [Medline: 33216024]

57. Schaeffer D, Klinger J, BerensE, Gille S, Griese L, Vogt D, et a. [Health literacy in Germany before and during the
COVID-19 pandemic]. Gesundheitswesen. 2021;83(10):781-788 [doi: 10.1055/a-1560-2479] [Medline: 34547817]

58. Ras P, Vuojarvi H, Rivinen S. Promoting media literacy among older people: a systematic review. Adult Educ Q.
2020;71(1):37-54 [FREE Full text] [doi: 10.1177/0741713620923755]

59. Stratton SJ. Quasi-experimental design (pre-test and post-test studies) in prehospital and disaster research. Prehosp Disaster
Med. 2019;34(6):573-574 [FREE Full text] [doi: 10.1017/S1049023X 19005053] [Medline: 31767051]

60. Ross SM, Morrison GR. Experimental research methods. In: Jonassen D, Driscoll M, editors. Handbook of Research on
Educational Communications and Technology. New York, NY. Routledge; 2013.

61. RogersJ, Révész A. Experimental and quasi-experimental designs. In: McKinley J, Rose H, editors. The Routledge Handbook
of Research Methods in Applied Linguistics. New York, NY. Routledge; 2019.

62. Rosenthal R. Experimenter Effectsin Behavioral Research. New York, NY. Irvington Publishers; 1976.

63. Zizzo DJ. Experimenter demand effects in economic experiments. Exp Econ. 2009;13(1):75-98 [doi:
10.1007/s10683-009-9230-7]

https://www.jmir.org/2023/1/e46336 JMed Internet Res 2023 | vol. 25 | e46336 | p. 16

(page number not for citation purposes)


https://dl.gi.de/items/5bfcbd77-73fd-4c1d-b372-080fbc45a098/full
https://dl.gi.de/items/5bfcbd77-73fd-4c1d-b372-080fbc45a098/full
https://www.ibm.com/de-de/products/spss-statistics
https://www.ibm.com/de-de/products/spss-statistics
https://jasp-stats.org/
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-020-00980-6
http://dx.doi.org/10.1186/s12874-020-00980-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32503439&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-018-1761-4
http://dx.doi.org/10.1186/s12888-018-1761-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29879931&dopt=Abstract
https://link.springer.com/article/10.3758/s13423-020-01798-5
http://dx.doi.org/10.3758/s13423-020-01798-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33037582&dopt=Abstract
https://www.bmj.com/content/314/7080/572
http://dx.doi.org/10.1136/bmj.314.7080.572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9055718&dopt=Abstract
https://www.ijme.net/pmid/28029643
http://dx.doi.org/10.5116/ijme.4dfb.8dfd
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28029643&dopt=Abstract
https://econtent.hogrefe.com/doi/10.1027/1015-5759/a000413
http://dx.doi.org/10.1027/1015-5759/a000413
http://dx.doi.org/10.1207/s15327590ijhc1304_07
https://games.jmir.org/2020/3/e21813/
http://dx.doi.org/10.2196/21813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32940609&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2010.05.031
https://linkinghub.elsevier.com/retrieve/pii/S2405-8440(22)00534-5
http://dx.doi.org/10.1016/j.heliyon.2022.e09246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35497031&dopt=Abstract
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0248225
http://dx.doi.org/10.1371/journal.pone.0248225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33760859&dopt=Abstract
https://educationaltechnologyjournal.springeropen.com/articles/10.1186/s41239-020-00216-z#citeas
http://dx.doi.org/10.1186/s41239-020-00216-z
http://dx.doi.org/10.1037/bul0000088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28054797&dopt=Abstract
https://www.jmir.org/2019/11/e14343/
https://www.jmir.org/2019/11/e14343/
http://dx.doi.org/10.2196/14343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31778121&dopt=Abstract
https://europepmc.org/abstract/MED/33216024
http://dx.doi.org/10.3233/JAD-200485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33216024&dopt=Abstract
http://dx.doi.org/10.1055/a-1560-2479
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34547817&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/0741713620923755
http://dx.doi.org/10.1177/0741713620923755
https://www.cambridge.org/core/journals/prehospital-and-disaster-medicine/article/quasiexperimental-design-pretest-and-posttest-studies-in-prehospital-and-disaster-research/13DC743E82CE9CC6407998A05C6E1560
http://dx.doi.org/10.1017/S1049023X19005053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31767051&dopt=Abstract
http://dx.doi.org/10.1007/s10683-009-9230-z
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Kénig & Suhr

64. CharnessG, Gneezy U, Kuhn MA. Experimental methods: between-subject and within-subject design. JEcon Behav Organ.
2012;81(1):1-8 [doi: 10.1016/j.jeb0.2011.08.009]

Abbreviations

BF: Bayesfactor
mHealth: mobile health
WHO: World Health Organization

Edited by G Eysenbach, T Leung; submitted 07.02.23; peer-reviewed by RLi, M Liu, T Murau; comments to author 27.02.23; revised
version received 12.03.23; accepted 20.11.23; published 04.12.23

Please cite as:

Konig L, Suhr R

The Effectiveness of Publicly Available Web-Based Interventions in Promoting Health App Use, Digital Health Literacy, and Media
Literacy: Pre-Post Evaluation Study

J Med Internet Res 2023;25: 46336

URL: https://www.jmir.org/2023/1/e46336

doi: 10.2196/46336

PMID: 38048146

©Lars Konig, Ralf Suhr. Originally published in the Journa of Medica Internet Research (https://www.jmir.org), 04.12.2023.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, alink to the original publication on https://www.jmir.org/, as well as this copyright and license information must
be included.

https://www.jmir.org/2023/1/e46336 JMed Internet Res 2023 | vol. 25 | e46336 | p. 17
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1016/j.jebo.2011.08.009
https://www.jmir.org/2023/1/e46336
http://dx.doi.org/10.2196/46336
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38048146&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

