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Abstract

Background: As smartphones become more widespread, software applications for occupational health, safety and
well-being (OHS&W) at work are increasing. There is sparse knowledge about the available apps and the research
evidence of their effects. This study aims to identify available smartphone applications designed to improve OHS&W
at workplaces, and examine to what extent the apps are scientifically validated.

Methods: We searched the Danish App Store and Google Play for free OHS&W apps. Apps were included if they
targeted OHS&W and were designed for workplace use. After categorizing the apps, we searched bibliographic data-
bases to identify scientific studies on the ‘intervention apps.

Results: Altogether, 57 apps were included in the study; 19 apps were categorized as digital sources of informa-
tion, 37 apps contained an intervention designed for workplace changes, and one app had too sparse information
to be classified. Based on the publicly available information about the 37 intervention apps, only 13 had references
to research. The bibliographic database search returned 531 publications, resulting in four relevant studies referring
to four apps aimed at ergonomic measures, noise exposure, and well-being, which showed either limited effect or
methodological limitations.

Conclusion: There is no conceptual clarity about what can be categorized as an OHS&W app. Although some of the
apps were developed based on scientific research, there is a need to evaluate the apps’effects in promoting OHS&W.
The sparse documentation of evidence should be kept in mind when applying apps to improve OHS&W.

Keywords: Apps, Smartphone applications, Occupational health, Well-being, Technology, Digital health, e-health,
m-health

Background

The proliferation of smartphones has led to a growth
in the market for smartphone applications, commonly
referred to as “apps” With the increase in smartphone
capabilities and device ownership, new possibilities and
forms of use have emerged. Among other places, apps
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have entered the workplace as a new category of tools
to improve occupational health, safety, and well-being at
work (OHS&W). However, the new apps seem promis-
ing by being more sophisticated and more accessible to
implement than classic health and safety tools, as a new
addition to the health and safety toolbox, our knowledge
of apps is still somewhat limited. The current study aims
to review the available apps and present an overview of
what exists to clarify the current status of OSH&W apps
and what challenges lie ahead.
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Digital technologies have dramatically changed work-
ing life in many ways in recent decades, including how to
improve occupational health [1]. Not long ago, monitor-
ing the work environment required a paper form handed
out at the workplace or sent by mail, followed by a labo-
rious process of collecting and comparing responses.
Today, it is possible to measure employee satisfaction as
often as desired, to send any number of work environ-
ment tools and guidelines directly into the target group’s
pockets through smartphone apps. Not only are pro-
cesses accelerated, but also it is easier than ever to share
ideas, retrieve information, and communicate with col-
leagues and managers, wherever and whenever desired.
The market for OHS&W apps is growing rapidly and pro-
viding a wealth of approaches and opportunities for work
environment professionals. However, with the emerging
market of apps, there is sparse knowledge about the apps
available.

An already large market for software applications is
the healthcare field. Though apps are reasonably new
in OSH&W, they have been used and researched more
extensively in healthcare settings. Here, e-health (elec-
tronic health) and m-health (mobile health) have been
gaining ground with expectations that the technology
can help the process of enabling people to increase con-
trol over, and improve their health [2], making healthcare
more accessible, and personal [3, 4].

Some of the potentials of e-health highlighted also
apply to apps used for improving OHS&W. They can
reach many individuals, are 24-h accessible, content can
be updated at any time, and training can be repeated as
often as desired [5]. Another advantage is that apps can
activate and utilize the features of the smartphone, such
as; notifications, sensors, GPS, audio/video recordings,
camera, and access to the internet to provide instant
feedback or support [6]. Conversely, there are possible
negative implications of using smartphones to manage
the OHS&W. Potential issues include; lack of transpar-
ency [7], concerns about data security, concerns about
the smartphone or app being a tool for surveillance of the
workers [8], the constant attention drawn to technology
being a stressor [9], possible misinterpretations of the
instant feedback on the screen [5], blurring of bounda-
ries’ between paid work and personal life, and increased
availability [10].

The pros and cons of apps likely also apply when it
comes to OHS&W. In addition, when it comes to the
fields of OSH&W, the potential risk of using apps is that
they contribute to the framing of OHS&W as an indi-
vidual rather than an organizational effort. Studies show
how digital apps can promote particular visions of con-
cepts like well-being [11]. In the case described by Islam
et al. [11], the vision of ‘well-being’ promoted by the
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app under study was either one of individual freedom
or collectivity — but not both [11]. For e-health within
OHS&W, this is relevant concerning individualizing
OHS&W work, as the arena for dealing with OHS&W
risks shifting towards individual employees’ smartphones
at the expense of collective fora of the workplace [12].
This could lead to a reduced focus on organizational initi-
atives, which are generally accepted as important criteria
for realizing improvements in OHS&W [13, 14]. Finally, a
significant disadvantage is the lack of documented effects
of the available apps.

Despite these advantages and disadvantages, the mar-
ket of app-based tools for OHS&W is growing, and it is
relevant to examine the field scientifically. So far, little
scientific research has been done on apps in health pro-
motion, and there is even less research about the use of
apps as tools for interventions in the organizational con-
text [5].

As a result, studies about apps in the field of Men-
tal Health often evaluate which content is most popular
among users and to which degree content is in line with
evidence-based guidelines [4, 15, 16]. Reviews into the
content of Mental Health Apps have found that most do
not include key clinical focus points or are not in line
with practice guidelines [16, 17]. The field of health pro-
motion apps is thus characterized by a low evidence base
[18]. Notable exceptions in the OHS&W field include a
study by Bech et al. [19], who evaluated an app-based
workplace intervention that provides psychological inter-
vention based on the app-user answering the WHO-5
Scale [20] biweekly in the app (Howdy). This pilot study
found indications of a positive effect of the app, specifi-
cally a shorter than expected time to return to average
wellbeing. However, more studies are needed to confirm
the findings.

Similarly, Sandal et al. [21] evaluated the effective-
ness of an individually tailored self-management system
delivered through an artificial intelligence-based app for
pain-related disability in adults with low back pain. They
found promising results in an RCT study involving 461
participants. However, the effect was too small to be clin-
ically meaningful. Other studies have assessed the effect
of OHS&W apps but as a pilot study or using preliminary
designs [19, 22]. These studies point to the possible ben-
efits of using apps in the OHS&W contexts, although, for
now, there are sparse studies and a lack of clear effects.
The research into the effects of OHS&W apps is growing,
but it is a field still emerging and needs further research.

Research is needed into how apps are used, and
their positive effects and potential pitfalls to create
an overview of the effects of OHS&W apps. However,
before such research can be fully utilized, a scientifical
debate is needed to establish the exact definitions and
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characteristics of an OSH&W “app’; as there is not cur-
rently a stringent definition of this within OHS&W. As
such, the present study works with a broad definition of
an app as an application accessible through and designed
for use on smartphones. Based on this definition, an app
may also be accessed using a web browser. In the study,
an OHS&W app is defined as occupational health, safety,
and well-being tool accessible through smartphones.

The study aims to provide much-needed clarity on the
field of OHS&W apps. We approach the app market from
the same initial position as OHS&W professionals (i.e.,
looking at what is available in app stores). We do this
instead of focusing exclusively on the few and not widely
used apps that form the bulk of meta-analyses focusing
on research evidence in Metal Health Apps [15, 23].

Despite the apparent growing prevalence and increased
use of apps in OHS&W work, there is a lack of knowledge
about the effect of using apps in OHS&W. There are few
guidelines for selecting and using app-based interven-
tions. The current study provides a review and content
analysis of freely available OHS&W apps and assesses
the number of studies that have been evaluated in sci-
entific research. This study asks the following research
questions:

1) Which apps are available for OHS&W?

2) Which organizations are bringing them to the
market?

3) Which areas of OHS&W and level of the organi-
zation do the available apps target?

4) To what extent are the OHS&W apps scientifically
validated? Are they based on scientific research? And
are they scientifically validated?

Method
Data collection procedure
There has been sparse research into apps for OHS&W,
though apps for mental health and well-being have
been studied [15-17]. In order to gain an overview, the
first step was to develop a search strategy. We mapped
OHS&W apps by searching the two major app outlets,
Apple’s App Store and Google’s Google Play. We used
the following keywords in both databases: work environ-
ment, occupational health, occupation, work environ-
ment authority, productivity, leader, safety representative,
union representative, sick leave, safety, lift, pain, well-
being, stress, and mental health. The search terms were
selected based on in-depth knowledge of the Danish field
of occupational health.

We used two smartphones (one iPhone running IOS
and one OnePlus running Android operating system)
for the search. The two smartphones used had access to
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apps available through the Danish versions of the App
Store and Google Play. The access we had through our
Danish phones was limited to the apps available via the
Danish version of the App Store and Google Play. Most
likely, some apps were excluded due to this. Addition-
ally, we searched in Google Play Store using a browser,
a possibility that Apple’s App Store does not support.
To search in Apple’s App Store using a browser, we used
the homepage https://fnd.io/, a service that allowed
us to adjust which national market edition of the App
Store we wished to search. The search terms were in
Danish; however, apps in English were also included if
they appeared based on the search terms.

In the App Store and Google Play Store, it is not pos-
sible to set up search criteria and run the search as one
would do in bibliographic databases; therefore, each
search term was searched individually on App Store
and Google Play Store. The apps suggested based on the
search (“you might also like” section) were included in
the study, if relevant. Each keyword served as a start-
ing point for what resembled a snowball data collection
method [24]. This resulted in several cross-references
for each keyword; therefore, it is not telling to make a
table showing how many apps we found on each key-
word. The approach also made it necessary to make the
first selection process part of the data collection phase.
Hence, the first of two rounds of the data selection pro-
cess took place while extracting the data. We assessed
the apps based on the following criteria:

+ Were the apps aimed at working life, workplaces,
and occupational health?

+ Did they concern an operationalization of occu-
pational health topics?

The criteria meant that, for instance, coloring apps
(coloring books for adults) found by the keyword
search: stress were not included, as they were not aimed
particularly at reducing stress at work. The second cri-
teria meant that, for instance, apps on the correct usage
of ladders were included as researchers deemed it an
operationalization of an OSH&W topic, specifically
safety.

This study is based only on the apps available through
the App Store and Google Play Store. The present study
does not include apps not available via these two chan-
nels, such as those specifically developed for or by a spe-
cific company for internal use. We conducted searches on
the internet using the names of the apps. The identified
data material about each app (webpages, articles, reviews,
detailed descriptions of the application, etc.) was saved
using the Ncapture web tool. We kept all the data mate-
rial in Nvivoll, enabling us to code the data material.
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In addition to the search on the App Store and
Google Play Store, we searched InfoMedia, a database
containing all Danish newspaper articles. This was
done to identify apps described in the press and which
might subsequently be searched in either the App Store
or Google Play Store via the name of the app in ques-
tion. InfoMedia was searched in the period 2011-2021
using the search criteria: “app”/”apps” combined with
“occupational health” Twenty-nine articles were found
in InfoMedia, referring to ten unique apps. Three new
apps were identified through this method. The articles
providing additional knowledge about apps identified
in the App Store and Google Play Stores became part of
the data material.

This process yielded 63 apps for OHS&W. These apps
were entered in Nvivoll. Hereafter, we did a second
round of exclusion processes following the same crite-
ria as in the first round (mentioned above) but access-
ing the apps and the description of the apps more
thoroughly (full-text screening). In the second exclu-
sion process, six apps were excluded. See Fig. 1 for a
diagram of the app identification and selection process.
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Data analyzing processes

We developed a coding system in Nvivoll to analyze the
apps. Codes were made in a dialectical process where
two of the authors applied predefined principles (target
group, sender of the app, area of occupational health,
type of app, reference to research) to the apps, met to dis-
cuss them with the third author, made code alterations to
analyze the data material better, and applied the new set
of codes. This was done in three iterations until a com-
prehensive categorization was found.

In the following, we present the final taxonomy we have
developed in the study to categorize the apps. We have
divided the apps according to which OHS&W area they
cover, the target group for the app, the app provider, and
the type of app in question (intervention or information/
communication).

Different fields of occupational health

To create an overview of the field, we categorized the
mapped apps according to the type of occupational
health area they cover. The apps are coded according
to the following categories: Musculoskeletal disorders,

Search

Search on keywords in App Store and Google Play

Infomedia search

Apps identified

Full text screening

Included in the
study

N=10*
N=60
Excluded
duplicates —
N=7
> N=63 < N=3
Excluded
N=6
y
N=57

Fig. 1 Workflow diagram of app identification and selection process

* 29 articles found refering to ten unique apps
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psychosocial work environment, work accidents/
safety, chemistry, noise, management, rights/legislation,
OHS&W coordination (including, e.g., apps for handling
workplace assessment or apps that could be used for the
safety representatives’ work).

Sender and recipients

In addition, we have categorized who the developer/
owner of the app is (private company, public institu-
tion, public/private partnership, cooperative, founda-
tion/non-profit, social partners, industry associations,
UN, research institutions) and who the target recipient/
audience is (companies, HR-personnel, safety representa-
tives, managers, employees, and occupational health
professionals).

The type of app

In the initial search, we found that OHS&W apps cover
a wide range of diverse apps. To operationalize the type
of apps, we divided them into two qualitatively differ-
ent categories: 1) apps that primarily present informa-
tion (information apps) and 2) apps that aim to create a
change in the workplace (intervention apps).

The first category includes apps presenting information
and tools for communication, for example, datasheets,
information on materials/chemistry, etc., in a digital
form. The second category includes apps that introduce
a form of intervention in OHS&W, such as prompting
workers to answer questionnaires or undergo training.
However, the categories are difficult to keep completely
separate, as comprehensive and well-accessible informa-
tion might be a basis for a change in, e.g., work perfor-
mance and thereby have a derived OHS&W significance.
An example is the Danish Emergency Management
Agency’s App “Dangerous substances’, an inventory of
relevant information on harmful chemical substances.
The app contains instructions for the safest possible
action in an accident with dangerous substances and the
possibility of looking up facts and legislation regarding
chemical substances. We thus categorize the app as an
information app [1], corresponding to the Danish Emer-
gency Management Agency’s characterization of the app
as a reference work; however, the app provides an obvi-
ous potential for adapting the work and creating bet-
ter working environment conditions based on the data
provided.

Nevertheless, we have kept the distinction between
‘information apps’ and ‘intervention apps’ as it allowed
us to take a closer look at the apps used for OHS&W
interventions and examine the degree of documentation
for the promised effect. An examination of the effect is
not equally relevant for apps that have the format of fact
sheets/reference works or apps that make knowledge
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accessible quickly (contact information, legislation
regarding OHS&W, recommended strain in physical
work, etc.).

Assessment of research basis for the effect of the app
We assessed how the 37 intervention apps documented
the app effects by assessing if they referenced research.
We did this using two methods: First, we screened the
publicly available data material collected in our app store
and InfoMedia searches. This comprised of online infor-
mation on the app (often the homepage for the app),
newspaper articles found in InfoMedia, and the descrip-
tions provided in the App Store and Google Play Store.
Second, to ensure that all scientific publications on the
specific apps were found, we searched PubMed, Web of
Science, and Psyclnfo for articles between 2002 and 2021
(see Fig. 2). We searched on the app name plus “app or
application” (i.e., “Wysa”+“app”) to identify relevant
studies on the identified apps (see Additional file 2). We
did three rounds of screening based on the title, abstract
and full text of the identified studies counting the num-
ber of apps evaluated and the number of publications.
On this basis, we divide the intervention apps into
two categories: “not research-based” (apps where we
did not find any reference to research in either method)
and “research-based” (apps where we find reference(s)
to research for all or parts of the mechanisms within the

app).

Results
In total, we found 57 OHS&W apps (see Additional file 1
for the list of apps identified).

In Fig. 3, the areas targeted by the apps are visualized.
Each app is only categorized once based on the app’s
main focus to provide an overview of the distribution of
apps within work environment areas. An app classified as
primarily targeting musculoskeletal disorders might also
contain mentions of legislation regarding heavy lifting,
but is still classified as an musculoskeletal disorder app
as this is its primary focus. The apps were categorized
into eight different work environment areas. Most apps
were identified in the following three categories; We have
classified eighteen of the OHS&W apps as aimed at the
psychosocial work environment (such as apps for stress
reduction and improved well-being, e.g., Howdy, an app
measuring employees’ well-being, with added possibility
for counseling if employee score suddenly drops). Four-
teen apps were about improving workplace safety (includ-
ing apps used to document accidents or register events
that could lead to accidents, such as Safety Observer).
Twelve were classified as apps aimed at ‘OHS&W coor-
dination (e.g., apps for sending out the mandatory work-
place risk assessment, such as MusSkema, an app that
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Search

Search in PubMed, Web of Science, and PsycINFO

l

App/publications N=7/532
Excluded
publications ‘_—l
N=456
Title
Apps/Publications N=5/76
Excluded
publications D E—
N=54 \4
Abstract
Apps/Publications N=4/22
Excluded
publications €
N=11 v
Full text screening
Apps/Publications N=4/11
Excluded
publications g———]
N=8 v
Included in the
study N=3/3

Fig. 2 Workflow diagram of literature search and study selection

primarily provides tools for the employee development
interviews between the employees and the managers).

Five of the identified apps were aimed at musculoskel-
etal disorders (apps guiding lifting techniques reducing
back pain, such as ErgopArmMeter, a professional incli-
nometer for measuring and recording arm elevation dur-
ing work). We classified four apps as relating chemistry
and toxicology (e.g., apps about toxic substances in the
work environment, such as NanoSafer).

A small number of apps dealt with occupational health
legislation/rights [2], apps aimed at OHS management
training [1], and apps for noise reduction [1].

More than half (61%) (35 apps) of the identified apps
are primarily targeted to employees (see Fig. 4). Nine per-
cent (5 apps) are primarily targeted to managers, 9% (5
apps) are primarily targeted to safety representatives, 10%
(6 apps) are primarily targeted to work environment con-
sultants, 9% (5 apps) are primarily targeted to companies,
and 2% [1] are primarily targeted to HR departments/
consultants.

Private companies issue 56% [32] of the identified apps
(see Fig. 5), 14% [8] are from public organizations, and
11% [6] from international organizations, such as The
International Labor Organization. Apps from research
institutions cover 7% [4] of the identified apps. Examples
include “Safety Observer” (an adaptive safety-screening

tool) and “ErgoArmMeter” (an inclinometer for measur-
ing and recording arm elevation during work). The final
12% are distributed between NGOs [3], social partners
such as employer organizations [1], industry community
[2], and cooperatives [1].

The type of app

We categorized the apps as either intervention apps or
information apps to investigate the extent to which inter-
vention apps’ were based on research and whether the
apps’ effects had been evaluated in scientific studies. One
app had such sparse information that we could not clas-
sify it as an intervention or an information app. Nineteen
apps were categorized as information apps. The remain-
ing 37 apps were classified as intervention apps.

Documentation of effect

We assessed how the 37 intervention apps documented
the app’s effects by assessing the degree they referenced
research in our collection of online publicly available
material and three scientific databases. Table 1 shows
the number of apps that referenced research in our data
material collected from Google Play, Apple Store, Info-
Media, and online searches distributed in occupational
health fields.
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Employees
61%
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Fig. 4 Distribution of apps concerning the primary target audience for the OHS&W apps
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Research insitute
7%

International
Organisations
11%

Industry community
3%
Social Partners
2%

NGOs
5%

Coorporatives
2%

Public Organizations
14%

u Public Organizations
Social Partners
® Research insitutes
Fig. 5 Distribution of apps concerning the sender of the identified apps

m Coorporatives
u Industry community

Private companies
56%

# Non-profit Funds
® International Organisations

Table 1 Number of apps referencing research in publicly
available data material distributed on work environment fields

Not research Research
based based

Occupational health area

Workplace safety and accidents
Psychosocial work environment
Musculoskeletal disorders
OHS&W coordination

Noise reduction

A W o O

2
6
1
1
1

Legislation/rights [No intervention apps] - -
Chemistry, Nano-particle, and toxicology - 1
Apps aimed at leaders - 1
Numbers of apps found in the category 24 13

In total, 13 of the 37 intervention apps referred to
some form of research in their presentation on Google
Play, Apple Store, in media articles on InfoMedia, or
on affiliated webpages. Within each of the investigated
occupational health areas, we found apps that referred
to research, with the exception of “legislation/rights,’
where there were no apps within the category “inter-
vention” to assess. Most references to research were
made in apps within the occupational health area “Psy-
chosocial work environment” with six apps. The occu-
pational health area “Workplace safety and accidents”
contained two apps referencing research.

Reference to scientific literature ranged from a single
reference to scientific literature substantiating the issues
proposedly addressed by the app in question to apps
being both built on the basis of scientific findings and
undergoing some degree of scientific evaluation of their
effect. In general, however, there was too little informa-
tion available in our online data material to assess the
degree and quality of the research they were based on.

Furthermore, we conducted a literature search to get a
more accurate picture of whether an app had been scien-
tifically evaluated. We searched three scientific databases
(PubMed, PsycINFO, and Web of Science) for studies
assessing the effect of the 37 apps. This review resulted in
531 publications, of which three studies assessing three
different apps were identified.

Table 2 shows the apps for which we found research
articles in scientific databases.

In the literature search, three apps were identified,
which had been evaluated scientifically. In addition, a
fourth app (Howdy) was assessed in a scientific study
[19], identified through the Howdy homepage. The evalu-
ated apps cover apps aimed at measuring ergonomics
(ErgoArmMeter), noise reduction (NoiseExposure), and
psychosocial well-being (Wysa and Howdy).

Two of the studies found [25, 26] that evaluated two
of the identified apps (ErgoArmMeter and Noise expo-
sure) found the apps in question to be less accurate or
have a higher error than the apps they were compared
to (ErgoExposure and Sound Level Meter). The two
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Table 2 Number of publications found in scientific databases distributed on apps

Apps No. of scientific articles found No. of scientific
articles studying app
effects

Wysa (psychosocial well-being) 3 1

Noise Exposure (noise reduction) 4 1

ErgoArmMeter (musculoskeletal disorders) 1 1

Total no. of publications 8 3

apps performing better than the identified apps were not
included in the study. The first one was not included as
it was not freely available in App Store or Google Play
Store, and the second one was not included as it was not
aimed particularly at workplaces. The two apps aiming
to improve psychosocial well-being (Wysa and Howdy)
showed promising results. However, the studies were not
tested in a robust study design, and larger samples are
required across more extended periods to validate the
initial results.

Discussion

Our study aimed to identify available OHS&W apps.
We identified 57 OHS&W apps targeting a large vari-
ety of occupational health issues. The main topics were
“OHS&W coordination”, “psychosocial work environ-
ment’;, and “workplace safety”. Private companies brought
more than half of the 57 apps to the market, and the apps
were primarily aimed at employees. Of the 57 OHS&W
apps identified, 37 were intervention apps aiming to cre-
ate a change in the workplace, 19 contained information,
and one app was described in such sparse details that it
was not possible to classify it. We found that 13 of the
intervention apps had some reference to research and
that four apps had been evaluated in scientific studies.
However, two of the identified apps turned out to be less
accurate than the apps they were compared to, and two
studies showed a positive effect but used suboptimal pilot
and quasi-experimental [19, 20] designs instead of rand-
omized controlled trials.

The proliferation of apps

Of the identified OHS&W apps, most were aimed at psy-
chosocial well-being, second-most were within work-
place safety/accident prevention, and third most were
within OHS&W coordination. These results are in line
with our expectations. We expect methods within psy-
chosocial well-being (mainly surveys), workplace safety/
accidents (checklists), and OHS&W coordination (mainly
tables and checklists) to be well suited for transfer to an
app format aimed at the individual employees. In con-
trast, more complex work environment interventions
might be more challenging to transfer to the app format.

We find that a large group of apps is aimed at OHS&W
coordination. These apps target safety representatives to
support their work.

We find an interesting distinction between this kind
of processual support for safety representatives and
apps targeting specific challenges in the work environ-
ment, e.g., the app “Ladder Safety’, which provides guid-
ance for the correct positioning of ladders. We present
the distinction between ‘processual OHS&W apps’ and
‘OHS&W apps targeting specific issues’ as a significant
distinction in the market for OHS&W apps. For poten-
tial users of OHS&W apps, the first question is whether
the need is for a general processual tool to support and
digitize processes or an app that will help with a specific
occupational health issue.

Research basis of OHS&W apps

Our results show that approximately a third (13 of 37)
of the apps categorized as intervention apps referenced
some research in their description.

The range of different methods, study designs, and
sources presented as reference to research by app devel-
opers should make us cautious not to consider a self-
described reference to research as proof of solid study
designs examining app effects. In the online presenta-
tion of apps, references to research contained widely dif-
ferent things (e.g., everything from mentioning a theory
as inspiration for an app’s development to an app based
on a validated questionnaire). In summary, we consider
it a considerable challenge for occupational health prac-
titioners to assess which OHS&W apps are based on
research and the extent to which one can expect that
there will be an effect of using the app.

Furthermore, we found only a few [3] scientific evalu-
ations of app effects in our search into three scientific
databases for the 37 intervention apps, and one that was
known to the authors in advance but did not show up
in the search as the app was not mentioned. Two of the
studies indicated positive results; however, the studies did
not have sufficiently robust study designs to make claims
about the apps’ effects. This low degree of research-based
evidence resembles findings from reviews in comparable
fields where the use of apps is likewise growing rapidly,
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e.g., mental health technologies and behavioral interven-
tion trials [6, 16, 23]. Our results point toward a lack of
scientific studies of OHS&W apps and their effects like
these broader fields.

This raises an important point for the scientific com-
munity concerned with evaluating app effects [27]. Pre-
vious research notes a need for health apps to be better
evaluated to ensure their effectiveness and guide con-
sumers [28, 29]. New apps are frequently being released,
and current apps often change quickly. Both are factors
that speak against the possibility of relying on time-
consuming and expensive evaluation designs like RCT
to provide research-based evidence on the effects of
the apps in a timely manner [6, 30]. In internet-deliv-
ered mental health care treatment, where systematic
reviews and meta-analyses of RCT studies have been
conducted, results have been moderately promising, but
most so when coupled with non-online support [31, 32].
We expect these promises and challenges to apply to
OHS&W apps as well, added to the challenges of a rap-
idly changing app market. As robust study designs of app
effects are not common presently, and with the possi-
bility that such time-consuming studies will prove to be
obsolete as the app market changes rapidly, what is the
best way to evaluate OHS&W apps that helps OHS pro-
fessionals to choose the best app? One way forward is to
consider adaptations of RCT designs, either by adjusting
the design as apps are upgraded or by employing stud-
ies that resemble RCT design as much as possible. Kumar
et al. discuss this and provide an overview of evaluation
design alternatives to RCT studies for M-health interven-
tion [27]. Another way forward is to employ non-RCT
evaluation designs such as quasi-experiments. In this
line, research has pointed to evaluating the underlying
principles of the app [18, 30] or employing studies that
“emphasize usefulness, applicability, and feasibility of
new technologies and evaluate them with patients” [29].

OHS&W apps as practical tools

Our concern is how research can provide informa-
tion and guidance to occupational health professionals
on which apps to implement at workplaces. We want
to stress that the scientific approval of OHS&W apps
might not be the most important factor for occupational
health experts. Many apps will likely have a practical
effect, positive or negative, at workplaces as we wait for
research to be conducted, or even without it being scien-
tifically evaluated. As with other tools, app use is about
finding the right fit for the challenges in consideration of
a range of contextual factors [33]. Mohr et al. [34] sug-
gest that digital mental health technologies (internet
delivered and apps) are better viewed as technology-ena-
bled services than products. Inadequacy of the previous
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conceptualization is that digital mental health technolo-
gies became considered the primary agent of change.
Instead, it is important to evaluate the ecosystem around
that technology (such as human support and organiza-
tional factors) [29]. We believe this applies to OHS&W
apps as well.

Occupational health professionals should not be dis-
couraged from using OHW&S apps altogether. For the
19 apps, we found that primarily contain information,
it might not be possible or relevant to assess the effects
as they do not aim to make immediate changes at the
workplace but are simply an appropriate tool supporting
necessary work procedures. Alternatively, apps may not
themselves be the subject of a research study, but they
may be the tool with which data is collected for work
environment research, e.g. [35, 36].

How apps as technologies might affect OHS&W

In this study, we defined an OHS&W app as “an appli-
cation accessible through and designed for use on smart-
phones,” and consider OHS&W apps as specific forms
of OHS&W tools addressing OHS&W issues with a par-
ticular thematic framing with a specific material (digital)
setup. As such, we should be considerate of how apps
frame the OHS&W topics they address by way of how
they present the OHS&W topic and solutions. The tools
employed tend to define the problem they were meant to
address [37]. Another perspective is that employee iden-
tities are malleable, and apps can become a tool for nor-
mative control to regulate employee identity [38]. One
potential is that OHS&W apps can individualize occupa-
tional health and safety work, as occupational health can
potentially become an issue handled between the indi-
vidual employee and his/her smartphone — rather than
between the individual and the organization. As such,
OHS&W apps can be seen as part of a broader movement
centering on the individual, similarly found in the trend
toward “personalized medicine” [39]. It is worth paying
attention to this trend. We see benefits within E-health
from repeated personal measurements that can be used
to follow individuals between treatments [40] or promote
personalized medicine [41]. Likewise, the opportunity to
create tailor-made individual solutions, e.g., for the indi-
vidual body (exercise programs for back pain) or the indi-
vidual well-being (by tracking well-being and providing
individual support), provides the potential for benefits
that are similar to those in the E-health [41]. However, it
may also bring challenges to occupational health. When
seeking to improve, e.g., in the psychosocial work envi-
ronment, organizational interventions are often stressed
as the most appropriate and effective [42]. It is also a
concern in relation to mental health technology [29]. A
risk is that an increasingly individualistic focus on work
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environment issues will further an individualistic concep-
tion of occupational health practices. Ways that OHS&W
apps can have an organizational integration is by func-
tioning as bridges between in-person treatment sessions
[43] or with a consultancy service of psychologists as an
add-on to the app (this is among other places seen in the
app Howdy).

Future research into OHS&W apps

Further research into OHS&W apps’ potential to change
conceptions and approaches to occupational health is
needed. We hope that occupational health research in
the future will contribute to research into the associa-
tions between apps and worker health, as well to engage
in discussions of how to best evaluate the OHS&W apps
with regard to scientific validity and practical feasibility.
For now, there are benefits — ease of use, accessibility,
real-time measurements—to be gained by occupational
health professionals by using OHS&W apps, but major
disadvantages — especially the lack of validity of app
effects — exist that will likely grow.

Strengths and limitations

The current study has some limitations. First, limitations
in Apple and Google’s interfaces meant that we had no
control over what was shown in the searches nor had
the opportunity to refine our searches. Additionally, we
designed the study to focus on the OHS&W apps avail-
able to Danish occupational health professionals. The
study provides insight into how far we have come with
the scientific validation of OHS&W apps in Denmark;
however, the Danish focus might be seen as a limitation.

Second, by focusing on apps publicly available on app
stores, our search process has likely missed a number
of apps developed internally within large organizations.
This is at least our impression based on our knowledge of
the Danish field of OHS&W apps.

Third, we anticipate we might have missed interesting
apps on the app stores that did not match keywords in
our search. The keywords were developed as a filter to
allow apps engaging with working life to slip through but
keep health apps not engaging with working life themes
away. Apps in the borderline areas of working life, like
performance apps and sleep apps, were included based
on whether or not they used the keywords in our search
and hence might not have been included in the study.
Such borderline cases are almost impossible to avoid.

Fourth, by designing the bibliographic search as we did,
we are limited to studies that clearly state the name of the
apps they study. From our search of online material, we
were aware of Bech et al’s study of the app Howdy [19].
Still, as the authors do not mention the app’s name in
the publication, we could not identify it in our scientific
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database search. Likewise, we might have missed other
apps due to this limitation.

Despite these limitations, we believe this study pro-
vides a needed overview of the apps available to occupa-
tional health professionals and the extent to which there
is evidence of their effect.

Conclusion

OHS&W apps cover a wide area and are very diverse.
There is no conceptual clarity about what can be catego-
rized as OHS&W. In this study, we have proposed distin-
guishing between two types of OHS&W apps: those that
are essentially digitalization of information and those that
intend to make workplace interventions. We assessed
the latter category, and found that very few of the apps
had been scientifically evaluated. This should be kept
in mind when applying apps in workplaces, and future
studies may look into scientifically assessing the effect of
OHS&W apps. Additionally, we find a need for research
to develop a suitable method to evaluate OHS&W apps
that is both scientifically valid and practically feasible.
Until then, OHS&W apps remain a new and interesting
tool for occupational professionals. Finding the right app
for a particular problem, and apps that are scientifically
evaluated, currently proves to be a substantial challenge.
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