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Abstract

Knowledge of how to design digital systems that are ergonomically sound, high in usability, and optimized for the user, context,
and task has existed for some time. Despite this, there are still too many examples of new digital health care systems that are
poorly designed and that could negatively affect both the work environment of health care staff and patient safety. This could be
because of a gap between the theoretical knowledge of design and ergonomics and the practical implementation of this knowledge
in procuring and developing digital health care systems. Furthermore, discussions of digitalization are often at a general level
and risk neglecting the nature of direct interaction with the digital system. This is problematic since it is at this detailed level that
work environment and patient safety issues materialize in practice. In this paper, we illustrate such issues with two scenarios
concerned with contemporary electronic health care records, based on field studies in two health care settings. We argue that
current methods and tools for designing and evaluating digital systems in health care must cater both to the holistic level and to
the details of interaction and ergonomics. It must also be acknowledged that health care professionals are neither designers nor
engineers, so expectations of them during the development of digital systems must be realistic. We suggest three paths toward a
more sustainable digital work environment in health care: (1) better tools for evaluating the digital work environment in the field;
(2) generic formulations of qualitative requirements related to usability and for adaptation to the user, context, and task, to be
used in procurement; and (3) the introduction of digital ergonomics as an embracing concept capturing several of the ergonomic
challenges (including physical, cognitive, and organizational aspects) involved in implementing and using digital systems.
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Introduction

There is no doubt that the digital transformation of health care
is changing how health care is delivered [1,2]. Besides aspects
of efficiency, safety, and patient empowerment, digitalization
also affects the work environment of health care staff. New
digital systems can both facilitate and constrain work, depending
on their design and how well they support organizational goals
and objectives [3-5]. Furthermore, technology is never neutral.
Verbeek [6] notes the following:

When technologies are used, they always help to
shape the context in which they fulfill their function.
They help to shape human actions and perceptions,
and create new practices and ways of living.

Researchers have studied the impact of digital systems on the
work environment since the early eighties [7-11]. Since then,
diverse digital systems have emerged, ranging from personal
computers for rudimentary office tasks [12] to more
sophisticated systems, such as systems for computer-supported
collaborative work [13,14], or mobile devices and integrated
software and hardware [15,16].
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In parallel with the introduction of digital systems in the
workplace, the field of human-computer interaction (HCI) has
developed, and the usability (ie, the efficient, effective, and
satisfactory use of a system with respect to the specified user,
goal, and use context [17]) of digital systems in health care has
become a broadly used concept [18-26]. The idea of involving
users in software development to ensure the creation of systems
with relevant functionality and high usability had already been
introduced in the eighties [27]. Along with this, HCI design
principles emerged, intended to match the system to the user’s
cognitive abilities, such as limitations of memory, the perceptual
system, and mental models [28-30]. A user-centered design
process and HCI design principles still constitute the foundation
of both HCI education and practice. Nowadays, there is even a
standardized process for developing new digital systems
intended to ensure that human perspectives are considered [31].
Furthermore, many engineers and developers with HCI
knowledge are graduating from higher education institutions
worldwide [32-34]. Together, this implies the existence of the
technical proficiency and maturity required to develop digital
systems with relevant functionality and good usability.

Despite this, basic usability-related problems continue to emerge
in health care practice [5,35-37]. Issues related to efficiency,
safety, and work environment follow in the tracks of the digital
transformation of health care. The problems have even been
referred to as “the other health care crisis” (the first one being
the COVID-19 pandemic) [38], and links to job frustration and
burnout have been investigated [39]. Solutions are hence asked
for, and the search for explanations is ongoing [40-42]. We ask
ourselves why this is still so when the conditions for developing
usable and efficient digital systems, based on HCI design
principles and user-centered design methods, have never been
better.

In this paper, we identify new ways to overcome obstacles
related to poorly designed digital health care systems.
Specifically, we highlight the potential effects on the work
environment of violations of HCI design principles and of
deficient knowledge of the user, use context, and task. This is
illustrated through the analysis of two scenarios, providing
insights into how these shortcomings materialize in health care
practice. Based on insights from these scenarios, we argue for
three paths forward that we believe could lead to a more
ergonomically sound digitalization of health care.

Effects of Poorly Designed Digital
Systems on Health Care Professionals’
Work Environment

Two Scenarios
In the following section, we first present two scenarios
concerning the use of contemporary electronic health care
records (EHRs). EHRs are used as a means to demonstrate our
viewpoints, as they are used by basically everyone in the health
care sector, whether you are in home care, in primary care, or
in specialized care, and whether you are a doctor, a nurse, a lab
assistant, or an administrator. They are, furthermore, frequently
used throughout the day. We then outline four insights from the

scenarios built on basic HCI theory, which illustrate how digital
systems affect health care professionals’ work environment.

The two scenarios are synthesized from real situations witnessed
in data from in vivo observations of Swedish home health care
and primary care performed in 2014 and 2018 as part of two
research projects. One project aimed at studying digital systems
used by practitioners in home health care. The other one studied
the implementation of a new EHR for primary care and included
both an expert evaluation of the usability of the system as well
as in vivo observations of the system at primary care centers.

Scenario 1: Home Health Care
On Monday morning, Anna, a 47-year-old registered home
health care nurse, logs in to her computer and opens the EHR
to get an update on what has happened with her patients since
she last saw them on Thursday the week before. She starts by
looking through the messages sent by the staff working during
the weekend. There are 51 new messages in the message box.
With the introduction of the new EHR system, the number of
messages has multiplied due to a new way of sharing
information in which messages are sent to work groups instead
of individuals. Many of the messages are obsolete because they
were already addressed during the weekend, while others are
not relevant to Anna’s work. She understands that she must read
20%-25% of the messages more carefully and that the only way
to find them is to go through the list one message at a time and
delete the irrelevant ones.

Anna needs to check what has happened to one of her patients
during the weekend, so she opens the health record for that
patient. The information is sorted chronologically with the oldest
post first, and since the patient has had home health care for 3
years, the health record is long. To find the most recent post
from the past weekend, Anna must scroll through several pages
of records. To avoid this time-consuming activity, which entails
a lot of clicking, Anna has learned that she can access the
information in reverse chronological order by creating a PDF
file for printing. By using this workaround, she can access the
information she wants about the patient more quickly.

In the afternoon, Anna returns to the office from a patient visit
and opens the EHR to document the visit. This procedure is by
far the one most often performed in the system. The process is
cumbersome. Besides the actual writing, it takes Anna 19 clicks
to find the patient, open the patient’s health record, locate the
correct place to insert information, and then verify and save the
information. To make things even more annoying, the system
takes more than a second to respond to each of Anna’s clicks,
with the consequence that she makes an extra click or two just
to be sure. As part of the documentation process, Anna must
also classify the intervention performed at the patient’s home.
Each intervention has a name, for example, “Ostomy control,”
and a code, for example, “EK007,” selected from a drop-down
menu with a long list of all available interventions (Figure 1).
However, the list of interventions is not sorted by intervention
name but by intervention code, which is not in line with how
Anna stores the information in her head. Anna starts reading
every line in the long list, and when she comes to the end of the
page, she scrolls down. Finally, she finds what she is looking
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for: “EK007 Ostomy control.” Anna marks the list entry using the cursor and clicks “Save.”

Figure 1. An illustration of a drop-down menu with interventions sorted by code and not by name. The user must scroll through the list to find the
desired intervention.

Scenario 2: Primary Care
General practitioner Helen is finishing her shift at the primary
care center. Before she can go home, she has a long list of EHR
posts to verify and sign. She has postponed this activity for too
long since it is so cumbersome to perform. There are several
ways this signing can be done, but she has not found a way that
suits the workflow and that she can easily remember, so she is
unsure whether she is doing it correctly. She needs to stay
focused when jumping between the view in which she keeps
track of which posts are still unsigned and the view in which
the actual information to be signed off is presented. Furthermore,
the feedback on each post is difficult to grasp. A post with a
certain hashtag symbol has been signed and needs no further
attention. Two smaller, overlapping hashtag symbols indicate
a post that was signed but has been changed and thus must be
viewed and signed again. A post that is unsigned has no symbol
at all and is thus not highlighted in any way (Figure 2). The

symbols are quite small and appear in different locations in
different views in the system (Figure 2, Figure 3), so Helen
must search to find them when switching between views.

Helen is interrupted in her work by a medical laboratory
assistant. He wants Helen to change the lab test order she placed
for a patient. The lab test that Helen selected from the list in the
EHR system cannot be performed at this primary care center.
It is not that she did not know this, but that the list from which
lab tests are chosen is long and the names are often similar, so
she sometimes clicks on the wrong one. Helen is not the only
physician making this mistake, and to prevent this from
happening, the medical laboratory has printed a separate list on
paper showing only the available lab tests. Helen is annoyed
that she has to interrupt her work to change the lab test order.
She opens the list of lab tests on the computer, verifies that she
has now chosen the correct one by double-checking against the
printed list, and then finishes the signing before going home 25
minutes later than planned.
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Figure 2. An illustration of how one view of the health record for one patient can look in the system. There is one input line per date, and all inputs
here are either notes or information about the patient contact made. The “Initials” column shows who made the input, and the “Sign.” column shows
the signing status: an empty space indicates that all signing has been completed; a single hashtag indicates that signing needs to be done; the overlapping
hashtags (one or two) indicate that a post was signed but then changed and needs to be looked at and signed again.

Figure 3. A different electronic health care record layout. This view presents information organized differently from the view shown in Figure 2; for
example, the signing icons now appear in the center of the table and not to the right.

Insights From the Scenarios
The scenarios have been synthesized from situations witnessed
in health care practice to illustrate what working in a
state-of-the-art EHR can be like. Several insights (Textbox 1)
can be derived from these scenarios in order to understand how

details in the design of and interaction with a digital system
affect the work environment. The analysis of the scenarios
leading to these insights is based on knowledge about how
user-centered design processes and HCI design principles are
aimed to guide the design of systems to avoid exactly the kind
of situations demonstrated in the scenarios.
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Textbox 1. Overview of insights derived from studying the usage of digital systems in contemporary health care practice.

• Insight 1: The digital system forces the user into inefficient workflows

• Insight 2: HCI design principles—independent of user, task, and context—are not adopted

• Insight 3: Workarounds become permanent solutions

• Insight 4: Different domains of ergonomics interact in creating the digital work environment

Insight 1: The Digital System Forces the User Into
Inefficient Workflows
How different functions in the digital system are designed forces
the user to adapt how tasks are performed. When the new EHR
was introduced in the home health care organization (scenario
1), the communication routine changed. The design of the new
system increased the number of messages that the user had to
process each day. Similarly, the general practitioner at the
primary care center (scenario 2) postponed the signing task
since the system hindered rather than supported her in this
process by not providing an intuitive workflow or a consistent
design. This resulted in an inefficient procedure, causing both
frustration and physical strain due to excessive clicking.
Demands for more extensive signing in the primary care EHR
(scenario 2) were deliberately introduced as a new work routine
when implementing the new EHR in order to increase patient
safety. Hence, the extra effort required to perform this task may
be justified. However, how it was implemented in the system,
with a confusing workflow, poor feedback, and inconsistency,
could have been avoided by applying better knowledge of how
the user works. In contrast, the increased message handling in
home health care (scenario 1) was not deliberately introduced,
and its effect on the time and effort needed to process the
messages was not acknowledged or understood until the system
came into practical use.

Insight 2: HCI Design Principles—Independent of User,
Task, and Context—Are Not Adopted
A user-centered process is always desired, but even without
such a process there are fundamental HCI design principles that
should be adopted. A long list, as shown in Figure 1, is a long
list regardless of the specific user and context. Offering a list
that is not searchable or does not adapt to the user’s most
commonly chosen items is inefficient and can always be
considered poor design. To increase usability, the list could
have been either (1) sorted by intervention names instead of
codes, (2) searchable by typing the first letters of the intervention
name, or (3) sorted with the most commonly used interventions
at the top of the list. The extensive clicking described in scenario
1 reveals a complex information hierarchy with many levels of
information and interaction procedures that are not optimized
for the task. Inconsistency in the system (in scenario 2), with
different ways of presenting the signing information in one view
compared with another (Figure 2, Figure 3), is also undesirable.
Designing the user interface in this way is not in line with HCI
design principles, where efficiency, consistency, and supportive
information structures are examples of fundamental rules.
Existing HCI design principles are based on information about
human cognitive processes; by contravening these principles,

interactions with the system occupy cognitive resources that
could be used for better purposes [28-30,43].

Insight 3: Workarounds Become Permanent Solutions
In scenario 1, the nurse must fake a printing procedure to create
a PDF that presents the patient’s health record in the desired
chronological order. This solution works around the current
default, which presents the information in reverse chronological
order, not in line with how the nurse reads the information. It
is not technically difficult to implement this correction, so one
wonders why it was implemented incorrectly from the
beginning. This could have happened because of a lack of
understanding of the user’s tasks, revealing that a user-centered
processes did not guide the system development. Since
redesigning the software entails additional costs, a so-called
workaround solution—creating a PDF—is offered. Likewise,
the medical laboratory assistant in scenario 2 had created a
workaround solution for handling the long list of lab tests that
caused many incorrect orders. This solution involved a printed
paper with a shorter version of the list, including only the
available lab tests. These examples of workaround solutions
are indicative of faulty system implementation and should lead
to changes in the digital system. Instead, it is the users who
must adapt, and the risk is that such workarounds can become
a standard part of the interaction [3].

Insight 4: Different Domains of Ergonomics Interact in
Creating the Digital Work Environment
Although HCI is traditionally associated mainly with the domain
of cognitive ergonomics, we would like to emphasize that the
development, implementation, and usage of a digital system
entails interaction between several ergonomic domains: physical,
cognitive, and organizational ergonomics [44]. This view is in
line with what is called mesoergonomics, combining
microergonomics, represented by physical and cognitive
ergonomics at the individual level, and macroergonomics,
represented by organizational aspects at the sociotechnical
system level [45].

In the scenarios, we see examples of the users having to traverse
long lists of information, interpret vague feedback, wait for the
system to load, and be interrupted in tasks, all of which are
related to cognitive ergonomics. Time-consuming or
cumbersome interactions are frustrating and tiring to deal with
and increase the cognitive load [43]. Delays of longer than one
second in the home health care EHRs are a problem since time
is a main determinant of cognitive load and mental effort [46].

Physical ergonomics is also part of the interaction. A design
that involves small buttons, many clicks, and an inefficient
layout, as in the two scenarios, can cause strain, mainly in the
neck and shoulders [47,48]. The scenarios also present examples
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related to visual ergonomics, such as tiny user interface
components, which may cause eye strain [49].

How tasks are performed in the EHR system is closely
connected to, for example, how work is performed and how
staff interact and communicate. We saw examples of this in
scenario 1, in how communication was performed through
messaging in home health care, and in scenario 2, when the
physician at the primary care center had to allot extra time for
administration in order to handle the new way of signing posts
in the system. Hence, organizational aspects of ergonomics are
also part of the digital work environment [5,45].

Analysis of the Four Insights
What the four above insights share is that none of them is really
novel: they all concern issues that have long been known, and
in a sense solved, by HCI and ergonomics researchers. The
insights were extracted from observations of real use situations
involving modern EHRs and typical everyday work by health
care professionals, meaning that the related issues are still very
real for the typical users of such systems. Furthermore, several
recent scientific publications support the insights noted in the
scenarios, and we conclude that usability issues are still present,
workarounds are still common, and there are no indications that
these issues are decreasing in prevalence [3,5,22,24,50]. The
systems, furthermore, introduce new tasks that must be
performed in relation to the digital system [51], potentially
making the work situation more complex rather than more
efficient.

Concerning the first insight about introducing inefficient
workflows, it would have been valuable if the practical
implications of the new functionalities had been better
understood before the implementation. This could partly be due
to lack of user studies and user involvement in the design process
[27]. Another factor could be the lack of procurement
requirements regarding nonfunctional aspects, such as workflow,
being formulated during system procurement [52]. This indicates
a need for support when formulating requirements in the
procurement process, to ensure both adequate user involvement
and consideration of current workflows and work practice
demands. Hence, requirements engineering and procurement
strategies that ensure good usability and ergonomically sound
systems clearly need more attention.

The second insight about violating HCI design principles differs
in that the problem and, in principle, the solution are very clear.
HCI design principles should be followed, and there are methods
such as heuristic evaluation and cognitive walkthrough that can
help designers and developers determine whether they have
been implemented correctly [29,53]. Again, part of the issue is
that these principles are insufficiently highlighted in the
procurement process. Another aspect of the issue is that it can
be hard for users to determine whether HCI design principles
are violated in existing systems, so they are easy to miss when
procuring new systems. While there are tools for developers
and designers to evaluate this, they might not always be suitable
for users and their organizations.

The third insight about workarounds that become permanent
solutions has origins similar to those of the first and second

insights—namely, their causes should be sought in the
procurement process and in the evaluation of existing systems.
Workarounds exist because the practical implications of new
functionalities were not considered when the system was
designed. Later, when the system is implemented in practice,
tools are lacking for evaluating the system and pinpointing how
the workarounds negatively affect practice. Tools and methods
for evaluating digital systems that can be used in practice are
important, as they legitimize the identification of issues with
digital systems that affect health care practice.

The fourth and last insight concerns the interaction between
different domains of ergonomics. While HCI theory is largely
based on cognitive ergonomics, both physical and organizational
ergonomics are involved when introducing new digital tools.
As noted above, the EHR design used in scenario 2 actually
forced the physician to reorganize her work to manage the
signing task. Regarding physical ergonomics, using established
HCI design principles such as Fitts’ law [54] to evaluate buttons
and guide the layout and using visual ergonomics guidelines
[55] on, for example, font size and color schemes, would be
good starting points [56].

As the ongoing digitalization introduces new ways of working,
including new hardware (eg, mobile documentation on tablets
or wearable sensors) as part of the work equipment, interaction
between different ergonomic domains can be expected to
become more complex. A few relevant studies have already
emerged. Johnson et al [57] identified a risk of musculoskeletal
injuries when exchanging mouse and keyboard for a wearable
sensor arm band. Xue [58] reviewed use areas and possible risks
of wearables and also identified musculoskeletal strain as a
possible risk.

Paths Forward

Overview
Based on the above discussion, we identify three paths toward
a more sustainable digital work environment. The first path
focuses on providing HCI theory–based tools usable in health
care practice to evaluate digital systems as they are used in the
field. The second path focuses on specifying generic
requirement formulations related to usability, for use in the
procurement process. The third path advocates introducing
digital ergonomics as an embracing concept to emphasize all
the ergonomic aspects involved in the digitalization process.

Path 1: Tools for Evaluating Digital Systems in the
Field
Studies exploring system usability are typically based on the
users’ subjective grading of various usability statements related
to the system (eg, [22,50]). This lets us know that users are
sometimes frustrated when using digital systems. However, the
specific reasons why a system is considered good or bad are
not clearly identified: Is it because the design violates HCI
design principles, because the workflow does not match the
user’s task, because the system’s content layout does not fit the
size and shape of the screen, or simply because the system is
technically unstable? Furthermore, it is unreasonable to expect
users in health care practice to identify HCI and ergonomic
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issues. In contrast, ergonomists, human factor specialists, and
others responsible for the work environment should be able to
do this with the right tools. They already perform risk
assessment using ergonomic tools that, for example, measure
lighting, musculoskeletal strain, and cognitive load, tools
developed from a vast knowledge base in the related scientific
subfield and adapted to be practically applicable. Some attempts
are being made to support field assessment of the digital work
environment [59,60], but we lack mature tools applicable in
practice by practitioners. Revising existing principles and
guidelines from HCI theory is required to transform these from
theoretical, highly specialized methods into practically
applicable tools for persons who are not HCI experts [61]. With
such tools, it will be possible to evaluate an existing system and
categorize and prioritize among the identified issues. The results
of such an evaluation can then be used either to learn about the
current digital work environment and make improvements based
on this, or as a source of information when procuring new
systems.

Path 2: Generic Requirement Formulations
When procuring a new digital system, such as an EHR,
requirements related to HCI and ergonomics are often either
completely lacking or expressed in unverifiable terms [7]. Borg
et al [62] showed that, in procuring digital tools, authorities
primarily focus on functional requirements (what the system
should do) rather than on quality demands (how well the
functions are supported) such as usability. On the software
development side, functional requirements are prioritized over
quality-related requirements [63]. It has also been shown that
requirements are lost during the software development process
due to communication gaps [64]. There is apparently a need for
support when it comes to formulating distinct and verifiable
requirements for usability and ergonomics.

A lack of adequate systems acquisition competence is often
identified as an explanation for bad digital systems being
acquired [65]. It has even been suggested that health care
professionals themselves should be more active in developing
digital systems by, for example, taking responsibility for
managing and designing the systems [66]. However, health care
professionals are not, and should not need to be, specialists in
software development, ergonomics, or design. Furthermore, it
is unreasonable to expect all organizations acquiring digital
systems—ranging from small home health care units and local
primary care centers to large regional hospitals—to possess the
extensive competence that is required to do this.

By creating guidelines for procurement that include user
involvement, together with generic requirement formulations
concerning usability and ergonomics, which can basically be
taken “off the shelf,” it becomes easier to address those types
of needs when specifying requirements. In this way, the risk of
overlooking these aspects or losing track of them along the way
decreases. Currently, no such generic requirement formulations
exist; they need to be created from the current knowledge base
regarding different aspects of ergonomics.

Path 3: Digital Ergonomics—A Comprehensive
Ergonomics Approach to Digitalization
As mentioned above, ergonomics has many aspects, and
frameworks for combining these aspects have been proposed
to allow for the simultaneous achievement of individual
employee and organizational goals [45]. Digitalization has
transformed work life and is itself affected by all levels of
ergonomics. The examples from the studied scenarios indicate
that ergonomic aspects are not fully considered in the
digitalization process, resulting in poorly designed systems with
suboptimized workflows causing unnecessary physical and
mental strain. Increasing the awareness of ergonomic aspects
in the digitalization process is necessary, and applying a holistic
systems ergonomics perspective is desired to capture the
complexity surrounding the digital work environment.

To meet this need, we propose the introduction of digital
ergonomics as a concept used to emphasize the importance of
adopting a comprehensive ergonomics approach, including
relevant aspects from each subdomain of ergonomics, to develop
sustainable digital work environments. We propose the
following definition: Digital ergonomics is the multidisciplinary
science concerned with the application of theory, principles,
data, and methods to the design of digital systems and the digital
work environment, in order to optimize human well-being and
overall system performance.

This definition is based on the International Ergonomics
Association’s [67] definition of ergonomics, adapted to narrow
the focus on the implementation and usage of digital systems
at work. Digital systems and their surroundings are arguably
already part of ergonomics, as ergonomics as a discipline is
rooted in sociotechnical values. However, since both HCI and
ergonomic issues continue to emerge in health care practices
and other work practices, an effort to direct attention to this area
is needed. Uniting around the digital ergonomics concept would
help users and developers focus on and clarify the required
conditions for developing knowledge, tools, and methods for
systematically addressing the work environment in relation to
digitalization.

Conclusion

Discussion of the digitalization of work is often general and
insufficiently detailed to capture the full complexity of
digitalization, which includes everything from effects on
efficiency, safety, ethics, power relations, the work environment,
and new ways of organizing work to designing the technology
itself. Much research into digitalization emphasizes how health
care is being transformed as a practice. As demonstrated in the
above scenarios, many problems associated with digitalization
only appear in actual use situations, where they also become
issues for individual workers. Furthermore, many of these
problems are completely unnecessary, since they are not novel
and knowledge of how to avoid them has long existed.

In order to bridge this gap, initiatives are needed to more
actively integrate ergonomics and HCI theory into practice. We
suggest three paths forward so as not to overlook fundamental
aspects of implementing and using digital systems in order to
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create a sustainable digital work environment: (1) development
of tools for evaluating the digital work environment in the field
capable of capturing details of the actual usage of digital
systems, based on HCI theory, while being applicable in
practice; (2) generic requirement formulations to ensure that
demands related to all aspects of the digital work environment
are considered in the procurement process and not lost sight of

along the way; and (3) the introduction of the concept digital
ergonomics in order to extract and merge aspects of all
ergonomics domains that may influence the digital work
environment. These three concrete suggestions would help
bridge the gap between research-based knowledge and effects
in practice in order to achieve sustainable digital work
environments.

Conflicts of Interest
None declared.

References

1. Koster J, Stewart E, Kolker E. Health Care Transformation: A Strategy Rooted in Data and Analytics. Acad Med 2016
Feb;91(2):165-167. [doi: 10.1097/ACM.0000000000001047] [Medline: 26630610]

2. Agarwal R, Gao G, DesRoches C, Jha AK. The Digital Transformation of Healthcare: Current Status and the Road Ahead.
Information Systems Research 2010 Dec;21(4):796-809. [doi: 10.1287/isre.1100.0327]

3. Lawler EK, Hedge A, Pavlovic-Veselinovic S. Cognitive ergonomics, socio-technical systems, and the impact of healthcare
information technologies. International Journal of Industrial Ergonomics 2011 Jul;41(4):336-344. [doi:
10.1016/j.ergon.2011.02.006]

4. Jaspers MWM, Smeulers M, Vermeulen H, Peute LW. Effects of clinical decision-support systems on practitioner performance
and patient outcomes: a synthesis of high-quality systematic review findings. J Am Med Inform Assoc 2011 May
01;18(3):327-334 [FREE Full text] [doi: 10.1136/amiajnl-2011-000094] [Medline: 21422100]

5. Carayon P, Hoonakker P. Human Factors and Usability for Health Information Technology: Old and New Challenges.
Yearb Med Inform 2019 Aug;28(1):71-77 [FREE Full text] [doi: 10.1055/s-0039-1677907] [Medline: 31419818]

6. Verbeek PP. Morality in Design: Design Ethics and the Morality of Technological Artifacts. In: Philosophy and Design:
From Engineering to Architecture. Dordrecht: Springer Netherlands; 2008:91-103.

7. Sandblad B, Gulliksen J, Åborg C, Boivie I, Persson J, Göransson B, et al. Work environment and computer systems
development. Behaviour & Information Technology 2003 Nov;22(6):375-387. [doi: 10.1080/01449290310001624356]

8. Griffiths KL, Mackey MG, Adamson BJ. The impact of a computerized work environment on professional occupational
groups and behavioural and physiological risk factors for musculoskeletal symptoms: a literature review. J Occup Rehabil
2007 Dec;17(4):743-765. [doi: 10.1007/s10926-007-9108-x] [Medline: 17987369]

9. Shortliffe EH. Computer programs to support clinical decision making. JAMA 1987 Jul 03;258(1):61-66. [Medline: 3586293]
10. Andreoli K, Musser LA. Computers in Nursing Care: The State of the Art. In: Saba VK, Rieder KA, Pocklington DB,

editors. Nursing and Computers: An Anthology. New York, NY: Springer New York; 1989:176-186.
11. Arnetz BB. Technological stress: psychophysiological aspects of working with modern information technology. Scand J

Work Environ Health 1997;23 Suppl 3:97-103 [FREE Full text] [Medline: 9456075]
12. Malone TW. How do people organize their desks? Implications for the design of office information systems. ACM Trans.

Inf. Syst 1983 Jan;1(1):99-112. [doi: 10.1145/357423.357430]
13. Neale DC, Carroll JM, Rosson MB. Evaluating computer-supported cooperative work: models and frameworks. 2004

Presented at: 2004 ACM conference on Computer supported cooperative work; 2004; Chicago, Illinois, USA p. 112-121.
[doi: 10.1145/1031607.1031626]

14. Grudin J. Computer-supported cooperative work: history and focus. Computer 1994 May;27(5):19-26. [doi: 10.1109/2.291294]
15. Baig MM, GholamHosseini H, Connolly MJ. Mobile healthcare applications: system design review, critical issues and

challenges. Australas Phys Eng Sci Med 2015 Mar;38(1):23-38. [doi: 10.1007/s13246-014-0315-4] [Medline: 25476753]
16. Martínez-Pérez B, de la Torre-Díez I, López-Coronado M. Mobile health applications for the most prevalent conditions by

the World Health Organization: review and analysis. J Med Internet Res 2013;15(6):e120 [FREE Full text] [doi:
10.2196/jmir.2600] [Medline: 23770578]

17. International Organization for Standardization (ISO). Ergonomics of human-system interaction — Part 11: Usability:
Definitions and concepts. Geneva: ISO; 2018.

18. Cho I, Choi WJ, Choi WH. Usability Testing and Comparison of Six Electronic Nursing Record Systems. CIN: Computers,
Informatics, Nursing 2014;32(8):364. [doi: 10.1097/01.ncn.0000453182.72347.7c]

19. Dowding D, Merrill JA, Barrón Y, Onorato N, Jonas K, Russell D. Usability Evaluation of a Dashboard for Home Care
Nurses. Comput Inform Nurs 2019 Jan;37(1):11-19 [FREE Full text] [doi: 10.1097/CIN.0000000000000484] [Medline:
30394879]

20. Witteman HO, Dansokho SC, Colquhoun H, Coulter A, Dugas M, Fagerlin A, et al. User-centered design and the development
of patient decision aids: protocol for a systematic review. Syst Rev 2015;4:11 [FREE Full text] [doi: 10.1186/2046-4053-4-11]
[Medline: 25623074]

J Med Internet Res 2021 | vol. 23 | iss. 6 | e26694 | p. 8https://www.jmir.org/2021/6/e26694
(page number not for citation purposes)

Persson & RydenfältJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1097/ACM.0000000000001047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26630610&dopt=Abstract
http://dx.doi.org/10.1287/isre.1100.0327
http://dx.doi.org/10.1016/j.ergon.2011.02.006
http://europepmc.org/abstract/MED/21422100
http://dx.doi.org/10.1136/amiajnl-2011-000094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21422100&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.1055/s-0039-1677907
http://dx.doi.org/10.1055/s-0039-1677907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31419818&dopt=Abstract
http://dx.doi.org/10.1080/01449290310001624356
http://dx.doi.org/10.1007/s10926-007-9108-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17987369&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3586293&dopt=Abstract
https://www.sjweh.fi/show_abstract.php?abstract_id=251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9456075&dopt=Abstract
http://dx.doi.org/10.1145/357423.357430
http://dx.doi.org/10.1145/1031607.1031626
http://dx.doi.org/10.1109/2.291294
http://dx.doi.org/10.1007/s13246-014-0315-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25476753&dopt=Abstract
http://www.jmir.org/2013/6/e120/
http://dx.doi.org/10.2196/jmir.2600
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23770578&dopt=Abstract
http://dx.doi.org/10.1097/01.ncn.0000453182.72347.7c
http://europepmc.org/abstract/MED/30394879
http://dx.doi.org/10.1097/CIN.0000000000000484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30394879&dopt=Abstract
http://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-4-11
http://dx.doi.org/10.1186/2046-4053-4-11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25623074&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Liljegren E. Usability in a medical technology context assessment of methods for usability evaluation of medical equipment.
International Journal of Industrial Ergonomics 2006 Apr;36(4):345-352. [doi: 10.1016/j.ergon.2005.10.004]

22. Bundschuh BB, Majeed RW, Bürkle T, Kuhn K, Sax U, Seggewies C, et al. Quality of human-computer interaction-results
of a national usability survey of hospital-IT in Germany. BMC Med Inform Decis Mak 2011 Nov 09;11:69 [FREE Full
text] [doi: 10.1186/1472-6947-11-69] [Medline: 22070880]

23. Beuscart-Zéphir MC, Brender J, Beuscart R, Ménager-Depriester I. Cognitive evaluation: how to assess the usability of
information technology in healthcare. Comput Methods Programs Biomed 1997 Sep;54(1-2):19-28. [doi:
10.1016/s0169-2607(97)00030-8] [Medline: 9290916]

24. Viitanen J, Hyppönen H, Lääveri T, Vänskä J, Reponen J, Winblad I. National questionnaire study on clinical ICT systems
proofs: physicians suffer from poor usability. Int J Med Inform 2011 Oct;80(10):708-725. [doi:
10.1016/j.ijmedinf.2011.06.010] [Medline: 21784701]

25. Lowery JC, Martin JB. Evaluation of healthcare software from a usability perspective. J Med Syst 1990 Apr;14(1-2):17-29.
[doi: 10.1007/BF00995877] [Medline: 2373969]

26. Karsh BT. Beyond usability: designing effective technology implementation systems to promote patient safety. Qual Saf
Health Care 2004 Oct;13(5):388-394 [FREE Full text] [doi: 10.1136/qhc.13.5.388] [Medline: 15465944]

27. Gould JD, Lewis C. Designing for usability: key principles and what designers think. Commun. ACM 1985;28(3):300-311.
[doi: 10.1145/3166.3170]

28. Norman D. The design of everyday things. New York, NY: Basic Books; 2013.
29. Nielsen J, Molich R. Heuristic evaluation of user interfaces. 1990 Presented at: SIGCHI Conference on Human Factors in

Computing Systems; 1990; Seattle, Washington, USA p. 249-256. [doi: 10.1145/97243.97281]
30. Schneiderman B. Designing the user interface: Strategies for effective human-computer interaction. Reading, MA:

Addison-Wesley; 1987.
31. International Organization for Standardization (ISO). Ergonomics of human-system interaction - Part 210: Human-centred

design for interactive systems. Geneva: ISO; 2019.
32. Gulliksen J, Boivie I, Göransson B. Usability professionals—current practices and future development. Interacting with

Computers 2006 Jul;18(4):568-600. [doi: 10.1016/j.intcom.2005.10.005]
33. Ehn P. Neither Bauhäusler nor nerd - educating the interaction designer. 2002 Presented at: 4th conference on Designing

interactive systems: processes, practices, methods, and techniques; 2002; London, England p. 19-23. [doi:
10.1145/778712.778717]

34. Meloncon L, Henschel S. Current state of U.S. undergraduate degree programs in technical and professional communication.
Technical Communication 2013;60(1):45-64.

35. Kaipio J, Lääveri T, Hyppönen H, Vainiomäki S, Reponen J, Kushniruk A, et al. Usability problems do not heal by
themselves: National survey on physicians' experiences with EHRs in Finland. Int J Med Inform 2017 Jan;97:266-281
[FREE Full text] [doi: 10.1016/j.ijmedinf.2016.10.010] [Medline: 27919385]

36. Gagnon MP, Desmartis M, Labrecque M, Car J, Pagliari C, Pluye P, et al. Systematic review of factors influencing the
adoption of information and communication technologies by healthcare professionals. J Med Syst 2012 Feb;36(1):241-277
[FREE Full text] [doi: 10.1007/s10916-010-9473-4] [Medline: 20703721]

37. Rydenfält C, Persson J, Erlingsdottir G, Johansson G. eHealth Services in the Near and Distant Future in Swedish Home
Care Nursing. Comput Inform Nurs 2019 Jul;37(7):366-372. [doi: 10.1097/CIN.0000000000000536] [Medline: 31135467]

38. Lareau D. The Other Health Care Crisis: The Lack Of EHR Usability.: Forbes; 2020. URL: https://www.forbes.com/sites/
forbestechcouncil/2020/09/21/the-other-health-care-crisis-the-lack-of-ehr-usability/?sh=66beef0c293e [accessed 2021-02-15]

39. Miliard M. Mayo Clinic study links EHR usability with clinician burnout.: Healthcare IT News; 2019. URL: https://www.
healthcareitnews.com/news/mayo-clinic-study-links-ehr-usability-clinician-burnout [accessed 2021-02-15]

40. Cajander Å, Lárusdóttir MK, Lind T, Nauwerck G. Walking in the jungle with a machete: ICT leaders’ perspectives on
user-centred systems design. Behaviour & Information Technology 2021 Jan 18:1-15. [doi: 10.1080/0144929x.2020.1864776]

41. Rydenfält C, Persson J. The usability and digitalization of healthcare. XRDS 2020 Apr 02;26(3):42-45. [doi: 10.1145/3383386]
42. Carayon P, Salwei ME. Moving toward a sociotechnical systems approach to continuous health information technology

design: the path forward for improving electronic health record usability and reducing clinician burnout. J Am Med Inform
Assoc 2021 Apr 23;28(5):1026-1028. [doi: 10.1093/jamia/ocab002] [Medline: 33537756]

43. Wisner K, Lyndon A, Chesla CA. The electronic health record's impact on nurses' cognitive work: An integrative review.
Int J Nurs Stud 2019 Jun;94:74-84. [doi: 10.1016/j.ijnurstu.2019.03.003] [Medline: 30939418]

44. Wilson JR, Sharples S. Evaluation of Human Work. Boca Raton, FL: CRC Press; 2015.
45. Karsh BT, Waterson P, Holden RJ. Crossing levels in systems ergonomics: a framework to support 'mesoergonomic' inquiry.

Appl Ergon 2014 Jan;45(1):45-54 [FREE Full text] [doi: 10.1016/j.apergo.2013.04.021] [Medline: 23706573]
46. Barrouillet P, Bernardin S, Portrat S, Vergauwe E, Camos V. Time and cognitive load in working memory. J Exp Psychol

Learn Mem Cogn 2007 May;33(3):570-585. [doi: 10.1037/0278-7393.33.3.570] [Medline: 17470006]
47. Arvidsson I. Musculoskeletal disorders in demanding computer work - with air traffic control as a model. Lund, Sweden:

Lund University; 2008.

J Med Internet Res 2021 | vol. 23 | iss. 6 | e26694 | p. 9https://www.jmir.org/2021/6/e26694
(page number not for citation purposes)

Persson & RydenfältJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.ergon.2005.10.004
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-11-69
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-11-69
http://dx.doi.org/10.1186/1472-6947-11-69
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22070880&dopt=Abstract
http://dx.doi.org/10.1016/s0169-2607(97)00030-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9290916&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2011.06.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21784701&dopt=Abstract
http://dx.doi.org/10.1007/BF00995877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2373969&dopt=Abstract
http://qhc.bmj.com/cgi/pmidlookup?view=long&pmid=15465944
http://dx.doi.org/10.1136/qhc.13.5.388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15465944&dopt=Abstract
http://dx.doi.org/10.1145/3166.3170
http://dx.doi.org/10.1145/97243.97281
http://dx.doi.org/10.1016/j.intcom.2005.10.005
http://dx.doi.org/10.1145/778712.778717
https://linkinghub.elsevier.com/retrieve/pii/S1386-5056(16)30225-8
http://dx.doi.org/10.1016/j.ijmedinf.2016.10.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27919385&dopt=Abstract
http://europepmc.org/abstract/MED/20703721
http://dx.doi.org/10.1007/s10916-010-9473-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20703721&dopt=Abstract
http://dx.doi.org/10.1097/CIN.0000000000000536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31135467&dopt=Abstract
https://www.forbes.com/sites/forbestechcouncil/2020/09/21/the-other-health-care-crisis-the-lack-of-ehr-usability/?sh=66beef0c293e
https://www.forbes.com/sites/forbestechcouncil/2020/09/21/the-other-health-care-crisis-the-lack-of-ehr-usability/?sh=66beef0c293e
https://www.healthcareitnews.com/news/mayo-clinic-study-links-ehr-usability-clinician-burnout
https://www.healthcareitnews.com/news/mayo-clinic-study-links-ehr-usability-clinician-burnout
http://dx.doi.org/10.1080/0144929x.2020.1864776
http://dx.doi.org/10.1145/3383386
http://dx.doi.org/10.1093/jamia/ocab002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33537756&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2019.03.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30939418&dopt=Abstract
http://europepmc.org/abstract/MED/23706573
http://dx.doi.org/10.1016/j.apergo.2013.04.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23706573&dopt=Abstract
http://dx.doi.org/10.1037/0278-7393.33.3.570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17470006&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


48. Laursen B, Jensen BR, Garde AH, Jørgensen AH. Effect of mental and physical demands on muscular activity during the
use of a computer mouse and a keyboard. Scand J Work Environ Health 2002 Aug;28(4):215-221 [FREE Full text] [doi:
10.5271/sjweh.668] [Medline: 12199422]

49. Rosenfield M. Computer vision syndrome (a.k.a. digital eye strain). Optometry in Practice 2016;17(1):1-10.
50. Kaipio J, Hyppönen H, Lääveri T. Physicians' Experiences on EHR Usability: A Time Series from 2010, 2014 and 2017.

Stud Health Technol Inform 2019;257:194-199. [Medline: 30741195]
51. Golay D. An invisible burden: An experience-based approach to nurses' daily work life with healthcare information

technology. Uppsala, Sweden: Uppsala University; 2019.
52. Ullah S, Iqbal M, Khan AM. A survey on issues in non-functional requirements elicitation. 2011 Presented at: International

Conference on Computer Networks and Information Technology; 2011; Abottabad, Pakistan. [doi:
10.1109/iccnit.2011.6020890]

53. Wharton C, Rieman J, Lewis C, Polson P. The cognitive walkthrough method: a practitioner's guide. In: Nielsen J, Mack
RL, editors. Usability inspection methods. New York, NY: John Wiley & Sons, Inc; 1994:105-140.

54. Fitts PM. The information capacity of the human motor system in controlling the amplitude of movement. J Exp Psychol
1954 Jun;47(6):381-391. [Medline: 13174710]

55. Long J. What is visual ergonomics? Work 2014 Jan 01;47(3):287-289. [doi: 10.3233/WOR-141823] [Medline: 24448008]
56. Rello L, Pielot M, Marcos MC. Make it big! The effect of font size and line spacing on online readability. 2016 Presented

at: CHI conference on Human Factors in Computing Systems; 2016; San Jose California, USA. [doi:
10.1145/2858036.2858204]

57. Johnson M, Conrardy B, Kohama Z, Piper A. Repetitive upper extremity musculoskeletal risks utilizing wearable sensor
arm band versus keyboard and mouse for input. 2017 Presented at: Institute of Industrial & Systems Engineers (IISE)
Annual Conference; 2017; Pittsburgh, PA.

58. Xue Y. A review on intelligent wearables: Uses and risks. Human Behav and Emerg Tech 2019 Sep 16;1(4):287-294 [FREE
Full text] [doi: 10.1002/hbe2.173]

59. Kushniruk A, Senathirajah Y, Borycki E. Effective usability engineering in healthcare: A vision of usable and safer healthcare
IT. : International Medical Informatics Association (IMIA) and IOS Press; 2017 Presented at: MEDINFO 2017: Precision
Healthcare through Informatics; 2017; Hangzhou, China p. 1066-1069.

60. Smith SW, Koppel R. Healthcare information technology's relativity problems: a typology of how patients' physical reality,
clinicians' mental models, and healthcare information technology differ. J Am Med Inform Assoc 2014;21(1):117-131
[FREE Full text] [doi: 10.1136/amiajnl-2012-001419] [Medline: 23800960]

61. Colusso L, Bennett CL, Hsieh G, Munson SA. Translational resources: Reducing the gap between academic research and
HCI practice. : ACM; 2017 Presented at: Conference on Designing Interactive Systems; 2017; Edinburgh, United Kingdom
p. 957-968. [doi: 10.1145/3064663.3064667]

62. Borg M, Olsson T, Franke U, Assar S. Digitalization of Swedish government agencies: A perspective through the lens of
a software development census. 2018 Presented at: International Conference on Software Engineering: Software Engineering
in Society; 2018; Gothenburg, Sweden p. 37-46. [doi: 10.1145/3183428.3183434]

63. Ebert A, Humayoun SR, Seyff N, Perini A, Barbosa SDJ. Bridging the gap between requirements engineering and
human-computer interaction. : Springer International Publishing; 2016 Presented at: UsARE: International Workshop on
Usability- and Accessibility-Focused Requirements Engineering; 2014; Karlskrona, Sweden p. 3-7. [doi:
10.1007/978-3-319-45916-5_1]

64. Bjarnason E, Wnuk K, Regnell B. 2011 Presented at: IEEE 19th International Requirements Engineering Conference; 2011;
Trento, Italy. [doi: 10.1109/re.2011.6051639]

65. Thomsen M. Beställarkompetens vid upphandling och utveckling av IT? Om kompetensframväxt i skuggan av
kunskapsfragmentering (Aquisition competence in procurement and development of IT). Lund, Sweden: Lund University;
2010.

66. While A, Dewsbury G. Nursing and information and communication technology (ICT): a discussion of trends and future
directions. Int J Nurs Stud 2011 Oct;48(10):1302-1310. [doi: 10.1016/j.ijnurstu.2011.02.020] [Medline: 21474135]

67. What is ergonomics?.: International Ergonomics Association (IEA); 2020. URL: https://iea.cc/what-is-ergonomics/ [accessed
2021-08-20]

Abbreviations
EHR: electronic health care record
HCI: human-computer interaction

J Med Internet Res 2021 | vol. 23 | iss. 6 | e26694 | p. 10https://www.jmir.org/2021/6/e26694
(page number not for citation purposes)

Persson & RydenfältJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.sjweh.fi/show_abstract.php?abstract_id=668
http://dx.doi.org/10.5271/sjweh.668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12199422&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30741195&dopt=Abstract
http://dx.doi.org/10.1109/iccnit.2011.6020890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13174710&dopt=Abstract
http://dx.doi.org/10.3233/WOR-141823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24448008&dopt=Abstract
http://dx.doi.org/10.1145/2858036.2858204
http://paperpile.com/b/tEUtFS/aOHTc
http://paperpile.com/b/tEUtFS/aOHTc
http://dx.doi.org/10.1002/hbe2.173
http://europepmc.org/abstract/MED/23800960
http://dx.doi.org/10.1136/amiajnl-2012-001419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23800960&dopt=Abstract
http://dx.doi.org/10.1145/3064663.3064667
http://dx.doi.org/10.1145/3183428.3183434
http://dx.doi.org/10.1007/978-3-319-45916-5_1
http://dx.doi.org/10.1109/re.2011.6051639
http://dx.doi.org/10.1016/j.ijnurstu.2011.02.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21474135&dopt=Abstract
https://iea.cc/what-is-ergonomics/
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by R Kukafka; submitted 22.12.20; peer-reviewed by A Jatoba, B Smaradottir; comments to author 07.02.21; revised version
received 19.02.21; accepted 24.05.21; published 22.06.21

Please cite as:
Persson J, Rydenfält C
Why Are Digital Health Care Systems Still Poorly Designed, and Why Is Health Care Practice Not Asking for More? Three Paths
Toward a Sustainable Digital Work Environment
J Med Internet Res 2021;23(6):e26694
URL: https://www.jmir.org/2021/6/e26694
doi: 10.2196/26694
PMID:

©Johanna Persson, Christofer Rydenfält. Originally published in the Journal of Medical Internet Research (https://www.jmir.org),
22.06.2021. 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, a link to the original publication on https://www.jmir.org/, as well as this copyright and license information must
be included.

J Med Internet Res 2021 | vol. 23 | iss. 6 | e26694 | p. 11https://www.jmir.org/2021/6/e26694
(page number not for citation purposes)

Persson & RydenfältJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2021/6/e26694
http://dx.doi.org/10.2196/26694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

