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ABSTRACT

Objectives: To examine nurses’ adoption and use of digital technologies across six countries during the COVID-19 pandemic and
identify lessons to strengthen preparedness for future public health crises.

Methods: Nurses in Australia, Finland, New Zealand, Switzerland, the United Kingdom and the United States completed an
international cross-sectional survey in 2022-2023. Recruitment used snowball sampling via professional networks, associations
and social media. The 41-item questionnaire captured information on technologies adopted during the pandemic, their perceived
usability and contextual factors influencing their implementation.

Results: In total, 1,423 nurses reported on 1,128 technologies. Usability varied across countries and technology categories, with
average System Usability Scale (SUS) scores at the benchmark for average usability. Some countries reported higher usability than
others, suggesting differences in digital infrastructure maturity and workflow integration. Across settings, respondents described
challenges related to digital literacy and skills, technical barriers and connectivity, organizational readiness, training, usability and
accessibility, as well as dependency on technology. These influenced adoption and effective use during the pandemic.
Conclusions: Nurses’ experiences revealed variations in usability and implementation challenges, demonstrating that nurses
were underprepared for rapid digital transformation. Strengthening digital literacy, technical infrastructure and organizational
readiness supports safe and effective technology integration in future public health crises.

Public Interest Summary: During a public health emergency, technology is often rapidly deployed to help healthcare professionals provide care. This study examined how nurses in six countries used
digital technologies during the COVID-19 pandemic to better prepare for future public health crises. In 2022-2023, 1,423 nurses across Australia, Finland, Switzerland, New Zealand, the United
Kingdom (UK) and the United States of America (USA) completed an online survey. They gave information on 1,128 technologies. The study found big differences in how easy the technologies were to
use and implement. Common problems included nursing workforce digital skills, technical issues and how ready organizations were to use technologies and provide training for users. Fixing these
issues is critical to help nurses use technology more effectively in future global health emergencies.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly
cited.
© 2026 The Author(s). Public Health Nursing published by Wiley Periodicals LLC.
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1 | Introduction

The COVID-19 pandemic disrupted healthcare systems world-
wide, necessitating the adoption of innovative approaches to
provide safe and effective patient care. Nurses were obligated to
rapidly adopt many new technologies to provide care (Dykes and
Chu 2021). During the early stages of the pandemic, technology
shaped care through (1) interdisciplinary networks for robust
platforms for disease monitoring, (2) collaboration between pro-
fessionals, patients, families and industry and (3) exploitation of
social media and health applications to reach different stakehold-
ers (Atique et al. 2020). Later, telehealth and eHealth solutions
became considered convenient, safe, scalable, sustainable and
effective methods of providing clinical care during this public
health crisis (Bokolo 2021). The nurses’ work quickly transformed
to embed virtual consultations over the telephone, smart tablet
or video conferencing (Meehan and Honey 2020), ultimately
transforming the interaction between nurses and patients and
families (Cadel et al. 2021).

The pandemic transformed care delivery through technology
adoption, such as increasing remote patient monitoring that
allows continuous patient monitoring while reducing the expo-
sure risk for nurses (Santos et al. 2021). These technologies were
adopted throughout the patient care pathway within hospitals
(Santos et al. 2021), during the transition of care (Patel et al.
2022) and at home (Blondal et al. 2022). The pandemic also drove
a rapid adoption of virtual learning and training solutions in
nursing education and continuous learning (Hargreaves et al.
2021, Jeon et al. 2024). Online nursing education ensured the
continuity of education during social distancing and facilitated
knowledge sharing and collaboration among healthcare profes-
sionals (Pozzi et al. 2023). Adopting different digital technologies
to support learning also allowed for more accessible, flexible and
personalized learning opportunities in the long-term (Pang et al.
2023).

Understanding why some technologies were successfully adopted
while others were not requires a structured theoretical perspec-
tive. The Non-Adoption, Abandonment, Scale-up, Spread and
Sustainability (NASSS) -framework provides a useful theoreti-
cal lens for better understanding the complexities underlying
such rapid technology adoption. This framework helps examine
the complexities influencing technology adoption across seven
domains over time, including the treated condition, the adopted
technology and its proposed value, the technology users and their
organization, and the wider political, regulatory, professional and
sociocultural system (Greenhalgh et al. 2017). Instead of over-
looking or oversimplifying the complexities affecting technology
adoption, the NASSS-framework encourages acknowledging,
addressing and mitigating them (Greenhalgh and Abimbola
2019). It has been successfully used to guide the implementation
of a variety of digital technologies, including telemedicine, con-
sumer health technologies and decision support systems (Shin
et al. 2025). Examples highlighting the value of using the NASSS-
framework to examine the factors affecting technology adoption
include literature reviews on computerized clinical decision
support systems (Abell et al. 2023), video consulting systems
adopted during the COVID-19 pandemic (James et al. 2021) and
eHealth solutions for people with intellectual disabilities (van
Calis et al. 2023).

The NASSS-framework also helps explore organizational
resilience and response in critical or unexpected circumstances
(Greenhalgh et al. 2017), highlighting its applicability in studying
technology adoption during healthcare crises like the COVID-
19 pandemic. Previous studies indicate that while the rapid
global transformation and adoption of technologies during
the pandemic presented many opportunities, it concurrently
created risks for inappropriate technology adoption (Meinert
et al. 2018). Specific issues related, for example, to technology
access, workload, hybrid working, disruption to therapeutic
relationships, safety risks and lack of involvement in decision-
making were identified (Anderson et al. 2024). The complex
contexts and mechanisms related to implementing new
technologies in healthcare are associated with nurses’ work
motivation, engagement, satisfaction and well-being (Jedwab
et al. 2023). The pandemic underlined the importance of
developing approaches and guidelines that support safe, rapid
technology adoption, emphasizing the need to include nursing
perspectives and input in the process (Vasilica et al. 2023). It
also prompted health policymakers to reassess national digital
health strategies, including improving perspectives on usability,
interoperability, data management, privacy, security, and digital
inclusivity (Sheikh et al. 2021).

Broader global trends further reinforce the urgency of strength-
ening system preparedness. Rising global temperatures increase
the likelihood of climate-related disasters and future pandemics,
highlighting the need for resilient health systems capable of
adapting quickly. The World Health Organization (WHO) has
published a framework to guide healthcare organizations in
preparing for future disasters (World Health Organization 2015).
This framework includes ten key components for health organiza-
tions, authorities and institutions to mitigate, adapt and increase
resilience to climate-related health risks. These components
include strengthening the necessary infrastructure and technolo-
gies to improve healthcare performance, applying leadership
and governance to prioritize and protect integral policies and
strategies, and building evidence to support decision-making
through health and climate research. Part of this preparedness is
the ability to adapt and transform services rapidly and learn from
experience to improve system capacity in the future. Although
there is research on adopting technologies in particular countries
during the pandemic (Bokolo 2021, Cadel et al. 2021, Santos et al.
2021, Patel et al. 2022, Blondal et al. 2022, Hargreaves et al.
2021, Anderson et al. 2024, Vasilica et al. 2023), cross-national
research is needed to understand the similarities, differences and
best practices in adopting digital technologies in nursing during
public healthcare crises. Additionally, the existing evidence often
focuses more on implementing and using specific technologies
rather than evaluating their broader impact on patient outcomes
or nursing practice (Wieben et al. 2023).

This study is part of an international collaboration that provides
an opportunity to follow up and extend earlier work by nurse
informaticians, who have explored nurses’ use of technology
during the early phases of the pandemic (Collins and Honey
2021, Grindle 2021, Logsdon 2022, O’Leary et al. 2022). A cross-
national comparative approach was adopted to move beyond
country-specific assumptions and settings, generating insights
transferable across diverse healthcare systems to inform better-
informed healthcare practice, research and policy (Heath et al.
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2024). Guided by the NASSS framework, this study aimed to
examine the digital technologies adopted by nurses during the
COVID-19 pandemic across six countries, focusing on their
usability and adoption challenges, and to identify lessons learned
to support future public health crisis preparedness and response.

2 | Methods
2.1 | Design

This descriptive cross-sectional and cross-national survey study
was undertaken in 2022-2023 to address the following research
questions:

1. Which technologies have been adopted in nursing to support
health care globally during the pandemic?

2. What experiences do nurses have regarding the usability of
these technologies?

3. What factors are associated with technology adoption and
use?

4. What cross-national patterns emerge from the results, and
how might these shared trends guide policy-level decision-
making for future public health crises?

2.2 | Setting and Population

This international project targeted registered nurses working
during the COVID-19 pandemic across six countries. Participant
recruitment was carried out separately in each participating
country using a snowball sampling technique. The survey was
conducted without limiting the number of participants. Invita-
tions to participate anonymously in the self-administered online
survey were distributed via the professional networks of the
researchers and through national professional associations (e.g.
nurses’ associations) and social media (LinkedIn, Facebook and
X). Specifically in the USA, to recruit a broad sample of registered
nurses, the study team distributed the recruitment email and
flyer using the State Board of Nursing registry lists. This broad,
national distribution resulted in a higher number of registered
nurses reached relative to other participating countries. The
participants were not reimbursed for their involvement in the
study.

2.3 | Questionnaire Development

The questionnaire was initially designed by the UK members
of this international collaboration (Dowding et al. 2023) as an
online questionnaire for nurses. It sought feedback on technolo-
gies implemented in healthcare services during the pandemic.
Developed by nurses, academics and two patient and public
representatives, the questionnaire was guided by the NASSS-
framework (Greenhalgh et al. 2017), incorporating key details
related to the different domains affecting technology adoption.
After iterative feedback and pilot testing with 10 UK nurses in
digital and informatics roles, revisions were made to the final
version.

The final 41-item survey included questions on demographics,
adopted digital technologies and an optional section on nurses’
attitudes toward health technology. Respondents could report on
up to three technologies. Following the NASSS-framework, the
questions explored the different domains of technology adoption,
including system integration, maturity, target users, technology
features, technology training and support, perceived usability and
possible concerns expressed by the patient. The survey included
multiple-choice, net promoter rating, and free-text questions. The
survey also included the SUS (https://www.usability.gov/how-to-
and-tools/methods/system-usability-scale.html), a 10-item mea-
sure of technology usability. The original English version was
used in English-speaking countries, while researchers with
nursing informatics expertise translated Finnish and German
adaptations. Local clinicians and researchers assessed face valid-

ity.

For the purpose of this international study, selected items of the
survey were chosen for comparison. These questions included:

* What does the technology do? For example, Monitor patient’s
heart rate, blood pressure, etc. [free-text]

* Please rate this technology using the SUS below [multiple
choice]

* Has the pandemic highlighted problems or glitches with fre-
quently used technology? Please describe any factors you think
are relevant [free-text]

Other items, including items assessing nurses’ attitudes toward
digital technologies, were not included in this cross-national
analysis, as they will be reported separately in national-level
publications and fell outside the predefined scope of this study.

2.4 | Data Analysis

Following the inductive content analysis methodology (Elo and
Kyngis 2008), the free-text responses to open-ended questions
were coded and organized into thematic categories. The main
categories were then quantified and analyzed using descriptive
statistics (n, %) to allow cross-national comparison. Similarly,
responses to closed questions were analyzed using descriptive
statistics (n, %).

The overall SUS scores were calculated for each main technol-
ogy category. Initially, the overall SUS scores were computed
following Brooke’s (1996) method (Brooke 1996). The scale was
converted into numbers (from 1 = strongly disagree to 5 = strongly
agree), X = sum of scores for all odd-numbered questions -5; Y
= 25-sum of scores for all even-numbered questions. The overall
SUS Score = (X + Y) x 2.5, resulting in a scale from 0 to 100.
Average SUS scores were then calculated for each technology
category to identify those with higher usability. The literature
suggests that an overall SUS score of 68 is a benchmark, with half
of the usability assessments falling below and above it, indicating
average usability. In contrast, scores above 80.8 are above average
and scores below 50 indicate poor usability (Sauro and Lewis
2016, Lewis and Sauro 2018). Technology counts and percentage
representation within each category were also computed for
distribution analysis. We explored differences in the overall SUS
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https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html

scores between countries and main technology categories with
the Kruskal-Wallis Test. Dunn’s post-hoc test was conducted to
identify statistically significant pairwise differences in overall
SUS scores across countries, following the Kruskal-Wallis test.
Statistical computations and data management were done using
Python (version 3.11.4; Python Software Foundation).

2.5 | Ethical Review

Each country was responsible for ethical and administrative
approvals before survey distribution. Ethical review was handled
in each country separately, including Australia (Monash Univer-
sity, HREC 35511), Finland (University of Turku Ethics Committee
for Human Sciences, 39/2022), New Zealand (University of Otago
Ref: 22/070; Ngai Tahu Research Consultation Committee Ref:
6043_23423), and the USA (University of Florida, IRB202202164).
The UK study was exempt from ethics, and the Swiss Human
Research Act did not apply to the study according to the Swiss
Federal Act on Research Involving Human Beings (see 810.30
HRA Art. 2) since data were collected anonymously and no
health-related data were included.

3 | Results
3.1 | Characteristics

The respondents (n = 1423 nurses, see Table 1 for characteristics)
described and rated the usability of 1128 technologies, including
those from Australia n = 92, Finland n = 84, New Zealand = 149,
Switzerland = 146, the United Kingdom = 81, and the USA = 576.
The technology descriptions were grouped by the main technol-
ogy functionality, resulting in 12 main technology categories. The
most reported technology categories across countries were related
to (1) care and patient information (n = 258), (2) monitoring (n =
240), (3) telehealth (n =155), (4) professional knowledge exchange
(n = 137) and communication (n = 111). The categorization of
technologies with frequencies is presented in Table 2.

3.2 | Usability

The average of the overall SUS scores across countries and
technology categories was at the benchmark for average usability,
68.06 (n = 1128). We found differences between the overall SUS
scores reported in different countries (H = 12.30, p = 0.031).
Dunn’s post hoc tests showed that the only difference observed
was between Australia and Switzerland (p = 0.023). Respondents
from Switzerland (71.27) reported the highest scores on average,
followed by New Zealand (70.17), the United Kingdom (69.94),
Finland (68.39) and the USA (67.20), while Australia (62.99)
reported lowest scores overall.

Finland and Switzerland reported the highest overall SUS scores
across technology categories. Finland had the highest numbers
in knowledge management (95.00) and digital care pathways
and patient portals (79.00) while Switzerland had high scores
in the fcategories on data management infrastructures (92.5)
and administration, leadership and management (81.25). In the
United Kingdom, the highest score was given to one technology,

TABLE 1 | Characteristics of respondents.

Country N %o
Australia 106 7.45
Finland 55 3.87
New Zealand 203 14.27
Switzerland 171 12.02
United Kingdom 136 9.56
United States of America 752 52.85
Total 1423 100

Type of organization
Primary care/community 376 26.42
Secondary/tertiary care 763 53.62
Other 150 10.54
Missing 134 9.42
Total 1423 100

Role of respondent

Staff nurse, midwife, public health 670 47.08
nurse

Advanced nursing role 184 12.93

Academic, educator 44 3.09

Informatics (incl. leadership, e.g., 31 2.18
CNIO)

Leadership 239 16.80

Other 34 2.39

Missing 221 15.53

Total 1423 100
Respondent in a management role

Yes 372 26.14

No 844 59.31

Missing 207 14.55

Total 1423 100

The organization has a dedicated team
responsible for the implementation of
digital solutions in nursing

Yes 656 46.10
No 304 21.36
Do not know 330 23.19
Missing 71 4.99
Total 1423 100

which belonged to the digital care pathways and patient portals
category (SUS 100), and the medical device category followed
with an overall SUS score of 91.25. Australia had lower scores than
other countries. Australia had lower usability scores than other
countries, with the lowest scores in care and patient information
systems (55.00) and monitoring (59.09). The average of the overall
SUS scores for different technology categories, with the number
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TABLE 2 | Categorization of technologies grouped by main function.

Category Definition Examples Count %
1. Care and patient Digital systems used to document, Electronic health records 258 22.87
information retrieve and manage patient information (EHRs), lab label printer,
systems essential for clinical care and medication care information system,
processes. e-prescription
2. Monitoring Devices that continuously or Vital-sign monitors, 240 21.28
equipment intermittently track patients’ remote pulse oximeters,
physiological parameters to support cardiac telemetry devices,
clinical decision-making. wearable monitoring
sensors
3. Telehealth Technologies enabling remote patient Video-consultation 155 13.74
solutions assessment, consultation, and platforms, telephone
communication through synchronous or triage systems, digital tools
asynchronous platforms. for remote follow-up
4. Professional Platforms that support collaboration, Online meeting and 137 12.15
knowledge communication and knowledge sharing shared document
exchange systems among healthcare professionals. platforms, digital
handover tools
5. Communication Tools used to facilitate communication Smartphones, secure m 9.84
systems between staff or between staff and messaging apps, tablets
patients, often supporting day-to-day used for patient-family
coordination. video connection
6. Data Back-end systems enabling access, flow Remote access to EHRs, 47 4.17
management and storage of clinical data across inter-organizational
infrastructure locations, organizations or devices. data-sharing platforms,
secure VPN connections
7. Medical devices Hardware used in clinical assessment, Infusion pumps, 44 3.90
diagnosis or treatment, often integrating ventilators with digital
digital functionalities. interfaces, glucometers,
diagnostic scanners.
8. Covid specific Technologies developed or deployed COVID-19 testing devices, 37 3.28
systems specifically to respond to symptom-tracking apps,
COVID-19-related clinical and digital contact-tracing
organizational needs. systems
9. Unclear purpose Technologies for which respondents Vague references such as 32 2.84
provided insufficient detail to assign “a tool we used at work”
them reliably to another functional or systems described only
category. by nickname without
purpose
10. Knowledge Platforms supporting education, Online learning systems, 28 2.48
management continued learning and access to e-learning modules, digital
systems evidence or guidelines for clinical training portals
practice.
11. Administration, Tools supporting operational, managerial ‘Workforce allocation tools, 22 1.95
leadership and and administrative tasks within shift-planning systems,
management healthcare organizations. workflow management
systems dashboards, office
productivity software
12. Digital care Systems that enable patients to access Patient portals linked to 17 1.51
pathways and their health information, complete EHRs, digital symptom
patient portals self-assessments or follow structured self-assessment tools,
care pathways online. online follow-up pathways
for chronic conditions
Total 1128 100
Public Health Nursing, 2026 50f12
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TABLE 3 | The average of the overall system usability scale (SUS) scores for different technology categories, with the number of reported
technologies in brackets, as reported by respondents from Australia, Finland, New Zealand, Switzerland, the United Kingdom and the USA.

Main Australia Finland New Zealand Switzerland UK USA

category SUS (n) SUS (n) SUS (n) SUS (n) SUS (n) SUS (n) Total
Administration 87.50 (1) 58.75 (2) 73.00 (5) 81.25(2) 30.00 (2) 67.75 (10) 66.82 (22)
leadership and

management

Care and patient 55.00 (15) 71.36 (11) 67.01 (41) 71.13 (84) 75.00 (15) 60.73(92)  66.07 (258)
information systems

Communication 65.56 (9) 72.19 (8) 76.72 (16) 66.35 (13) 68.65 (13) 70.14 (52) 70.25 (111)
COVID19-specific system ~ 61.25 (2) 65.83 (3) 70.50 (10) 52.50 (2) 71.25 (2) 61.94 (18) 64.53 (37)
Data management 61.00 (5) 58.12 (4) 57.29 (12) 92.50 (1) 49.17 (3) 64.55 (22) 61.38 (47)
infrastructure

Digital care pathways 68.33 (3) 79.00 (5) 81.25(2) 0(0) 100.00 (1) 67.50 (6) 74.56 (17)
and patient portals

Knowledge management  60.77 (13) 95.00 (1) 65.50 (5) 0(0) 57.50 (1) 68.75 (8) 65.00 (28)
Medical Device 62.50 (2) 0(0) 77.50 (2) 68.64 (11) 91.25 (2) 64.44 (27) 67.22 (44)
Monitoring 59.09 (11) 76.79 (14) 81.00 (10) 75.00 (3) 75.19 (13) 71.94 (189)  72.23 (240)
Professional knowledge ~ 68.96 (12) 67.22 (18) 67.93 (29) 74.44 (27) 66.67 (6) 69.00 (45)  69.51 (137)
exchange

Telehealth 66.25 (18) 67.00 (10) 78.65 (13) 76.25 (2) 68.12 (20) 66.14 (92) 67.65 (155)
Unclear purpose 75.00 (1) 48.75 (8) 68.75 (4) 65.00 (1) 72.50 (3) 51.67 (15) 56.17 (32)
Total 62.99 (92) 68.39 (84) 70.17 (149)  71.27(146)  69.94(81)  67.20 (576)  68.06 (1128)

of reported technologies per each category in brackets, are found
by country in Table 3.

We also found a difference in the overall SUS scores reported for
the twelve main categories of implemented technologies (H =
41.09, p < 0.001). Post hoc tests showed that the most significant
differences were observed between the unclear purpose category
and monitoring (p < 0.001), communication (p = 0.004), pro-
fessional knowledge exchange (p = 0.013). Differences were also
found between monitoring and data management infrastructure
(p = 0.011) and care and patient information systems (p = 0.035).
The highest overall SUS score was seen for the digital care
pathways and patient portals category (74.56) while the lowest
score was given to the unclear purpose category (56.17).

SUS scores are presented for the identified technology categories,
as reported by respondents from six different countries. The
scores indicate the perceived usability of these technologies,
ranging from O to 100, where a higher score reflects better
usability. Figure 1 illustrates the variation in SUS scores across
technology categories and countries, with labels showing both
the mean SUS score and the number of technologies reported
(n). While most categories cluster around the benchmark for
average usability (SUS = 68), notable cross-national differ-
ences are visible, particularly in data management infrastruc-
tures, medical devices and digital care pathways and patient
portals.

Viewed through a usability lens, these results help explain the
range of adoption challenges reported by nurses. As the next
section shows, difficulties with skills, workflows, training and

system integration often mirrored the usability patterns observed
across categories and countries.

3.3 | Technology Adoption Challenges

The responses to the question on challenges with implemented
technologies yielded 591 unique challenges related to technology
adoption across all countries (Australia = 55, Finland = 39,
New Zealand = 33, Switzerland = 28, United Kingdom = 88,
USA = 348). These challenges were thematically categorized into
six main categories: (1) digital literacy and technical skills (e.g.
difficulty navigating unfamiliar systems), (2) technical barriers
and connectivity (e.g. system slowdowns and unreliable internet
connections), (3) adoption and organizational challenges (e.g.
technologies were introduced without clear workflows or orga-
nizational guidance, making consistent use difficult), (4) training
and readiness (e.g. technologies were sometimes deployed before
training was available,), (5) usability and accessibility (e.g, sys-
tems were described as unintuitive, requiring excessive steps to
complete simple tasks) and (6) communication and technical
dependency (e.g. communication occasionally broke down when
digital tools failed). A summary of these issues by respondents’
country is presented in Figure 2.

Digital literacy and technical skills emerged as significant chal-
lenges in the USA (40.23%, n = 140) followed by Australia (21.82%,
n = 12), Switzerland and the United Kingdom (6.82%, n = 6).
No issues in this category were reported in Finland. Technical
barriers and connectivity issues were notable in Australia (20%,
n = 11), the United Kingdom (18.18%, n = 16) and Switzerland
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Administration leadership and management

30.0 (n=2

Care and patient information systems

COVID19-specific system

Data management infrastructure

Digital care pathways and patient portals 5.0 (n=0

Knowledge management 5.0 (n=0
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FIGURE 1 | The average of the overall system usability scale (SUS) scores per country and technology category with a line indicating the industry

average of 68. [Color figure can be viewed at wileyonlinelibrary.com]

(10.71%, n = 3), while Finland reported none. Despite reporting
a wide range of challenges, respondents made minimal reference
to issues concerning data protection, privacy or legal and ethical
responsibilities when using digital technologies. Such concerns
appeared only sporadically in the free-text responses and did
not form a separate analytical category, indicating that informa-
tion governance considerations were not commonly raised by
participants across countries.

Adoption and organizational challenges were reported in all six
countries, with Finland (76.92%, n = 30) and the United Kingdom
(45.45%, n = 40) reporting the most issues, while the USA had
fewer (10.34%, n = 36). Switzerland’s training and readiness
issues were unique (28.57%, n = 8) as these were not reported

by other countries. Usability and accessibility challenges were
reported primarily by the United Kingdom (27.27%, n = 24) and
Australia (16.36%, n = 9), with no issues in this domain from the
USA, Finland, New Zealand or Switzerland. Communication and
technical dependency were most problematic in New Zealand,
accounting for 57.58% (n = 19) of all reported issues.

4 | Discussion

4.1 | Summary of Key Findings

This study combines results from six countries across three
continents to provide an international comparison of nurses’
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experiences of the adoption and use of technologies during the
COVID-19 pandemic, aiming to identify lessons learned that may
inform future technology adoption in public healthcare crises.
With a total of 12 categories, the most reported technologies
were related to care and patient information and monitoring. The
usability of all described technologies was rated at the bench-
mark for average usability, with Switzerland and New Zealand
reporting the highest overall scores. Finally, the most com-
mon challenges related to technology adoption cross-nationally
included Digital Literacy and Skills and Communication and
Technical Dependency, with country-specific variations in both
the results and their emphases.

4.2 | Relation of the Study Findings to the
Existing Body of Knowledge

The countries participating in this study have attained at least
a moderate degree of digital maturity, with most currently
situated at more advanced development phases (World Health
Organization 2025). Despite these advancements, our findings
reveal notable cross-national variation in the usability of dif-
ferent technology categories. Given that many of the reported
technologies (such as electronic health record systems, telehealth
and monitoring tools) are broadly similar across settings, these
differences suggest that some countries have been more success-
ful in optimizing system integration, workflow alignment and
user experience. Drawing on the NASSS framework (Greenhalgh
et al. 2017), cross-national comparison is essential not only for
identifying context-specific complexities, but also for pinpointing
shared factors that can inform improvements in system design,
infrastructure and overall usability.

The differences observed in usability and adoption challenges
indicate that countries with more established and better-

integrated digital infrastructures were better positioned to deploy
usable technologies rapidly during the pandemic. This underlines
the importance of strengthening baseline digital infrastructure,
interoperability and organizational readiness as part of prepared-
ness planning. Investing in these foundations enables health
systems to respond more effectively in future crises, ensuring
that technologies can be implemented quickly, safely and with
consistent usability across settings. Moreover, comparing coun-
tries where particular systems performed well or poorly allows
the identification of best practices and transferable lessons to
support more effective and user-centered digital health adoption
globally.

The WHO operational framework for disaster resilience illus-
trates how healthcare systems respond to major disruptions.
This framework highlights the relationship between a system’s
context, its stresses (such as the COVID-19 pandemic) and its
capacity to manage, respond to and ultimately recover from these
disturbances (World Health Organization 2015). Our findings
highlight that nurses experienced variability in the categories of
technologies introduced and how usable or useful those systems
were in supporting care. For example, specific categories of
technologies, such as digital care pathways and patient por-
tals (74.56) and monitoring devices (72.23), showed consistently
higher usability across countries. Digital care pathways and
patient portals received high scores, especially in the United
Kingdom, suggesting that users generally well received these
technologies (Carini et al. 2021). Conversely, technologies with
unclear purposes had the lowest usability scores (56.17), followed
by data management infrastructure (61.38), highlighting potential
usability issues such as poor user interface design, inadequate
support, or insufficient integration with existing workflows. This
aligns with the prior literature on nursing leadership that reports
issues with information management systems across settings
(Peltonen et al. 2018, Saranto et al. 2023). Moreover, the high
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usability scores in specific categories indicate that understanding
best practices from countries like Switzerland and New Zealand
could provide valuable insights into implementing systems and
improving their usability across countries. This is supported
by research showing that pioneering work in contact tracing
(Amann et al. 2021) and the digitalization of information systems
led to a better ability to provide daily updates on the number
of confirmed Covid-19 cases, deaths and tests as well as more
detailed data such as the impact of co-morbidities on case severity
in Switzerland (Desson et al. 2020).

4.3 | Implications for Practice and Policy

These cross-national similarities and differences provide trans-
ferable insights that can guide policy-level decision-making to
strengthen digital preparedness in future public health crises. The
participants in this study reported a variety of challenges related
to technology adoption, including digital literacy and skills,
training and readiness, adoption and organizational challenges,
and technical barriers. It is important to understand the impact of
these contextual factors on usability in order to prepare for future
public health crises.

Understanding contextual differences is crucial for successful
adoption and user satisfaction (Tang et al. 2018), and we need
insight into whether this has been successful or not when
services must be flexible and adapt quickly to maintain care.
Prior research has shown that end users are not sufficiently
involved in the development of implemented technologies (Silva
et al. 2024, Martikainen et al. 2020). Failing to involve them
throughout the technology development and implementation
process significantly impacts how systems respond to different
users’ needs in clinical practice and how they are received
(Keizer et al. 2020). A one-size-fits-all approach may not function
and tailored solutions addressing the specific needs of users
in different settings are needed. Addressing these issues may
potentially improve the overall effectiveness of systems and
service delivery. Identifying the exact reasons for low scores in
some countries could help improve the usability and effectiveness
of these technologies overall and support resilience building for
future public health crises, as differences in usability scores may
be influenced by issues such as training provided (Rossetto et al.
2023), system design (Carayon and Hoonakker 2019), technology
maturity and how technology can be integrated into existing
workflows (Herranz et al. 2023). Continuous development is a key
strategy in responding to the needs of a rapidly evolving health
setting (World Health Organization 2015). One added value of this
study lies in its potential to inform the future preparedness of
the nursing workforce for managing similar public health crises
where rapid responses are needed.

In this study, challenges related to digital literacy and skills
were prevalent across almost all countries, significantly affecting
participants in the USA and Australia. Despite the growing inte-
gration of digital technologies in modern healthcare, informatics
and digital health competencies essential for safe nursing practice
remain suboptimal (Dowding et al. 2023, Livesay et al. 2023).
This study argues for the need to make high-quality informatics
education and training mandatory at the organizational level

to ensure the workforce is prepared for future crises and can
adapt quickly when required. This is particularly important in the
absence of mandatory informatics and digital technology training
in pre-registration nursing programs.

The United Nations advises countries to strengthen their
response to disease and prepare for future public health crises
and other global threats (United Nations 2023). Based on our
findings, we can make some initial suggestions of areas where
nurse leaders should focus to ensure their health system and
the nursing workforce are prepared for future public health
crises, including potential pandemics. First, the adoption and
organizational challenges and technical barriers described by
the participants imply that healthcare organizations need to
identify and invest in appropriate infrastructure to support digital
technology implementation. Second, the usability and accessi-
bility challenges expressed by the participants, combined with
the average SUS score suggesting usability below the acceptable
level, highlight the need to include end users in the technology
development. Nurses need to be included in procuring and
implementing future digital technologies to prepare for enhanced
uptake and widespread adoption. Finally, challenges related to
digital literacy and skills underline the importance of proper
investment in informatics education and training for the nursing
workforce for successful digital transformation. The findings also
highlight the importance of identifying global ‘best practices’ to
inform rapid technology implementation in healthcare to better
prepare for future global public health threats.

4.4 | Strengths and Limitations

Study limitations include self-reported data, a small sample size
for specific regions, the limitation to data collection in high-
income countries, possible misclassification of technologies and
variability in response scales. Further, the disparity in participant
numbers across countries reflecting both the reach of individual
professional networks as well as the overall size of the nursing
workforce within each participating country increases the risk of
sampling bias in this study. Despite normalization, the variability
in the initial response scales may have introduced inconsisten-
cies or imprecision in the SUS scores, potentially affecting the
accuracy of cross-country comparisons.

4.5 | Future Research

Although respondents described a wide range of adoption
challenges, including digital literacy, organizational readiness,
usability issues and technical barriers, there was minimal refer-
ence to data protection, privacy or legal-ethical responsibilities
in the free-text responses. This relative absence is striking given
the centrality of information governance in digital health. Future
studies should therefore examine nurses’ current understanding
of legal, ethical and social implications of digital technologies,
and explore whether gaps in awareness, training or perceived
relevance may explain why these concerns were not raised in the
present dataset. Hence, future work could explore nurses’ current
understanding of social, legal and ethical perspectives of applying
technologies to nursing and care.
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5 | Conclusion

It is vital to learn from nurses’ experiences of the rapid adoption
and implementation of digital technologies during the COVID-19
pandemic, to inform preparedness for future public health crises.
Our study found that nurses were requested to use technologies
that had system usability issues, which varied significantly
between technology categories and countries. Also, adoption
challenges were seen across settings regardless of differences in
the societies’ digital maturity. This underscores the importance of
cross-country learning to enhance system design, infrastructure
and overall usability. The analysis of system usability high-
lights strengths and needs for improvement in the usability
of technologies implemented in nursing. Healthcare providers
and technology developers can better support the effective use
of technologies by focusing on user-centered design, localized
tailoring and targeted developments in specific categories and
regions.

While adopting digital technologies during the COVID-19 pan-
demic has brought numerous benefits, it is not without chal-
lenges. Some key considerations include ensuring equitable
access to digital technologies and promoting health literacy
among patients and healthcare providers. Disparities in access
to internet connectivity, devices and digital literacy can hinder
the effective implementation of these technologies, particularly
among underserved populations. Further, the increased reliance
on digital technologies necessitates robust privacy and security
measures to protect patient information. While challenges still
occur, such as technological infrastructure and competency
concerns, the pandemic did boost an opportunity for more long-
term integration of technologies into practice. The results of
this study may be used for international comparisons and the
development of education and practice to better support nurses
in future technology adoption.
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