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Abstract

Background: Nursing information systems embedded with standardized nursing language and clinical decision
support have been increasingly introduced in health care settings. User experience is key to the adoption of health
information technologies. Despite extensive research into the user experience with nursing information systems, few
studies have focused on the interaction between user, technology and organizational attributes during its imple-
mentation. Guided by the human, organization and technology-fit framewaork, this study aimed to investigate nurses’
perceptions and experiences with transition to a new nursing information system (Care Direct) 2 years after its first
introduction.

Methods: This is a mixed-method study using an embedded design. An online survey was launched to collect
nurses' self-reported use of the new system, perceived system effectiveness and experience of participation in system
optimization. Twenty-two semi structured interviews were conducted with twenty nurses with clinical or administra-
tive roles. The quantitative and qualitative data were merged using the Pillar Integration Process.

Results: The average score of system use behavior was 3.76 £0.79. Regarding perceived system effectiveness, the
score of each dimension ranged 3.07-3.34 out of 5. Despite large variations in approaches to participating in system
optimization, nurses had generally positive experiences with management and technical support. Eight main catego-
ries emerged from the integrated findings, which were further condensed into three themes: perceptions on system
content, structure, and functionality; perceptions on interdisciplinary and cross-level cooperation; and embracing and
accepting the change.

Conclusions: Effective collaboration between clinicians, administrators and technical staff is required during system
promotion to enhance system usability and user experience. Clear communication of organizational missions to staff
and support from top management is needed to smooth the system implementation process and achieve broader
system adoption.

Keywords: Hospital information system, Clinical decision support systems, Usability, User-centered design, Nursing
informatics, Qualitative research
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nursing languages (SNLs) are a commonly understood
set of terms used to describe the clinical judgments
involved in nursing care [1]. Embedding SNLs into the
NIS is essential for extraction, exchange and integra-
tion of nursing data across disciplines and institutions,
achieving secondary utilization of nursing informa-
tion [2]. Based on standardized data on patient history
and nursing assessment results, clinical decision sup-
port (CDS) is made available to accomplish meaningful
use of EHR and to assist health care professionals with
decision-making [3]. SNL and CDS are among the top
research priorities in nursing informatics [4]. Despite its
potential to support and transform nursing practice by
simplifying record-keeping, promoting standards-based
practice, and giving timely access to information to aid
decision-making [5], the introduction of NIS, does not
necessarily lead to user adoption [6]. Research showed
that NIS has changed the way nursing is practiced, with
mixed findings identified in terms of information quality
and access, documentation burden, time spent on patient
care, communication and care coordination, quality of
care and ultimately, nurse and patient satisfaction [7, 8],
which have implications for administration decisions on
the implementation of NIS.

Multiple technology acceptance theories recognize
user experience as key to the adoption of health informa-
tion technologies (HITs) [9]. HITs poorly adapted to the
work context can cause contradictions to nursing work-
flows, compromising EHR usability [10]. Perceived poor
EHR usability is associated with a higher level of emo-
tional exhaustion among nurses [11], hindering system
adoption [12]. Therefore, a user-centered design with the
participation of frontline staff is needed from the pre-
introduction to the postimplementation stage to improve
system usability to facilitate user adaptation [13]. Based
on the Information System Success Model and the IT-
Organization Fit Model, the human, organization and
technology-fit (HOT-fit) framework proposed by Yusof
et al. [14] can be used to evaluate the influence of user
attitude and skills, communication, leadership and an I'T-
favorable environment on HIT adoption. This framework
has implications for anticipating and preventing imple-
mentation barriers from occurring and exploiting facili-
tators to successful HIT implementation [15].

Despite the increasing popularity of CDS, its provider
uptake remains unsatisfactory, with a recent meta-anal-
ysis revealing the overall uptake of clinical decision sup-
port systems among 3607 providers to be as low as 34.2%
[16]. Transition to a new NIS can be challenging and has
been reported to cause changes in nurses’ routine prac-
tices, leading to emotional insecurity and stress [17]. A
recent Dutch study showed that almost half of respond-
ents experienced results worse than their expectations
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7 months after the implementation of a structured and
standardized EHR [18]. Research into the interaction
between technology-related, dispositional, and contex-
tual attributes during CDS implementation is worth
exploring. However, to the best of our knowledge, no
study has focused on these multi-layer interactions in the
nursing context. This study reports on the implementa-
tion of a CDS-embedded commercial NIS (care direct)
in a large tertiary hospital in China. Guided by HOT-fit
framework, this study sought to address the following
research questions: (1) What are nurses’ perceptions and
attitudes toward Care Direct? (2) How does the imple-
mentation of Care Direct affect nurses’ daily practice? (3)
How do technology, organizational and human attributes
affect user adoption of Care Direct?

Methods

Design

This is a mixed-method study using an embedded design
in which qualitative data and quantitative data were
collected concurrently with the former given priority.
The mixed-method design was used because it enabled
researchers to gain a deeper understanding of the topic
of interest where different sets of data triangulated with
each other, contributing to the credibility of the study
findings [19]. In our study, the quantitative and qualita-
tive data (survey findings, obervation notes and interview
transcriptions) were integrated at the analysis level. This
study was reported in accordance with the Good Report-
ing of a Mixed Methods Study (GRAMMS) checklist [20]
(see Additional file 1).

Care direct

Developed in accordance with the internationally con-
sented standard for nursing clinical decision support
systems in EHRs [21], Care Direct integrated the SNL,
evidence-based nursing knowledge base and big data
analysis resources, with all data contents completely dis-
assembled into the minimun data set and encoded with
the SNL, meeting the national requirements of health-
care data standardization in China. An illustration of the
modules in Care Direct and algorithms for documenting
patient care is provided in the Additional file 2: Fig. S1.

Study context

This study was conducted in a 2000-bed tertiary general
hospital in Shanghai, China. Care Direct (the new NIS)
has been running in parralel with the old hospital infor-
mation system since its introduction in late 2018. At the
commencement of this study in November 2020, Care
Direct had been in pilot use (running in parallel with
the old system) in 24 general medical-surgical wards for
1-17 months. The interoperability between Care Direct
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and exisiting hospital information systems was constantly
optimizing during this study. The timeline of Care Direct
implementation is shown in Fig. 1.

A project team was launched during the system design
phase. A nurse manager (30 years in nursing) with pre-
vious experience of NIS implementation was appointed
as the project champion. An on-site customer service
personnel (2 years experience in HIT development)
appointed by the vendor stationed in the hospital dur-
ing workdays to respond to technical issues raised by
nurses together with background technical staff as well
as to communicate with nurse leaders regarding issues
of system improvement. There was also a project advi-
sor (30 years of experience in HIT development) and a
technical director (11 years of experience in HIT devel-
opment) who remotely connected with the team mem-
bers while engaging in system development. No major
changes in team members took place during the 3-year
system implementation period except for the on-site cus-
tomer service personnel.

Sample

For the quantitative part, a cluster sampling was used
to recruit nurses from 24 pilot wards to collect their
perceptions and experience with Care Direct. For
semi structured interviews, purposive sampling [22]
was used to recruit nurses to ensure the diversity of
experience, position, professional title, educational
background and level of participation during system
development in our study samples. The sample size was
determined based on the principle of data saturation
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(no new category or concept appeared). Nurses on
long-term leaves of absence, employed for less than
1 year and student nurses were excluded from this
study due to limited access to or recent use of the NISs.

Measure

The following instruments were used to collect nurses’
perceptions and experiences with Care Direct from
various aspects: (1) human: the Nursing Information
System Use Behavior Scale for nurses revised by Wen
[23], (2) technological: the Clinical Nursing Informa-
tion System Effectiveness Scale developed by Zhao
[24] based on the Information System Success Model,
and (3) organizational: a questionnaire about partici-
pation in system optimization developed based on the
literature [25, 26]. For the third instrument, its con-
struct and content validity were tested. The exploratory
factor analysis extracted two principal components
with eigenvalues greater than one, suggesting that the
instrument can be divided into two factors: (a) nurses’
degree of participation in system development (5 items)
and (b) nurses’ experience with participation in system
development (8 items), explaining 75.47% of the cumu-
lative variance. Seven experts specialized in nursing
informatics were invited to evaluate the relevance of
the items on a 4-point Likert scale, which resulted in a
content validity index of 0.939. Revisions were made to
three items according to expert opinions. The psycho-
metric properties of the instruments in our study are
shown in Table 1.

Regular project Regular project
meeting on system m.eetlng on syftem
implementation implementation
launched Training on relaunched
\ Starting to system usbe N
it .t on a ste . .
reviiiz.ifm step bapsisy Study On-site Face to face Online
2019.2 2019.9 Initiation [| observation  interviews survey
2020.11 2021.2 - 2021.11 - 20221
System deployment
Interface debugging
User end use
environmgnt System
construction going
2018.10 live
2018.7 2018.12 2019.6 2020.10 2021.1 2021.5 2021.12 2022.5
. Connection between Small scale . scheduled
Hosp|ta'l & company management of trial in 2 pilot Sn?all.scale Large scale System'use Project ( )
cooperation agreement both parties to wards t.rlal in 20 promotion Extending  acceptance
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Fig. 1 The timeline of Care Direct introduction
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Table 1 Validity and reliability of the instruments used in this study
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Tool Type No. of item No. of Overall Cronbach’s afor CVI®
dimension Cronbach’s each dimension
a

Nursing information system use behavior scale 5-point Likert 7 2 0918 0.904, 0.922 0.978
Clinical Nursing Information System Effectiveness Evaluation Scale  5-point Likert 23 5 0.768 0.753-0.860 0.975
Questionnaire on the degree and experience of participating in 5-point Likert 13 2 0.928 0.914,0.958 0.939
system development
2 Content validity index
Data collection Table 2 Characteristics of interviewees (n = 20)
Participant observation . . . Demographics N %
From January to December 2021, the primary investi-
gator (a research nurse with no clinical responsibilities) =~ Work experience (year)
worked with the nurses and observed their use of Care <5 6 300
Direct. The protocol of observation was developed based 5-10 5 250
on the HOT-fit framework. On the wards, the observa- 10-20 6 300
tion focused on nurses’ interaction with Care Direct on >20 3 150
which they performed routine tasks, especially its CDS  Education
options; meanwhile, nurses’ feedbacks regarding any Associate 3 150
technical issues (technological aspect) and capability Bachelor 12 60.0
and willingness to use Care Direct (human aspect) were Master 5 250
also collected. We also paid attention to the leader role  Role
(of the charge nurse) in encouraging and standardization Bedside nurse 13 65.0
of the use of Care Direct within the unit (organizational Nurse specialist 3 15.0
aspect). (2) The primary investigator also joined a group Charge nurse 2 100
chat involving core team members of system implemen- Nurse manager 2 10.0
tation and attended regular biweekly group meetings Participation in system development
addressing system-related issues and work plans on sys- Major® 6 300
tem implementation as an observer to gain insight into Minor 14 70.0
the cross-level and multi-disciplinary collaboration dur-  Core implementation team member
ing system optimization (organizational aspect). Yes 5 25.0%

No 15 75.0%

Semi structured interviews

From October 2021 to January 2022, personal in-depth
interviews were organized by the primary investigator
to collect nurses’ views and experience of Care Direct
to verify and supplement the findings in the survey. An
interview outline was prepared according to the research
questions and existing frameworks (refer to Additional
file 3). The topic guide was flexibly used to adapt to the
different clinical roles of and responses from the inter-
viewees by the primary investigator. Another investigator
kept a note of the tones, gestures and facial expressions of
the interviewee (s). The interviews were audio-recorded
and transcribed verbatim within 24 h. Data analysis
and collection were carried out simultaneously, and the
interview outline was iteratively modified based on the
data analysis results, which is conducive to the in-depth
analysis of the themes and authenticity of findings [27].
Data reached saturation at 22 person-times. Information
about the participants is shown in Table 2.

2 Referring to having submitted requests or material regarding system
implementation in written form to nurse leaders or technical staff

Questionnaire survey

An online questionnaire containing 48 required items
(four items on nurses’ demographics) was used to col-
lect nurses’ perceptions and experiences with Care Direct
via Questionnaire Star (an online survey software).
There were also two optional open-ended questions that
prompted nurses to express their perceived advantages/
disadvantages of Care Direct and expectations for its
improvement. We asked the nurse manager of each block
to distribute the questionnaire link to the charge nurse
of each pilot ward after a clear explanation of the objec-
tive and inclusion and exclusion criteria of this study.
Nurses were required to carefully read the instructions
before completing the questionnaire. Respondents could
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submit the questionnaire only after completing all the
required items, so there were no missing items; however,
returned questionnaires with a response time of less than
90 s were excluded to ensure the validity of the results.
A total of 384 nurses participated in the online survey,
among whom 324 (84.4%) were included in the analysis.
The demographics of the survey participants are shown
in Table 3.

Table 3 Characteristics of survey respondents (n=324)

Demographics N %

Working experience
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Data analysis

Quantitative Data were imported into SPSS 22.0 for sta-
tistical analysis. The measurement data were described
by the mean (standard deviation) or median (quartile)
depending on the normality of the distribution. The
counting data were described by frequency (percent-
age). The rank sum test was used to compare the differ-
ences in multigroup hierarchical data. On the qualitative
branch, Investigators read through the observation notes
and interview transcriptions several times to familiarize
themselves with the contents.

The two sets of data were merged at the interpretation
level using the Pillar Integration Process (PIP) proposed
by Johnson et al. [28], presented in the form of a table
including five row headings, quantitative data, quantita-

< 102 315 tive concepts, categories, qualitative concepts and quali-
5-10 82 253 tative codes (Fig. 2). The PIP is a four-step process [28]:
10-20 101 31.2 listing, matching, checking and pillar building. The cate-
=20 3 120 gories emerged from the PIP were further integrated into
Education themes using inductive reasoning and a final framework
Associate 77 238 was formed.
Bachelor 239 73.8
Master 8 24 Trustworthiness and rigor
Role To enhance the trustworthiness of this study, member
Bedside nurse 277 855 checking was employed to paraphrase and summarize
Nurse specialist 23 A the participants’ statement to ensure the intended mean-
Charge nurse 24 74 ing was accurately conveyed [29]. Interview transcripts
\rf]‘g'l'(i)n?enseisns t?aléi;?c Qea'th information tech- were also returned to the interviewees within 24 h for
Ngt . a”p 5 062% verification, which ensured dependability. Transferability
' to other contexts was assured by describing the context,
somewhat / 216% purposive selection of participants with different charac-
Neutral & 2262% - teristics and using the PIP for conducting data analysis.
Much 167 21.54% Confirmability was guaranteed by various approaches to
very much 65 2005% " data collection and triangulation of multiple data sources
Column A Column B Column C Column D Column E
QUANT PILLAR QUAL
BUILDING
Initial Initial
Concepts Categories Concepts

Listing, Matching, Checking
1 2 3

Fig. 2 Anillustration of the PIP [28]

Checking, Matching, Listing
3 2 1
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guided by a biostatistician as an external auditor on study
design, instrument development, data reconstruction
and synthesis. To reduce the investigators’ own bias on
the research process and results, constant self-reflexiv-
ity was employed during data collection and analysis to
eliminate the possible interference of personal emotions
and opinions with the research results [30].

Results

Quantitative results

System use behavior

The average score of system use behavior was 3.76 +0.79,
with most respondents (53.40-73.46%) responding
“agree” or “strongly agree” for each item. Refer to see
Additional file 4: Table S1 for detailed results.

Perceived system effectiveness

The average scores of items in the five dimensions are as
follows: system quality: 3.23 +1.00, information quality:
3.341+0.98, service quality: 3.23 £ 17.69, user satisfaction:
3.07+0.97, net benefit: 3.07 +1.05. Among the 23 items,
the proportion of participants responding with “strongly
agree” and “agree” ranged from 23.15 to 61.73%, with the
median percentage being 36.73%. Refer to Additional
file 4: Table S2 for the responses to each item.
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Experience of participation in system development
Users’ participation in NIS development was medium,
with the percentage of participants responding with “very
often” and “often” < 50% for all items (Table 4). There were
significant differences in nurses’ participation in different
system improvement approaches (y*>=34.097, p <0.001).
Nurses had an overall positive experience with respect
to communication with the management and techni-
cal staff during system development, with the percent-
age of participants responding with “strongly agree” and
“agree”>70% (Table 4). There were significant variances
in nurses’ experience regarding different aspects of tech-
nical support (y*=32.781, p <0.001).

Merging qualitative and quantitative findings
The qualitative data were merged with the quantitative
data via the Pilar Integration Process (Table 5).

Integrated findings

Eight main categories emerged from the integrated find-
ings, which were further condensed into three themes: (a)
perceptions on system content, structure and functional-
ity; (b) perceptions on interdisciplinary and cross-level
cooperation; and the overarching theme (c) embracing
and accepting the change.

Table 4 Participating in system optimization: approaches and user experience (n=324)

Items Options/responses® X
1 2 3
Approaches to participating in system development® 34.097¢
| demonstrate system use and put forward relevant requests to technical staff on site 121 (37.35%) 89 (2747%) 47 (14.51%)
| participate in the system development group meetings led by management as a user 108 (33.33%) 76 (23.46%) 32 (9.88%)
representative
I put forward system-related problems and improvement requests on the online shared 106 (32.72%) 72 (22.22%) 42 (12.96%)
documents
I put forward system-related problems and improvement suggestions to technical staff 108 (33.33%) 70 (21.6%) 34 (10.49%)
through private WeChat / WeChat group
I put forward system-related problems and improvement suggestions to the designated 101 (31.17%) 104 (32.1%) 50 (15.43%)
nurse responsible for system development
Experience of technical support during system implementation® 32.781°¢
When | want to feed back the problems of the system, | know who to feed back to 32(9.88%) 136(41.98%) 153 (47.22%)
The management take our opinions and experience seriously 37 (1142%) 126 (38.89%) 156 (48.15%)
Technical staff listens to our feedback 51(15.74%) 127 (392%) 143 (44.14%)
Technical staff are aware of our suggestions and experiences 58 (17.9%) 132 (40.74%) 126 (38.89%)
Technical staff modify and improve the system according to our needs 50(1543%) 136 (41.98%) 129 (39.81%)
Improvement needs can be implemented quickly enough 65 (20.06%) 135 (41.67%) 99 (30.56%)
According to my experience, our feedback can be conveyed to technical staff all the way 47 (1451%) 144 (44.44%) 130 (40.12%)

up
Technical staff go deep into the clinical setting to understand user requests

74 (22.84%) 133 (41.05%) 98 (30.25%)

?1=Sometimes, 2= Often, 3=Very often. The rest participated Very little/Not much

b 1=neutral, 2=agree, 3=strongly agree. The rest disagreed/strongly disagreed
€p<0.001
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Theme 1: perceptions on system content, structure

and functionality

Record template increasing documentation burden

The documentation framework based on the nursing
process in Care Direct is not conducive to reflecting the
whole picture and the dynamic changes of patient con-
ditions, which compromised the communication of
information among nurses. With the large amount of
information to be collected in the past history module
and some items not being closely related to the patient’s
conditions, nurses felt it a mere formality to meet the
documentation requirement, which may have caused
negative experiences for the patient. Moreover, the
lengthy overview containing a large amount of irrelevant
information generated by Care Direct failed to meet
nurses’ information needs; therefore, Care Direct was
rarely referred to as a source of information exchange.
The need to frequently switch between screens also
added to nurses’ documentation burden and increased
the risk of missing information (Fig. 3 and Table 5).

Suboptimal information linkage

Negative experiences regarding issues with informa-
tion linkage in Care Direct were frequently referred to
in our study. While Care Direct achieves automatic link-
ages across each stage of the nursing process through
CDS with a preset criteria for reassessment according to
patients’ care demands, it cannot give decision support in
response to changes in patient condition such as abnormal
vital signs, abnormal laboratory results, and documented
signs/symptoms. Although the system allows users to add
nursing problems and update care plans manually, nurses
would not bother to do so based on the findings from on-
site observations and record review by the investigators.
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Many decision support rules of Care Direct were trig-
gered by medical diagnoses or medical orders generated
in the old system, but the push timing did not conform
to the clinical workflow, which required nurses to manu-
ally add or delete schedules according to work routines
and actual situations. Problems with information link-
ages also hindered the system from generating accurate
nursing records based on user actions. While Care Direct
allows users to view and edit the nursing documentation,
heavy clinical tasks kept nurses from spending much
time on verification (Table 5).

Value of CDS

Care Direct automatically links the five steps of the nurs-
ing process in the form of decision support, as opposed
to the separate status of different components in the
old system. The value of system decision support is also
reflected in the daily reminder for nurses. Clinical nurs-
ing is composed of numerous tasks and the schedule gen-
erated by the system can remind nurses of tasks they tend
to neglect, ensuring delivery of quality care. Neverthe-
less, nurses had different levels of perceived system ben-
efits. Some nurses thought that CDS could supplement
their clinical reasoning to facilitate decision-making; oth-
ers, however, viewed CDS as a disruption to their inher-
ent thinking and work habits and thus were reluctant to
follow the system’s recommendations (Table 5).

Theme 2: perceptions on interdisplinary and cross-level
collaboration

Insufficient training on system use

Shortly after the initiation of pilot use, training on system
use was organized to familiarize nurses with Care Direct.
To ensure that every nurse on each pilot ward attended at

Change patient
A
v
i Switch :
interface " vitals ounds Catheters |- ...
Choose wou
patient 7y ! 5
Switch @ Switch | @
B Change patient
v
Main Switch Switch drainage drainage drainage
interface » VO — time 1 " 2 X
Choose \ Y
patient :
Fig. 3 lllustration of the steps of record-keeping in care direct (A documentation of observation items for acute postoperative patients; B
documentation of fluid output)
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least once, the training was carried out during the lunch
break every weekday. The way the training was organ-
ized, however, was inconducive to the learning efficiency
of participating nurses. Moreover, the content of training
sessions provided limited support for nurses. Due to the
lack of contexts, it failed to solve the problems encoun-
tered by nurses during daily use of the system. Lack of
continuity of training was also a problem for nurses. As
Care Direct was only piloted in general wards, some jun-
ior nurses who later rotated from other units missed the
training sessions (Table 5).

Collaboration between nurses and technical staff

Due to interprofessional barriers between nurses and
technical staff, cooperation between the two was subop-
timal. Lacking understanding of the nursing workflow,
technical staff had trouble understanding the requests
made by nurses, leading to misalignment between user
expectations and system outcomes. The survey showed
that among all aspects of nurses’ experience with par-
ticipating in system development, their satisfaction with
the speed of request solving was the lowest. Unmet needs
led to nurses’ disenchantment, rendering them unwilling
to provide additional feedback; instead, nurses chose to
adapt to the imperfections of the system. Nevertheless,
nurses did recognize efforts made by the technical staff
and understood that the heavy workload they were facing
hindered them from handling user requests in a timely
manner (Table 5).

Leader role

Most nurses agreed that the management took their
suggestions and experiences seriously. Support from
management is key to user adoption. Although nurs-
ing documentation under Care Direct was temporarily
out the scope of quality audit, to ensure nurses smoothly
transition after it goes live, charge nurses on the wards
communicated with staff nurses about the omissions
identified from regular record review to determine
whether these were caused by the user or technical
defects, which urged nurses to establish positive system
use behavior and was also conducive to system optimiza-
tion (Table 5).

Cross-level collaboration

Care Direct was a commercial NIS purchased from a
third party without adequate input from frontline nurses
at the design phase; therefore, local adaptation was
needed to improve its suitability. A feedback pathway
involving the project leader with previous experience
in NIS development (nurse champion), nurse manag-
ers/informatics nurses at each block, ward nurses and
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technical staff was established (Fig. 4); meanwhile, a pro-
ject team including the core members involved in sys-
tem implementation was launched. Taking a bottom-up
approach, each ward reported system-related problems
and improvement requests to management, which would
be gathered by the nurse champion. Problems were dis-
cussed in person among nurse leaders and common
problems were summarized before being put forward
on the project meetings. Relevant materials were pre-
pared by the nurse leaders and submitted to the techni-
cal staff to initiate improvements. Relying on the wisdom
of nurses at all levels, the integrity of system content and
function was constantly improving to streamline nurs-
ing workflow (Refer to Additional file 5 for details of
upgrades in each system module) (Table 5).

Despite the overall positive outcomes of cross-level col-
laboration, it was not without barriers. Designation of
responsibilities seemed to be suboptimal among the pro-
ject team, rendering the project champion to face signifi-
cant pressure during system implementation. Sometimes,
efforts and outputs made by the project champion await-
ing feedback were not responded by other team members
or top management, possibly due to heavy administrative
workload, which also led to her frustration (Table 5).

Overarching theme: embracing and accepting the change
Since the implementation of Care Direct was decided
by the management, its use was mandatory, and com-
petence in handling the system would be part of nursing
practice. Therefore, some nurses explored system func-
tions and gradually became proficient users. Most survey
respondents agreed that they had become accustomed
to the system. With routinized system use and improve-
ment in system functionality, most nurses adapted to
Care Direct and incorporated it into their daily practice.
However, some participants who were lagging in HITs
felt overwhelmed by the two NISs running in parallel and
thus were slower to get on board with the new system
(Table 5).

Overall, nurses generally took a rational position
toward the benefits and hardships during their transition
to a new NIS. While Care Direct was constantly adapting
to the needs of users, users were also constantly adapt-
ing to Care Direct. A proposed framework demonstrat-
ing the relationships between the categories and themes
is shown in Fig. 5.

Discussion

The aim of this study was to investigate nurses’ views and
experiences during transition to a new NIS, focusing on
the interaction of organization, technology and human
attributes during system implementation. Findings from
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this mixed-method study revealed both positive and neg-
ative emotions related to system content, structure and
functionality, interdisciplinary and cross-level collabora-
tion. Despite nurses’ mixed emotions towards the imple-
mentation of Care Direct, they tended to integrate it into
their routine workflow.

The results of this study showed that the lengthy docu-
mentation templates and suboptimal data linkage com-
promised the perceived usability of Care Direct. The
introduction of SNL-based recording templates reduced
the heterogeneity in free-text documentation, pro-
moting data integration [2] and the quality of nursing
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documentation [31]. Notwithstanding their contribution
to the integrity of nursing records, structured templates
within the NIS failed to fully match the nurses’ complex
and dynamic workflow [32]. Fragmented information
forced nurses to navigate between different interfaces
to search for information, adding to their cognitive bur-
den [33], as also reflected in our findings. Moreover, the
restrictive nature of structured documentation frame-
work has been criticized as compromising the accuracy
of documentation [34, 35]; therefore, system-generated
care plans and summaries were rarely referred to as a
guidance to practice, but as a documentation require-
ment to serve administrative needs [36]. Considering the
drawbacks regarding the clinical benefits of structured
documentation framework, free-text input have been
made available to supplement SNL-based documenation.
Technical experts should be consulted to analyze the
impact of Care Direct implementation on nurses’ infor-
mation seeking and sharing practices and propose strate-
gies to adapt it to the nursing workflow by, for instance,
optimizing the relevance of the content within the sum-
mary/overview of care and shift reports generated by the
system.

To ensure the clinical usefulness and user adoption
of HITs, frontline nurses should take a dominant role
during all phases of its implementation to voice their
expectations [37]. In our study, the bottom-up feedback
mechanism enabled all end users to express their con-
cerns and expectations with Care Direct, contributing to
broad participation. This hierarchical feedback system,
however, deprived nurses of opportunities to sit at the
same table with management and technical personnel, as
demonstrated by the survey results. Our study also indi-
cated that end users appreciated exchanging ideas with
the nurses responsible for system development, which is
consistent with previous findings [26]. Grounded in the
clinical setting, informatics nurses acted as advocates for
bedside nurses while working closely with technical staff
to raise suggestions regarding usability issues with full
consideration of the nursing workflow [38]. Before the
introduction of Care Direct, the informatics nurse post
was set up in our institution, with one nurse assigned
to this position in each block, responsible for gathering
and reporting system-related issues, assisting the project
leader in drafting improvement strategies and connecting
with technical staff.

The accessibility of technical support is an impor-
tant factor affecting the implementation of HITs. In
our study, contradictory findings were found regard-
ing the perceived timeliness of technical support in
the survey and interviews. In the survey, respondents
provided an overall positive feedback based on the
average score whereas the interviews revealed more
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negative experience. This was probably because some
users tended to emphasize their negative experiences
with system use due to its huge influence on their daily
practice while selectively neglecting the positive ones.
Another explanation is that they hoped their negative
experience would raise concerns among investigators
to guide future system improvement. A nationwide
survey [26] conducted across Finnish public hospitals
found that most clinicians perceived software vendors
as being unresponsive to user feedback; however, tech-
nical staff had diametrically opposed views on these
issues [25]. A possible explanation is that technical
staff mainly interact with user representatives who are
in administration positions and lack personal expe-
rience with end users’ pain points during daily use of
the system, which was the case in our study, and there
may be a gap between the user representative’s under-
standing and end users’ expectations. The lack of two-
way communication between end users and technical
staff is prone to negative emotions among users and the
belief that their needs are not valued, leading to their
disengagement with system implementation [39]. As
the most direct method of information communication,
in our study, on-site observation and demonstration of
system use were frequently employed as approaches to
identifying problems between end users and technical
staff, which is also in line with previous studies [25, 26].

Support from leaders were well-received by nurses
based on our investigation. During pilot use of Care
Direct, the charge nurse in each unit generally took on
the role of super user due to their high degree of par-
ticipation in system development, and this produced
moral effects to promote positive system use behavior
in the whole unit. Nurse leaders play an important role
in the promotion of HITs, as their support and supervi-
sion are imperative to leading nurses through resistance
and doubt to achieve organizational change [40]. How-
ever, studies have reported that nurse leaders face sig-
nificant obstacles in driving the implementation of HITs,
such as insufficient understanding of the value of HITs
due to limited informatics literacy, time constraints due
to administrative tasks, and lack of support from top
management, which hindered their ability to provide
adequate support to nurses and make informed deci-
sions about system improvement [41, 42]. In our study,
despite the long-term commitment to HIT promotion
and proactive leadership and partnership with technical
staff demonstrated by the nurse champion during sys-
tem implementation, barriers were encountered regard-
ing training organization, interdisciplinary interaction
and lack of engagement from top management. There-
fore, implementation strategies are needed during future
HIT implementation, and attention should be given to
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strengthen nurse leaders’ project management compe-
tencies [43].

User-perceived benefits are key to system adoption.
As the end user of the new system, nurses’ willingness to
adopt Care Direct is largely related to their acceptance of
it. Previous research [44] indicated that nurses will take
the previous major change events as a reference to form
their expectations for organizational change. We assumed
that in the early stage of Care Direct implementation, the
gap between system function and nurses’ expectations
aggravated their negative response to the system, while
the later acceptance came from their gradual adaptation
to the system and the continuous improvement of sys-
tem function. Despite their mixed feelings toward Care
Direct, nurses tended to adapt to it rather than return to
the original record-keeping modalities.

Finally, our study showed that nurses have mixed opin-
ions about their perceived value of CDS. It is worth not-
ing that the decision-making suggested by the CDS is to
supplement rather than replace the professional think-
ing of nurses. Clinical experience is an important deter-
minant of the perceived benefits from CDS. By using
clinical intuition, senior nurses have a better grasp of the
overall situation of patients and have internalized the
nursing process into practice, thus having lower needs for
practice guidance from the CDS [45]; fully following the
clinical practice recommendations would reduce their
autonomy [46]. Previous research [47, 48] showed that
nurses rarely make decisions based on the CDS recom-
mendation alone but combine subjective and objective
patient information to identify the possible deviations
of CDS and to reach more accurate and comprehensive
decisions. Therefore, while enjoying the convenience
brought by CDS, nurses still need to cultivate problem-
solving skills by transforming readily available knowledge
into improved care quality and patient outcomes [49].

Implications for future research/practice

As with all HIT implementation, optimization of system
structure and content should be an ongoing process with
continuous input from both nursing and technical staff
following its implementation. Technical issues regard-
ing both software and hardware should also be solved
by actively approaching hospital informatics personnel.
From a safety perspective, the system should incorporate
a double check mechanism to minimize the negative con-
sequences of erroneous data linkage. To bridge the gap
between nurses and technical staff, frontline nurses, who
have deepest connection with the new HIT, should be
given the opportunity to participate in learning sessions
on nursing informatics to provide suggestions for inter-
face customization. Technical staff should also be invited
to immerse themselves in the clinical environment to
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familiarize themselves with the nursing workflow so that
they will better understand user requests.

Nurses’ negative emotions are a common phenomenon
during their interaction with the system. To mitigate the
potential detrimental consequences of system-related
negative emotions, during system pilot-run, manage-
ment should pay attention to nurses’ additional workload
related to system use and actively build connections with
nurses to obtain their feedbacks. In future studies, struc-
tured observation checklists or nurse self-rated question-
naires could be used to investigate the impact of EHR on
their care delivery to come up with strategies to avoid
overburdening nurses.

Strengths and limitations

This study has several strengths and limitations. First, our
study recruited nurses from both clinical and administra-
tive positions from purposive sampling where nurse lead-
ers from the core member team shared their views on
inter-disciplinary collaboration. However, insights from
the project advisor and technical staff were lacking as
their perspectives could complement with or possibly dif-
fer from those of nurses and could have been valuable to
our study. Second, the cross-sectional nature of the quan-
titative branch precluded us from revealing the longitu-
dinal changes of nurses’ perceptions and experience with
system use over time; however, we were able to indirectly
capture these changes from the qualitative responses.
Third, this a mixed-method study guided by a theoretical
framework, as reflected in the design of both quantitative
and qualitative parts. Quantitative and qualitative data
were innovatively triangulated with the Pilar Integration
Process. However, we did not adequately excavate the
possible contradiction between quantitative and quali-
tative results, which prevented us from drawing further
inferences from the possible discordance.

Conclusions

This study builds on the existing information technol-
ogy acceptance models to show that the promotion of a
NIS requires effective collaboration between end users,
administrators and technical personnel to enhance sys-
tem usability and user experience. Optimization of sys-
tem structure and content and tackling technical issues
should be an ongoing process with continuous input from
both nursing and technical staff. Nurse leaders can exert
a positive impact on nurses to facilitate system imple-
mentation by fostering relationships across disciplines.
Frontline nurses should be given the opportunity to get
involved in system development so that nursing prac-
tice will truly benefit from NIS. Future HIT use train-
ing should include clinical simulation sessions to better
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engage and truly benefit nurses. Aligning system imple-
mentation with broader organizational goals and support
from top management is needed to smooth the transition
process and achieve organizational level system adoption.
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