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Abstract

Background: This study aims to investigate the effects of a nursing quality control and audit application (app) on
the autonomous learning of nursing staff and nursing quality management by nursing supervisors. A multilevel
interactive app is developed to assist nursing staff in conducting online autonomous learning and nursing
supervisors in identifying problems and creating nursing quality improvement plans. The app could also present
the different evaluation results of wards in visual charts for supervisors to review.

Methods: A single-group pre- and post-test design was applied. Data were collected from 131 nurses between
October 2019 and October 2020 to analyze the differences between nursing staffs’ willingness to engage in
autonomous learning and the integrity of nursing quality improvement plan writing before and after the
intervention. The structured questionnaires included open-ended questions that cover aspects of nursing quality
control, the audit app, and the information acceptance intention of nurses.

Results: The participants’ age and job title are negatively correlated with the app's usability, while the ability to use
3C (Computer, Communication, and Consumer Electronics products including mobile phones and laptops)
equipment is positively correlated with the willingness to use the app. Nurses' satisfaction with the convenience of
the online autonomous learning method is 92%, which indicates that the app could improve their willingness to
learn. Following the intervention of the app, nursing supervisors' satisfaction with the integrity of nursing quality
improvement plan writing increased from 41 to 88%.

Conclusions: Using information technology products to assist in nursing quality management in clinical practice
has a significant effect on nurses’ load reduction and head nurses’ satisfaction. Multilevel interactive nursing quality
control and audit apps can improve nursing staff's willingness to learn independently, nursing quality, and the
integrity of plan writing. Thus, nursing quality control and audit apps can be considered as suitable nursing quality
control tools.
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Background

Medical care aims to provide safe and efficient patient-
centered services, and maintaining superior nursing
quality requires consistent monitoring and improvement
of the quality of medical care provided by hospital staff.
Therefore, the implementation of nursing quality control
and audit programs is important for nursing care [1].
Currently, most hospitals in Taiwan have established
audit teams under the quality management committee
of the nursing department to monitor the quality of
nursing care. Members of this audit team check and
monitor the different nursing quality indicators listed in
the quality monitoring criteria of the Central Nursing
Quality Index Monitoring Program [2]. However, as
most of these indicators are recorded manually, supervi-
sors must spend weeks or even months reviewing the
data due to incorrect or incomplete information. In
addition, to ensure the accuracy and completeness of
data collection, nurses or nursing supervisors have to
spend considerable time performing audits, improving
report writing, and transmitting documents, which
makes these activities a large component of the nurses’
indirect care activities [3, 4]. Therefore, it is important
to introduce information digitization to existing nursing
practice, in order to improve nursing quality and the
learning efficiency of ward nurses and ensure the effect-
iveness of nursing audits [5, 6].

Nursing quality audit

To understand the impact of nursing on patient care,
the American Nurses Association has developed a set of
indicators that can reflect the quality of care. These in-
clude structural indicators covering the skill mix of nurs-
ing resources, process indicators covering skin integrity
and nurses’ satisfaction, and outcome indicators cover-
ing nosocomial infection rate, patient injury rate, patient
satisfaction with nursing services, pain management and
health education, and patient care satisfaction [7-9].
The purpose of nursing quality indicators is to evaluate
the effectiveness and adequacy of patient care, ensure
the quality of care, establish a bridge between nurses
and other professionals, and facilitate administrative
management [8, 10]. As a good patient-nurse relation-
ship can positively impact the quality of care, building
patients’ trust in nursing staff is important. Studies have
suggested that enhancing the quality of nursing care de-
pends on nurses’ professional knowledge, continuous
communication and coordination, alertness, and
individualization, while treating patients as partners [9].
The Taiwan Quality Indicator Project 2017 proposed
comprehensive nursing quality audit indicators, which
cover various aspects, such as nursing techniques, nurs-
ing procedures, and nursing record documentation [11].
Alternatively, accreditation standards, as proposed by
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the Joint Commission on Accreditation of Healthcare
Organization, clearly state that nursing departments
should introduce planned and structured systems that
monitor and evaluate nursing staffs performance in
looking after patients, solving problems, and properly
compiling nursing records [10]. The Plan-Do-Check-Act
cycle (PDCA) is an iterative strategy for nursing quality
management that aims to maintain and continuously en-
hance the quality of care. Within the PDCA cycle, “Plan”
focuses on planning, division of labor, and formulating
future plans; “Do” focuses on the execution and imple-
mentation of the plan; “Check” focuses on the evaluation
of the plan, as well as the drafting of an action plan
when there is a gap between the planned and actual im-
plementation; and “Action” focuses on consistent en-
hancement, the introduction of corrective measures, and
the formulation of improvement strategies [10]. How-
ever, upon implementation, writing the contents of qual-
ity improvement PDCA reports has become a time-
consuming burden for nursing supervisors [12].

Evaluation of the effectiveness of applications and
information systems

According to Maslow’s hierarchy of needs, scholars have
redefined three hierarchies of consumer needs for a
product: functionality, usability, and pleasure [13].
Therefore, when designing products, in addition to the
basic functionality of the product, designers should im-
prove its usability [14]. This is because once people be-
come used to the functionality of a product, they shift
their focus to its ease of use, and this holds particularly
true for applications (apps), in which smooth usage and
enhanced user experience can be achieved only with a
well-designed interface [15, 16]. Alternatively, Venkatesh
and Davis [17] established the technology acceptance
model 2 (TAM2) to explain individuals’ behavioral in-
tentions toward information systems. This model states
that a user’s technological behavior, gender, and ethni-
city can be validated and interpreted based on the sim-
plest theoretical parameters. Of these parameters, social
influence includes subjective norms, image, and other
variables, while usability includes job relevance, output
quality, result demonstrability, and perceived ease of use
[18, 19].

Methods

Aim

The purpose of this study was to discuss the develop-
ment of a multilevel interactive nursing quality control
and audit app, examine the effects of nursing staffs’ will-
ingness to engage in autonomous learning, determine
the integrity of nursing quality improvement plan writ-
ing through a simplified nursing quality audit process
for nurses and nursing supervisors, and propose a new
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TAM, that is, ATAM2 (adjustable technology accept-
ance model 2).

Design

This study adopted a single-group pre- and post-test de-
sign, and the research framework is shown in Fig. 1. Fol-
lowing the introduction of a nursing quality control and
audit app for nurses and nursing supervisors, this study
investigated the changes in nursing staff’s autonomous
learning and the integrity of nursing quality improve-
ment plan writing both before (prior to the introduction
of the app) and after (6 months after the introduction of
the app) the intervention. In addition, the performance
of the information system was subjectively evaluated.
The nursing quality control and audit mobile app were
assessed using a questionnaire based on the adjustable
technology acceptance model 2 (ATAM?2) after 6
months of use (Fig. 1). The multilevel interaction model
in this study includes nurses’ autonomous learning train-
ing, real-time communication with nursing supervisors
during member assessment, reminders for nursing su-
pervisors to write improvement plans, and integrating
the achievements of each unit to senior nurses for moni-
toring quality. In order that the data interaction between
platforms can form meaningful information as a positive
cycle of improvement and supervision, the objects at all
levels of the organization can interact in this real-time
series. At the same time, in practice, it can be used to
audit the quality of work throughout the hospital, in-
ternal education and training, and learning tests (Fig. 2).

Setting
The study was conducted at a teaching hospital in
northern Taiwan between October 2019 and October
2020.
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Participants

Calculations using G-power 3.1 (assuming power = 0.8,
a =0.05, effect size = 0.3 [20]) suggested that at least 90
participants should be included in this study, and at least
100 cases should be admitted to avoid the loss of partici-
pants exceeding 10%; therefore, 149 participants were
initially enrolled in this study. Eighteen participants were
subsequently excluded due to their contracting COVID-
19, leaving 131 participants who completed the research.
The inclusion criteria were: holding a Taiwanese nurse
practitioner license (Registered Professional Nurse’s li-
cense), agreeing to participate in the research, using the
nursing quality control and audit app, and filling in the
consent form.

Data collection

The data collection process included the signing of a
consent form by the participants after they had received
sufficient information about the study, indicating their
intention to participate by providing a written informed
consent for participation. The participants were then
asked to fill in the nursing quality control and audit ap-
plication questionnaire. Data collection began on Octo-
ber 1, 2019 and concluded on March 25, 2020, and the
posttest was conducted from May 1, 2020 to October
25, 2020. The questionnaire was self-reported and all
completed questionnaires were personally collected by
the researchers and appropriately stored in confidential-
ity. In the pilot study stage, the participants spent an
average of 15-20 min to complete the questionnaire. As
the monitoring content of the Central Nursing Quality
Index Monitoring Program consists of common nursing
skills (such as hand washing, drug administration, and
catheterization), neither the content of the questionnaire

Nursing staff's demographic information
1. Gender

2. Age

3. Job title

4. Education level

5. Years of service

6. Advanced nursing skill

7. Ability to use 3C equipment

Nursing Quality
Control and Audit App
(Smart App)

1. Discuss the perceived ease of use of
the information system

Technology acceptance intention

}7

Fig. 1 Research framework

"| 2. Improve the efficiency of nursing
quality management
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nor the standard of nursing care quality was adjusted for
different nursing departments.

Research tools

The research tools used in this study included two com-
ponents: a questionnaire and a multilevel interactive
nursing quality control and audit app. The questionnaire
consisted of three parts; the first part covered basic in-
formation about the nursing staff; the second part inves-
tigated the nursing staff’s intention to accept the nursing
quality control and audit app; the third part explored the
nursing staff’s subjective assessment of the app’s effect
on nursing quality management.

Basic information

This part of the questionnaire collected information
about the participants’ gender, job title, age, education
level, years of service, advanced nursing skills, and self-
recognized ability to use 3C (Computer, Communica-
tion, and Consumer Electronics products, including
computers, mobile phones, tablets, etc.) equipment.

Intention to accept the nursing quality control and audit
smart app

After reviewing Venkatesh and Davis's TAM 2 [17], as
well as the research conducted by Wang and Xu [21],
and discussing them with relevant scholars, ATAM2 was

created for this study. This model includes scales for dif-
ferent variables (behavioral intention, contributing fac-
tors, technology acceptance, job satisfaction, and
learning satisfaction) for a total of 29 questions. Ques-
tions are answered on a 5-point Likert scale, with the
options of 5, 4, 3, 2, and 1 point representing “strongly
agree,” “agree,” “neither agree nor disagree,” “disagree,”
and “strongly disagree,” respectively. Subsequently, three
nursing information experts were invited to review the
appropriateness and clarity of the questions, in order
that revisions could be undertaken if required. The ex-
perts concluded the total content validity index of the
scales to be 0.75.

Development of a multilevel interactive nursing quality
control and audit app

Based on previous user experience, a multilevel inter-
active app was designed in this study, allowing not only
nurses and nursing supervisors, but individuals at all
levels of the organization to interact in real-time; thus,
the data communication between platforms was mean-
ingful and could lead to a positive cycle of improvement
and supervision. Additionally, the app could be used to
audit the quality of the entire hospital, as well as internal
continuing education, training, and real-time examina-
tions. The contents of the app include nursing quality
audit items (hand hygiene and drug delivery), online
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courses and videos for nursing quality audit items,
courses on identifying problems and nursing quality im-
provement plan writing, and visual chart analysis on the
compliance of different wards with audit standards. The
data in the app could be mutually transmitted and sim-
ultaneously updated (Fig. 3).

The app was created to meet the needs of clinical
users. Adopting a participatory design, the app was cre-
ated by a design team composed of nursing information
experts and information engineers using Thunkable X
launched in June 2018. Developed by the Android stu-
dio, the app was compiled in the personal homepage
program (PHP) using a programming language, and con-
nected to the MySQLdb interface (a multi-user, multi-
threaded structured query language database server that
effectively organizes and compiles data into tables to fa-
cilitate data query and extraction in the future) for data
reception and transmission. To improve platform cover-
age and make the app accessible to users with different
operating systems, the app was developed using Thunk-
able X for both iOS and Android platforms [22]. From
Fig. 4, it can be seen that after the nursing standard skill
assessment, members can know the items to be im-
proved in real-time and conduct a series of autonomous
e-learning. At the same time, the assessment results of
the members were delivered to nursing supervisors to

Page 5 of 11

remind nursing supervisors that it might be necessary to
write improvement plans and integrate the achievements
of each unit to senior nurses for quality monitoring.
Through this system, relevant personnel could under-
stand the improvement trend of the nursing skills of
each unit or member (Fig. 4).

Data analysis

The collected data were processed using computers and
data analysis methods, including mean value, correlation
analysis, T-test (paired t-test)) ANOVA, and other
methods, which were conducted on the obtained results
using statistical software IBM SPSS for Windows version
25.0 and IBM Modeler version 18.0. For example, the
correlation between participants’ basic demographic in-
formation and technology acceptance intention was ana-
lyzed wusing Pearson’s correlation coefficient. The
decision tree algorithm was adopted as the analysis tool
[23, 24].

Validity and rigor

Prior to the beginning of the experiment, the validity of
the research tools was assessed (CVI:0.81) and verified
by a group of experts comprised of nursing supervisors
and nurses.
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Results

Basic demographic variables and their correlations

The average age of the study participants was 37.22
(SD =9.25) years, with the majority (n =123, 93.9%) be-
ing women. Most participants had graduated from uni-
versities (n =80, 61.1%), followed by college graduates
(n =45, 34.4%), and then, graduates from research insti-
tutes (n =6, 4.6%). In terms of the job title, most were
nurses (n =57, 43.5%), followed by charge nurses (n = 27,
20.6%), deputy nursing supervisors (n =23, 17.6%), and
then, nursing supervisors (n =24, 18.3%). In terms of
years of service, the average was 14.379 years, with 48
(36.6%) having less than 10years of experience, 52
(39.7%) with 11-20years of experience, and 31 (23.7%)
with over 21 years of experience. A total of 30 depart-
ments were involved in this study, with 60 participants
(45.8%) from internal medicine, 19 (14.5%) from surgery,
29 (22.1%) from special wards, and 23 (17.6%) from
acute wards. Regarding the classification of advanced
nursing skills, nurses were categorized based on the
number of years of clinical work completed: 6 (4.6%)
were categorized as N (those with less than 1 year of
clinical work), 34 (26.0%) as N1 (those who had com-
pleted 1 year), 47 (35.9%) as N2 (those who had com-
pleted 2 vyears), 36 (27.5%) as N3 (those who had
completed 3 years), and 8 (6.1%) as N4 (those who had
completed 4 years). There are four grades of the ability

to use 3C equipment: very proficient, good, ordinary,
and poor, with scores of 4, 3, 2, and 1, respectively. Most
nurses believed that their abilities were between ordinary
and good, and the average score of the ability to use 3C
equipment was 2.47 (SD =0.61). Most participants (72,
55%) recognized their ability to use 3C equipment as
average, followed by 51 participants (38.9%) who recog-
nized their ability as good.

The results suggested that age and job title were both
negatively correlated with perceived ease of use, indicat-
ing that the higher the job title, the worse the perceived
ease of use. Alternatively, the ability to use 3C equip-
ment was positively correlated with willingness to use,
indicating that the better the ability to use 3C equip-
ment, the higher the technology acceptance intention.
There was no significant correlation between technology
acceptance intention and education level, years of nurs-
ing services, or advanced nursing skills. Analysis of co-
variance showed that participants with titles of nursing
supervisors and nurses believed that the perceived ease
of use was more important than other variables
(Table 1).

Differences in technology acceptance intention before
and after the intervention

The nursing staff’s technology acceptance intention be-
fore and after the intervention of the multilevel
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Table 1 Correlation between basic demographics and different aspects of system usability (N=131)
Variable Usability Perceived ease of use  Willingness to use Contributing factors Mobile device
acceptance
Correlation P Correlation P Correlation P Correlation P Correlation P
coefficient coefficient coefficient coefficient coefficient
/F (ANOVA) /F (ANOVA) /F (ANOVA) /F (ANOVA) /F (ANOVA)
Age -.028 749 -.188 031%  —020 821 —.064 470 034 697
Job title /1615 112 /2.724 047%* /1628 078 /2486 326 /1.882 47
Education level 138 115 .086 328 160 068 086 328 193 027*
Years of service —.044 622 —212 015%  —048 586 339 086 .020 818
Advanced nursing  —.016 855 .169 053 049 580 086 330 -019 829
skills
Ability to use 3C /1112 414 /2428 209 /3.601 032%* /2.028 224 /1.045 258
equipment
*p<.05

**F (ANOVA test)

interactive nursing quality control and audit app was di-

vided into five aspects: usability, perceived ease of use,
willingness to use, contributing factors, and mobile de-

vice acceptance. Questions were rated on a 5-point 2.
Likert scale ranging from “5=strongly agree” to “1=
strongly disagree.” The findings are as follows:

1. Participants were divided into nurses, charge
nurses, deputy nursing supervisors, and nursing
supervisors according to their job titles. Although
there was no significant difference between
participants’ technology acceptance intention before
and after the intervention, an upward trend was 3.
observed in all nurses” advanced nursing skill
classification (Table 2). Alternatively, participants
were divided into N, N1, N2, N3, and N4 according
to their advanced nursing skills. While there was no
significant difference in perceived ease of use or
willingness to use, in all other variables, positive
changes were noted after the introduction of the
app, indicating that nursing staff's technology
acceptance intention improved. The ability
advancement was compared between the two
groups of (N, N1) vs. (N2 ~ N4), and there was no

significant difference in perceived ease of use or
willingness to use the app, which may be because
the age difference between these groups is small.
Changes in nursing staff’s technology acceptance
intention before and after the intervention were
analyzed using paired t-test. The results suggest an
increase before and after the intervention for usabil-
ity, perceived ease of use, willingness to use, con-
tributing factors, and mobile device acceptance.
Other than the contributing factors, all other vari-
ables showed statistically significant differences after
app intervention (p < 0.05) (Table 3).

The basic demographic variables of the 131 nursing
staff enrolled in this study were imported into the
decision tree algorithm to predict the factors
influencing perceived ease of use. A decision tree is
an algorithm used to establish classification models,
which utilizes an inductive method to classify a
series of data from top to bottom and generates a
tree-like structure. A decision tree can establish a
classification model using known data (training
samples), and its category attributes, and predict
the category attributes of new data [21]. The results
showed that participants’ age, department, and

Table 2 Differences in the various aspects of system usability by nurses’ advanced nursing skill classification

N(n =6) N1(n =34) N2(n =47) N3(n =36) N4(n =8) F P
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Usability 333 (427) 311 (3.69) 4.25 (3.62) 2.80 (4.55) 1.50 (3.89) 1.249 294
Perceived ease of use 13.83 (14.20) 11.73 (1261) 1444 (1143) 16.52 (15.12) 18.87 (12.15) 832 007*
Willingness to use 1.66 (3.20) 217 (3.13) 2.74 (243) 211 (2.79) 1.37 (2.50) 663 019*
Contributing factors 3.00 (4.33) 235311 2.78 (2.53) 1.88 (2.64) 337 (3.02) 791 533
Mobile device acceptance 233 (242) 167 (2.26) 2.02 (2.04) 2.05 (2.16) 137 (297) 335 854

*0<.0.5

Advanced nursing skill classification was as follows: N: just graduated; N1: more than one year of nursing experience; N2: more than two years of nursing

experience; N3: more than three years of nursing experience; N4: more than four years of n

ursing experience
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Table 3 Changes in the different aspects of system usability and user satisfaction before and after the intervention of the nursing

quality control and audit app (N=131)

Before After T P-

Mean (SD)/ % Mean (SD)/% value
Usability 20.83 (3.40) 28.19 (2.54) —9.645 035*%
Perceived ease of use 3225 (11.21) 56.81 (6.72) —12.842 049*
Willingness to use 12.31 (2.54) 1860 (1.81) -9.513 006*
Contributing factors 1621 (2.48) 18.68 (1.74) —9.986 117
Mobile device acceptance 10.13 (1.98) 14.05 (1.30) —10.009 033*
Satisfaction with autonomous learning 56% 92% 735 017*
Satisfaction with quality improvement plan writing 41% 88% 8.56 002*

*»<.05

education level significantly influenced their per-
ceived ease of use, whereas gender did not.

Participants’ subjective evaluation

As the main content was to evaluate the overall APP de-
sign and user experience, text exploration was per-
formed on the open information of the questionnaire to
identify keywords in the responses. It was found that
prior to the introduction of the multilevel interactive
nursing quality control and audit app, the keywords
were “waste,” “paper,” and “statistical difficulties,” which
changed to “fast” and “convenient” after the intervention.
Additionally, nursing supervisors’ satisfaction with the
integrity of nursing quality improvement plan writing
improved from 41 to 88%, and they felt that their work-
load had reduced. Participants stated that they were ex-
tremely satisfied with the visual chart analysis report and
were willing to promote the use of the app in clinical
practice and management (Table 3).

Discussion

Analysis of basic demographic data and comparison with
similar studies

This study found that age and job title were negatively
correlated with perceived ease of use, while education
level, nursing work seniority, and nursing ability ad-
vancement were not statistically significantly correlated
with overall information acceptance ability, which is
consistent with the results of a previous study on the ac-
ceptance of mobile nursing stations by nurses [18].
Nurses with longer years of service perceived more diffi-
culties with the use of the technology [25]. Alternatively,
the ability to use 3C equipment was positively correlated
with willingness to use. Additionally, our results indicate
that young and junior nursing staff demonstrated a posi-
tive attitude toward using nursing information systems,
as well as better acceptance of computers and mobiles.
This finding is supported by another study, which found
that senior nurses had difficulty adapting to 3C equip-
ment, resulting in a low acceptance of nursing

information systems, as well as compromised effective-
ness when implementing mobile nursing stations [26].
Our study also found that nursing staff with the nursing
skill classification of N4 demonstrated higher usability
and willingness to use than others. This finding is
contradictory to a study performed by Gao and Wu [27]
which found that nursing staff with a skill classification
of N showed a higher overall acceptance of mobile de-
vices than those with a classification of N2. This differ-
ence may be due to the rapid information digitization in
hospitals in Taiwan over the years; most junior supervi-
sors, such as N4 nursing group leaders, are required to
improve their digital ability, which leads to the contra-
dictory results between this study and previous studies
by Gao and Wu. Another reason for the better technol-
ogy acceptance among newcomers may be due to their
lack of experience with the handwriting processes in the
clinical setting.

Differences in nursing staff’s intention to accept the
nursing quality control and audit app

This study used the decision tree algorithm to analyze
differences in nursing staff's technology acceptance
intention after the intervention of the multilevel inter-
active nursing quality control and audit app. The results
indicated that the ability to use 3C equipment, job title,
and advanced nursing skill classification were all posi-
tively correlated with willingness to use. Particularly, the
effects of better ability to use 3C equipment or a higher
job title were substantial on willingness to use, which is
consistent with findings of other studies [28, 29]. More-
over, following the intervention, all aspects of partici-
pants’ technology acceptance intention showed an
increase, and other than that of the contributing factors,
these increases were statistically significant. Therefore, it
was concluded that the introduction of the nursing qual-
ity control and audit app substantially increased users’
technology acceptance intention, which is consistent
with the results of another study [30].
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Influence of the intervention of the multilevel interactive
nursing quality control and audit app

During this study, due to information security issues, the
public hospital internet network was used to test the
nursing quality control and audit app. For this reason, it
was found that nursing staff experienced problems, such
as network disturbances and computer crashes, when
using the mobile nursing station between 8 and 9am
and 11 am-12 pm. However, according to the results of
the open-ended questions, these issues did not affect the
acceptance of the nursing quality control and audit mo-
bile device, which is consistent with the results of a
study performed by Chao and Lee [25]. Additionally,
nursing supervisors showed increased satisfaction with
the integrity of the nursing quality improvement plan
writing. They felt that their workload was reduced and
reported that they were extremely satisfied with the vis-
ual chart analysis report, which is consistent with the
findings of a study conducted by Kaipainen et al. [1].

Other findings

With reference to the Theory of Planned Behavior (TPB)
model [31], this study proposed a new TAM model, that
is, ATAM2. In this model, usability and ease of use were
affected by the variables, including subjective norms
(such as user experience), visualization, job relevance,
organizations or peers, efficiency or output quality, and
result demonstrability, whereas subjective norms affected
willingness to use. These findings are consistent with
those of another study [32]. Furthermore, it was found
that experience, voluntariness, and generational changes
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were interference variables for willingness to use. This is
because, for users who have insufficient experience or
are reluctant to use the system, subjective norms will
significantly affect their willingness to use it [29]. Alter-
natively, in addition to behavioral changes, generational
changes regarding the perception of technology will sig-
nificantly affect usability (Fig. 5).

Limitations

During validation of the TAM model for the care quality
control app, we were unable to use all aspects of the ori-
ginal scale for measurement. Therefore, the multilevel
interactive nursing quality control and audit app should
be further assessed and a better-suited, revised model
should be developed.

Conclusion

This study developed a multilevel interactive nursing
quality control and audit app, and examined the impact
of simplifying nursing quality audit processes on nurses
and nursing supervisors, and found that generational
changes, age, and willingness to use the app could estab-
lish the technology acceptance model. The app could
help increase nursing supervisors’ satisfaction with the
integrity of nursing quality improvement plan writing,
thereby reducing their workload. The visual chart ana-
lysis report could enhance nursing staff’s willingness to
use the app and make behavioral changes. In addition,
while age was a decisive factor in the use of 3C equip-
ment, this study did not explore whether information
learning literacy is independent of the level of work

Use experience | | Voluntariness Generation
——

Subjective norms

Perceived
usefulness

Visualization

Job relevance

Perceived
ease of use

Organization/peers

Efficiency/output quality

Fig. 5 Adjustable technology acceptance model 2 (ATAM?2)

Use attitude

Behavioral
intention

N e e e e e e e — — —— -
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experience or whether there is a correlation between in-
formation learning literacy and work experience. The
application of a quality monitoring improvement process
(i.e., PDCA) enables auditors to conduct self-study and
self-examination during the interactive process of nurs-
ing quality control audits, which can also enhance their
learning motivation.

Abbreviations

3C: Computer, Communication, and Consumer Electronics products,
including: computers, mobile phones, tablets, etc; PDCA: Plan-do-check-act;
TAM2: Technology acceptance model 2; ATAM2: Adjustable technology
acceptance model 2; PHP: Personal homepage program

Acknowledgements
We thank the staff of Medical Quality Center, Cheng Hsin General Hospital
for their assistance in the study process.

Authors’ contributions

Conceptualization: P-Y.K and P-H.L; Data curation: P-Y.K and P-H.L; Formal
analysis: P-H.L and C-SH; Investigation: P-Y.K and P-H.L; Methodology: P-H.L
and C-S.H; Project administration: P-H.L; Resources: P-Y.K and P-H.L; Software:
P-H.L and C-S.H; Supervision: P-H.L; Validation: P-H.L; Visualization: P-Y.K and
P-H.L; Writing - original draft: P-Y.K and P-H.L; Writing - review & editing: P-
H.L. The author(s) read and approved the final manuscript.

Funding
This research received no specific grant from any funding agency in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
The data that support the findings of this study are available from the
corresponding author, upon reasonable request.

Declarations

Ethics approval and consent to participate

This study was reviewed and approved by the Institutional Review Board (IRB
number: 108A-49) of the Cheng Hsin General Hospital. All methods were per-
formed in accordance with the relevant guidelines and regulations. All partic-
ipants were required to read the pre-participation instructions, and provided
written informed consent for participation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Nursing, School of Nursing, Cheng Hsin General Hospital
and National Taipei University of Nursing and Health Sciences, Taipei City,
Taiwan. “Department of Healthcare Administration, Asia Eastern University of
Science and Technology, New Taipei City, Taiwan. *School of Nursing,
National Taipei University of Nursing and Health Sciences, No. 365, Ming-te
Road, Peitou District, Taipei City 112, Taiwan.

Received: 6 September 2021 Accepted: 22 November 2021
Published online: 06 December 2021

References

1. Kaipainen K, Valkkynen P, Kilkku N. Applicability of acceptance and
commitment therapy-based mobile app in depression nursing. Transl Behav
Med. 2017;7(2):242-53. https://doi.org/10.1007/513142-016-0451-3.

2. Silveira TV, Prado Junior PP, Siman AG, Amaro M. Opiniao dos enfermeiros
sobre a utilizagdo dos indicadores de qualidade na assisténcia de
enfermagem [The importance of using quality indicators in nursing care].
Revista gaucha de enfermagem. 2015;36(2):82-8. https://doi.org/10.1590/1
983-1447.2015.02.47702.

20.

21.

22.

23.

24,

Page 10 of 11

Koch D, Kutz A, Conca A, Wenke J, Schuetz P, Mueller B. The relevance,
feasibility and benchmarking of nursing quality indicators: a Delphi study. J
Adv Nurs. 2020;76(12):3483-94. https://doi.org/10.1111/jan.14560.

Zhang L, Zhang Y, Peng S, You X. Precise information flow strategy for
nursing quality monitoring systems and its effectiveness. VGH Nurs. 2017;
34(3):289-98.

Dubois CA, D'’Amour D, Brault I, Dallaire C, Déry J, Duhoux A, et al. Which
priority indicators to use to evaluate nursing care performance? A
discussion paper. J Adv Nurs. 2017;73(12):3154-67. https;//doi.org/10.1111/ja
n.13373.

O'Connor S, Andrews T. Smartphones and mobile applications (apps) in
clinical nursing education: a student perspective. Nurse Educ Today. 2018;
69:172-8. https://doi.org/10.1016/j.nedt.2018.07.013.

Aiken LH, Sloane D, Griffiths P, Rafferty AM, Bruyneel L, McHugh M, et al.
Nursing skill mix in European hospitals: cross-sectional study of the
association with mortality, patient ratings, and quality of care. BMJ Qual Saf.
2017,26(7):559-68. https://doi.org/10.1136/bmjqgs-2016-005567.

Liu S, Chen M. A retrospective study on the establishment of nursing
quality indicator thresholds in the acute ward of psychiatry and the
associated factors. VGH Nurs. 2018;35(4):399-408.

Oner B, Zengul FD, Oner N, Ivankova NV, Karadag A, Patrician PA. Nursing-
sensitive indicators for nursing care: a systematic review (1997-2017). Nurs
Open. 2021;8(3):1005-22. https://doi.org/10.1002/nop2.654.

Kieft RA, Stalpers D, Jansen AP, Francke AL, Delnoij DM. The methodological
quality of nurse-sensitive indicators in Dutch hospitals: a descriptive
exploratory research study. Health Policy. 2018;122(7):755-64. https://doi.
0rg/10.1016/j.healt10.1016/j.healthpol.2018.05.015.

Joint Commission of Taiwan: Introduction to TQIP. 2017. http//www.tjcha.
org.tw/quality.asp?catid=102. Accessed 11 Jan 2020.

Jiang X, Gu Y, Wang P, Huang F, Chen J, Wu S. Preliminary study on the
effectiveness of emotional distress nursing technology audit among nursing
staff. VGH Nurs. 2017;34(1):29-39.

Ozcelik D, Quevedo-Fernéndez J, Thalen J, Terken J. Engaging users in the
early phases of the design process: Attitudes, concerns and challenges from
industrial practice. DPPI'11: Proceedings of the 2011 Conference on
Designing Pleasurable Products and Interfaces. Association Computing
Machinery. 2011:1-8. https://doi.org/10.1145/2347504.2347519.

Gellert GA, Hill V, Bruner K, Maciaz G, Saucedo L, Catzoela L, et al. Successful
implementation of clinical information technology: seven key lessons from
CPOE. Appl Clin Inform. 2015,6(4):698-715. https://doi.org/10.4338/ACI-2015-
06-SOA-006710.4338/ACI-2015-06-SOA-0067.

Huang W, Yang S, Li H, Chen J, Su Y. Study on the satisfaction with nursing
information system and the intention of continuous use—taking a teaching
hospital in southern Taiwan as an example. Int J Adv Inf Technol. 2016;11(1):
54-66.

Gellert GA, Catzoela L, Patel L, Bruner K, Friedman F, Ramirez R, et al. The
impact of order source misattribution on computerized provider order entry
(CPOE) performance metrics. Perspect Health Inf Manag. 2017;14(spring):Te.
Venkatesh V, Davis FD. A theoretical extension of the technology
acceptance model: four longitudinal field studies. Manag Sci. 2000;46(2):
186-204. https://doi.org/10.1287/mnsc46.2.186.11926.

Huang Z, Liu Z. Development of physiological signal monitoring apps
under the android platform. J Inf Technol Appl. 2015;9(2):1-13.

Zhonggen Y, Xiaozhi Y. An extended technology acceptance model of a
mobile learning technology. Comput Appl Eng Educ. 2019;27(3):721-32.
https://doi.org/10.1002/cae.22111.

Lakens D. Calculating and reporting effect sizes to facilitate cumulative
science: a practical primer for t-tests and ANOVAs. Front Psychol. 2013;4:863.
https://doi.org/10.3389/fpsyg.2013.00863.

Wang B, Xu F. Exploring the acceptance of mobile medical apps in assisting
nursing tasks with an extended integrated technology acceptance model. J
Gerontechnol Service Manag. 2016;4(4):483-94.

Ortega Garcia A, Ruiz-Martinez A, Valencia-Garcia R. Using app inventor for
creating apps to support m-learning experiences: a case study. Comput
Appl Eng Educ. 2018;26(3):431-48. https://doi.org/10.1002/cae.21895.
Bergamasco LC, Nunes FL. Intelligent retrieval and classification in three-
dimensional biomedical images-a systematic mapping. Comput Sci Rev.
2019;31:19-38. https://doi.org/10.1016/j.cosrev.2018.10.003.

Cave A, Brun NC, Sweeney F, Rasi G, Senderovitz T, HMA-EMA Joint big data
taskforce. Big data—how to realize the promise. Clin Pharmacol Ther. 2020;
107(4):753-61. https.//doi.org/10.1002/cpt.1736.


https://doi.org/10.1007/s13142-016-0451-3
https://doi.org/10.1590/1983-1447.2015.02.47702
https://doi.org/10.1590/1983-1447.2015.02.47702
https://doi.org/10.1111/jan.14560
https://doi.org/10.1111/jan.13373
https://doi.org/10.1111/jan.13373
https://doi.org/10.1016/j.nedt.2018.07.013
https://doi.org/10.1136/bmjqs-2016-005567
https://doi.org/10.1002/nop2.654
https://doi.org/10.1016/j.healt10.1016/j.healthpol.2018.05.015
https://doi.org/10.1016/j.healt10.1016/j.healthpol.2018.05.015
http://www.tjcha.org.tw/quality.asp?catid=102
http://www.tjcha.org.tw/quality.asp?catid=102
https://doi.org/10.1145/2347504.2347519
https://doi.org/10.4338/ACI-2015-06-SOA-006710.4338/ACI-2015-06-SOA-0067
https://doi.org/10.4338/ACI-2015-06-SOA-006710.4338/ACI-2015-06-SOA-0067
https://doi.org/10.1287/mnsc.46.2.186.11926
https://doi.org/10.1002/cae.22111
https://doi.org/10.3389/fpsyg.2013.00863
https://doi.org/10.1002/cae.21895
https://doi.org/10.1016/j.cosrev.2018.10.003
https://doi.org/10.1002/cpt.1736

Pei-Ying et al. BMC Nursing

25.

26.

27.

28.

29.

30.

32.

(2021) 20:243

Chao YL, Lee TT. A study of the satisfaction of nurses with the clinical
information system in intensive care units. J Nurs Healthc Res. 2015;11(2):
109-18. https://doi.org/10.6255/JNHR.11.2.109.

Kalong NA, Yusof M. Waste in health information systems: a systematic
review. Int J Health Care Qual Assur. 2017;30(4):341-57. https://doi.org/10.11
08/1JHCQA-06-2016-0082.

Gao J, Wu D. Study on the correlation between nurses’ acceptance of
mobile nursing stations and information literacy. J Healthc Manag. 2015;
16(1):59-77.

Chang HY, Hou YP, Yeh FH, Lee SS. The impact of an mHealth app on
knowledge, skills and anxiety about dressing changes: a randomized
controlled trial. J Adv Nurs. 2020;76(4):1046-56. https://doi.org/10.1111/ja
n.14287.

Positos JD, Abellanosa A, Galgo C, Tecson C, Ridad GS, Tabigue MM.
Educare app: Mobile application for clinical duties of nursing students and
nurse educators. Enferm Clin. 2020;30:12-6. https://doi.org/10.1016/j.enfcli.2
019.11.016.

Ehrler F, Lovis C, Blondon K. A mobile phone app for bedside nursing care:
design and development using an adapted software development life cycle
model. JMIR mHealth uHealth. 2019;7(4):e12551. https.//doi.org/10.2196/12
551.

Sussman R, Gifford R. Causality in the theory of planned behavior. Person
Social Psychology Bull. 2019;45(6):920-33. https;//doi.org/10.1177/014616721
8801363.

Hsu LL, Hsiang HC, Tseng YH, Huang SY, Hsieh SI. Nursing students’
experiences of using a smartphone application for a physical assessment
course: a qualitative study. Jpn J Nurs Sci. 2019;16(2):115-24. https://doi.
org/10.1111/jjns.12215.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.6255/JNHR.11.2.109
https://doi.org/10.1108/IJHCQA-06-2016-0082
https://doi.org/10.1108/IJHCQA-06-2016-0082
https://doi.org/10.1111/jan.14287
https://doi.org/10.1111/jan.14287
https://doi.org/10.1016/j.enfcli.2019.11.016
https://doi.org/10.1016/j.enfcli.2019.11.016
https://doi.org/10.2196/12551
https://doi.org/10.2196/12551
https://doi.org/10.1177/0146167218801363
https://doi.org/10.1177/0146167218801363
https://doi.org/10.1111/jjns.12215
https://doi.org/10.1111/jjns.12215

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Nursing quality audit
	Evaluation of the effectiveness of applications and information systems

	Methods
	Aim
	Design
	Setting
	Participants
	Data collection
	Research tools
	Basic information
	Intention to accept the nursing quality control and audit smart app
	Development of a multilevel interactive nursing quality control and audit app

	Data analysis
	Validity and rigor

	Results
	Basic demographic variables and their correlations
	Differences in technology acceptance intention before and after the intervention
	Participants’ subjective evaluation

	Discussion
	Analysis of basic demographic data and comparison with similar studies
	Differences in nursing staff’s intention to accept the nursing quality control and audit app
	Influence of the intervention of the multilevel interactive nursing quality control and audit app
	Other findings
	Limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

