
http://jnep.sciedupress.com Journal of Nursing Education and Practice 2016, Vol. 6, No. 8

ORIGINAL RESEARCH

Learning effectiveness of nurses caring for patients
with pulmonary artery catheters using e-learning and
simulation approaches

Pei-Ching Ngu1,2, Yu-Hsiu Kao ∗2, Hui-Ling Lin3, Heng-Ching Lin4

1Department of Nursing, Medical Intensive Care Unit, Sijhih Cathay General Hospital, New Taipei City, Taiwan
2Graduate Institute of Health Allied Education, National Taipei University of Nursing and Health Sciences, Taiwan
3Chang-Gung Memorial Hospital at Linkou, Taiwan
4Shuang Ho Hospital, Ministry of Health and Welfare, Taiwan

Received: December 22, 2015 Accepted: February 29, 2016 Online Published: March 31, 2016
DOI: 10.5430/jnep.v6n8p74 URL: http://dx.doi.org/10.5430/jnep.v6n8p74

ABSTRACT

Background: A systematic training program has not been developed for pulmonary artery catheter (PAC) patient care in Taiwan;
only the mentor-apprentice learning approach is used. Therefore, it is difficult for nursing personnel to maintain mastery of care.
Methods: ICU nurse practitioners of regional teaching hospitals were enrolled in this study to perform pretest, post-test, and
repeated measurements in order to examine the long-term learning effectiveness of this intervention. Before and after e-learning
using the PAC Teaching DVD and high-tech simulation interventions, this study used scales to assess knowledge, attitude,
technique inspection, and satisfaction with the PAC Teaching DVD to collect data.
Results: The differences in the posttest scores and repeated measurements in the areas of knowledge and techniques of PAC
patient care reached significance (p < .05). The differences in scores in the care attitude areas of “Beneficial to the improvement
of self-confidence in care” and “I believe that I can provide accurate data for decision-making” post-test and those in the area of
“During insertion of a pulmonary artery catheter in patients, I will look up information to look for answers” reached significance
(p < .05). The learners were all satisfied with the PAC Teaching DVD.
Conclusion: This study considered the needs of learners, and developed the PAC Teaching DVD according to theory. The results
showed that the interventions had a long-term learning effectiveness in terms of knowledge, attitude, and techniques of PAC
patient care. This research can be used as a reference for training in the care of PAC patients.
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1. INTRODUCTION

According to the statistics regarding the top 10 leading causes
of death published by the Ministry of Health and Welfare
Taiwan in 2013,[1] cardiac diseases have been in the top 2
leading causes of death over the past few years. The mor-

tality rate of cardiac diseases has increased to 75.8%. Ap-
parently, under the influences of global population ageing,
hectic lifestyles, and changes in dietary habits, treatment and
cardiac diseases and patient care have become increasingly
important. The pulmonary artery catheter (PAC) is an impor-

∗Correspondence: Yu-Hsiu Kao; Email: yuhsiu@ntunhs.edu.tw; Address: Graduate Institute of Health Allied Education, National Taipei University
of Nursing and Health Sciences, No.365, Mingde Rd., Beitou Dist., Taipei City 112, Taiwan.

74 ISSN 1925-4040 E-ISSN 1925-4059



http://jnep.sciedupress.com Journal of Nursing Education and Practice 2016, Vol. 6, No. 8

tant pipeline for assessing cardiac functions, and tends to be
used as a tool for clinical treatment and decision-making.[2]

Due to the high invasiveness and complexity of the PAC, it
is usually used in severe acute care units, such as cardiac
intensive care units (ICU), anesthesia rooms, and cardiac
catheterization laboratories for comprehensive monitoring of
patients’ central hemodynamics and assessment of cardiac
functions.[3] However, in recent years, issues concerning the
safety and effectiveness of use of the PAC have been gradu-
ally raised and discussed. Frazier and Skinner[4] reported that
the hemodynamic data obtained from the PAC is very mean-
ingful to inform clinical diagnoses and treatments. However,
whether the measured hemodynamic data are accurate and
can provide patients with substantial assistance are subject to
changes in patients’ complicated disease condition, as well
as the accuracy of the knowledge and skills of healthcare
personnel. Although some hospitals have used the noninva-
sive Pulse Contour Cardiac Output to the replace the PAC to
monitor hemodynamics, the function of direct and constant
monitoring of pulmonary artery pressure still cannot be re-
placed. Therefore, many hospitals continue using the PAC to
monitor patients with severe cardiorespiratory illness.

As the PAC is an invasive catheter, there are potential risks
associated with the procedure of PAC insertion and during
its usage, including arrhythmia, pneumothorax, pulmonary
artery rupture and thrombophlebitis. Therefore, health care
workers should have the knowledge and skills to monitor the
measurement of pulmonary artery pressure.[5, 6] At present,
a systematic training course for in-service education in the
care of patients with an indwelling PAC in Taiwan has not yet
been developed. Some teaching hospitals implement tradi-
tional classroom teaching for 1-2 hours every 3 months, while
most teaching hospitals only implement mentor-apprentice
instruction by chance. In addition, because the frequency of
patients’ use of such a catheter is indeterminate, it is difficult
for nursing personnel to maintain mastery of care, and a gap
in care experience conveyance may be formed. Clinically,
nursing personnel tend to experience patient safety issues
while caring for patients with a PAC, including (1) being
uncertain of the meaning of indwelling of the PAC in terms
of patients’ treatment; (2) inaccurate technique for measur-
ing hemodynamic data; (3) wrong wound care approaches,
which can lead to catheter slippage or infection. Moreover,
the reform of the current medical system has caused nursing
personnel shortages, leading to overtime and 24-hour shifts.
Therefore, the working time of nursing personnel is usually
in opposition to in-service education, leading to nursing per-
sonnel’s low motivation to attend courses and a poor learning
effectiveness.[7] E-learning integrates elements such as in-
teraction, texts, images, animations, and audio and video

messages to enable learners to choose their learning content
and pace according to their own willingness and interest, as
well as to develop a learning process that meets their own
needs.[8] The integration of a teaching DVD with high-tech
can better increase nursing personnel’s learning motivation
and participation, and improve their learning effectiveness.[9]

Therefore, the purposes of this study were to develop an
e-learning program that meets the needs of in-service train-
ing in PAC care for nursing personnel, provide a high-tech
scenario simulation, and investigate the long-term learning
effectiveness of nursing personnel’s care knowledge, attitude,
and skills in caring for patients with an indwelling PAC.

1.1 Literature review
1.1.1 Knowledge and ability required by nurses caring for

patients with an indwelling PAC
The total length of the PAC is 110 cm, and includes 5
branches extending to the end. The clinical data directly
measured by the catheter include: (1) Right Atrium Pressure
(RAP); (2) Pulmonary Artery Pressure (PAP); (3) Pulmonary
Capillary Pressure; (4) Cardiac Output (CO); and Cardiac
Index (CI).[2] After doctors select a catheter puncture site,
the catheter floats to the right heart with the blood flow and
stays at the pulmonary artery to further obtain hemodynamic
information.[10] Nurses caring for patients with such an in-
vasive and complicated indwelling central venous catheter
should receive appropriate training to strengthen their abil-
ity to care for patients with an indwelling PAC, as well as
to enable patients to obtain a better prognosis.[5] Nursing
personnel should understand the purpose of the indwelling
of the catheter, the waveforms, and complications of the
heart chambers and pulmonary artery, as well as be able to
use clinical data to engage in further treatment actions. In
terms of care techniques, nursing personnel must accurately
measure hemodynamic data[5] and prevent catheter-related
bloodstream infections.

Nursing personnel cannot accurately assist medical person-
nel in diagnosing diseases, guiding treatment alternatives,
or assessing the effect of interventional treatment until they
understand the purpose of indwelling of the PAC and the
meaning of the measured data in terms of patients’ treat-
ment. When nursing personnel encounter patients with both
congestive heart failure and hypoperfusion, they can use the
clinical data measured by the PAC to provide patients with
adequate amounts of water and adjust the dosages of vaso-
pressors/antihypertensive drugs and cardiac stimulants.[11]

In addition, the accuracy of catheter positioning cannot be
determined, and nursing personnel cannot assist in assess-
ing sudden abnormalities of heart and lung functions until
they understand the heart chambers and waveforms of the
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pulmonary artery.[5] Moreover, nursing personnel must un-
derstand the potential complications caused by inaccurate
care techniques, including the potential risks of indwelling
and the indwelling period, such as catheter-related infec-
tions, thrombotic events, arrhythmias, and catheter knotting.
The most severe scenarios are cardiac rupture, pulmonary
artery rupture, and cardiac tamponade, which may under-
mine the safety and life of patients.[12] Nursing personnel
cannot carry out nursing activities that are meaningful to
patients until they understand how hemodynamic data are ap-
plied to clinical treatments.[5] Furthermore, the accuracy of
the clinical data obtained from nursing personnel’s catheter
measurement technique is another factor affecting their pro-
vision of substantial assistance to patients.[4] The prevention
of catheter-related bloodstream infections (CRBSI) is the
primary objective during the care process. In the case of
CRBSIs, a patient’s stay may be prolonged, medical cost
may be increased, and patients suffering from severe symp-
toms may even pass away. Based on the above, nursing
personnel should acquire the knowledge and ability to care
for patients with an indwelling PAC to enable patients to
receive care in a safe medical environment.

1.1.2 Theories of design and application of e-learning
The e-learning program for care of patients with a PAC in
this study was designed based on information-processing
theory and cognitive theory of multimedia learning. The il-
lustrations and animations contained on the DVD can be
visually received, while the voice-over and texts can be
acoustically received. The teaching content can be chosen,
organized, and actively processed by the brain to become
image and language models, which can then be connected
with operating memory and integrated with individuals’ prior
knowledge to enter long-term memory to improve learning
effectiveness.[13] E-learning emphasizes the exchange of
“message-response-feedback” between people and machine
to enable an interactive relationship between learners and
computers to achieve individualization and adaptation, as
well as to diagnose learning errors and deepen understand-
ing.[14, 15] Moreover, e-learning concurrently considers the
needs and characteristics of adult learning to combine com-
plicated teaching content with multimedia to facilitate rapid
learning of the whole brain, as well as to enable learners to
discover new meanings of knowledge during their restructur-
ing of experiences and changes in cognitive structure, and
apply them to practical problem-solving.[16]

At present, teaching hospitals and nursing schools tend to
incur a high cost for the purchasing of mannequins or the
space and devices required by Objective Structured Clinical
Examination (OSCE) to implement training plans. Many
hospitals also use e-learning to implement in-service educa-

tion. Although e-learning can reduce costs, there is a lack
of diversified and interactive designs, and learning effective-
ness is also uncertain. E-learning enables learners to flexibly
choose a learning environment, adjust to their own learning
pace, and view the key procedures and techniques repeatedly.
Moreover, when used in combination with high-tech simula-
tion for practical experience, it can integrate the teaching of
cognitive and motor skills.[9]

1.1.3 High-tech simulation
A high-tech was developed based on situated cognition the-
ory, which emphasizes that knowledge is the outcome of
interactions between learners and the environment, and is
affected by activities and social and cultural contexts. It
suggests that learners should directly interact and coordinate
with environments in actual scenarios or simulated actual
scenarios to obtain actual knowledge.[17] Therefore, in addi-
tion to providing e-learning for the care of pulmonary artery
catheter patients, this study also used demonstration and sce-
nario simulation to provide learners with opportunities for
repeated practice to create the effect of learning transfer. As
a result, learners can gradually learn the thinking process
of experts through observations and practice. Thus, when
they encounter actual emergencies and the treatment of pa-
tients with critical illnesses, they can implement effective
and appropriate nursing techniques.

2. METHODS
2.1 Research subjects and design
This study enrolled nurse practitioners at the ICU of the De-
partment of Internal Medicine and Department of Surgery in
a certain regional teaching hospital as the research subjects.
The inclusion criterion was: formal nurse practitioners who
were willing to participate in the entire study and use the
self-learning disc at least once. The exclusion criterion was:
new nurse practitioners within the first 3 months of their
probationary period.

This study used the single-group pretest and posttest design
(including knowledge and attitudes, and skill assessment)
and repeated measurements. The interventions included a
self-learning DVD (referred to as the PAC Teaching DVD)
and a high-tech simulation (referred to as the PAC Simula-
tion), as well as the provision of mannequins and teaching
tools for practice. This study performed the posttest 2 weeks
later, and repeated measurements 3 months later. During this
study, any in-service education regarding PAC patient care
was not implemented. In addition, it was emphasized that
the study results would only be used for research, and would
not affect personal performance assessment. A total of 44
subjects were enrolled, and 12 subjects withdrew from the
study early; therefore, there were 32 valid samples.
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2.2 Research tools
2.2.1 Intervention scheme
Before developing the intervention scheme, this study first
assessed the learning needs of nursing personnel in the ICU.
The results showed that nursing personnel require teaching
media that they can actually operate and practice on, and
that are convenient for learning. Therefore, the intervention
scheme included the PAC Teaching DVD and PAC Simula-
tion. The PAC Teaching DVD was developed according to
relevant studies,[5] clinical learning needs, the characteristics
of adult learning, and information processing and cognitive
theories of multimedia learning. The DVD included the fol-
lowing units: (1) understanding the purpose of indwelling
of the catheter in patients; (2) understanding the heart cham-
bers and waveforms of the pulmonary artery; (3) techniques
for obtaining hemodynamic data; (4) application of clinical
data to treatment; (5) understanding of complications; and
(6) nursing techniques for the prevention of CRBSIs. All
of the units included interactive Q&A modules and invited
feedback. All the nurse practitioners who participated in this
study underwent pre-training tests, including assessment of
their knowledge and attitudes, and skill assessment. They
then had two weeks in which to watch the PAC Teaching
DVD at work or at home. When they understood the content
shown in the DVD, each individual was able to utilize the
PAC Simulation in an independent ward of the ICU by using
mannequins during a period of two weeks. The assessment of
knowledge and attitude was based on a self-reported method,
and skill assessment was performed by three senior nurses.

2.2.2 Learning effectiveness assessment
The content of the learning effectiveness assessment of the
intervention scheme included the scales of knowledge, at-
titude, technique inspection, and satisfaction with the PAC
Teaching DVD. The basic information of the research sub-
jects included gender, age, educational background, level of
nursing profession, total seniority of nursing work, senior-
ity of ICU work, experience of e-learning for care of PAC
patients, and classroom learning experience for care of PAC
patients within the last three months.

Scale on knowledge of care of pulmonary artery catheter
patients

This study referred to relevant domestic and foreign stud-
ies[5, 18] in order to develop this scale. The scale was mainly
used to measure the accuracy of knowledge of nursing per-
sonnel in the ICU regarding care of pulmonary artery catheter
patients. The scale included 6 dimensions: understanding
the purpose of indwelling of the catheter in patients; under-
standing of heart chambers and waveforms of the pulmonary
artery; techniques for obtaining hemodynamic data; applica-

tion of clinical data to treatment; understanding of compli-
cations; and nursing techniques for prevention of CRBSIs.
Each dimension included 3 items, for a total of 18 items. If
answered correctly, 1 point is given; if answered incorrectly
or “I don’t know”, 0 is given. A higher score indicates that
the knowledge of care of PAC patients is more accurate.

Scale on attitude towards care of pulmonary artery catheter
patients

This study referred to relevant domestic and foreign stud-
ies[5, 18, 19] in order to develop this scale. The scale was
mainly used to measure nursing personnel’s opinions on
the care of PAC patients, and included 3 dimensions: faith,
emotion, and action tendencies, for a total of 10 items. This
study used a 4-point Likert scale, ranging from 4 (strongly
agree) to 1 (strongly disagree). A higher score indicates that
the attitude towards care of PAC patients is more positive.

Scale on technique inspection for care of pulmonary artery
catheter patients

This study referred to relevant domestic and foreign stud-
ies[5, 20, 21] in order to develop this scale. The scale was
mainly used to measure nursing personnel’s implementation
of techniques for care of pulmonary artery catheter patients
in the ICU. The scale included the technique for obtaining
hemodynamic data (including measurement of pulmonary
capillary pressure, cardiac output, and cardiac index), and
nursing techniques for the prevention of CRBSIs (including
accurate implementation of nursing technique for changing
the dressing at the puncture site). This study used a 2-point
scale, 1 for accurate implementation of the technique, and 0
for non-implementation or inaccurate technique. A higher
score indicates that the technique for care of PAC patients is
more accurate.

Scale on satisfaction with the PAC Teaching DVD

This study referred to relevant domestic and foreign stud-
ies[22, 23] in order to develop this scale. The scale was mainly
used to measure nursing personnel’s satisfaction with the
PAC Teaching DVD. This study used a 4-point Likert scale,
ranging from 4 (strongly agree) to 1 (strongly disagree). A
higher score indicates that the satisfaction with the PAC
Teaching DVD is higher.

2.2.3 Reliability and validity tests of research tool

For validity testing of the research tool, this study used ex-
pert content validity testing. Scholars of nursing education,
experts in clinical nursing, and scholars of multimedia edu-
cation were invited to complete the scale, a total of 5 experts.
This study used a 4-point scale for scoring the PAC Teaching
DVD and scale content, where 4 points and 1 point indi-
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cated “extremely correlated” and “extremely uncorrelated”,
respectively. This study used the Item-level Content Validity
Index (I-CVI) to calculate and verify the validity. The results
showed that the I-CVIs of the “multimedia self-learning disc”
and “scale content” of this study were 0.96∼1. Scholars
suggest that the acceptable I-CVI is > 0.80.[24]

For the reliability test, this study selected 24 nursing per-
sonnel at the ICU of the same hospital to undergo reliability
testing. The results showed that the Kuder-Richardson for-
mula 21 (KR-21) of the “scale of knowledge about care
of PAC patients” was 0.748, the internal consistency reli-
ability coefficient (Cronbach’s α) of the “scale on attitude
towards care of PAC patients” was 0.938, and the consistent
correlation coefficient (Pearson) of the “scale on technique
inspection for care of PAC patients” was 0.917, 1.00, and
0.878 for the three examiners, respectively.

2.3 Research ethics
This study enrolled research subjects following review and
approval of the Institutional Review Board of the hospital
(Approval Case No.: CGH-P102070). Based on the principle
of “informed consent,” the researcher explained the purposes
and processes of this study in person, and conducted this
study after obtaining the research subjects’ informed consent
to participate in this study. The research subjects were enti-
tled to decide whether to participate in this study, and no one
would be forced to participate.

2.4 Data analysis
This study used the computer statistics package software
SPSS 19.0 for Windows to archive and analyze data, and
employed methods such as distribution frequency, percent-
age, mean, standard deviation, paired t-test, and generalized
estimating equations (GEE) to perform statistical analyses
and present the research results.

3. RESULTS

3.1 Basic attributes of research subjects
The basic attributes of the research subjects were as shown
in Table 1. All of the research subjects were female, aged
between 20 and 25 years. Most were university graduates,
and their level of nursing profession was N1. The total se-
niority of their nursing work was mainly 1-5 years (Mean
= 5.20 years, SD = 4.08 years). The seniority of ICU work
was mainly 1-5 years (Mean = 4.38 years, SD = 3.45 years).
Most had e-learning experience of care of pulmonary artery
catheter patients; 81.3% did not have classroom learning ex-
perience of care of pulmonary artery catheter patients within
the last 3 months.

Table 1. Distribution of Basic Information of the Research
Subjects (n = 32)

 

 

Item 
Number of 
subjects 

Percentage(%)

Age (years)   
 20-25 16 50.0 
 26-30 9 28.1 
 31-35 4 12.5 
 ≥ 36 3 9.4 

Educational background (graduation)  

 Technical college or university 22 68.8 

 Junior college 10 31.2 

Level of nursing profession   
 N 13 40.6 
 N1 16 50.0 
 N2 2 6.3 
 N3 1 3.1 

Total seniority of nursing work 
 1 – 5 years 24 75.0 
 6 – 10 years 4 12.5 
 ≥ 11 years 4 12.5 
 Mean ± SD 5.2 ± 4.0 

Seniority of ICU work   
 1 – 5 years 26 81.3 
 6 – 10 years 3 9.3 
 ≥ 11 years 3 9.4 
 Mean ± SD 4.3 ± 3.4 

E-learning experience of care of PAC patients  
 Yes 11 34.4 
 No 21 65.6 

Classroom learning experience of care of PAC patients within the last 
3 months 
 Yes 6 18.8 
 No 26 81.2 

 

In order to understand the influence of previous e-learning ex-
perience of pulmonary artery catheter patient care, classroom
learning experience within the last 3 months, and interven-
tion effectiveness, this study performed statistical analyses
(where no applicable subjects were excluded) on 21, 26, and
30 subjects, respectively. The results showed intervention
effectiveness, suggesting that neither the implementation of
e-learning nor classroom learning in the area of PAC patient
care affected the statistical results of the intervention scheme.
Therefore, this study performed statistical analyses on 32
subjects to reflect the research results.

3.2 Analysis of the learning effectiveness of care of pac
patients

Tables 2 and 3 and Figures 1 and 3 show the effectiveness in
the two dimensions (knowledge dimension and techniques
dimension) of this study intervention. The posttest scores
were all higher than the pretest scores, and the differences
reached the level of significance. The repeated measurements
also showed significant differences (p < .05). Regarding the
score of the scale on attitude, the posttest score and repeated
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measurements showed that only the differences in the scores
of “I have sufficient self-confidence in caring for patients
with an indwelling pulmonary artery catheter” in the “emo-
tion” dimension (t = –3.358, p < .05; β estimate 0.32, p <
.05) and that of “I believe that I can provide accurate clinical
data from a pulmonary artery catheter for decision-making”
in the “action tendencies” dimension (t = –2.148, p < .05; β
estimate 0.455, p < .05) reached statistical significance. In ad-

dition, the score of “I’ll look up information to seek solutions
during care for patients with an indwelling pulmonary artery
catheter” in the “action tendencies” dimension of repeated
measurements (β estimate 0.626, p < .05) reached a signifi-
cant difference. However, the differences in the scores in the
“faith” dimension and other items did not reach statistical
significance (see Figure 2).

Table 2. Pre-and posttest Scores of Knowledge, Attitude, and Techniques Dimensions of PAC patient care (n = 32)
 

 

Item 
 Pretest  Posttest  

Mean ± SD Mean ± SD Paired-t p 

Knowledge dimension     

Purpose of indwelling of catheter in patients 1.46 ± 0.79 2.61 ± 0.68 –7.611 .000*** 

Heart chambers and waveforms of pulmonary artery 1.50 ± 0.82 2.79 ± 0.46 –9.244 .000*** 

Techniques for obtaining hemodynamic data 1.80 ± 0.76 2.67 ± 0.56 –5.784 .000*** 

Application of clinical data to treatment 1.33 ± 0.83 2.56 ± 0.66 –8.691 .000*** 

Understanding of complications 1.85 ± 0.83 2.75 ± 0.48 –6.624 .000*** 

Prevention of CRBSIs 2.11 ± 0.86 2.68 ± 0.51 –3.613 .001** 

Attitude dimension     

I have sufficient self-confidence in caring for patients with an 
indwelling pulmonary artery catheter 

2.82 ± 0.54 3.18 ± 0.54 –3.358 .002* 

I believe that I can provide accurate clinical data from a 
pulmonary artery catheter for decision-making 

2.93 ± 0.50 3.14 ± 0.51 –2.148 .037* 

Techniques dimension     

Techniques for obtaining hemodynamic data 14.25 ± 3.00 22.65 ± 2.82 –14.754 .000*** 

Prevention of CRBSIs 6.23 ± 2.25 15.09 ± 3.26 –15.109 .000*** 

*p < 0.05, **p < 0.01, ***p < 0.001 

 

Figure 1. Long-term Follow-up of the Knowledge
Dimension of Care for PAC Patients

3.3 Satisfaction with learning using the PAC Teaching
DVD

The average number of times of learning of the research sub-
jects was 2.23 ± 1.25 times, and the average self-learning
time was 37.27 ± 23.23 minutes. Regarding satisfaction with
the PAC Teaching DVD, 88.5% of the research subjects were
satisfied or strongly satisfied. Most of the qualitative feed-

back was positive, such as “Teaching content is beneficial to
clinical practice”; “being able to flexibly choose a learning
environment”; and “meeting learning needs and increasing
learning effectiveness.”

Figure 2. Long-term Follow-up of the Attitude Dimension
of Care for PAC Patients
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Table 3. Repeated Measurements Scores of Knowledge, Attitude, and Techniques Dimensions of PAC patient care (n = 32)
 

 

Item 
Repeated Measurements 

Estimate of β 95% CI GEE (p)  

Knowledge dimension    

Purpose of indwelling of catheter in patients 0.461 0.305 ~ 0.618 .000*** 

Heart chambers and waveforms of pulmonary artery 0.397 0.275 ~ 0.519 .000*** 

Techniques for obtaining hemodynamic data 0.279 0.066 ~ 0.492 .010* 

Application of clinical data to treatment 0.338 0.212 ~ 0.464 .000*** 

Understanding of complications 0.298 0.103 ~ 0.492 .003*** 

Prevention of CRBSIs -1.195 -0.222 ~ 0.222 1.00 

Attitude dimension    

I have sufficient self-confidence in caring for patients with an indwelling 
pulmonary artery catheter 

0.320 0.287 ~ 0.564 .000*** 

I believe that I can provide accurate clinical data from the pulmonary artery 
catheter for decision-making 

0.455 0.523 ~ 0.667 .000*** 

I’ll look up information to seek solutions during care for patients with an 
indwelling pulmonary artery catheter 

0.626 0.340 ~0.686 .000*** 

Techniques dimension    

Techniques for obtaining hemodynamic data 0.107 0.094 ~ 0.121 .000*** 

Prevention of CRBSIs 0.100 0.088 ~ 0.112 .000*** 

*p < .05, ***p < .001 

 

Figure 3. Long-term Follow-up of the Techniques
Dimension of Care for PAC Patients

4. DISCUSSION
4.1 Learning effectiveness in terms of knowledge, atti-

tude, and techniques for care of pac patients
The PAC Teaching DVD developed in this study included
units required to be studied by nursing personnel in order to
care for patients with an indwelling PAC. This study devel-
oped an interesting interactive Q&A module to attract learn-
ers’ attention. Knowledge content is converted into image
and language models in the brain, which are then connected
with operating memory and integrated with individuals’ prior
knowledge in order to further improve learning effectiveness.
Learners indicated in their feedback that “Clear and explicit
images and animations are comprehensible and worthy of

collection”, “learners can engage in self-learning in order to
better understand the principles of the PAC Teaching DVD”,
“Interactive disc enables learners to better understand the
methods and principles of PAC patient care. Awesome!”
The findings of our study were consistent with the study
by Mayer and Moreno,[25] indicating that multimedia can
employ computer animation to convey, explain, and clarify
incomprehensible cause-and-effect events to increase memo-
rial retention and recall.

Cheng and Kao[26] used traditional teaching and e-learning
to investigate the learning effectiveness in terms of attitude
towards care of cancer patients. The results showed that, al-
though e-learning improved the overall attitude towards care
of cancer patients, the difference did not reach the level of
significance. This result was consistent with the result of this
study. Guo et al.[27] found that the effectiveness of interven-
tion of health education and behavioral science on changes
in the knowledge dimension was most significant, but it only
had a mild effect on changes in attitude. The reason for this
might be that students are used to instant and structured teach-
ing in front of them. In addition, because there is interaction
with teachers, expression of body language, and flexible and
instant meaning conveyance during courses,[28] students can
form social interactions during teaching. Social interactions
have a significant influence on the improvement of learning
attitude and work morale.[29] On the other hand, the pretest
score of the scale on attitude was slightly higher, suggesting
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that nursing personnel had developed an accurate attitude
towards care of pulmonary artery catheter patients in the
ICU. Moreover, self-confidence is an important predictor of
learning effectiveness.[30] The learning attitude assessment
in this study showed that the differences in scores for “I have
sufficient self-confidence in caring for patients with an in-
dwelling PAC,” “I believe that I can provide accurate clinical
data from the PAC for decision-making,” and “I’ll look up
information to seek solutions during care for patients with an
indwelling PAC” reached significance. Therefore, long-term
learning effectiveness in the knowledge and techniques di-
mensions was generated. This result is consistent with that of
the study by Chiang and colleagues,[31] in which qualitative
interviews were used to understand the effectiveness of nurs-
ing personnel’s use of a multimedia interactive teaching disc
in order to learn the techniques of disability assessment. The
results verified that the multimedia interactive teaching disc
could indeed increase nursing personnel’s self-confidence.
The demonstration videos might clarify their inconsistent
and vague concepts to improve their self-confidence in care
and further achieve learning effectiveness.

The core nursing techniques for patients with an indwelling
PAC are measurement of pulmonary capillary pressure, car-
diac output and cardiac index, and change of wound dressing.
Therefore, the use of the nursing techniques demonstration
video on the e-learning disc enabled nursing personnel to
obtain consistent care techniques to solve issues such as a
low mastery of care and failure to receive in-service educa-
tion due to shift pattern. The use of a Teaching DVD, in
combination with high-tech simulation, strengthened nursing
personnel’s conversion of declarative knowledge into proce-
dural knowledge, integrated teaching of cognitive and motor
skills, increased nursing personnel’s learning motivation and
participation, and improved their learning effectiveness.[9]

This result was consistent with the learning pyramid theory.
Video and audio teaching can only retain 10%-20% of the
long-term learning effectiveness, while practical operation
(simulation) can retain 75% of the long-term learning effec-
tiveness.[32] Most of the previous studies on PAC patient care
training were based on video and audio teaching methods
(DVD). In the current study, we used both DVD and sim-
ulation methods, which augmented the long-term learning
effectiveness.

Kneebone and ApSimon[33] requested teachers with different
teaching styles to use the multimedia teaching disc to demon-
strate surgical procedures, and provided simulation teaching
tools to engage in practical practice. The research results
showed that students obtained a comprehensive ability to im-
plement techniques, and teachers’ flexible teaching designs
met the learning needs of different learners. Therefore, if

teachers can apply appropriate teaching strategies to digital
technology in different subjects and different environments,
multiple learning outcomes can be generated.[34]

4.2 Satisfaction with Learning from the PAC Teaching
DVD

Regarding the order of items in the scale of satisfaction with
learning, the 4 items with the highest scores were: “Teaching
content is beneficial to clinical practice,” “This self-learning
disc enables learners to flexibly choose a learning environ-
ment,” “This self-learning disc meets my learning needs,”
and “This self-learning disc can increase learning effective-
ness.” The reason might be that there is a lack of in-service
education in relevant topics and opportunities for practical
operation in hospitals. In addition, nursing personnel’s shift
system usually makes it difficult to attend courses. The teach-
ing methods of the Teaching DVD and high-tech simulation
meet individual learning needs and further improve learning
effectiveness.

4.3 Research limitations

Due to limitations of time, labor, and funds, this study en-
rolled 50 nursing personnel at the ICU of the Department of
Internal Medicine and Department of Surgery of a certain
regional teaching hospital as the research subjects, and ex-
cluded those who withdrew from the study early; thus, only
32 subjects were enrolled. In addition, because the methods
of caring for patients with an indwelling PAC in teaching
hospitals at the same level are different, it was difficult to
enroll nursing personnel with similar backgrounds as the con-
trol group. Therefore, a control group was not included in
this study, and hence this study used repeated measurements
to investigate the delayed learning effectiveness of research
subjects.

In the present study, the tests for learning assessment were
designed based on the teaching materials. Measurement of
knowledge and attitude was via self-report, and therefore
memory errors may have occurred. Skill assessment was
completed by senior nurses and was more objective. Al-
though three senior nurses discussed and reached an agree-
ment on the scoring standard, subjectivity and bias may still
have existed. In addition, satisfaction assessment only fo-
cused on the PAC Teaching DVD, which was only associated
with the motivation of the students, but independent of the
effectiveness of learning. These factors constitute limitations
of this study. Moreover, due to limitation of funds, the re-
searcher personally filmed and produced the content of the
PAC Teaching DVD in this study. As a result, the video
editing and sound control need to be improved.
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5. CONCLUSION

The intervention scheme in this study was designed based
on information-processing theory, cognitive theory of multi-
media learning, and clinical assessment needs. The content
included a PAC Teaching DVD and high-tech PAC Simula-
tion, which generated significant long-term learning effec-
tiveness in terms of knowledge and techniques for the care
of PAC patients. Nursing personnel are advised to engage in
simulation in combination with the use of the Teaching DVD
during in-service training.

Future suggestions for research involve using the DVD only,
and then the DVD with simulation, in order to compare

learning outcomes. A control group of nursing personnel in
different areas, and in hospitals at different levels, should
be included in order to increase the persuasiveness of the
research results. All the subjects in this study were adults.
Adult learning is inclined to be self-oriented. It is advised
that the “scale of preparation for self-oriented learning” is
used in studies of the effectiveness of the PAC Teaching DVD
where the subjects are nursing personnel (excluding subjects
with self-learning disabilities), and investigation of interven-
tion effectiveness should be facilitated. Moreover, future
studies are advised to commission professionals to design
a DVD in order to improve the quality of the self-learning
disc.
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