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Abstract. It is necessary to acquire not only specialized knowledge but also ap-
propriate nursing skills in nursing education. In this paper, we propose an e-
learning system model to support a high level of technique learning, such as
“tacit knowledge” and “proficient art” in nursing skills, which have been here-
tofore learned only from experience. This e-learning system enables self-
learning in addition to intellectual learning, thereby enhancing knowledge of
procedures and understanding of nursing skills. The results of evaluation expe-
riments showed that each system had learning effects. However, simultaneous-
ly, they indicated the importance of the capability of self-training with actual
trial-and-error to acquire skills. For that reason, adding “check point learning”
to the already developed cognitive learning support system as a new function,
we made improvements to provide nursing skills training covering detailed
items. Based on this, we propose step-by-step learning after completing learn-
ing in the cognitive domain through spiral learning, which is the first step (from
intellectual learning support to skill learning support again to intellectual learn-
ing support), learners move on to the second step (technique learning support)
in a phased manner. We think that other evaluation given by instructors by
checking between the first and second steps, as well as checking self-leaning,
reduces the sense of loneliness, which is a common pitfall an e-learning, and
which provides satisfaction with self-learning outcomes and a motivation for
additional learning development.

Keywords: Nursing skill, E-learning, Cognition, Tacit knowledge, Finger mo-
tion capture.

1 Introduction

Medical care as it is practiced today is highly sophisticated and specialized, as
represented by genetic medicine and transplant medicine. Furthermore, against the
backdrop of changes in social structure, the diversity of people’s lives and quality of
life, and the diversity of patient needs, it is readily apparent that people demand health
and medical services that ensure their safety and security. Because of the progress of
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aging society, with fewer children and more numerous elderly people who must be
cared for, the importance of nurses is becoming increasingly recognized. In Japan,
nursing education is being taught increasingly in universities at a rapid pace: the
number of programs offered increased from 11 universities in 1991 to 200 universities
in 2011. Because of the lack of nursing teachers, efficiency and quality improvement
in nursing education have become daunting challenges.

It is necessary to acquire not only specialized knowledge but also appropriate nurs-
ing skills in nursing education. Nursing skills are direct actions with a sense of pur-
pose for security, comfort, and self-help of subjects based on specialized nursing
knowledge. They reflect practitioners’ views of nursing and levels of skill acquisition
[1]. Nursing skills of different types are classifiable into classes such as “skills for
living assistance”, “skills for assistance associated with medical care”, “skills
for interpersonal relationships”, “skills for developing the nursing process”, “skills for
hearth assessment”, and “skill for education and advice”.

Intravenous injection, which draws much attention among all nursing skills, is re-
lated to body invasiveness by inserting a needle and infusing medicine into a blood
vessel. In recent years, after the change of the new administrative interpretation to
“intravenous injection conducted by a nurse is treated as a category of auxiliary action
of medical treatment” in Japan (Health, Labour and Welfare Ministry, 2003), it has
been noted that education related to intravenous injection must be improved (Japanese
Nursing Association, 2003). Consequently, nursing students are now required to mas-
ter the skills to administer intravenous injection safely.

Nevertheless Hagi et al. [2] reported that “self-learning of intravenous injection”
and “technical training in college” are less useful for skill acquisition of intravenous
interjection of new nurses, presumably because few students feel that learning at col-
lege is useful in a field or because new nurses tend to be passive in skill acquisition.
Moreover, “reviewing one’s own failure” and “knowing one’s own tendency by per-
sonal experience” are described as highly valued factors for skill acquisition. There-
fore, encouraging a support system to enable a nurse to review personal failures and
ascertain personal tendencies is important.

In many cases, the evaluation of nursing by patients tends to base on whether nurs-
ing skills are good or bad. For example, we often hear it said: “That nurse is good at
injections”, or “That nurse is sloppy, so I do not want her/him to wipe my body
clean.” It is necessary for learning support to make nursing skills understood and to
make them familiar. Inaba [3] states: “Embracing both the scientific (knowledge),
which skills themselves have, and the humane (mentality) sides, nursing skills are a
specific and meditating instrument that actually embodies role functions of nursing.”
It can be said that nursing skills that people being treated evaluate here incorporate
not only the mere accuracy of procedures, but also something like the invisible at-
mosphere surrounding each nurse, including interpersonal relations skills that produce
tender-ness and politeness and an ethical perspective that includes respect for others.
Such empirical knowledge and technique that cannot be verbalized are called “tacit
knowledge [4]”. We can learn more from tacit knowledge than we can learn from
what we can verbalize.
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In this paper, we propose an e-learning system model to support a high level of
technique learning, such as “tacit knowledge” and “proficient art” in nursing skills,
which have been heretofore learned only from experience, and also to enable self-
learning, in addition to intellectual learning that deepens procedures and understand-
ing of nursing skills.

2 Theoretical Background

In conventional classes designed to teach nursing skills, instructors first explain the
purpose, necessity, and procedures of nursing skills in lectures and then demonstrate
them in technical seminars. Nursing students gain skill training individually or in a
group in a series of learning processes. In skill training, even if the students some-
times teach each other in a group, they often put questions directly to the instructor.
However, few teachers can answer their questions adequately on the scene. Therefore,
students might be unable to gain nursing skills sufficiently within college classes,
given present conditions.

In nursing education, learning using videos is well known to be effective. Libraries
of nursing training institutes have numerous nursing skills video materials. Watching
corresponding materials is often necessary as a task before the class. For novices,
imaging of procedures using videos is effective to make learning go smoothly. Today,
because of the development of information and communications technology, includ-
ing the internet, e-learning and learning support systems incorporating nursing skills
videos have been increasingly introduced into the field of nursing education [5]-[9].

The definitions of e-learning vary. The Japanese Ministry of Economy, Trade and
Industry (2005) defines it as “independent learning using communications and net-
works based on information technology; the content is edited according to learning
objectives. The interactivity is ensured between learners and content providers (In-
formation Services Industry Division, Commerce and Information Policy Bureau,
Ministry of Economy, Trade and Industry).” Majima (2005) defines it as “what is
provided in a learning environment using ICT, and a form of learning which can be
provided solely by self-learning or collaborative (group) learning or in combination of
them [10].” E-learning in the field of nursing skills education often aims to make
students learn procedures and grounds of skills. Jacqueline B. et al. report that (com-
puter-assisted learning versus conventional teaching methods on the acquisition and
retention of hand washing theory and skills in pre-qualification nursing students),
learning with computers is at least as effective as face-to-face learning [11].As de-
scribed, studies of learning support using videos to learn procedures have been active-
ly conducted in nursing skills education, but almost no studies exist on learning
support systems to learn proficient techniques (art).

Regarding techniques in nursing care and their verbal description, Tanaka [12] ar-
gues that “Even if one forcibly verbalizes techniques (techniques that can be trans-
formed into formal knowledge such as manuals) that have already been verbalized,
techniques which can be verbalized but have not been verbalized yet and techniques
which are impossible to be verbalized (non-verbalizable techniques), by their nature,
cannot be used unless each nurse understands the circumstances of each case and the
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other individual party, namely patients. Put another way, for some knowledge (tacit
knowledge), verbalization is apparently completely meaningless.” (emphasis added).

To date, we have examined “nursing techniques which can be verbalized but which
have not been verbalized yet”. We have also begun to analyze characteristics of
skilled nurses’ techniques in intravenous injection techniques; it has begun with me-
thods and the line-of-sight in practice. Results revealed that line-of-sight flows dif-
fered between novices (nursing students) and experts (nursing personnel) and that
experts move their lines of sight to the next practice (prior treatment). Many nurses
believe that once they have identified a vein, they are able to perform an intravenous
injection. They often verbally express the moment when they have done it well as
“feeling like entering a blood vessel ‘smoothly (‘sutto’ or ‘kukutto’ in Japanese)’”.
Nonetheless, they consider that it is difficult to express exactly how they feel. In con-
trast, novice nursing students consider that the knack for techniques is to remember
procedures. It is therefore important for the process of learning support to compel
novices to master procedures before their advancement to sharing the performance
characteristics of experts.

Using medical simulators is also effective to acquire skills. There are widely di-
verse medical simulators available. In recent years, an increasing number of training
centers are using dolls to master lifesaving emergency treatment through experience,
costing 10 million yen or so per doll [16]. However, such training is not available to
all learners, and its cost performance is far from good [17]. This does not also teach
items such as tacit knowledge that nursing skills have. To clarify tacit skills and
knacks included in nursing skills [18] and support to learn them, we have produced a
system with which learners can conduct self-learning for the two sides—the intellec-
tual side [19] [20] [21][22][23] and the technique side [24][25]. Now we are verifying
the system [26].

3 System Supporting Cognitive Learning of Nursing Skills

3.1 System Configuration

This learning support system aims to acquire nursing skills through self-evaluation
and self-reflection. The system has four learning functions as follows:

(1) Skill procedure study function: Identification of one’s own skill’s procedures

This function enables nursing students to learn technical procedures. Nursing students
understand that the knack of skills should be to conduct the procedures precisely,
suggesting that learning methods allowing learners to remember the procedures
among others are good for them. Figure 1 below shows that this function is a type by
which a user can confirm procedures by checking a radio button.

(2) Skill video comparison function: Comparison of model images with one’s own
technical images

This is a function by which a user can work with two video images simultaneously or
alternately to compare them. If the learners use this function, then they are helped by
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comparison to experience and consider the difference of time between that required
by a skilled nurse and by themselves.

(3) Reflection function: Comparison of each image in one’s own practice
progressions

With this function, nursing students can enter text while answering questions. Learn-
ers can think by themselves through comparison and freely describe what they have
found. It helps learners to promote their reflection and think by writing using the sys-
tem. The questions are set so that learners can make a comparison in every procedure
of intravenous injection.

(4) Portfolio function: Output and identification of learning results

With this function, users output the procedures that they have input by themselves or
described what they have found. It is also used as a portfolio of the process of skill
acquisition, by which the learners can be conscious of their own findings and can
thereby advance their own learning.

3.2 Evaluation

Results of two verification experiments using the system are explained in 3.2.1 and
3.2.2.

3.2.1 Evaluation of the Acquisition of Nursing Skill Procedures

We asked that five nursing students use the system to learn intravenous injection
skills and examined their usefulness. The skill evaluation was conducted at three
times: (1) pre-testing, (2) testing after practicing self-skills training, and (3) testing
after practicing the learning support system. Results show that four students became
able to insert a needle into a vein correctly at stage (2), but mistakes in the procedures
had not been corrected. Results showed that the improved intravenous injection skills,
such as performing correct procedures and correctly injecting medicine into a vein,
were identified in stage (3) [22].

3.2.2  Acquisition of Tacit Knowledge Included in Nursing Skills

Another evaluation experiment was conducted with another 16 nursing students.
Scores for nursing skills increased significantly among the group who performed
reflective learning with the system compared to the group (control group) who did not
do any learning [23]. When we examined the action of “releasing a tourniquet after
selecting a blood vessel and fixing the tourniquet again after wearing gloves and pre-
paring for disinfection”, which is not included in procedural manuals (only included
in model video images) and sought to reduce the burden on patients, students other
than the control group showed great improvement. It was verified that learning with
the learning support system was useful to learn tacit knowledge and actions contained
in the videos [26]. However, with regard to the “identification of a reverse blood flow
(whether or not inserting into a vein)”, which is an item to notice, all the control
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group tried to identify a reverse blood flow in the experiment this time, but only one
person was actually able to insert an injection needle and identify a reverse blood
flow. The results described in 3.2.1 revealed that a reverse blood flow was identified
through self-skills training alone. Therefore, it is readily apparent that the effect of
skills training strongly influences the acquisition of techniques to insert an injection
needle and identify a reverse blood flow: taking skills training was found to be neces-
sary in technique acquisition, even actually trying and failing [23].

4 System Supporting Technique Learning of Nursing Skills

4.1 System Configuration

Based on the verification results of the system supporting cognitive learning, we de-
veloped a system to support technique learning [24] [25].

This system is intended to build a learning-support system using virtual reality by
reproducing finger movements used in practicing nursing techniques. Those reproduc-
tions can then be used by later generations to show the non-verbalized part of nursing
techniques that have heretofore only been learned from experience. We have already
developed a prototype system to acquire finger position data when a syringe is
grasped. The system was used for practicing blood drawing techniques with a finger
motion capture system. Using the acquired data, it reproduces the practicing process
of the techniques three-dimensionally.

4.2 Evaluation

We asked seven nursing students to use the system. Their opinions after completing
the experiment were positive overall in terms of learning support by the system.
However, because it takes 30 min to put on finger sensors, the development of devic-
es to obtain data more easily, including devising a way to repair the sensors, has be-
come a challenging task [24][25].

Subjects participating in the evaluation experiments learned about the cognitive
learning support system in advance, in which instructors gave comments individually,
with viewing of nursing skills video images in the post-test when they were wearing
the finger sensors. The following characteristic comments were made as their opi-
nions after completing the experiment.

“I think that lessons are important as knowledge for processes such as memo-
rizing procedures. However, using a computer helped me review my tech-
niques from different perspectives, such as video images, and helped me to
compare them with others. I understood what I had been unable to under-
stand in class.”

“For the parts which could not be recognized by the learning support system, I
think that it is better to receive advice or instruction from a third party,
such as a teacher, to understand the contents well. In some cases, it might
be difficult to learn by self-learning alone.”
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“It is better to have advice from teachers after having looked back and consi-
dered matters individually. Without some review, I think that the con-
sciousness (about the lesson) will fade.”

These opinions suggest that the order of learning, doing technique learning after ref-
lective learning, and setting up an opportunity to receive guidance from teachers
between the sessions of learning, in addition to self-training, will engender the im-
provement of learning enthusiasm and the enhancement of learning effects.

5 E-learning System Model Supporting Self-learning from
Cognition and Technique Sides in Nursing Skills Acquisition

Although some skills can be learned with knowledge that is prescribed in a manual, it
is difficult to learn nursing skills, which include implicit knowledge, as physical
knowledge, according to a manual. Knowledge acquired from experience or practice
could be called experiential knowledge, or “Deep Knowledge” (meaning the expertise
or special skills which proficient engineers or managers accumulate from their various
experiences). For learners to obtain such knowledge, they must acquire, experience,
and reinforce that knowledge through additional learning including practice, observa-
tions, problem resolution, and experiments, especially under the guidance of
instructors [27].

In the field of nursing education, the chances for learners to gain skills through on-
the-job training (OJT) in clinical training are offered. In the field of college education
under the pressures of several instructors or times, however, it is not easy to use OJT
for the learning of various skills. In addition, because nursing students have many
skills to learn, it is difficult for them to take much time to master any one of them.
Consequently, to support them in acquiring nursing skills, we shed light on what is an
effective learning-support method and examine the skill-learning support model.

The acquisition process of nursing skills is said to comprise three phases by which
the improvement can be promoted: “the phase of knowing”, “the phase of mastering”,
and “the phase of using”. New nurses learn practicing intravenous injections through
first “following the instructors’ model,” “benefiting by their experience,” and “repeti-
tive practice”. Additionally, in a traditional learning method, at first, it is common that
the nursing student imitates the technique of an expert nurse [29]. In other points of
our previous study [18], we found that linguistic expressions differed among nurses in
terms of the sensation of fingers that nurses recognize at perceiving blood vessels by
touch or inserting a hypodermic needle, which suggests that formal knowledge by
visualization would be better than that by verbalization to share and use know-how of
nursing skills which cannot be verbalized.

The results of our previous evaluation experiments indicated the importance of the
capability of self-training with actual trial-and-error to acquire skills. For that reason,
adding “check point learning”, “skill procedure study”, “skill video comparison”,
“reflection”, and “portfolio” functions of the already developed cognitive learning
support system as a new function, we make improvements to provide nursing skills
training covering detailed items (Figure 1). We think that technique acquisition at the
tacit knowledge level can be attained by learning in the following order: 1) doing
cognitive learning of knowledge and procedures of nursing skills; 2) repeating
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self-skills training until one becomes capable of practicing correctly; and 3) repeated-
ly following experts’ finger movements using the technique learning support e-
learning system.
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Fig. 1. New System Model for Nursing Skill Learning Based on Cognition and Technique

In other words, the ideal e-learning system model to perform nursing skills self-
learning is a model which, after completing learning in the cognitive domain through
spiral learning (the first step from intellectual learning support to skill learning sup-
port again to intellectual learning support), learners move on to the second step (tech-
nique learning support) in a phased manner. Moreover, we think that other-evaluation
that is given by instructors by checking between the first and the second steps, as well
as checking self-learning, will engender a reduced sense of loneliness, which is a
common pitfall of e-learning, and provide satisfaction with self-learning outcomes in
addition to motivation for additional development of learning.

6 Conclusions

As described in this paper, we proposed an e-learning system model to support a high
level of technique learning, such as “tacit knowledge” and “proficient art” in nursing
skills that have been heretofore only learned from experience, and also to enable self-
learning, in addition to intellectual learning that deepens procedures and understand-
ing of nursing skills. In the future, we will make improvements to the techniques of
the learning support system to facilitate its use.
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