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Abstract: Objective: This paper introduced newly developed

computer-assisted learning materials and reports of a survey of junior

college dental hygiene students who have used them. Methods: We

authored new educational material to promote students’ basic dental

hygiene practice skills using a simulation software generator. A set of

five developed materials were tested by 43 female second-year dental

hygiene students during the second semester at a college in Chiba,

Japan. The evaluation was conducted in the form of a questionnaire

including open-ended questions. Students’ opinions were analysed

using characteristic diagrams, a troubleshooting tool that can be used

to visually illustrate the causes and effects of a problem. Result: The

overall results of the evaluation were positive. The students were given

five sets of simulation learning materials (SLMs). Eighty-three percent

of the students felt that they could carry out independent study of

clinical practice better after the virtual practice. Ninety-three percent

of them felt that the exercises should be continued in the future, and

eighty-eight percent of them felt that this virtual practice deepened

their interest in other classes and training sessions. All of the students

found the virtual practice beneficial for their learning. Discussion: The

present results suggest that the students became conscious of their

lack of knowledge through SLMs. These findings indicate that SLMs

for practicing basic clinical procedures is beneficial.

Key words: computer-assisted education; dental hygiene education;

educational systems

Introduction

In higher education, it has become well known that the use of e-learning

can increase the efficiency and potential of teaching. There have been

many studies that have examined the effectiveness of computer-based

teaching of evidence based medicine (EBM) compared with standard lec-

ture-based approach (1–8). Bogacki et al. (9) have shown that computer-

assisted learning is statistically equivalent to the traditional lecture, as

measured by exams, and many advantages of this approach include

greater student–faculty interaction, greater student control over pace,

more time for faculty to help struggling students and introduce clinical

relevance, less time to maintain course materials and less expense. Rosen-

berg et al. (10) found that computer-aided learning elicited a positive

response from students and motivated students to learn. This is true also

for other health professionals’ education, but in terms of e-learning used

in higher education, Japan is reportedly behind some other countries

ORIGINAL ARTICLE

Int J Dent Hygiene 10, 2012; 61–66 61



(11–13). Admittedly, some infrastructure problems exist in

technical schools and junior colleges (12–14).

In dental hygiene education, it is very important for stu-

dents to have opportunities to treat actual patients during clin-

ical training (15). Although dental hygienists in Japan are

currently expanding their sphere of activity to meet changing

social needs, recently, fewer patients are participating in clini-

cal training. As a result, students are exposed to only a limited

number of cases in the course of their studies (16, 17). Reasons

for this include a change in patients’ perceptions, safety issues

and debates over the legality of students’ direct involvement

in healthcare activities (18). The limited variety of cases

encountered by undergraduate students in the course of their

studies represents a serious impediment to their growth and

development as healthcare professionals, which affects their

decision-making skills in clinical situations. Students who com-

plete simulations have shown improvement in their clinical

decision-making skills (19).

To compensate for students’ lack of clinical experience,

educators at Tokyo Medical and Dental University (TMDU)

are promoting the development, use and dissemination of ‘sim-

ulation learning materials’ (SLMs) that provide a simulated

experience of actual clinical situations through interaction with

a computer (20–24). We authored new educational materials

for dental hygiene students at a junior college using the simu-

lation software generator developed by TMDU, which pro-

motes the practice basic of dental hygiene skills at Chiba

Prefectural University of Health Science. The paper intro-

duced these SLMs and reports of a survey of junior college

dental hygiene students who have used them.

Materials and methods

Five educators, who are engaging in dental hygiene education,

authored the computer-simulation materials. Each educator’s

specific area of expertise is oral surgeon, public health and

dental hygiene. We developed five SLMs using the simulation

software generator. The materials consisted of multiple choice

step-by-step questions with clinical photographs that simulated

basic decision-making processes in the field of dental hygiene.

At first, scripts and visual aids were made. Next, the TMDU

SimPrac Generator was distributed to other universities and

institutes through a contract allowing access to the TMDU

server for the generation of original learning materials.

Figure 1 is an example of the newly developed SLM for

‘topical fluoride’. This process is as follows. The SLMs pro-

vided to a student are displayed when a folder is selected. On

opening a given folder, both visual and written explanations

are provided together to support understanding of the patient

and ⁄ or the situation. If an image is too small, it can be

enlarged by selecting a higher-resolution image.

There are two modes. Figure 1 is student mode and Fig. 2

is authoring mode. In both of two modes, three individual

screens appear in the upper half of the monitor, where applica-

ble information is displayed. In this example, starting from the

left, there is a picture of a clinical situation, patient details and

then the patient’s intraoral photograph. Students can go

through each mock clinical situation. Students can also learn to

react to the situation through photographs and animations.

The lower half of the screen includes instructions for the stu-

dent. When students give an incorrect answer, they can easily

see their mistake. On the exit screen, all of the correct answers

appear together with explanations, allowing students to confirm

their understanding.

Students were trained to operate the computer software

using a tutorial material entitled ‘How to fry an egg’ before

they began to use the newly developed SLMs. Figure 2 shows

a screenshot of the simulation software generator used to

author the SLMs.

Towards the last month of their 2-year course, 43 junior col-

lege dental hygiene students were asked to participate in this

study. The students had no previous experience with the

computer simulated learning materials.

This study received approval from the Chiba Prefectural

University of Health Science ethics committee and was con-

ducted in January 2010. All the students were given a general

oral description of the study and an explanation on ethical

matters; they understood the voluntary nature of the study and

how their information would be used.

A set of five materials were authored and tested by a class

of second-year dental hygiene students during the second

semester at a college in Chiba, Japan. The class consisted of

43 students. Topics presented in this class were as follows:

(i) plaque disclosing, (ii) tooth luxation, (iii) dental health, (iv)

topical fluoride and (v) a new patient who had cerebral infarc-

tion. After using them, the students were asked to evaluate

the exercises on a four-point scale and to give their opinions

freely. There were seven close-end questions and open-end

questions.

Students’ opinions were analysed using characteristic

diagrams, a troubleshooting tool that can be used to visually

illustrate pros and cons of their experience during the

Fig. 1. Screenshot of student mode. Example of the newly developed

simulation material for dental hygiene skills.
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simulation. The characteristic diagram is used not only in busi-

ness but also in data to resolve problems in regard to quality

control (23, 25, 26). This approach is often organized into four

‘M’s’: Man, Machine, Material and Method to obtain visualiza-

tion of problems on a fishbone diagram.

Results

Figure 3 shows the results of a questionnaire administered to

the 43 second-year dental hygiene students who tested the

materials.

The overall results of the evaluation were positive; in partic-

ular, 88% of the participants were interested in the contents of

the exercise (item 1). Furthermore, all of the participants felt

that the exercise provides beneficial learning for dental

hygiene students (item 3), 88% felt that the exercise deepened

their interests in lectures and pre-clinical exercise (item 4),

93% felt that the simulation virtual practice should be contin-

ued in the future (item 6) and 83% felt that they acquired the

self-learning ability about clinical knowledge, as shown by

item 7.

Many students provided comments about their experiences

in the exercises. Figures 4 and 5 show students’ answers to the

open-ended questions. These results also tended to be on the

positive side, but some provided additional feedback that will

help with the implementation of future SLM. Advantages and

improvements extracted from open-end questions were reorga-

nized according to the four M’s of the quality control tech-

nique and regarded as benefits and improvement of these

SLMs. Their comments were used to create a characteristic

diagram. Advantages and improvements extracted from free

descriptions were reorganized according to the four M’s.

Advantages of these SLMs were identified including ‘easy to

use’, ‘relevant content ⁄ feedback’, ‘self-learning ⁄ self-pacing’,

and ‘interactive ⁄ learner centric’, and a characteristic : ‘What

are advantages in this exercise?’ Areas for improvements were

identified such as their learning environment of communica-

tion infrastructure should be improved and the score display
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I agree with it I moderately agree with it I scarcely agree with it I disagree with it

1. Are you interested in the contents of the exercise? 

2. Is it easy for you to do the learning levels of their  
materials ? 

3. Do you feel the exercise provides beneficial 
learning for dental hygiene students?

4. Does this exercise deepen your interests about 
the lectures and the pre-clinical exercise?

5. Do you want to do this kind of computer-assisted   
simulation again

6. Do you think that the use of this exercise should 
be continued?

7. Do you think you acquire the self-learning ability  
about clinical knowledge?

Fig. 3. Results of the overall evaluation of the

virtual practice as evaluated by 43 second-year

dental hygiene students in 2-year courses.

Fig. 2. Screenshot of authoring mode.
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was needed to make better. Others areas mentioned

were ‘infrastructure’, ‘navigation ⁄ remediation’, ‘eye strain’ and

‘score display’ based on the moments to the question ‘what

are improvements in this exercise?’

Discussion

This study indicated that students recognized the benefits and

satisfaction applied to these SLMs (Figs 3 and 4). We, there-

fore, conclude that this virtual practice was beneficial. Rosen-

berg et al. (10) demonstrated that computer-aided learning can

elicit positive responses from students to consequently moti-

vate students to learn. Although there were not enough com-

munication infrastructures at the college, these exercises were

found to be beneficial for the students and other similar stud-

ies had similar positive results (21–24). It may be helpful to

create more SLMs for students enrolled in dental hygiene pro-

grammes. Such SLMs can often be created in a quick and effi-

cient manner (21, 27). Educators who teach dental hygiene

students should create the simulations using this software,

because they can integrate cases in a quick and efficient man-

ner into the structure of their curricula. The SLMs may help

to address the lack of direct client experiences encountered by

learners. It may provide a method for dental hygiene students

to become self-directed lifelong learners. Dental hygiene stu-

dents learn quite effectively when they can act independently,

in a self-paced manner, to solve problems in the context

of what they will be doing upon completion of their education.

Positive evaluation for 
the practice

Many options made me to think 
the questions over.

Machine (easy to use) Material (relevant content/feedback)

The method was easy to operate.

Photographs helped me to understand the situation.

Concrete descriptions were easily understandable.

Each option were with description.

Photographs could be 
enlarged.

It was easy just 
click.

Photographs helped me to easy to remember how to behave 
properly.

The answer with descriptions could 
read easily.

Method (Interactive/learner centric)

I did not get tired of the class, because number of 
questions were adequate.

I could image real clinical 
situations.

It was organized by 
category.

It can be work at home.

I could learn all the procedure in 
a clinical situation. 

High technology is good.
I could study at my own pace.

It could confirm my knowledge easily through 
the practice.This method let me learn while I was 

having fun.

I became motivated through the learning method 
much better than conventional method.

I could learn them in an easily understood manner.
I could study by myself.

They made me realize that I had 
misconceptions.

I became motivated through the learning 
method because the scores were shown.

I could review effectively what was learned.

I can study paperless.

Photo-heavy learning was much better 
than character-oriented learning such 
as a text book.

It was fun because there were some teachers 
in the pictures

Questions worked with 
pictures.

Man (self-learning/self-pacing)

I could review important information.

It might be useful to prepare the 
national exam.

Exchange of questions and answers was good.

I could know my ability through the practice.

Fig. 4. Positive evaluation analysed by charac-

teristic diagram.

Negative evaluation 
for the practice

I confused right and wrong answers 
because of the expression.

I wanted to see the accuracy rate 
instead of the score. 

I want to check my total score 
of this practice at the next 
practice.

I want to review what I had 
mistakes only.

It was a pain to read them. 

I got eye strain.

I wanted to see the total score at the last 
screen.

Explain the explanation 
briefly. I confused the display of the options. 

Explain the explanation in 
detail. It is better to be with videos.

Font size was too small and difficult to 
read.

Make the question easily understood.It was too many option to 
answer.

It was hard to see the graphics. 

Make fonts appear better.

Machine (infrastructure) Material (navigation/remediation)

Method (score display)Man (eye strain)

There were typos. 

Explain how to operate it in more 
detail.

It could not replay after shift 
the question. 

I could guess some answers. 

Fig. 5. Negative evaluation analysed by charac-

teristic diagram.
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Rosenberg et al. (10) recommended that computer-aided learn-

ing be used as an adjunct to conventional teaching or as a

means of self-instruction. SLMs will be recommended as an

adjunct teaching material to the conventional patient-oriented

teaching. Open-ended questions about advantages of this exer-

cise indicated that students recognized the benefits and

enjoyed the use of these learning materials. The advantages

identified by learners align with parameters suggested for well-

designed e-learning programmes (28). Areas for improvements

were that the visual learning environment should be improved.

Students’ positive and negative evaluations and comments can

help to improve the development of future SLMs. As this is

an ongoing project, additional materials involving a variety of

new scenarios are currently being created, and the evaluations

in this study will help to improve dental hygiene education.

Tokyo Medical and Dental University approved that edu-

cators from other institutes can create SLMs, download their

files and use them with their students. We were non-special-

ist computer users, and we were able to author SLMs using

the simulation software generator without much difficulty; it

took approximately 2 h to create one set of materials when

digital recourses were available and the scenario was clear

(21, 27). Before that, it took 1–4 h to make these SLMs’

scenarios in this time. It was showed time efficient and also

cost-effective for educators who make material. The com-

puter-based simulation software was found to be effective in

modifying the learning environment, realizing performance

improvements and cost reduction, thus enhancing students’

motivation.

This study conducted with only one study group without the

controls for comparison. The results of this study were subjec-

tive as they focused on the attitude or feeling of the students

who used the SLM. There was no attempt to measure the out-

comes of the learning. Therefore, it was difficult to clarify the

effect of SLMs, particularly, when to use it and how to use it

effectively. It would be helpful to compare the outcomes from

these SLMs with more conventional approaches.

These results suggest that the SLMs for practicing basic

decision-making processes in dental hygiene are effective for

dental hygiene education, even if there were some infrastruc-

ture problems. Simulation has been used to teach clinical deci-

sion-making as well as technical procedures in other areas (29).

Simulations currently being used are multimedia computer sys-

tems, which includes patient-centred and case-based pro-

grammes (30). Some benefits include improvements in

acquisition and retention of knowledge compared with tradi-

tional lectures (31). There is nothing better than direct contact

with patients for students to gain clinical skills. However,

changes in dental hygiene practice that limit instruction time

and patient availability as well as advances in technology are

contributing to greater use of simulation technology in dental

hygiene education in future. The use of simulation has been

proposed as the next significant step in the evolution of dental

hygiene education. As computer-assisted learning seems to be

an effective and enjoyable strategy for achieving positive out-

comes, it is desirable to provide high-quality e-learning materi-

als that can be shared with instructors teaching future dental

hygienists nationwide.
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