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With the development of technology, the knowledge 
and skills needed to become a dentist are increasing. 
Computer-assisted simulation learning materials 
have been utilized for dental education because of 
their high efficiency and efficacy. However, it is not 
well understood which material design is strongly 
associated with an education effect. We therefore 
investigated the effects of interactivity with 
learning materials on learners’ knowledge acquisi-
tion, memory retention, and anxiety reduction. 
Learning effects and degree of anxiety were 
compared between dental residents who learned 
using an interactive-type material, which required 
decision making and provided feedback (Group I, 
n=26), and those who learned using a display-type 
material, which merely displayed the appropriate 
action on a computer screen (Group D, n=23).
Quiz scores immediately after learning and 3 weeks 
later were significantly higher in Group I than those 
in Group D (p<0.001 and 0.016, respectively). 
Regarding anxiety, state anxiety after learning with 
interactive material was significantly decreased in 

Group I (p<0.05), whereas no significant change 
was observed in Group D.
Our results suggest that interactivity with computer-
assisted simulation materials is more effective for 
knowledge acquisition, memory retention, and 
anxiety reduction.

Key Words:  Simulation Training, Memory Retention, 
Teaching Methods, Computer-assisted 
Instruction, Dental Education.

Introduction

With the development of technology, the knowledge and 
skills needed to become a dentist are increasing annually. 
As a result, dental schools and hospitals are currently 
facing a paradigm shift in their teaching methods. The 
amount of time available to teach students has remained 
constant over time, however, the content that needs to 
be taught is increasing1, 2. To acquire clinical knowledge 
in dentistry, treating patients in clinical practice is 
considered most effective. However, the number of 
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cases that can be experienced by dental students 
during dental school training is limited3. Factors such as 
geographical location and school and hospital features 
may also affect the number of suitable cases for clinical 
education of dental students or residents4, 5. Computer-
assisted simulation learning materials can help to reduce 
the burden on educational institutions and equalize the 
educational opportunities in each organization because 
of their high efficiency, high efficacy, and standardization 
of experiences. Therefore, computer-assisted simulation 
materials have been utilized as a relatively novel method 
for teaching in dentistry6, 7. Tokyo Medical and Dental 
University (TMDU) has also used computer-assisted 
simulation materials for teaching dental students, which 
are held in good repute and educational effect8‒11 .
 There are various kinds of computer-assisted simula-
tion materials with several instructional designs, such 
as interactivity, effectiveness of audio/visual aids, or 
virtual realism. The learning effects of these materials 
have been reported in numerous studies12‒16. However, 
the particular design of computer-assisted simulation 
materials that is strongly associated with an education 
effect is unclear. Some studies have focused on the 
effect of the materials’ interactivity. Maggio et al. reported 
that interactive computer-assisted learning materials on 
tooth morphology with quizzes resulted in higher quiz 
scores, aggressiveness, and student satisfaction than 
traditional lecture video materials created with Microsoft 
PowerPoint17. Additionally, video learning materials 
that can be freely selected, played, and replayed by 
students led to better learning results and student 
satisfaction compared to video materials that cannot 
be freely selected, played, and replayed or paper-based 
lectures18. Although the learning materials used in these 
studies were designed as interactive materials, they did 
not assess decision-making processes such as solving 
problems. Therefore, the learning effect of interactive 
learning materials with learners’ decision-making is still 
unknown.
In medical education, some studies have focused on 
the effects of computer materials using moving images 
on memory retention. For example, in medical students, 
materials with moving images about learning rare, but 
critical cases were superior for memory retention than 
similar materials using traditional Microsoft PowerPoint 
presentations19. Yang et al. also reported that computer 
materials about medical cases that emphasized important 
points by using images and moving images were more 
effective for memory retention than conventional text-
books20. However, it remains unclear which design of 
computer-simulated materials, such as interactivity, the 

effect of images and moving images, or both, results in 
these learning effects. 
Few studies have focused on the effect of interactive 
learning materials with learners’ decision-making. Our 
previous study reported that interactive materials that 
incorporate clinical decision-making could be effective 
in knowledge acquisition compared to non-interactive 
materials11. However, it is unclear whether interactive 
materials would be effective for memory retention.
Another important factor that can affect learning 
is stress. Sugiura et al. and Polychronopoulou et al. 
reported that dental students experience considerable 
stress21, 22. Moreover, anxiety may influence the learner’s 
performance and practice outcomes23. Thus, reducing 
students’ anxiety is an important issue in dental 
education.
We hypothesized that interactive computer-assisted 
simulation materials with decision-making and feedback 
are not only effective for knowledge acquisition, but also 
for memory retention. We also hypothesized that the use 
of such materials can effectively reduce anxiety.
Therefore, the purpose of this study was to evaluate 
the effect of decision-making with provided feedback 
during learning with interactive computer-assisted 
simulation materials on knowledge acquisition, memory 
retention, and reduced anxiety compared to learning 
with non-interactive materials.

Materials and Methods

The Ethics Committee of TMDU School of Dentistry 
approved this study (No. 1146). We enrolled 64 dental 
residents in year 2015 at TMDU Dental Hospital. We 
created learning materials to teach “rapid response 
to an acute change in an inpatient’s condition” with 
SIMTOOL, an authoring tool for clinical simulation 
material development that was developed by TMDU 
staff in 2003. Faculty members, including those who 
are not computer experts, can use SIMTOOL to create 
simulation-learning materials easily with images, audio, 
and videos9, 10.
We created two types of learning materials, interactive-
type and display-type (Figure 1). In the interactive-type 
learning material, the learners were prompted to decide 
what to do next by selecting an appropriate answer 
among several presented alternatives when facing the 
situation, “an acute change in an inpatient’s condition.” 
On the next page, the learners were told whether 
their choice was correct and received feedback and 
explanations of their choices. Before advancing to the 
next page, they were also given commentary for the 
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Read text
“Senior doctors told you prepare treatment tools.
You should prepare tools that are necessary.

TheT standard 12-lead electrocardiogram monitor is
a necessary tool. It is used to monitor the patient’s
condition.”
~~~

“TheT cart is a necessary tool. The cart contains items 
such as chemicals, syringes, and tracheal tubu es.”
~~~

Group D
Display-typey material

Group I
Interactive-typey material

Feedback
“The alternative ‘Standard 12-lead 

electrocardiogram monitor’ was chosen.
Appropriate.
The monitor is a necessary tool. It is used 
to monitor the patient’s condition.”

“The alternrr ative ‘Cart’ was chosen.
Appropriate.
The cart is a necessary tool. 
The cart contains items such as chemicals, 
syringes, and tracheal tubu es.”

Request
“Senior doctors told you to prepare treatment tools.
Select the necessary tools frff om the tools shown in 
the image.”

Go to next
stage

Go to next
stage

Step 1

Step 2

Step 3

Decision
Learners tapa tools that they think 
are necessary foff r the scenario
shown in the image.

Figure 1. Examples of both learning materials.
Participants in Group I had to make decisions that seemed appropriate in the presented scenario. Participants in Group D read the correct response 
and explanations for the same scenario shown in Group I. Both learning materials used the same description and images.
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STAI-JYZ
State anxiety
Trait anxiety

Residents read the following case scenario:
“You are called by a nurse about an acute change in an inpatient’s 

condition while working the night. 
You must respond immediately.

*Both quizzes are the same.

Questionnaire for evaluation of the material

*Quizzes for evaluation of learning effects (0 w)

STAI -JYZ
State anxiety

Group D
Learning display-

type materials

Group I
Learning interactive-

type materials

3 weeks later

STAI-JYZ
State anxiety

Quizzes for evaluation of learning effects (3 w) *

Residents recruited and informed 
consent obtained 

Figure 2. Flowchart of experimental procedure for Groups I and D.
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alternatives that they did not choose. In the display-type 
learning material, the learners read the appropriate 
action and explanations. Thus, the display-type learning 
material did not request the learners to make decisions. 
Except for the factor of the decision-making process in 
the interactive-type learning material, all other contents, 
sentences, and images used in learning materials were 
the same. Thus, learners in both groups obtained the 
same information at the end of learning with both 
materials.
 The State-Trait Anxiety Inventory-JYZ (STAI-JYZ) was 
utilized to measure learners’ anxiety. The STAI-JYZ was 
originally developed by Spielberger et al. and revised 
for Japanese individuals by Hidano et al. in 2000; it 
measures two types of anxiety: state and trait anxiety 
24, 25. State anxiety refers to the current state of anxiety, 
nervousness, and stress. Trait anxiety refers to the 
tendency for a stable personality to become anxious 
when subjected to stress.
We randomly divided the 64 participants into two 
groups, Groups I and D. As 38 of 64 participants were 
TMDU graduates, randomization was stratified according 
to dental school where the participant had received 
dental education (e.g., TMDU graduate or other dental 
school graduate) and sex. All participants were blinded 
to group assignments during learning. Figure 2 shows 
the experimental procedure in both groups. Informed 
consent was obtained from all residents prior to starting 
the first STAI-JYZ test. First, learners took the STAI-
JYZ to measure their trait and state anxiety, and then 
they read a scenario that required a rapid response to 
an acute change in a patient’s condition. Immediately 
after reading the scenario, they took the STAI-JYZ test 
to measure their state anxiety only. Then, participants 
in Group I learned with interactive-type material, while 
participants in Group D learned with display-type 
material. After learning with the respective materials, all 
learners took the STAI-JYZ test to measure their state 
anxiety, took quizzes to evaluate the learning effect of the 
materials, and completed a questionnaire to evaluate the 
material usability and effectiveness of reducing anxiety 
and improving self-confidence. Learners completed all 
tasks at their own pace. In addition, before starting the 
simulation, learners in both groups were informed that 
they could not return to previous pages after moving 
on to the next page. After 3 weeks, learners re-took 
the same quizzes to measure memory retention of the 
materials19.
Learning materials, quizzes, and the questionnaire 
were accessed and completed on the WebClassTM (Data 
Pacific (Tokyo, Japan) Ltd., Japan) e-learning system. The 

learning effect was then evaluated as follows. Personal 
information, such as the learner’s name, time taken to 
complete tasks, and group assignment was anonymized. 
Scores point values assigned to each question and 
scoring criteria were established, and scores were 
graded by three blinded evaluators. Comparisons of 
quiz scores of the two groups were analyzed by the 
Mann-Whitney U test. Changes in the quiz scores of 
each group from immediately after learning (0 w) to 3 
weeks later (3 w) were analyzed by the Wilcoxon signed-
rank test. Comparisons of trait and state anxiety of the 
two groups were analyzed by the Mann-Whitney U test. 
Changes in state anxiety scores between examination 
points were analyzed in both groups by the Wilcoxon 
signed-rank test with Bonferroni correction. Regarding 
the questionnaire, we categorized results according to 
learning group (Group I or D) and responses (positive or 
negative) and conducted a 2 × 2 Chi-square test for each 
question. All statistical analyses were conducted using 
IBM SPSS (version 24) (IBM, Armonk, NY, U.S.A.), and p 
values <0.05 were considered statistically significant.

Results

We posted a request for 64 residents to take part in 
the study on a notice board, and a total of 49 residents 
signed-up for the study. Informed consent was obtained 
from all participants before administering the first STAI-
JYZ test. Forty-nine residents (Group I: n=26, 13 males 
and 13 females, 15 TMDU graduates and 11 other dental 
school graduates; Group D: n=23, 10 males and 13 
females, 13 TMDU graduates and 10 other dental school 
graduates) participated at 0 w. Three weeks later, 32 
residents (Group I: n=18, Group D: n=14) participated 
in this study. There were no significant differences in 
sex and dental school between Groups I and D. One 
participant in Group I did not complete the STAI-JYZ for 
trait anxiety, STAI-JYZ for state anxiety after reading 
the scenario, or quizzes for evaluation of the materials. 
This individual was absent on the second experimental 
day. The 32 residents who participated on the second 
experimental day completed all tasks.
Table 1 shows a comparison of the quiz scores 
between the two groups. Quiz scores immediately after 
learning the materials were significantly higher in Group I 
than in Group D; the same finding was observed 3 weeks 
later (0 w: p<0.001, 3 w: p=0.016). Figure 3 shows quiz 
scores of 32 residents who participated in both 0 w 
and 3 w tasks. Quiz scores from 0 w to 3 w decreased 
significantly in both groups (Group I: p=0.002, Group D: 
p=0.003).
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We also compared trait and state anxiety at each 
time point between Groups I and D (Table 2). There 
were no significant differences in trait or state anxiety 
at each time point between the groups (state anxiety: 
p=0.920, p=0.549, p=0.616; trait anxiety: p=0.861). 
Figure 4 shows the change in the state anxiety score. 
In Group I, state anxiety scores increased significantly 
after reading the scenario (p<0.05) and decreased 
significantly after learning the material (p<0.05). In Group 
D, state anxiety scores also increased significantly 
after reading the scenario (p<0.05), but they did not 
decrease significantly after learning the material. There 

was no significant change in state anxiety score before 
reading the scenario and after implementing the learning 
materials in both groups.
The results of the questionnaire for evaluating 
the learning material are shown in Figure 5. In both 
groups, most responses were positive. After dividing 
the responses into positive and negative responses, 
we performed a comparison between the two learning 
material groups. There was no significant difference in 
responses (positive or negative) to all questions between 
the two groups. The participants generally answered 
that they were interested in the contents and motivated 
to learn, although they regarded the material as difficult. 
Learners positively responded also at free comments 
to this materials as follows. In Group I, learners wrote, 
“I feel that it is good to be able to obtain knowledge on 
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Figure 3.  Quiz scores of 32 residents who participated in both 
0 w and 3 w tasks.

Boxplots of quiz scores at 0 w and 3 w are shown for both groups. 
Quiz scores in both groups decreased significantly from immedi-
ately after learning (0 w) to 3 weeks later (3 w). **: p<0.01 (Wil-
coxon signed-rank test).

Table 2.  Comparison of trait and state anxiety between the 
two groups.

The STAI-JYZ indicates the degree of anxiety using a numerical value 
(score) ranging from 20 to 80. A higher score (55–80) suggests stronger 
anxiety, nervousness, and stress, whereas a lower score (20–35) sug-
gests a relaxed state. No significant difference was observed in the 
degree of trait anxiety and state anxiety at each examination between 
the two groups. n.s.: not significant (Mann-Whitney U test).

n.s.

n.s.

Before 
reading 
scenario

Before 
learning
material

After 
learning
material

n.s.

44 (40–49)
(n=23)

46.5 (38–51)
(n=26)

54 (48–61)
(n=25)

51 (44–60)
(n=23)

46 (39–51.5)
(n=23)

50 (39–53)
(n=26)

Trait anxiety

Group I Group D P

n.s.50 (46–56)
(n=25)

50 (44–58)
(n=23)

State anxiety

Group I Group D P

Median (1st quartile - 3rd quartile)

Median (1st quartile - 3rd quartile)

Table 1. Comparison of quiz scores of the two groups.
Both quiz scores (0 w, 3 w) were significantly higher in Group I than 
those in Group D. **: p<0.01, ***: p<0.001 (Mann-Whitney U test).

Group I Group D

58 (46–70)
(n=18)

35 (22-46)
(n=14)

76 (70–88)
(n=25)

46 (34–59)
(n=23) ***

**

P

Quiz scores

0 w

3 w

Median (1st quartile - 3rd quartile)
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situations that we do not typically encounter.” and “It 
is difficult to learn through textbooks, but I think that 
this material is similar to learning from actual patients.” 
In Group D, learners wrote, “I think that the learning 
materials are easy to understand and the operability 
is good, especially because it is a situation that does 
not often appear in normal clinical practice, so I think 
that it will be useful for emergency situations such as 
ward work”, and “I think it will be helpful to remind us of 
a situation that is rarely experienced in normal general 
practice.”

Discussion

As we hypothesized, the results suggested that 
interactive computer-assisted simulation materials with 
decision-making and feedback were effective not only 
for knowledge acquisition, but also memory retention 
and anxiety reduction.
At two time points (i.e. 0 w and 3 w), the quiz scores of 
learners who studied using the interactive-type simulation 

material with decision-making steps and feedback 
were higher than those who studied using the display-
type materials without the decision-making process. 
Therefore, we believe that an interactive design, such 
as learners’ decision-making and feedback, is effective 
for knowledge acquisition and memory retention. This 
is because all of the explanation contents, images, and 
documents used in the two types of learning materials 
were the same, except the need for decision-making 
and providing feedback to learners in the interactive-
type group. In addition, instead of using multiple-choice 
questions to assess the learning effect, we adopted a 
descriptive format for all quizzes because learners may 
accidentally select correct answers without gaining 
knowledge. Furthermore, a descriptive format can clearly 
indicate the learner’s degree of understanding because 
a correct answer cannot be given without sufficient 
knowledge or memory. Therefore, we considered that 
the degree of knowledge acquisition and long-term 
memory retention was properly measured in this study.

Group D
(n=23)

Group I
(n=25)

**

n.s.
n.s.*

n.s.
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Figure 4. Change in state anxiety scores.
Boxplots of the state anxiety score for each examination point in both groups. In Group I, state anxiety scores increased significantly after 
reading the scenario and decreased significantly after using the learning material. In Group D, state anxiety scores increased significantly 
after reading the scenario and decreased after using the learning material, although the decrease was not significant. *: p<0.05,  n.s.: not  
significant, o: mild outlier (Wilcoxon signed-rank test with Bonferroni correction).
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Agree DisagreeSomewhat disagreeSomewhat agree

50%25% 75%0% 100%

Q1: I was interested in the contents of the material.

Q7: I felt that the operation of the material was easy.

Q8: I felt that the explanations in the material were easy to understand.

Q2: I regarded the level of the material to be easy.

Q10: I want to learn the material again before ward training.

Q9: I gained confidence in this case by learning the material.

Q4: The contents of the material will be useful to me in the future.

Q3: I gained a lot of knowledge by learning the material.

Q5: I was interested in related lectures and practical training by learning the material.

I
D

I
D

I
D

I
D

I
D

I
D

I
D

I
D

I
D

I
D

Q6: I would like to learn more with similar materials.

Figure 5. Results of questionnaires for evaluation of the learning materials.
There was no significant difference in the responses (positive or negative) to all questions between the two groups (Chi-square test). 
I: Group I (n=26), D: Group D, (n=23).
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This study demonstrated that interactivity factors, 
such as learners’ decision-making in solving a clinical 
problem by themselves, are also effective in knowledge 
acquisition and memory retention. Since previous studies 
revealed that moving images and sounds are effective for 
knowledge acquisition and memory retention19, 20, moving 
images and sound were not included in the materials 
used in this study. 
In this study, we recruited dental residents as 
participants because they have relatively little clinical 
experience but are more involved in clinical cases 
than dental students, and they could easily imagine the 
presented situation. Participants could easily imagine 
that the situation in the presented scenario was very 
difficult to handle alone and that the patient’s condition 
could be life threatening if they made poor choices.
State anxiety increased significantly in both groups 
after presenting the case scenario. Moreover, state 
anxiety decreased significantly only in Group I 
after learning with the material. Therefore, both the 
difference in material type and anxiety reduction might 
have affected quiz scores. The STAI-JYZ indicates the 
degree of anxiety as a numerical value ranging from 20 
to 80. A higher score (55‒80) indicates intense anxiety, 
nervousness, and stress, whereas a lower score (20‒35) 
indicates a relaxed state24. In this study, although state 
anxiety scores changed throughout the tasks, most 
were considered to be “moderate” (45‒55). Therefore, 
the psychological burden induced by our materials is 
considered to be appropriate. 
State anxiety immediately after learning was 
significantly reduced in the interactive-type group, 
indicating that an interactive design incorporating 
learners’ decision-making and providing feedback may 
reduce anxiety. Students and young dentists who have 
relatively little clinical experience frequently experience 
anxiety in clinical cases. As we hypothesized, our 
findings suggested that interactive computer-assisted 
simulation materials might reduce clinical anxiety. In the 
future, we plan to evaluate how interactive simulation 
materials affect operator skill and which factors result 
in clinical anxiety reduction and optimal performance.

Conclusion

The interactive simulation learning material that 
included decision-making steps and provided feedback 
was more effective than display-type material for 
knowledge acquisition, memory retention, and anxiety 
reduction. Interactivity with computer-assisted simulation 
materials could increase learning effects. 

Acknowledgements

The authors would like to thank the dental residents of 
year 2015 at TMDU Dental Hospital who participated in 
this study. This work was supported by KAKENHI grant 
from the Japan Society for the Promotion of Science 
(No. 24300280). The authors have no conflicts of 
interest directly relevant to the contents of this article.

References
1. Froeschle ML, Sinkford JC. Full-time dental faculty 

perceptions of satisfaction with the academic work 
environment. J Dent Educ 2009 Oct;73(10):1153‒1170.

2. John V, Papageorge M, Jahangiri L, et al. Recruitment, 
development, and retention of dental faculty in a changing 
environment. J Dent Educ 2011 Jan;75(1):82‒89.

3. Kurosaki N. Problems in Clinical Education of Dentistry 
[in Japanese]. The Journal of the Stomatological Society, 
Japan 1989;56(3):403‒408.

4. Ikeda A, Katsubeo N, Hasegawa T. An Investigation of the 
Patients for Dentists in the Postgraduate Clinical Training 
Course [in Japanese]. The journal of Showa University 
Dental Society 2007;27(4):284‒289.

5. Kono H, Sasahara H, Furukawa S, et al. An Analysis of 
Background Factors Influencing Selection of Residency 
Facility for Dental Students in Universities Located 
in Rural Areas in Japan. The Open Dentistry Journal 
2015;9:159.

6. Boynton JR, Green TG, Johnson LA, et al. The virtual 
child: evaluation of an internet-based pediatric behavior 
management simulation. J Dent Educ 2007 Sep;71(9):1187‒
1193.

7. Zary N, Johnson G, Fors U. Web-based virtual patients 
in dentistry: factors influencing the use of cases in the 
Web-SP system. European Journal of Dental Education 
2009;13(1):2‒9.

8. Ohyama A, Shimizu C, Sato M, et al. Implementation and 
Assessment of Simulation Education System in Medicine 
and Dentistry, at the Clinic of General Dentistry and Oral 
Diagnosis in Our Dental Hospital. Japanese journal of oral 
diagnosis/oral medicine 2009;22((1)):1‒10.

9. Yoshida N, Aso T, Asaga T, et al. Introduction and evaluation 
of computer-assisted education in an undergraduate 
dental hygiene course. International journal of dental 
hygiene 2012;10(1):61‒66.

10. Seki N, Moross J, Sunaga M, et al. Evaluation of simulation 
learning materials use to fill the gap in Japanese dental 
English education. J.Med.Dent.Sci. 2016;63(1):1‒8.

11. Miyoshi T, Hobo K, Sunaga M, et al. Effects of an interactive 
simulation material for clinical dentistry on knowledge 
acquisition. Journal of Medical and Dental Sciences 2017; 
64 (3):35‒42.

12. Barry Issenberg S, Mcgaghie WC, Petrusa ER, et al. 
Features and uses of high-fidelity medical simulations that 



52 J Med Dent SciK. Hobo et al.

lead to effective learning: a BEME systematic review. Med 
Teach 2005;27(1):10‒28.

13. Janda MS, Mattheos N, Nattestad A, et al. Simulation of 
patient encounters using a virtual patient in periodontology 
instruction of dental students: design, usability, and 
learning effect in history-taking skills. European Journal 
of Dental Education 2004;8(3):111‒119.

14. Buchanan JA. Experience with virtual reality-based 
technology in teaching restorative dental procedures. J 
Dent Educ 2004 Dec;68(12):1258‒1265.

15. Mattheos N, Stefanovic N, Apse P, et al. Potential of 
information technology in dental education. European 
Journal of Dental Education 2008;12(s1):85‒92.

16. Haden NK, Hendricson WD, Kassebaum DK, Ranney 
RR, Weinstein G, Anderson EL, et al. Curriculum change 
in dental education, 2003‒09. J Dent Educ 2010 
May;74(5):539‒557.

17. Maggio MP, Hariton-Gross K, Gluch J. The use of 
independent, interactive media for education in dental 
morphology. J Dent Educ 2012 Nov;76(11):1497‒1511.

18. Zhang D, Zhou L, Briggs RO, et al. Instructional video 
in e-learning: Assessing the impact of interactive video 
on learning effectiveness. Information & management 
2006;43(1):15‒27.

19. Subramanian A, Timberlake M, Mittakanti H, et al. Novel 
educational approach for medical students: improved 
retention rates using interactive medical software 
compared with traditional lecture-based format. Journal 
of surgical education 2012;69(2):253‒256.

20. Yang A, Goel H, Bryan M, et al. The Picmonic((R)) Learning 
System: enhancing memory retention of medical sciences, 
using an audiovisual mnemonic Web-based learning 
platform. Adv Med Educ Pract 2014 May 8;5:125‒132.

21. Sugiura G, Shinada K, Kawaguchi Y. Psychological well-
being and perceptions of stress amongst Japanese 
dental students. European Journal of Dental Education 
2005;9(1):17‒25.

22. Polychronopoulou A, Divaris K. Dental students' perceived 
sources of stress: a multi-country study. J Dent Educ 
2009 May;73(5):631‒639.

23. Sharif F, Armitage P. The effect of psychological and 
educational counselling in reducing anxiety in nursing 
students. J Psychiatr Ment Health Nurs 2004;11(4):386‒
392.

24. Hidano T, Fukuhara M, Iwasaki S, et al. State-Trait Anxiety 
Inventory-Form JYZ JITSUMUKYOIKU-SHUPPAN Co. 
Ltd. Tokyo 2000.

25. Spielberger CD. STAI manual for the state-trait anxiety 
inventory. Self-Evaluation Questionnaire 1970:1‒24.


