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absTraCT

Aim
The aim of this study was to investigate the differences in the performance and appreciation of 
students working in a virtual learning environment with two (2D)- or three (3D)- dimensional 
vision. 

Materials and methods
One hundred and twenty-four randomly divided first-year dental students performed a manual 
dexterity exercise on the Simodont dental trainer with an automatic assessment. Group 1 prac-
tised in 2D vision and Group 2 in 3D. All of the students practised 5 times for 45 minutes and 
then took a test using the vision they had practised in. After test 1, all of the students switched 
the type of vision to control for the learning curve: Group 1 practised in 3D and took a test in 
3D, while Group 2 practised in 2D and took the test in 2D. To pass, three out of five exercises 
had to be successfully completed within a time limit. The students filled out a questionnaire 
after completing test 2.

Results
The results show that students working with 3D vision achieved significantly better results 
than students who worked in 2D. Ninety-five percent of the students filled out the question-
naire, and over 90 percent preferred 3D vision.

Conclusion
The use of 3D vision in a virtual learning environment has a significant positive effect on the 
performance of the students as well as on their appreciation of the environment.
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inTroduCTion 

The use of a simulator or a virtual learning environment to train and educate students and 
professionals in the medical field (e.g., endoscopic surgery1, laparoscopic surgery2 and dental 
simulators3-6) has been common for some years now. In addition, patient safety and a focus on 
quality of care and education are increasingly important7. Due to technical limitations, early 
simulators only had two-dimensional (2D) vision. In neuroendoscopic surgery, it was found 
that the use of 2D vision impaired depth perception and the ability to estimate size.8 With 
further technological developments in three-dimensional (3D) vision, for example in gaming, 
gradually more simulators have been designed with this technology. It has been suggested 
that competency within dentistry requires good perceptual and visual skills, both for gather-
ing information and for judging the positions, distances, and sizes of objects.9 Therefore, the 
application of 3D vision in dental simulators may be relevant. Studies on the effect of using 3D 
vision in laparoscopy have published a wide variety of results, supporting both an improved 
performance with 3D vision as well as equivalency of the results with 2D vision.10 

The use of 3D vision implies that users always need to wear special 3D glasses to acquire 
a single image, and some people experience problems with viewing in 3D vision11 or report 
symptoms of eye strain while using these glasses. Additionally, the use of 3D vision in a dental 
trainer has consequences for the design which is more complex and possibly more expensive 
since special 3D or multiple projectors are required.

The purpose of this study was to investigate the effect of using 3D versus 2D vision on the 
performance and appreciation of the students in a virtual learning environment.

maTerials and meThods

To investigate the effects of 3D versus 2D vision, the MOOG Simodont dental trainer ®, a virtual 
learning environment with haptic feedback, was used (Figure 1). The Simodont dental trainer 
is a simulator consisting of a force feedback robotic arm connected to software in such a way 
that every movement of the arm is visualised on a screen. A separate computer containing 
the courseware with lesson programmes and virtual patients is attached to the simulator.12, 13
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Figure 1. The MOOG Simodont dental trainer.

Stereoscopic (3D) vision in the Simodont dental trainer
The dental trainer is equipped with two digital multimedia projectors from LG®, type HS 101 
(resolution 800 × 600) (Figure 2). The acquisition of 3D vision in the dental trainer is based on 
the projection of two images superimposed onto the same screen through a polarising filter. 
To obtain a single 3D image, all of the students wear passive circular polarised glasses (3D 
Optix, Gent, Belgium) (Figure 2).14 One eye receives the left circular polarised image, and the 
other eye receives the right polarised image, which results in the reception of one 3D image. 
Extensive research on the interpupillary distance (IPD) of humans has shown that the vast 
majority of adults fall within the range of 50 to 70 mm11; the IPD between the right and left 
pupil was set at 60 mm in this study. The eye distance to the object in the dental trainer was 
set at 30 cm. 

Figure 2. The two projectors in the dental trainer combined with the glasses were used to obtain a 3D vision.
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2D vision in the Simodont dental trainer
During the experiment, half of the group practised and tested with 2D vision. This vision was 
obtained by turning off one of the two projectors in the dental trainer, which resulted in 2D 
vision because only one image was projected onto the screen (Figure 2).

Experimental protocol
One hundred and twenty-four first-year students were randomly divided into two groups. 
None of the students had previous experience in cutting a tooth or working in a virtual learning 
environment. The students received a short introduction to explain that a study would take 
place during their training on the dental trainer. Arrangements were made with the examina-
tion committee of the dental institute to prevent students from experiencing disadvantages 
in their education and to provide all of the students with the same education and the same 
conditions for assessment. 

During the study, all of the students had to use their personal ID card to log in to the sys-
tem, which ensured that all of their results were saved in the database and that they practised 
on the assigned preparation (Figure 3)that was available in their personal ‘waiting room’. Both 
Group 1 and Group 2 consisted of 62 students who practised five times for 45 minutes in 
scheduled sessions. For the first test, Group 1 practised in 2D vision, and Group 2 practised 
in 3D vision. All of the students in both the 2D and 3D vision groups had to wear polarised 
glasses during the practise sessions and when testing to keep all of the circumstances equal. 
The students were familiar with the type of vision they were working in. Experience gained 
from earlier education on the dental trainer had shown that 45 minutes is approximately the 
maximum amount of time a student can focus while working in the Simodont dental trainer 
before showing symptoms of eye strain. After five practise sessions, the students took the test 
during session six. Every student tested in the same vision that they had practised with. To pass 
the test, three out of five exercises had to be completed successfully within 45 minutes. An ex-
ercise was completed successfully if 90% of the red target area (2 branches that were 7.0 mm 
long by 1.5 mm wide by 1.5 mm deep crossing each other in the middle) had been removed 
and the beige container (a cube that was 10.0 mm long by 10.0 mm wide by 2.0 mm deep and 
contained the preparation) was completely intact. The green area is called the leeway space 
(adding 0.2 mm on the bottom and on every side of the target area), and the students were 
allowed to remove this area completely, but it was not a requirement to pass the test (Figure 
3). Students were allowed to enlarge the image from 100% to 125% of the original size of the 
image. The rotation of the block was limited to 90º to the left and 90º to the right.

After the completion of Test 1, Group 1 switched from 2D to 3D vision, and Group 2 switched 
from 3D to 2D vision. Again, five practise sessions were conducted, and then the students took 
the test with the same vision in which they had just practised. The division of the groups was 
performed to control for the learning curve that was likely to be present between the first and 
the second test. Table 1 shows an overview of the study design.
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Figure 3. Cross preparati on manual dexterity exercise.

table 1. Study design of the experiment.

 Group 1 Group 2

Practi se (5*45 min) 2D 3D

Test 1 2D 3D

swiTCh

Practi se (5*45 min) 3d 2d

Test 2 3D 2D

Questi onnaire Questi onnaire

Questi onnaire
Aft er the completi on of both tests, each parti cipant completed a questi onnaire (Table 2). The 
questi onnaire consisted of sixteen comparati ve rati ng scale questi ons and one closed ques-
ti on in which students marked their preference for either 2D or 3D vision. A paired t-test was 
performed on the data collected using the questi onnaire (Q1-Q12).

The data collected using the questi onnaire and the data collected during both tests were 
stati sti cally analysed using Stati sti cal Package for Social Science (SPSS) 21.0 (SPSS, Chicago, IL, 
USA). 
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table 2. Questionnaire 

category A 2D vs. 3D 

Design Comparative rating scale question

Answer model 5-point Likert scale: 1 (Completely disagree) – 5 (Completely agree)

Number statement

1 There is sense of depth in 2D

2 There is sense of depth in 3D

3 Passing the test in 2D is possible

4 Passing the test in 3D is possible

5 There was sufficient time for the test in 2D

6 There was sufficient time for the test in 3D

7 During the 2D education, I acquired manual dexterity

8 During the 3D education, I acquired manual dexterity

9 The use of the drill was realistic (2D)

10 The use of the drill was realistic (3D)

11 My eyes got tired whilst working in 2D

12 My eyes got tired whilst working in 3D

13 It was easier to find the model in 3D vision than in 2D vision

14 I work faster in 3D than in 2D

15 Testing in 3D was easier than in 2D

16 In 2D, I depended more on the force feedback than in 3D

category B Preference 

Design Closed Question

Answer model 2D or 3D

resulTs

After the completion of Test 1 and Test 2, one student of the 124 participants was removed 
from the data collection because only one test was completed. Table 3 shows general informa-
tion on the participants for Test 1, Test 2 and the questionnaire. One hundred and fifteen 
students filled out the questionnaire after the completion of both tests.
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table 3. General information about the participants for Test 1, Test 2 and the questionnaire.

test 1 test 2 Questionnaire

2D 3D 2D 3D

Male 24 21 21 24 40

Female 39 39 39 39 73

Gender unknown 0 0 0 0 2

Total 63 60 60 63

Total number of 
participants

123 123 115

The average age of the participants who filled out the questionnaire was 20.3 ± 2.7 years. 
The ages of the participants for Test 1 and Test 2 were not recorded.

Table 4 shows the results of Test 1 and Test 2. A chi-squared test was performed on the data 
of both tests. Results for Test 1 showed a chi-squared value of 4.639 (P = 0.031), Test 2 showed 
a value of 5.043 (P = 0.025).The differences were statistically significant for both tests, showing 
significantly better results of the students when working in 3D.

table 4. Results of Test 1 and Test 2.

Passed (N) Failed (N) total (N) total (N) per test

Test 1 - 2D 13 % (8) 87% (55) 63 123

Test 1 - 3D 28 % (17) 72% (43) 60

Test 2 - 2D 42% (25) 58% (35) 60 123

Test 2 - 3D 62% (39) 38% (24) 63

Table 5 shows the mean drilling time to pass the test. The results of the t-test for Test 1 
(P=0.636) and Test 2 (P=0.332) showed no statistically significant differences.

table 5. Results of “Time to pass the test” of Test 1 and Test 2.

2D (sec.) 3D (sec.)

Test 1 227 214

Test 2 207 190
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Figure 4. The results on Test 1 and 2 of Group 1 and Group 2, divided and specified.

Figure 4 shows the number of participants of Group 1 and Group 2 who failed both tests, who 
Failed Test 1 and passed Test 2, who Passed Test 1 and failed Test 2 and who passed both tests. 
The post-hoc tests per sub-category shows there is only a statistically significant difference 
between the sub-categories ‘Passed Test 1, failed Test 2’ and ‘Failed Test 1, passed Test 2’ (P = 
0.033).

Questionnaire
Table 6 shows that 93% of the participants preferred to work in 3D.

table 6. Preferences of the participants who took Test 1 and Test 2 and who filled out the questionnaire.

Preference n %

2D 6 5%

3D 107 93%

Unknown 2 2%

Total 115 100%
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Figure 5. Results of the paired questions on the questionnaire that compared the aspects of working in 2D vs. 
3D. This figure is based on the results shown in Table 7.

table 7. Results of the paired questions on the questionnaire shown in table 1, including the P-values.

n 2D mean + sD 3D mean + sD P-value

Q1/Q2 (feeling of depth) 115 2.07 ± 1.015 4.41 ± 0.736 <0.001

Q3/Q4 (possibility of success) 114 3.46 ± 1.198 4.55 ± 0.692 <0.001

Q5/Q6 (sufficient time) 115 3.51 ± 1.347 3.95 ± 1.075 <0.001

Q7/Q8 (gained experience) 114 3.31 ± 0.97 3.86 ± 0.702 <0.001

Q9/Q10 (feeling of realism) 114 2.88 ± 0.942 3.79 ± 0.781 <0.001

Q11/Q12 (eye strain symptoms) 115 3.39 ± 1.233 3.12 ± 1.178 0.009

Table 7 shows the results of the paired samples t-test. The categories “feeling of depth”, “pos-
sibility of success during test”, “enough time for test”, “gained manual dexterity experience”, 
and “feeling of realism” were rated significantly higher in 3D than in 2D when using the air 
rotor. The category “tired eyes” shows that the participants experienced eye strain symptoms 
more often in 2D vision than in 3D.
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table 8. Mean values of the unpaired questions in the questionnaire.

 n mean + sD

Q13 (finding the model in 3D was easier) 113 4.25 ± 0.851

Q14 (work faster in 3D than in 2D) 115 4.05 ± 0.990

Q15 (testing in 3D was easier) 114 4.26 ± 0.922

Q16 (higher dependence on force feedback in 2D) 115 3.63 ± 1.143

Table 8 shows the mean values for questions 13 – 16. 3D vision was more appreciated than 
2D vision and was rated higher when students were asked about finding the subject in space 
(Q13), time efficiency (Q14), and when taking the tests (Q15). Question 16 shows that partici-
pants reported a higher score for their dependence on the force feedback in addition to sight, 
when working in 2D vision than when working in 3D.

disCussion

In this study, the differences in performance and appreciation of the students working in a 
virtual learning environment with 2D or 3D vision were investigated. During the experiment, 
the students were aware of the type of vision that they were working with because it was im-
possible to keep this information unknown. If a student looked at the screen without glasses, it 
was very clear to see whether there were two images (3D) or one image (2D). Students pointed 
out in the questionnaire that working in 2D vision while wearing glasses was unpleasant. This 
was a requirement during the experiment to keep all circumstances comparable between 
testing in 3D and 2D vision. The probable reason for the unpleasantness of working with polar-
ized glasses in 2D vision is that only one eye received an image through the polarized glasses, 
because only one of the two projectors emitted an image. The glasses that were used in this 
study did not completely block the vision of the ‘other’ eye. This was tested before the study 
took place. This means that the students had binocular vision when working in 2D.

Prior to this study, students reported a wide range of positive and negative views regarding 
working in 3D vision. Studies have shown that 5-10% of the population has stereo blindness.11 
In addition, the use of 3D vision is more expensive and complicated than using 2D vision. These 
factors led us to test both 3D and 2D vision in a virtual learning environment. The results of this 
study show that significantly more students passed while working in 3D vision than in 2D vision 
on both tests. With both tests in 2D and 3D, students performed better during Test 2, results 
show that there was a statistically significant difference between the group ‘Passed Test 1, 
failed Test 2’ and the group ‘Failed Test 1, passed Test 2’, which is probably the consequence of 
a learning effect having practiced twice as long before Test 2 than Test 1. The data also showed 
that working with 3D vision was preferred in every aspect by the students.
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This study shows the importance of the use of 3D vision in a virtual learning environment. 
Previous studies have been published regarding the effectiveness of laparoscopic training using 
2D vs. 3D vision. One study showed that the use of 3D imaging offered significant advantages 
in the teaching of laparoscopic skills to inexperienced individuals.2 Another study showed that 
the use of 3D vision compared with 2D vision in laparoscopic suturing and knot tying resulted 
in a 25% increase in the speed and accuracy of these laparoscopic tasks when working in 3D 
vision.1 In addition, several studies in general surgery concluded that task errors, task time and 
learning time were all decreased when 3D vision was used.8 However, the use of this technique 
also has disadvantages. Stereoscopic projection is never perfect because there is some leakage 
of the left eye image into the right eye and vice-versa. This leakage results in ‘ghosting’ 15, 16, 
or showing an (unclear) second image that is visible next to the main object. The previously 
mentioned incidence of stereo blindness in a (small) part of the population is an additional 
disadvantage of a 3D learning environment.

In this study, the differences in the results between the male participants and the female 
participants were also evaluated. The chi-squared test showed no significant differences for 
Test 1 (P = 0.184) or Test 2 (P = 0.179). The differences in ‘time to pass the test’ were also evalu-
ated within the data (Table 6), and students were shown to pass both tests faster using 3D 
vision. However, these results were not statistically significant. In this study, ‘to pass as fast as 
possible’ was not an instruction when assigning the tests, so the students may not have been 
focusing on the time used during testing. The actual difference in ‘time to pass a test’ should 
be investigated in a future study. Given our preliminary results, we would expect students to 
complete the test in a shorter working time with 3D vision than with 2D vision. Finding the 
model in space with an instrument was significantly more appreciated in 3D vision, indicating 
that the orientation in space is more difficult with 2D vision because there is no depth percep-
tion. Related to this finding, students reported more eye strain symptoms when working in 2D 
vision. In this study, only ‘novices’ were evaluated with no prior working experience with an 
air rotor. A future study performed with ‘experts’ in the dental field would show whether 3D 
vision is also preferred by experienced professionals. 

ConClusion

Our results show that students perform significantly better at a manual dexterity exercise in 
a virtual learning environment when working in 3D vision compared with 2D vision. These 
objective results are supported by the subjective results of the questionnaire. Our results also 
show that the vast majority of students preferred to work in 3D vision in the virtual learning 
environment. Based on the results of this study, we concluded that 3D vision is a useful asset 
to a virtual learning environment. 
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