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Introduction
This study investigated the effect of force feedback (FFB) on student performance in a virtual 
learning environment (VLE) using the Simodont dental trainer (Moog, Nieuw-Vennep, the 
Netherlands) and evaluated the students’ satisfaction with and without FFB.

Methods
The Simodont dental trainer, which was used as a VLE, was randomly assigned to 101 first-year 
dental students with no previous experience in cutting a tooth or working in a VLE with FFB. 
This study was designed as a crossover study. One half of the students practiced without FFB, 
whereas one half practiced with FFB. Both groups practiced four sessions lasting 45 minutes 
on a cross preparation. In the fifth session, test 1 was scheduled. After test 1, the same practic-
ing and testing protocol was followed, although the environment was switched. After test 2, 
participants filled out a questionnaire. For the statistical analysis, only the questionnaires of 
the students who participated in both tests were processed.

Results
The results of test 1 and test 2 revealed that only students who used FFB were able to pass the 
tests. The questionnaire outcomes supported the results of both tests; 100% of the students 
preferred working with FFB.

Conclusion
The results suggest that FFB is important for performance in a VLE and essential for satisfaction.
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inTroduCTion 

In a dental curriculum, preclinical training offers students the opportunity to develop manual 
dexterity and master various clinical procedures before treating real patients in a clinic. How-
ever, conventional preclinical training methods are associated with several limitations, such as 
a shortage of learning materials like available extracted teeth with the appropriate pathology 
for students to acquire the right skills and competence.1 Alternatives introduced in the late 
1990s—primarily virtual reality (VR) and haptics—are nearing their potential to complement 
these conventional methods.2

At its simplest, VR systems provide an artificial environment that users can experience 
through sensory stimuli provided by a computer or a VR simulator, wherein the occurrences 
are partly determined by the user’s actions.3 In the fields of medicine and dentistry, simulation 
and VR are used for training and education in surgery and anesthesiology,4,5 with the aim of 
simulating the actual clinical environment as closely as possible.6

The realism of VR training is increased by the use of haptics, which provide the user with 
tactile sensations through a process known as force feedback (FFB).7 In brief, when a user 
touches an object in the virtual world, the material can be felt through a haptic hand piece. The 
FFB allows a learner to obtain the feel of an invasive procedure in a virtual learning environ-
ment (VLE).5,8 The use of haptic technology is particularly advantageous in the field of dentistry 
because the development of psychomotor and contact-mediated tactile skills is a major part of 
training.9 Haptics can distinguish between expert and novice performances in complex haptic 
procedures.10 However, no studies have established the performance benefits of haptics (i.e., 
FFB) in a dental VLE task.

For this study’s purposes, the Moog Simodont dental trainer (Nieuw-Vennep, the Nether-
lands) was used, which is specifically developed as a haptic interface for dental students.1 It 
is still under development and regularly updated to improve its technical behavior, to allow 
it to resemble reality as closely as possible, and to provide new theoretical content for use 
in the curriculum. The beginning of the development of the Simodont dental trainer in 2007 
was based on limited evidence at that time,11 expectations (e.g., the expectation of students 
to work with three-dimensional [3D] vision12) and assumptions (e.g., FFB is necessary for good 
performance). The dental trainer was simultaneously implemented in the curriculum during 
the process of development. During implementation it was assessed whether assumptions 
made at the beginning of development were accurate and to check if the quality of several 
aspects of the dental trainer is adequate for students to learn and acquire skills: a previous 
study12 assessed the impact of 3D vision on the performance of students in the VLE provided 
by the Simodont dental trainer and determined their opinions via a questionnaire. The results 
revealed significantly better student performance and satisfaction with the use of 3D vision.
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In the present study, the tested assumption was that FFB affects the performance and 
satisfaction of students working in a VLE. The null hypothesis was that FFB is not associated 
with the acquisition of manual dexterity by students.

meThods

In total, 101 first-year dental students with no previous experience in cutting a tooth or 
working in a VLE with FFB were included in this study. Each student was informed before the 
experiment that they would be part of a study during their scheduled training in the VLE. The 
ethical review committee of the Academic Centre for Dentistry Amsterdam (ACTA, Amsterdam, 
the Netherlands) approved the study protocol. Arrangements were made with the Board of 
Exams of the Dental Institute to avoid students from facing disadvantages in their education 
because of this experiment and to provide all students with the same education and conditions 
for assessment. All participants provided written consent for anonymous processing of their 
data and publication of their results.

FFB in the VLE
The FFB in the Simodont dental trainer comprises several components that collectively simu-
late the actual conditions for cutting in material. The amount of opposing force (i.e., FFB) from 
the dental trainer, measured at the specific point where the virtual drill touched the virtual 
material, has three components, as described below.

Hardness of the virtual material [1] × “Cut Speed Gain” [2] + “Push Force” [3] = FFB
1. The hardness of the material is expressed as a gray value. This gray value is a normalized 

value between 0 and 1 and is originally based on the gray value of the tooth scan, which 
shows different tooth tissues in the same manner as an X-ray. In addition, the hardness 
levels of the different tooth tissues were graded from 0 to 1, in which 0 is no FFB [i.e., no 
material, black in the scan with a gray value of (RGB 0, 0, 0) in the Red Green Blue code] 
and 1 is the highest [i.e., not possible to remove the material, gray value (RGB 255, 255, 
255); Table 1]. The standard FFB level has a hardness comparable with that of dentin from 
a natural adult tooth. When this was translated to the scale for different tooth tissues, the 
pulp tissue was set at 0.05 (i.e., softest material), soft caries at 0.20, dentin at 0.6, enamel 
at 0.9, and amalgam at 0.95 (hardest material, but still possible to remove; Table 1).

2. The “Cut Speed Gain” indicates the ease with which the airotor removes the material. It is 
a value linked to the hardness of the material and gives a signal for a certain speed of the 
drill when in contact with a certain hardness. The softer the material, the easier the drill 
can remove the material.
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3. The third component, the “Push Force,” indicates the amount of force applied by the op-
erator on the virtual material and its influence on components 1 and 2. If the user applies 
substantial pressure with the drill, the material is removed faster until a certain limit. If the 
user touches the material very gently, its removal will be slower.

table 1. Normalized Hardness Values for Different Tooth Tissues Used in the VLE

tissue Hardness Value (Normalized)

Pulp Chamber 0.00

Pulp Tissue 0.05

Plaque 0.15

Caries (Soft) 0.18

Gingiva 0.30

Caries (Hard) 0.35

Calculus (New) 0.40

Spongy Bone 0.40

Cortical Jaw Bone 0.50

Calculus 0.55

Dentin 0.60

Calculus (Matured) 0.60

Enamel (Demineralized) 0.65

Glass Ionomer Cement 0.65

Resin-reinforced Glass Ionomer Cement 0.65

Pulp Stone 0.70

Composite 0.80

Enamel 0.90

Amalgam 0.95

This study was designed as a crossover study to investigate whether FFB is a requirement for 
working in a VLE for mastering a manual dexterity exercise (Table 2). One half of the students 
practiced without FFB (group 1), while one half practiced with FFB (group 2). All students were 
randomly assigned to both groups by a lottery ticket. The level of FFB that each group used 
during practicing and testing is shown in Tables 2 and 3. During all practicing sessions, a dental 
teacher was available for questions. Before beginning the experiment, the assignment and 
the procedures were explained during a lecture to all students. The assessment assignment 
was similar to the practice assignment, namely, the cross preparation (Fig. 1). The require-
ments for the test are explained in the “Testing Protocol: Test 1 and Test 2 section,” which is 
written hereunder. The students who had practiced with FFB tested with FFB; students who 
had practiced without FFB tested without FFB. All students practiced and tested under both 
circumstances, but in a different order [(a randomly selected) half of the total group started 
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with FFB and half without FFB, Table 2]. After test 2, the participants completed a question-
naire with categories A and B, which are shown in detail in Table 4. The complete experiment 
had a duration of 4 weeks (Table 2). For the statistical analysis, only the questionnaires of 
students who participated in both tests were processed (n = 75).

Figure 1. Manual dexterity exercise in the VLE. In the cross preparation, the red target area should be removed 
for 90%.

table 2. The Cross-over Study Design for the Experiment, including practicing and testing moments.

session
Week 

number Day
Practicing (P) or testing 

(t)
Group 1

environment
Group 2

environment

1 Week 1 Wednesday P (45 minutes) No FFB Standard FFB

2 Week 1 Wednesday P (45 minutes) No FFB Standard FFB

3 Week 1 Friday P (45 minutes) No FFB Standard FFB

4 Week 2 Wednesday P (45 minutes) No FFB Standard FFB

5 Week 2 Wednesday T (45 minutes) No FFB Standard FFB

Switch

6 Week 2 Friday P (45 minutes) Standard FFB No FFB

7 Week 3 Wednesday P (45 minutes) Standard FFB No FFB

8 Week 3 Wednesday P (45 minutes) Standard FFB No FFB

9 Week 3 Friday P (45 minutes) Standard FFB No FFB

10 Week 4 Wednesday T (45 minutes)
+ Questionnaire

Standard FFB No FFB

table 3. The Levels of Force Feedback Used in this Study

Level of FFB 0–1 scale explanation

No FFB 0 The user received no FFB

Standard FFB 0.6 Hardness of dentin of an adult tooth
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Testing Protocol of Test 1 and Test 2
A preparation for the tests was successfully completed if 90% of the red target area [two 
branches measuring 7.0 (length) × 1.5 (width) × 1.5 (depth) mm that crossed each other in 
the middle] was removed while the beige container (a cube measuring 10.0 × 10.0 × 2.0 mm 
and containing the preparation) remained completely intact. The students were allowed to 
remove the green area completely, known as the leeway space (adding 0.2 mm on the bot-
tom and on every side of the target area), although it was not a requirement to pass the test 
(Fig. 1). Students were allowed to enlarge the image from 100% to 125%. Rotation of the 
block was limited within the system: 90 degrees to the left and 90 degrees to the right. To 
pass test 1 or test 2, three of five (i.e., cross) preparations had to be successfully completed 
within 45minutes. The maximum number of permitted manual dexterity preparations during 
the tests was 5. In addition, it was assured that the colors of the screen, the resolution of the 
projectors, and the 3D (depth) factor were all set values. The requirements for the test in this 
study are identical to the test that the students take regularly (not involved in an experiment) 
in their curriculum and are approved by the board of examinations. After test 2, the students 
completed a questionnaire. The data of each participant would solely be used if this protocol 
was followed precisely during the training sessions and test 1 and test 2.

Questionnaire
The questionnaire (Table 4) comprised eighteen comparative rating scale questions (category 
A) and one closed question (category B) in which the students marked their preference for 
working with or without FFB. The questionnaire was based on questionnaires used in previ-
ously published studies on the Simodont dental trainer.12 

The questions in category A were set up in nine pairs in which the statements contradicted 
each other to ensure that the opinions given were consistent and independent of the question. 
The nine paired questions were bundled into two scales. Scale 1 reported on the students’ sat-
isfaction in their performance with FFB and without FFB, and scale 2 reported on the students’ 
experience working with FFB and without FFB with regard to the human senses (i.e., vision, 
sound, fatigue). The first scale of questions marked a high score if a participant was in favor 
of working with FFB. The second scale of questions marked a low score if a participant was in 
favor of working with FFB. The average score of the questions in scale 1 and scale 2 working 
with FFB (questions 1, 3, 5, 7, 9, 11 and 13, 15, 17, respectively) and without FFB (questions 2, 
4, 6, 8, 10, 12 and 14, 16, 18, respectively) were calculated (Figs. 2 A, B).
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table 4. Questionnaire Used in the Experiment: Working with or Without Force Feedback

category A FFB vs. No FFB

Design Comparative rating scale question

Answer model 5-point Likert scale: “1” (completely disagree)–“5” (completely agree)

Number Pair Statement

scale 1 Questions concerning satisfaction about performance in working with FFB and 
without FFB

1 1 Drilling with FFB was pleasant  

2 Drilling without FFB was pleasant 

3 2 Passing the test with FFB was possible 

4 Passing the test without FFB was possible 

5 3 There was sufficient time to pass the test with FFB 

6 There was sufficient time to pass the test without FFB 

7 4 Testing with FFB was easier than testing without FFB

8 Testing without FFB was easier than testing with FFB 

9 5 The airotor was realistic without FFB

10 The airotor was realistic with FFB 

11 6 Determining positions in space was feasible with FFB 

12 Determining positions in space was feasible without FFB 

scale 2 Questions concerning the experience of the human senses (vision, sound, fatigue) 
working with FFB and without FFB 

13 7 Sound was more important when drilling with FFB 

14 Sound was more important when drilling without FFB 

15 8 Working with FFB was tiring 

16 Working without FFB was tiring 

17 9 With FFB, my vision is most important 

18 Without FFB, my vision is most important 

category B Preference FFB vs. No FFB 

Design Closed Question

My preference is working with or without FFB

Statistical Analyses
The data from the questionnaires and data collected during both tests were statistically ana-
lyzed using the Statistical Package for the Social Sciences software, Version 21.0 (SPSS, Chicago, 
Ill). The differences between groups in test 1 and test 2 were analyzed in a cross table using the 
χ2 test. The effect size of this difference was calculated using Cramer φ. The paired questions 
and the scales in the questionnaire were considered parametric and statistically analyzed using 
the paired samples t test. For all statistical analyses, the significance level α was 0.05.
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resulTs

table 5. General Information of the Participants in the Experiment

experiment 1 test 1 (N) test 2 (N) Questionnaire (N)

Male 36 29 27

Female 65 49 48

Total 101 78 75

As seen in Table 5, 101 and 78 students participated in test 1 and test 2, respectively. From 
these, only the data of 68 students who precisely adhered to the testing protocol were used 
for statistical analyses. 

Table 6 shows that three students passed test 1 and fifty nine failed, whereas nine passed 
test 2 and fifty three failed. All students who passed the test did so during their turn work-
ing with FFB, whereas no student passed during their turn working without FFB. The χ2 test 
produced a value of 4.666 (P = 0.031) for the test 1 results and 7.114 (P = 0.008) for the test 2 
results. To interpret the effects of FFB on passing scores, we performed an effect size calcula-
tion, which gave a φ score of 0.274 (P = 0.031) for test 1 and 0.339 for test 2 (P = 0.008). These 
values indicated a small effect (df* = 1, value between 0.1 and 0.3) for test 1 and a medium 
effect (df* = 1, value between 0.3 and 0.5) for test 2.

table 6 . Results of Test 1 and Test 2

original 90% target Removal (0% container Removal) 3 out of 5

No FFB Standard FFB

Passed Failed Passed Failed

Test 1 N=0 0% N = 37 60% N=3 5% N=22 35%

Test 2 N=0 0% N = 25 40% N=9 15% N=28 45%

Table 7 shows the post hoc calculated test results with more sensitive metric. It shows the 
number of students who (would have) passed if only one cross preparation at 90% target 
removal would be sufficient to pass the test, and it shows the number of students that would 
have passed the test if one cross preparation with a target removal of 60% was sufficient (and 
≤10% container removal). To analyze the differences between the groups, we performed a χ2 
test for test 1 and test 2 for the 90% target removal group and the 60% target removal group, 
with the following results:
- Test 1, 90%target removal: the χ2 statistic is 19.7914. The P value is less than 0.001. The φ 

score is 0.0948.
- Test 1, 60% target removal (and ≤10% container removal): the χ2 statistic is 12.518. The P 

value is less than 0.001. The φ score is 0.0809.
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- Test 2, 90%: the χ2 statistic is 21.2726. The P value is less than 0.001. The φ score is 0.0982.
- Test 2, 60% (and ≤10% container removal): the χ2 statistic is 16.3014. The P value is less 

than 0.001. The φ score is 0.0875.
All φ scores are less than 0.1 indicating a small effect for the post hoc analysis results.

table 7. Results of Test 1 and Test 2 calculated with more sensitive metrics (post hoc), compared to the original 
test results.

test 1

90% target Removal (0% 
container Removal) 3 of 5

90% target Removal 60% target Removal 
(≤10% container Removal) 

Passed (N=62) Passed (N=62) Passed (N=62)

No FFB 0 0% 0 0% 18 29%

Standard FFB 3 5% 11 18% 23 37%

test 2

Passed (N=62) Passed (N=62) Passed (N=62)

No FFB 0 0% 1 2% 14 23%

Standard FFB 9 15% 23 37% 36 58%

Table 8 shows the results of the calculation to analyze the carryover effect between test 1 
and test 2. It shows a significant effect in more students passing during test 2. The effect of 
the presence of FFB during the test and the combination of both mentioned factors (time and 
presence of FFB) show no significant result.

table 8. Results of the calculation of the carry over effect between Test 1 and Test 2 General Linear Model.

multivariate testsa

Effect Value F Hypothesis 
df

Error df Sig. Partial Eta 
Squared

Passed yes/
no

Pillai’s Trace .806 254.167b 1.000 61.000 .000 .806

Wilks’ Lambda .194 254.167b 1.000 61.000 .000 .806

Hotelling’s Trace 4.167 254.167b 1.000 61.000 .000 .806

Roy’s Largest Root 4.167 254.167b 1.000 61.000 .000 .806

FFB yes/ no Pillai’s Trace .012 .717b 1.000 61.000 .401 .012

Wilks’ Lambda .988 .717b 1.000 61.000 .401 .012

Hotelling’s Trace .012 .717b 1.000 61.000 .401 .012

Roy’s Largest Root .012 .717b 1.000 61.000 .401 .012

factor1 * 
factor2

Pillai’s Trace .053 3.436b 1.000 61.000 .069 .053

Wilks’ Lambda .947 3.436b 1.000 61.000 .069 .053

Hotelling’s Trace .056 3.436b 1.000 61.000 .069 .053

Roy’s Largest Root .056 3.436b 1.000 61.000 .069 .053
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Questionnaire
Figures 2A to D show the mean values of the responses to category A of the questionnaire. In 
total, seventy-five students completed the questionnaire. The error bars show the standard 
deviation value for each question. The average difference in the comparison of the questions 
in scale 1 of category A was 1.6, and the average difference in the comparison of the questions 
in scale 2 of category A was −0.8. Both differences were statistically significant. Each question 
within both scales contributed to the complete result. 

Table 9 shows the results of the paired-samples test for the paired questions in Table 4. 
Significant differences were observed between the FFB and non-FFB conditions for all paired 
statements (P < 0.05). 

The results for category B showed that 100%of the participants who completed the ques-
tionnaire preferred working with FFB.

table 9. The Results for Category A of the Questionnaire

With 
fbb n std. Without FFB n std. P-value

scale 1

Pair 1 4.8 75 0.42 1.3 75 0.68 0.000

Pair 2 4.4 75 1.72 1.9 75 1.01 0.000

Pair 3 3.9 75 0.80 3.1 74 1.24 0.000

Pair 4 4.6 74 0.71 1.2 75 0.55 0.000

Pair 5 4.1 75 0.75 2.1 73 1.05 0.000

Pair 6 4.2 75 0.81 1.6 75 0.97 0.000

scale 2

Pair 7 2.7 75 0.94 3.4 74 1.08 0.001

Pair 8 2.8 74 1.03 4.04 66 0.87 0.000

Pair 9 3.4 75 1.06 3.9 75 1.28 0.041
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Figure 2. The mean values of the responses to category A of the questionnaire. A, The average scores of scale 
1 questions from the questionnaire. The participants reported a high score in favor of working with FFB. B, The 
average scores of scale 2 questions from the questionnaire. The participants report a high score against working 
without FFB. C, The average scores of scale 1 questions. D, The average scores of scale 2 questions.

disCussion

In the present study, we investigated the effect of working with or without FFB in a VLE (ie, 
Simodont dental trainer) on student performance. “Performance” in this experiment was 
defined as being able to properly work on the dental trainer and to acquire skills. The testing 
period was designed to investigate whether FFB was required to work on the dental trainer 
and not as a passing or failing moment for students. Dentists have to work very precisely, on 
a very small scale in the clinic. Sometimes during patient treatment, it is not possible to see 
the work area as properly as what the dentist would wish, and in that case, a dentist falls back 
on acquired experience working on the basis of feeling. Even if a dentist is working without 
vision or with indirect vision, the dentist knows what to expect and can perform the treatment 
guided by the “sense of touch” in the first place and vision in the second place. 

The results showed that all students failed the test without FFB, thereby confirming the as-
sumption made during the development of the dental trainer that FFB is required to perform in 
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a VLE and should be incorporated in the (further) development. Therefore, the null hypothesis 
that FFB is not associated with the acquisition of manual dexterity by students may be rejected. 

This study showed a low passing rate for working with FFB as well as without FFB. However, 
the group working with FFB performed significantly better. A possible explanation could be that 
the requirements of the tests were set too high, especially in consideration of the short period 
for practicing. The setting of this study took place during “real” educational circumstances. This 
was a very important aspect of the study, because the VLE is only used during education and 
thus has to prove itself within these circumstances in which students require a high level of 
performance of the dental trainer.

This study design was chosen (1) to work with a whole cohort of students to prevent the 
introduction of a selection bias in the group of participants; (2) to plan the study during the 
beginning of the curriculum, which assured that there was no “contamination” in the manual 
skills of the participants from other dental education; (3) to give students the ability to acquire 
fine motor skills distributed over multiple days during 4 weeks; and (4) to adhere to the test-
ing requirements of tests during regular education, equal to testing conditions of past years, 
because these were approved by the board of examination.13–15 The training sessions lasted 45 
minutes each, which means that the whole study easily could have fit within 1 day. However, 
it is proven that distribution of practice is more efficient for psychomotor skills learning com-
pared with massed practice.13–15 Besides, working in the VLE requires a high level of focus and 
is therefore very tiring for students to work on; practicing too much in 1 day would probably 
have a negative effect. 

To compensate for the result that only students with the availability of FFB were able to 
pass the test, a post hoc analysis was made to calculate the results in case the requirements 
of the test were lower (Table 7). These results showed that students were able to pass the 
test without FFB. However, the number of participants passing is significantly larger with FFB. 
In the post hoc test with a target removal of 60%, a container removal with a maximum of 
10% was chosen. This value was selected because the original assignment was to keep the 
container score at 0%. If a score up until 10%was reached, only a very small mistake was made, 
and therefore, the attempt was judged as serious and useful for analysis. 

The results also showed that no student passed any test without FFB, even when they had 
passed the first test with FFB. Visual information only may be insufficient to perform a manual 
dexterity task that requires a high level of precision within a short practicing time. Multiple 
studies in the area of neurophysiology underpin the requirement or necessity of haptics when 
performing a surgical task.16–18 The absence of FFB may lead to applying excessive or insuf-
ficient forces, which may damage tissue.

A whole cohort of students participated in this study, rather than volunteers, to prevent the 
introduction of selection bias. At the beginning of the experiment, the participants numbered 
101 students. However, the number included in statistical analyses was sixty-two students. This 
high dropout rate occurred because only those students who precisely adhered to the testing 
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protocol were included in the statistical analyses to ensure clean results. The dropout rate 
was comparable for number in both groups. Sex and age of the participants that dropped out 
from both groups were comparable with sex and age of the included students; thus, statistical 
analysis could be performed. Many students who failed in test 1 continued making prepara-
tions during the test sessions while the experiment was ongoing, and thus, they exceeded the 
maximum number of permitted manual dexterity preparations (n = 5). This factor affected 
the practice duration, and therefore, the participants deviated from the testing protocol. To 
maintain similar conditions throughout the study and to maintain the data as uncompromised 
as possible, the data of these students were excluded from statistical analysis. The participants 
who were processed in the data adhered to the protocol during test 1 and test 2. If a student 
adhered to the protocol during the test 1 but did not during the training sessions before test 2, 
the complete data set from the participant was removed and not used for statistical analysis. 
All data of the students were saved in our database. 

The number of students passing was higher in test 2 than in test 1, which suggests a learn-
ing curve and the presence of a carryover effect. Results in Table 8 show that significantly more 
students pass during Test 2, meaning that the time practiced in this experiment contributed 
to this result and therefore a learning curve is present. This does not apply to the presence 
of FFB or the combination of these both factors. There was no washout period because the 
experiment was scheduled within the running educational program. All students had the same 
learning period during the experiment.

In addition, during the progress of the curriculum contamination of the study was at risk 
because the students are starting with practical education in other areas of dental education. 
To keep all circumstances during the study as controllable as possible, this study took place 
during 4 weeks at the beginning of their study, in which no other manual dexterity education 
was planned. To isolate the effect of working with or without FFB, other possible confounding 
factors were established as much as possible during the practicing and testing session and 
were identical to all participants (see Testing Protocol: Test 1 and Test 2). 

The Simodont dental trainer was developed to allow students to practice independently; 
the system provides the students with feedback on their achieved scores. A teacher was pres-
ent during all training sessions, but the students worked primarily independently on manual 
dexterity exercises.

In addition to the results of performance, 100% of the students reported in the question-
naire that they preferred working with FFB. We decided to record the questionnaire once after 
the test 2, so that all questions were a comparison between “with FFB” and “without FFB.” 
The participants stated that it was very difficult to orientate themselves in space without being 
able to press on the material and receive tactile feedback. The results of the questionnaire 
showed that the students were significantly more positive about working with FFB than about 
working without FFB from all aspects and that they had to depend more on their vision when 
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working without FFB. All nine paired questions in the questionnaire showed a significant result 
in favor of working with FFB. The setup of the paired questions in the questionnaire aimed to 
discriminate between the opinions/experiences of students working with and without FFB. All 
pairs were built as contradictory statements to ensure the consistency of the opinion of the 
students. This design was chosen to warrant for the internal validity. 

Seventy-five questionnaires were processed for statistics, whereas sixty-two students 
adhered to the protocol during test 2. All seventy-five participants filled out a questionnaire 
after test 2, whereas the first twenty-six students were already excluded after test 1. During 
the processing of the data after test 2, an extra of 13 students had to be removed before 
statistical analyses were possible, which resulted in sixty-two participants. All questionnaires 
were filled out anonymously, and thus, the excluded students could not be removed from 
the questionnaire data set. To ensure that the results of the questionnaire remained clean, 
the consistency of the answers of all students was examined. This examination showed that 
all students answered in line with each other. Therefore, we decided to include the question-
naires in the study because there would be no deviation in results. 

Results of scale 1 and scale 2 of the questionnaire category A show that all students reported 
preference for working with FFB on the Simodont dental trainer, with respect to the “senses” 
as well as for performance. 

It was remarkable that “time was sufficient” had an average score of 3, which indicated 
that the students neither agreed or disagreed. All students experienced 45 minutes for the test 
as sufficient, even though no student passed the test. Without FFB, the students failed their 
test rather quickly—most students failed within 10 minutes; therefore, none of the students 
used the full 45 minutes. The time limit of 45 minutes was not experienced as a hindrance for 
passing the test.

In addition, “testing was easy” was rated with a high score (approximately 4.6), although 
no student passed the test. This finding may be because they filled out the questionnaire after 
completing both tests. They had to mark the question “with FFB” and “without FFB.” The 
questionnaire was designed to accomplish a complete comparison between the two situations 
(i.e., with FFB or without FFB) because these are the two possible options for the dental trainer 
in development. This comparison between the questions resulted in a score indicating that it 
was much easier to test with FFB, although the students did not pass. 

The force and direction in which hand pieces provide tactile feedback by pressing against 
a model (i.e., tooth) during preparation can be chosen and adjusted on instinct by the user. 
It has been shown that the magnitude of the force used depends on the power of the hand 
piece, not on its free-running speed, and on the operator, albeit to a lesser degree.19 Therefore, 
the results of this study can only be applied to the use of an airotor and cannot be directly 
extrapolated to another hand piece or tool. The role of FFB has also been studied in several 
medical areas. However, as far as we are aware, there was only one study that compared the 
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effect of FFB versus no FFB in a VLE. It investigated the effect of testing with and without FFB 
with laparoscopic simulation training.20 The results of that study showed that FFB improved 
precision in advanced tasks and the participants had a significantly shorter task completion 
time. The use of FFB possibly leads to fewer technical errors.20

The results of the current study apply primarily to novices. In a future study, this protocol could 
be repeated with experts in the field of dentistry to test whether FFB is an absolute require-
ment to perform well in a VLE. In addition, the effect on students’ performance of working 
with different levels of FFB should be investigated to determine whether skills acquired with 
different levels of FFB are transferable once a manual dexterity exercise is mastered.

ConClusion

In conclusion, only students who worked with FFB in the VLE passed the test at the predefined 
level. The secondary results from the post hoc analysis suggest that it is possible to fulfill tasks 
on the dental trainer without FFB, but the performance of students working with FFB is sig-
nificantly better than the performance of students working without FFB, suggesting that FFB is 
required to perform on the high precision level that manual dexterity tasks in dentistry require. 
The questionnaire outcomes showed that 100% of the students preferred working with FFB. 
The results suggest that FFB positively influences the performance and show that students are 
more satisfied with FFB in the VLE. Thus, FFB is a requirement for further development of the 
Simodont dental trainer. The relative importance and impact of the level of FFB used, need to 
be investigated in future studies.
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