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Second Life (SL) is an online virtual world with a social
environment that may serve as a valuable learning
supplement to traditional preclinical teaching methods.
The educational advantages of this virtual world include
immersion and interactivity. The aim of this study was to
compare the efficacy of using 3-dimensional interactive
platforms (3DIPs) designed in SL to that of traditional
teaching methods for developing students’ understand-
ing of dental clinical situations that are difficult to
simulate in real life. For this study, 3DIPs were developed
to compare the acquisition of 3 learning objectives: un-
derstanding concepts, procedural aspects of interaction
with the patient, and spatial interpretation of anatomical
structure interactions. A representative dental topic,

the use of a semiadjustable articulator, was selected. A
quasi-experimental design with 2 groups and pretest-
posttest comparison was used. The students in the
control group received the conventional teaching estab-
lished for the subject, which does not include SL experi-
ences. The students in the experimental group received
conventional instruction and had access to all 3DIPs for
4 weeks without limitation. The pretest and posttest
consisted of a multiple-choice test with 20 questions. A
Student ¢ test was used to compare the test results of the
groups (significance level a = 0.05). The posttest scores
for the understanding of concepts and spatial interpreta-
tion were significantly higher in the experimental group
thanin the control group (P < 0.05). However, there was
no statistically significant difference between groups

in posttest scores on the topic of procedural aspects.
Students who used cooperative methods for acquisition
of knowledge were observed to be highly motivated. The
results suggest that the SL environment helps students
to understand anatomical interactions that are difficult to
observe in real life, is attractive to students, and contains
tools with high didactic potential.
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here are few studies on the use of virtual reality in

the field of dental education. However, some of the

reported advantages of virtual reality for this application
include its high motivational potential, flexibility for schedul-
ing activities, and favorable contexts for constructivist creative
collaboration.* In addition, this approach allows adequate, safe
instruction without violating ethical principles for interaction
with patients.®

Second Life (SL; Linden Lab) is a popular, free, multiuser
virtual environment; it is one of the best known 3-dimensional
(3D) environments currently enabling social interaction.*” It is a
flat-earth simulation providing roughly 1.8 billion m? of virtual
space.” Learning experiences in the medical sciences accom-
plished through SL have utilized several approaches, such as
having students role-play to train them in professional-patient
communication, simulating activities that would be costly and
dangerous in the real world, and exploring anatomical simula-
tions.**™ The virtual environment has also been used as a meet-
ing place for participants in different parts of the world, enabling
them to communicate and interact.’

One of the few experimental studies on the dental educational
experience in SI, was carried out in Alexandria, Egypt.* In the
within-subject design, students acting as their own controls
expressed satisfaction with the SL experience. There were no
statistically significant differences between posttest scores for
the SL-taught subject and the topic presented only traditionally,
comparing practical skills for applying topical fluoride and pit
and fissure sealants to teeth.™

Clark analyzed the value of SL simulations for learning in situ-
ations that are difficult to replicate in real life.”® Genome Island
provides a genetic laboratory environment in which first-year
university students can experience activities (eg, data collection)
in less time than would be required in the real world. Student
performance on the final examination was found to be better on
topics covered in the SL environment."”

Berney et al suggested that 3D spatial representation in virtual
environments has a positive influence on learning anatomical
structures, particularly for inexperienced students.”® Phillips &
Berge described the use of SL in dentistry as a valuable supple-
ment to preclinical teaching methods for problem solving.”

Many educational qualities of SL have been described, includ-
ing the advantages of virtuality, immersion, and interactivity.”
Virtuality, according to Hendricson, is computer simulation of
real-life clinical scenarios for teaching purposes.” Use of virtual
technologies has been reported to improve manual dexterity,
alleviate student stress, and improve student cooperation in
pursuit of collaborative learning.®** Second Life allows actions,
learning settings, and situations that are impossible to replicate
in real life, such as the absence of gravity, changing the physical

agd.org/generaldentistry 21



Use of virtual reality as a learning environment in dentistry

properties of objects (structure, size, shape, and elasticity),
immateriality (eg, the ability to pass through objects), teletrans-
portation, and having the ability to fly from place to place, all in
real time. Moreover, SL does not require participants to be at
the same geographic location.

Immersion is defined as the subjective impression of taking
part in a comprehensive, realistic experience. Dede stated that
“Immersion in a digital experience involves the willing suspension
of disbelief..”” He noted that attainment of this disbelief relies on
sensory, symbolic, and actional factors built into the immersive
experience. Actional factors are those that enable the individual to
have experiences that are impossible to replicate in the real world;
they are powerful, intriguing, and create intense concentration.

Interactivity in computer-based learning involves reciprocal
activity in which the actions and reactions of the student and the
multimedia learning system depend on each other.”® Researchers
believe that the student’s interaction with the environment is
important because it enables the student to establish his or her
own learning pace. Several researchers in higher education
have selected the SL environment because of the way it fosters
constructivist (experience-based, active) learning.”* Wen et al
concluded that internet-based learning environments feature
many attributes of the constructivist model of teaching, such as
inquiry-based learning and reflective thinking activities.”

Moreover, 3D dynamic models can help students to construct
mental images and develop an understanding of complex spatial
transformations, such as those required in the study of func-
tional anatomy.' Functional anatomy and other concepts in
dentistry are based on interactions among tissues. Such is the
case of maxillomandibular interdental relationships and their
corresponding interactions with the condylar joint in the glenoid
cavity of the temporomandibular joint. This kind of concept
clearly cannot be appreciated anatomically in real life, since it
is difficult to obtain an anatomical preparation from a cadaver;
neither the muscle nor the joint elasticity is appropriate for rep-
licating masticatory function. Students acquire concepts in this
particular field through the extensive, careful explanations pre-
sented by teachers and books. These traditional means of edu-
cation, however, are often unsuccessful at conveying adequate
understanding of anatomical relationships, leaving the success of
learning to the student’s imagination and the teacher’s skill.

Anatomical measurements and relationships in the patient’s
mouth must be conveyed accurately to the laboratory to ensure
correct diagnosis, treatment planning, and restoration. The
semiadjustable articulator (SA) is the instrument currently
recommended for prosthetic rehabilitation and surgical plan-
ning.”®*” The SA is used from the first stages of dental school
through professional practice. However, understanding the
relationships among the anatomical elements involved has been
a major challenge for students of dentistry.”® Another difficulty
involves transferring the patient’s anatomical features to the
dental laboratory through the use of a facebow, a device that has
been in use, almost unchanged, for more than 100 years.”

Second Life enables educators to show intricate anatomical
relations by allowing objects to be transposed, thereby enabling
students to observe the functional relationships between teeth
and joints, facilitating understanding of the physiology of ana-
tomical tissues. However, a large initial investment is required
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to prepare these 3D constructions.*® Development of these
simulations involves hours of joint work by health professionals,
computer scientists, and educators.” Kim et al reported that
there is little experimental research that adequately covers the
potential applications of virtual worlds in learning.” In addition,
resources for state-of-the-art educational technologies are often
unavailable in developing countries.*

The aim of this study was to evaluate the effectiveness of the
use of 3D interactive platforms (3DIPs) in SL for presenting
dental clinical situations and concepts that are difficult to simu-
late in real life and compare the success to that of traditional
teaching methods. The initial investment, beginning with the
first contact with SL and including planning for the study and
didactic methodology, took approximately 2 years. Eight 3DIPs
were built in the order of students’ usual sequence of acquiring
knowledge about the use of the SA and its accessories.*

Materials and methods

Study design

The study was approved by the institutional review board

at the Faculty of Dentistry, St Martin de Porres University
(FO-USMP), Lima, Peru (No. 420/FE-UPG/2012). This was
an analytical, quasi-experimental study involving 2 groups and
pretest-posttest comparisons. Two groups of students were
compared while attending a course at FO-USMP on the pre-
clinical subject of occlusion.

Students for both groups were screened to ensure that this was
their first contact with the subject. For the experimental group,
students whose computers met minimum software and hard-
ware requirements to enable them to use SL adequately were
selected. Therefore, it was a nonrandom convenience sample,
which is a limitation in the study design. The control group was
made up of the other students in the course. All students signed
informed consent prior to participating in the study.

Learning was evaluated by means of a theoretical test to assess
the students’ cognitive comprehension of concepts related to
physical interactions of the different mechanical components of
the SA and the anatomical components of the joint. The tests
for the initial (pretest) and final (posttest) evaluations contained
20 multiple-choice questions with 5 answer choices each, struc-
tured according to the 3 learning objectives:

1. Understanding of concepts: use of the SA, including struc-
ture, parts, advantages, and programming according to the
patient’s anatomical features

2. Procedural aspect of interaction with the patient: facebow
management, including use and handling

3. Spatial interpretation of anatomical structure interactions:
relationships among teeth, temporomandibular joints, and
SA components

Participants and environment
The study population consisted of 130 students who were
attending a course on the subject of occlusion during the fifth
semester of the dentistry course (third year) at FO-USMP.
Three-dimensional scale models that replicated the ideal
anatomical characteristics of a male patient, a dentate jaw, and
Whip Mix—type SA were constructed (Figure). The SA is an
accessory that replicates the patient’s anatomical features and is



Figure. Second Life virtual world designed for dental education. A. Three-dimensional interactive platforms, including the 8
academic skills taught in the program. B. Design of a semiadjustable articulator with accessories. The activities contain scripts,
providing dynamism and interactivity. C. Representation of a semiadjustable articulator with a cranium, designed to show
dental and joint contacts in parallel. The situation is not replicable in real life.

widely used at most universities to analyze, design, and develop
dental prostheses.***

The 3D constructions were made in the SL environment using
the program’s construction tools. Teeth and related bones were
modeled on Hexagon Bridge software (version 2.5, Daz 3D
Studio) and imported to SL. Teeth were modeled according to the
standardized proportions described by Fuller & Denehy.*” Surface
textures on teeth and jaw were designed with Adobe Photoshop
CS4 (Adobe Systems).

The SL program provides a tool that enables animation of
3D objects by entering scripting language. To improve student
motivation, the 3DIPs were endowed with movements and
informational pop-ups, and participants were invited to interact
and follow the automatically programmed movements. Students
could initiate the animation sequence at any time and as often as
they liked, which gave the 3DIPs a game-like environment.

All these constructions were entirely developed by teachers of
dentistry on their own initiative and without prior instruction in
3D construction. They were able to do so after spending about
2 years researching and self-training in the use of SL. The 3DIPs
in this study belong to the virtual island of the various schools at

USMP in SL, which were designed by taking into account stu-
dents’ progressive learning (Table 1).

Study procedures

The students selected for the experimental group received previous
training on how to use the SL software; move about in SL; use SL
tools; manage viewers to zoom in, zoom out, and change the view-
ing angle; and use visual, audio, and texting communication tools.

The study was initiated during week 5 of the course, which is an
appropriate time to introduce the concepts included in the 3DIPs.
The students in both groups had equal opportunity to use the SA
with its complete accessories and received the conventional teach-
ing established in the practical planning for the subject. The stu-
dents in the control group did not receive the SL experiences.

The 3DIPs were available to the students in the experimental
group for 4 weeks without limitation. During these 4 weeks using
the 3DIPs in SL, 4 instructors were present to help students
during their visits to the 8 platforms. A visit counter, a script-
based device in SL for recording the number and duration of
each participant’s visits, was used to ensure that each student had
visited all the 3DIPs.
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Statistical analyses

The reliability of the pretest and posttest was evaluated with a
pilot test using the Kuder-Richardson statistic, finding a mean
value of 0.86 (of a possible 1.00), which indicated that the instru-
ment had acceptable reliability.

To verify the validity of the content, 8 dentists who were
educational experts analyzed the test. After the experts gave
their opinions, the test was analyzed using the Aiken V statistic,
which obtained a value of P = 0.004, enabling the multiple-
choice options to be accepted. The test included 20 multiple-
choice questions with no time limit and was administered
simultaneously to both study groups during the pretest and
posttest periods.

The normality of the evaluations in the comparison between
groups was tested using a parametrical Student ¢ test for indepen-
dent groups. The pretest and posttest comparisons within each
group were performed through a Student ¢ test for related groups.
Analyses were performed using SPSS statistical software (version
21.0, IBM Corporation) with a significance level of a = 0.05.

Of the 130 students in the study population, only 25 were
included in the experimental group and 37 in the control group.
The rest were excluded because they did not complete the tests
for the initial (pretest) and/or final (posttest) evaluations. Two of
the students in the experimental group were excluded because
they said they received instruction on the topic outside the
school subject.

The experimental group consisted of 13 women and 10 men,
while the control group consisted of 22 women and 15 men.
Ages ranged from 19 to 23 years.

Results

Students were noticeably motivated to use the 3DIPs immedi-
ately from the first session. This enthusiasm was reflected by the
fact that they attended the preliminary training sessions assidu-
ously, received the indications they needed, and began to work.
During the first week, some students needed technical support
to view the 3DIPs properly.

Visit records showed that, although SL was available 24
hours a day, most visits took place during the evening and usu-
ally in groups. There was social interaction for collaborative
learning purposes; students commented on the dynamism of
the constructions, initiating a discussion of the importance
of the different dental contacts and their temporomandibular
joint limitations. During the course of the study, students told
instructors that social interaction in the virtual world helped
them to feel more comfortable and spend more time in SL than
when they visited alone.

At the beginning of the study, both groups were assessed using
an objective written test to determine participant baseline. The
mean number of questions answered correctly by the experi-
mental group was 5.96 (SD 2.46) of 20 (30%); the control group
achieved a mean score of 4.92 (SD 1.89) of 20 (25%). No sta-
tistically significant difference was found between groups (P =
0.071). The mean final scores for the 3 learning objectives evalu-
ated were 11.30 of 20 questions (57%) correct for the experimen-
tal group and 10.11 of 20 (51%) correct for the control group.
The 6% (CI 5%-17%) difference between means was statistically
significant (P = 0.033).
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Table 1. Three-dimensional interactive platforms (3DIPs)
according to their featured educational focus.

3DIPs

Parts of the semiadjustable articulator

Learning objective

Understanding of

concepts Parts of the facebow (semiadjustable

articulator accessory)

Procedural aspects
of interaction with
the patient

Reference planes for transferring the
patient’s anatomical features with the
facebow

Positioning the facebow on the patient
Steps for recording with the facebow

Mounting plaster casts obtained from the
patient in the semiadjustable articulator

Spatial
interpretation
of anatomical
structure
interactions

Representation of functional relationships
between the temporomandibular joint and
the teeth

Reproduction of mandibular movements in
the semiadjustable articulator

Questionnaire results were broken down according to the
3 learning objectives established for both groups (Table 2 and
Charts 1 and 2). Analyses revealed statistically significant differ-
ences (P < 0.05) for 2 of the learning objectives: understanding
of concepts and spatial interpretation.

Discussion

In the present study, 3D virtual environments were clearly moti-
vating to young dentistry students, who described their experi-
ence as exciting. These attitudes are in agreement with those
found by other researchers.®* The virtual programs forced the
participants of the present study to think and act like teachers,
particularly when learning was collaborative, and provided satis-
faction when the aims of the learning modules were achieved as
a joint effort of all the students involved.

Hendricson reported that distance education based on vir-
tual technology increases student enthusiasm and motivation;
broadens access to educational materials at the time and place of
choice; improves learning outcomes and speed; facilitates com-
munication, interpersonal exchange, and active participation
with the learning content; aids decision-making; and provides
feedback.” Comparin et al reported that the fact that learn-
ing takes place in a group setting reinforces the experience by
allowing discussion and exchange of opinions.” The results of
Comparin are similar to the results of the present study; their
students reported positive learning experiences, including rein-
forcement of memorization, rapid comprehension, increased
motivation and interest, and stimulation of learning.

The significant differences in the learning outcomes in the
experimental group are encouraging. The results suggest the
usefulness of this new way of teaching concepts that are difficult
to understand in real life, particularly those involving interac-
tion of anatomical elements or requiring an understanding of
complex physiologic, biochemical, or mechanical concepts. For



Table 2. Mean test scores for experimental and control groups according to learning objective.

a

Understanding concepts

Group n Mean (SD) P n
Experimental

23 3.43(1.37) 0.034° 23
Control 37 2.73(1.12) 37

Procedural aspects

Spatial interpretation

Mean (SD) P n Mean (SD) P
3.70 (1.60) 0.148 23 4.17 (2.14) 0,035
4.30 (1.50) 37 3.08 (1.73)

? Scores are based on the number of correct responses to the questions, but the questions were weighted in response to observations by expert
evaluators during the validation process. Therefore, the mean values do not correspond with the total number of questions for the learning objective:
understanding of concepts (10 questions); procedural aspects of interaction with the patient (4 questions); and spatial interpretation of anatomical

structure interactions (6 questions).

s Statistically significant difference (Student ¢ test).

example, de Boer et al reported that students using 3D con-
structs can develop competencies without requiring patients,
providing more opportunities for learning with improved safety,
lower costs, and greater ease of use.”

It is important to highlight that it took great effort and
expense to create the learning scenarios for the present study,
which involved hours of training and time spent building the
learning tools, the procurement of internet bandwidth appropri-
ate to the graphic requirements, and the purchase of hardware
appropriate for supporting adequate definition and reproduc-
tion in real time as well as strong motivation among the work
team. Nevertheless, simulation technology is a key element that
ensures educational quality in health sciences. Integrating this
kind of technology into curricular contents is a challenge that
requires further research, as noted in 2011 at the consensus con-
ference of the Society for Simulation in Healthcare.”

When the experiment was designed, it was decided to center
the educational components around learning about the SA, a
commonly used accessory in clinical dental practice. The results
should also be applicable to many other areas of healthcare edu-
cation that require interpretation of concepts during the acquisi-
tion of knowledge.

In the present study, the educational goal of understanding
of concepts involved memorizing the names of the structural
components of the SA and facebow. A statistically significant
difference was found in favor of the group that used the 3DIPs
in SL. The 3D graphic representation of the different parts of the
articulator and facebow, reinforced by pop-up text describing
concepts when students interacted with the platforms, seemed
to improve memorization of the structures. This seemingly was
facilitated by the game-like setting achieved with the help of
scripts and component movements. Student interaction with
the accessories could be observed by any other students who
were present, fostering memorization.

For the education goal of learning procedural aspects of inter-
action with the patient, the student needed to make contact with
the mechanical accessories of the facebow. The students used
these devices to transfer the patient’s anthropometric measure-
ments by adjusting screws and taking into account anatomical
positions and the most appropriate reference planes. The fact
that there was no significant difference between groups in
learning to use the facebow may be due to the fact that the pro-
cedure involved interaction between the patient and the various

components to be assembled. Learning to use facebows depends
more on personal interaction with the patient, enabling the face-
bow to be placed accurately and the anatomical characteristics
to be transferred to the articulator. El Tantawi et al also reported
no difference in a comparison of practical skills for applying top-
ical fluoride (taught via SL) and pit and fissure sealants (taught
conventionally) to teeth.**

There were statistically significant differences in favor of
the experimental group with regard to the educational goal of
spatial interpretation. This suggests the importance of student
immersion in the learning object through the special properties
provided by SL. For example, the possibility of passing through
objects, in this learning scenario, was the only way to under-
stand the combined functioning of distant anatomical structures
linked by functions and by joints. This kind of experience is not
replicable in the real world; to understand the topic, a student
must imagine the complex structures of the temporomandibu-
lar joint functioning in coordination with dental occlusion.
Dalgarno & Lee noted that, for this immersion to be complete,
the virtual world requires high fidelity in representation that the
student can manipulate interactively to create a strong sensation
of being present.” These realistic 3D virtual environments can
be used to replicate learning situations and tasks that could not
be easily staged in the real world.”

Immersive learning technologies are useful for subjects that
require scenarios that are impossible to replicate in real life
as well as concepts involving spatial intelligence. Motivation
plays an important part in success and is reinforced when new
knowledge is constructed socially. Although the advantages
of these technologies have been amply proven, they are not
widely used in developing countries. The fact that they are
rarely used at universities may reflect the high cost of equip-
ment and maintenance in addition to the need for many
hours of research and training to enable teachers to design
learning strategies based on the multiple learning theories to
which this platform can be applied. In the present research
project, creating these learning scenarios demanded a great
deal of effort from the persons involved, the bandwidth had
to be changed, and the computer laboratory had to obtain
special permits for access to the IP addresses and exclusive
data transfer. The computers also needed video cards with
large memory capacity, a difficulty also mentioned by Badilla
Quintana & Meza Ferndndez.*®
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Chart 1. Scores of the experimental group for the 3 learning

Chart 2. Scores of the control group for the 3 learning

objectives. objectives.
10 Evaluation . 10 Evaluation
B Pretest B Pretest
B posttest B posttest
8 8 °
o 6 ° o 0 6
o 1)
O T (%]
(7] (%]
4 4
[ ]
0 0
Understanding Procedural aspects Spatial Understanding Procedural aspects Spatial
concepts interpretation concepts interpretation

Learning objective

Scores are based on the number of correct responses to the questions,
but the questions were weighted in response to observations by expert
evaluators during the validation process. Therefore, the values do

not correspond with the total number of questions for the learning
objective: understanding of concepts (10 questions); procedural
aspects of interaction with the patient (4 questions); and spatial
interpretation of anatomical structure interactions (6 questions). Upper
and lower bounds of the boxes indicate the 75th and 25th percentiles of
the interquartile range, respectively. Lines within the boxes indicate the
median. Upper and lower whiskers indicate the minimum and maximum

Learning objective

Scores are based on the number of correct responses to the questions,
but the questions were weighted in response to observations by expert
evaluators during the validation process. Therefore, the values do

not correspond with the total number of questions for the learning
objective: understanding of concepts (10 questions); procedural
aspects of interaction with the patient (4 questions); and spatial
interpretation of anatomical structure interactions (6 questions). Upper
and lower bounds of the boxes indicate the 75th and 25th percentiles of
the interquartile range, respectively. Lines within the boxes indicate the
median. Upper and lower whiskers indicate the minimum and maximum

values, respectively, excluding outliers. Dots represent outliers.
*Extreme outlier.

Moreover, students also need previous training in using the

virtual environment and must commit to developing, exploring,

and experimenting in a manner consistent with constructivist

learning theories. These requirements often conflict with a lack

of free time in students’ university schedules.
The use of this didactic tool may be limited by other major

obstacles, which should be studied within each specific context.

The current lack of knowledge regarding the use of virtual
worlds as a learning tool is not consistent with technological

progress. Barrow et al suggested that the results of this kind of
learning are particularly good in developing countries because

the motivation provided by these approaches may reduce the
student dropout rate.”

Conclusion

Results of the present study suggested that the SL environment

helps students to understand anatomical interactions that are

difficult to see in real life. The program is attractive to students

and contains tools with high didactic potential. However, this
educational approach does not improve learning for situa-
tions requiring personal relations, requires a large amount of
resources, and involves a steep learning curve.
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values, respectively. Dot represents an outlier.
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