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Abstract—Virtual reality have been used to provide training
systems in several areas, particularly in medicine. In that area,
user's interactions in a virtual environment are modeled and
they are compared with predefined classes of performance to
know how much users are prepared to perform that procedure
on human beings. In this paper is discussed the process of
design of a simulators in order to detail how the simulation was
implemented to capture interaction data to be used in an
assessment.
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I.

INTRODUCTION

The training of medical procedures is related to the
practice of psychological and psychomotor aspects. The use
of the sight and the touch are mandatory in most of the
procedures. However, smell and hearing are also important
in several of them. Despite of the evolution of medical
procedures and also the availability of educational tools,
there is a lack of computer-based simulation tools accepted
for certification of professionals in Medicine. However, the
Medicine does not have well established metrics that can
indicate if a person is qualified or not to perform some
procedure. In general, new physicians are trained by a set of
activities that also include watching and helping real
procedures by the supervision of a senior physician.
Critical
situations
experimentation,
repetition,
performance standards and well defined goals to be reached
are some issues that have been researched in order to define
metrics for assessment of physicians. Although simulated
scenarios could present less elements than real environments,
they have been increasingly used for training. Their
development demands a multidisciplinary team to design and
observe the most adequate way to present the procedure
tasks for users. In those simulators, users actions should be
monitored in details and used to verify their performance [5]
Virtual reality (VR) integrates methodologies and
technologies able to explore human senses in computer
applications and have been used to the construction of
simulators for the medical field. Haptics have been
frequently used in those simulators of medical procedures to
explore touch sense. The human processing of the this sense

is accurate and must be carefully planned in the design of
medical simulators. Most of haptic devices available can
detect six degrees of freedom (DOF) movements and provide
force feedback with two or more DOF. However, the sample
rate of movements performed with those devices is around
1000Hz. It demands a fast processing and generates a large
amount of data at each second.
The main challenge of VR simulators for medicine is to
provide realistic tools composed by well defined tasks to be
performed by users and decision making components to
assess their performance.
Several authors suggests a typical method for medical
training assessment based on videotapes post-analysis [5].
However, that methodology is restricted and obsolete
didactically. Scott et al. [15] showed that direct assessment
can improve student’s learning and is better than assessment
based on videotapes post-analysis. Gaba et al. [2] showed,
using statistical tests, situations in which the agreement
between raters varied, which can commit the assessment. As
short term memories are somewhat volatile and after training
they may be lost, and procedural memories need practice and
observation, it is natural that an assessment system should
give an answer quickly, to increase the probability that the
trainee is able to remember details of their training and better
understand the assessment received [11]. Some authors [8]
proposed the concepts of online and offline assessment of
training. An assessment method can be called online if its
answer to user is less than one second, i.e. it is immediate to
the user. In another cases, the assessment is called offline.
Online methods must be coupled to the training system. For
this combination work, an online method must present low
computational complexity in order to not compromise the
simulation performance. However, they must also have high
accuracy that doesn't compromise the quality of assessment
[7]. In general, given a user's training data, an online
assessment should be performed in less than one second.
Since interaction by haptic devices can produce a large
amount of data, the assessment methodology must be robust
to use all simulation data, including those produced by
haptics, in the assessment process to provide accurate results.
In this paper is discussed the process of design of a
simulators in order to detail how the system was
implemented to capture interaction data to be used in an

assessment. Results about the performance of the assessment
method are presented.
II. WHAT IS NECESSARY TO DEVELOP A SIMULATOR
BASED ON VR?
A simulator based on VR must contain the same steps
present in a real procedure. The tools (hardware and
software) to explore all steps and features in real-time
demands a lot of processing and can compromise the realtime performance. Thus, each VR simulators for medicine is
defined and developed to deal with specific parts of the
human body and can present limitations [10]. Despite of
provide more realism in some features than others, the
interaction aspects must be preserved as much as possible.
The main challenge related to the development of
simulators is the integration of the tasks related to each sense
and their synchronization. All information and all application
tasks must be synchronized to avoid delays or
inconsistencies that can compromise the realism and it can
includes methods for collision detection, deformation,
stereoscopic visualization and tracking, among others. In
Figure 1 presents a diagram with some tasks of a simulator
based on VR for medical training.

easy to find children with soft bone structures or bones with
deterioration caused by disease which demands more
attention and dexterity in the harvest procedure [9].
Design and develop realistic procedures is possible and
demands planning and committed development teams. The
procedure, the goals to be reached and its main requirements
are good examples of how the knowledge must be explored
and used in the design process. However, according to the
features of a procedure, may be necessary to enrich the
realism of some functions and do the opposite in others. This
can happen to guarantee that the tasks, models or interactions
could represent their real representation. Thus, elements not
so important for the training simulation can present less
details. This kind of decision is discussed and defined by the
development team during the design.
The present technologies provide several devices and
algorithms to explore human senses, mostly sight, touch and
hearing. Although some are still considered expensive for
general public, their application in training systems can be
justified by the impact of their results. Thus, several of them
have been used for stereoscopic visualization, 3D interaction
with force feedback and interactive deformation, as example.
The reuse of software and portability in programming of
devices have been provided by frameworks. This kind of tool
is used for agile development of VR medical applications.
However, flexibility allows fast integration of new methods
and make frameworks be used also for test of new
techniques and methodologies [10].
III. THE BONE MARROW HARVEST SIMULATOR

Figure 1. Tasks of a VR simulator and their relation [10, p. 327].

In a traditional bone marrow harvest for transplant,
multiple punctures are required (up to 20 per patient) in order
to obtain enough bone marrow for the transplant. Each
puncture requires a specific application of force to penetrate
the bone (to reach the marrow) without overstep it, which
can be performed in approximately 5-10 seconds (without
obtaining bone marrow), depending on physician's dexterity.
However, some special situations can occur and demand
specific skills of physician: the repetitive procedure can
cause loss of control or fatigue of physician [9], and when
performed on a child it must be concluded in a short time
due to low dosage of anesthesia.
Another problem is the proximity between a first
puncture and the next one (generally about a centimeter far),
which requires sufficient dexterity of the operator. The
properties of the bone region can change after each harvest,
due to the punctures. Additionally, in pediatric oncology is

The bone marrow harvest simulator was developed to
allow training of the bone marrow harvest for transplant [16].
The procedure is composed by three steps which were
considered in the development of the simulator. The first
step is related to the observation of the anatomy, the second
is the palpation of the patient pelvic region, and the third
contents the punctures for bone marrow harvest. Since the
main activity of the procedure is related to the third step, the
simulator was designed in details to represent this step. Also,
a haptic device was used to provide realism and co-relation
between real and virtual environments.
The bone marrow harvest simulated was re-implement in
2005 to test the features of the CyberMed [10] and observe
how frameworks can speed up the development process.
Since this simulator included a rigorous process of
design, it and the framework CyberMed have been used to
test several assessment methodologies. The goal is observe
the performance and the efficiency of the assessment
methodologies in a simulated training. In this case, the haptic
interaction present in the puncture step must be acquired and
used to asses the user and indicate their capacity to perform
the simulation is a real patient.
An assessment method based on General Bayesian
Network was implemented using CyberMed [6] and tested
using the bone marrow harvest simulator. This assessment
method is described in the next section.

IV. ASSESSMENT OF PROCEDURE PERFOMED BY USERS
For the reader's better understanding, we provide a brief
review about Bayesian networks and general Bayesian
networks. A Bayesian network is a probabilistic model,
which can represent a set of probabilities distributions from
all variables in a complex process and also establish their
relationships [14]. Formally, a Bayesian network is defined
as directed acyclic graphs, denoted by G and a probabilistic
distribution denoted by P. The graph G is a set of nodes and
oriented arcs, where nodes represent variables in process and
oriented arcs encode conditional dependencies between that
variables [14]. The dependencies are modeled by specific
conditional probabilistic distributions [4].
Several kinds of Bayesian networks can be found in
literature. They can differ on their graph structure and types
of dependencies relationship which can model. Cheng [1]
proposed a classification for Bayesian networks in five
classes, taking into account those characteristics: NaiveBayes, Tree Augmented Naive-Bayes, Augmented NaiveBayes, Bayesian Multi-net nets and General Bayesian
Networks (GBNs). To choose a specific Bayesian network
depends on statistical relationship between variables which
describe that process. This is critical, because it changes the
final results. The GBN is a generalized form of Bayesian
networks, which allows nodes to form an arbitrary graph,
rather than just a tree. Another important characteristic is that
each child node cannot be connected to the final classes of
assessment. In that network, the dependencies between nodes
can adjust itself to real dependencies. Thus, it is possible to
verify dependencies between variables during network
modeling and put them in structure nodes of GBN, which did
not occur in other structures [2].
Formally, let be the classes of performance in space of
decision Ω ={1,...,M} where M is the total number of classes
of performance. Let be wj, j ∈ Ω the class of performance
for a user and Xi, 1 ≤ i ≤ n, represents a node in GBN with
n as the number of nodes in a graph. The joint probability
distribution in GBN for an event is done by:
P(X1, X2, …, Xn) = ∏

i=1

n

P(Xn | Xn-1, Xn-2, …, X1 (1)

where P(X1, X2, …, Xn) is the joint probability distribution
and P(Xn | Xn-1, Xn-2, …, X1) is the conditional probability of
Xn conditioned by its predecessor nodes Xn-1, Xn-2, …, X1.
If the conditional independence between variables is
verified, this permits simplifications in equation (1). Then,
P(X1, X2, …, Xn) = P(X1 | wj) P(X2 | wj) P(X3 | wj) … (2)
The probability nodes are associated to probability
distribution. For example, a node A can have a Gaussian
distribution and a node B, which depends on A, can have a
bivariate Gaussian distribution, with a mean vector and a
covariance matrix [3]. The structure of GBN is learned from
data, as well as the parameters of conditional probabilities.
Using probabilities calculus is possible to find dependencies
among nodes in a Bayesian network. If those dependencies

are founding and, if is possible to assume Gaussian
distribution for nodes, dependencies can be estimated using
multivariate linear regression [14]. Scores are used to help
estimate the final structure of GBN for each class of
assessment. In a first moment a network is created with all
independent nodes and an initial score is calculated. Next, all
combinations are searched and an arc is designed between
two nodes for which an increment of initial score is obtained.
Then, the parameters for that nodes set are re-estimated using
linear regression. This cycle is repeated until total network
score is less than a predetermined value or a fixed number of
cycles.
In a usual situation, a physician should calibrate the
system previously, according M classes of performance
defined by him, where M may be any integer number greater
than one. The calibration process consists in to execute
several times the procedure and to classify each one
according to classes of performance. The number of classes
of performance can be defined, e.g. as M=3: 1) correct
procedures, 2) acceptable procedures, 3) badly executed
procedures. So, the classes of performance for a trainee
could mean: "you are well qualified", "you need some
training yet", "you need more training".
V. RESULTS
The assessment method based on General Bayesian
Network was implemented in Cybermed, expanding the
framework capabilities. This implementation added a new
class in the CybAssess class. In this implementation, the
default value for network score is 10-4 and the fixed number
of cycles is 100. To test the method, four classes of
performance were simulated from seven different Gaussian
distributions, which were mixture. From that procedure,
several kinds of statistical distributions could be generated.
Only one restriction was used: at least 30% of data generated
by a statistical distribution should be intersection with
another one. This makes a more realistic simulation. For
each of four classes were generated 30000 vectors, from
which 10000 were used to calibrate the system and the other
20000 were used to check the assessment method based on
General Bayesian Network. Each vector contained 10000
positions, which is equivalent to a 10 seconds simulation
with a haptics device frequency set at its maximum (1000
data/second) in a real situation (see Section II).
A comparison of the classification agreement between
assessment method based on General Bayesian Network and
the generated data was performed using the Cohen's Kappa
Coefficient, according recommended by literature [17]
because it is known to be over conservative. The
classification matrix obtained is presented in the Table I. The
Kappa coefficient was K=99.98%. In 14 cases, the
evaluation tool made mistakes and all of them were made in
classes of performance C1 and C2. That performance is good
and shows that General Bayesian Network is a competitive
approach in the solution of assessment problems.

TABLE I. ASSESSMENT RESULTS.
Real Class
of
Performan
ce
C1
C2
C3
C4

ACKNOWLEDGMENT

Class of Performance predicted by Assessment Method
based on General Bayesian Network
C1

C2

C3

C4

19994
8
0
0

6
19992
0
0

0
0
20000
0

0
0
0
20000

Those tests were performed in a Dual Core computer
with 256Mb graphic card and 2 Gb of RAM.. That computer
run Fedora Linux 5 operational system and CyberMed
version 1.2. The average of CPU time consumed for
assessment of a sample vector contained 10000 positions
was 0.5 ms, i.e. that system is able to answer in lower than
one second, that characterize an online assessment.
VI. CONCLUSIONS
The assessment method based on General Bayesian
Network was implemented in CyberMed and is available in
the last version of frameworks, available for download at
Internet. The results of tests using a statistical simulation
showed that assessment methodology is a competitive
approach in the solution of assessment problems, with high
accuracy and low computational complexity.
Since the methodology is available in the framework, it
can be used to assess the bone marrow procedure and any
other developed with this framework. The data used in the
assessment should be provided by one or mode physicians.
They must used the simulator to label procedures and insert
in the system what is correct and also what is not correct
(Figure 2). The several executions and the variability in them
will be used by the assessment tool to define the assessment
model. This model will be present in the final version of the
simulator. Thus, the several users interactions will be used to
compose a model also. This model will be compared to the
assessment model to classify this user and provide a
feedback about his performance.

Figure 2. Example of procedure used by physicians to label procedures for
the assessment model.
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