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Abstract [1 Nowadays, there are several kinds of training
based on virtual reality. In most of them, only one user can
be trained each time. With recent computational advances,
several interaction devices can be used by different users
that share a same virtual world, allowing simulating more
realistic environments, as surgical rooms. In order to deal
with this feature, assessment systems must be generalized to
evaluate individually all users of the simulation and allow
knowing aspects of their interactions. In this paper we
propose a new assessment system for training based on
virtual reality that can evaluate more than only one user.

Index Terms [] Multiple Assessment System, Training based
on Virtual Reality, Fuzzy Expert System, Statistical
Measures, Statistical Models.

INTRODUCTION

Virtual Reality (VR) systems have been used since the 2nd
World War for training of several procedures [37].
Nowadays, realistic training systems have been developed in
order to provide training of procedures in several areas [8].
The features found in training systems based on virtual
reality can be the 3D environments composed by objects
with topologies and behaviors similar to real objects, the
interaction ways to deal with this world, the possibility of
perform a training as much as necessary without risk or
damage, among others. Systems for different modalities in
medicine have been developed as training in laparoscopy
[41], prostate examination [7], ocular surgery [21], bone
marrow harvest [17], gynecological exam [19] and bone
surgery [32]. The goal of most of these systems is to provide
a training environment similar to a real procedure
environment by the use of devices and techniques, which
explore the human senses. All these systems can provide
training for only one user at once. However, some
procedures need to be performed by more than one person.
Training systems based on VR for simultaneous use by
more than one user in complex training environments are in
planning, as virtual surgery rooms for several purposes of
training. The advances of cluster machines, improvements of
speed of video cards, machines, and networks will provide
training system for multiple users simultaneously in a few
years at low cost. Other important advance is the speed of
input/output devices for virtual reality systems, as haptic

devices. Nowadays, is possible to connect more than one
interaction device on one single computer.

Although the possibilities of training which can be
simulated in VR systems, any kind of training has a little
value if the trainee cannot know about his/her performance.
If a user knows his/her mistakes, he/she can improve his/her
learning about that. As it is known, several kinds of training
based on VR use to record the user performance in
videotapes to post-analysis by experts [7]. After some time,
the user receives his assessment. This is a problem because
after some hours the user will probably not remember his
exact actions when he/she was performing the simulation.
This fact makes difficult the use of the assessment
information to improve users’ performance. Besides of that,
several kinds of training cannot be simply classified as bad
or good due to its complexity. Then, the existence of an on-
line assessment tool attached to a simulation system based
on VR is important to allow the learning improvement and
users assessment.

This paper presents a quick review about assessment in
VR training systems for single users and proposes a method
for assessment in collaborative training environments for
simulators based on VR.

ASSESSMENT IN VIRTUAL REALITY SIMULATORS

The first methodologies for automatic assessment of training
have been proposed just a few years ago. In this section it
will be presented a brief overview about assessment
methodologies for training based on virtual reality. It can be
noticed that several of them have potential for applications
in other research areas too.

Basically, assessment methods can be divided in off-line
and on-line. Off-line methods can be defined as methods not
coupled to VR systems, whose assessment results are
provided some time (which can minutes, hours or days) after
the end of the VR-based training. On the other hand, online
assessment methods are coupled to the training system and
collects user data to provide a result of his/her performance
at the end of the simulation.

In medicine, some models for off-line [22, 35, 36] or
on-line [16, 18, 19, 23, 24, 26, 27, 28, 29, 30] assessment of
training have been proposed. Some of them use Discrete
Hidden Markov Models (DHMM) [35] or Continuous
Hidden Markov Models (CHMM) [36] to modeling forces

' Ronei Marcos de Moraes, Departamento de Estatistica, Universidade Federal da Paraiba, Centro de Ciéncias Exatas e da Natureza. Cidade Universitaria

s/n, Jodo Pessoa/PB — Brazil. ronei@de.ufpb.br

2 Liliane dos Santos Machado, Departamento de Informatica, Universidade Federal da Paraiba, Centro de Ciéncias Exatas e da Natureza. Cidade

Universitaria s/n, Jodo Pessoa/PB — Brazil. liliane@di.ufpb.br



and torque during a simulated training in a porcine model.
Machado et al. [16] proposed the use of a fuzzy rule-based
system to on-line evaluation of training in virtual worlds.
Moraes and Machado [23] proposed the use of CHMM for
on-line evaluation in any virtual reality simulators. After
that, the same authors proposed another approach for on-line
evaluation learning using Fuzzy Hidden Markov Models
(FHMM) [24]. Using an optoelectronic motion analysis and
video records, McBeth et al. [22] acquired and compared
postural and movement data of experts and residents in
different contexts by use of distributions statistics. Moraes
and Machado proposed the use of Fuzzy Gaussian Mixture
Models [27], Neural Networks [18] and Evolving Fuzzy
Neural Networks [29], Maximum Likelihood [26] and
recently Fuzzy Bayes Rule [30], among others. They also
proposed evaluators with two-stage [28].

Some methodologies had been proposed to perform
continuous assessment to the user. Moraes and Machado
[25] proposed use of expert systems and statistical tools to
perform continuous assessment of the user in several
trainings in VR-simulator. Morris et al. [32] suggest the use
of statistical linear regression to evaluate user’s progress in a
bone surgery.

Because VR simulators are real-time systems, an
evaluation tool must continuously monitor all wuser
interactions and compare his performance with pre-defined
expert's classes of performance. Besides of the quantity of
methodologies proposed in literature, they are dedicated to
assess only one user at once. At this moment, methodologies
to monitor multiple users in training in complex training
environments based on virtual reality have not been found in
literature.

MULTIPLE ASSESSMENT FOR MULTIPLE USERS IN
VirTUAL REALITY SIMULATORS

Computational systems for multiple users have been
developed since 90's, as RB2 [5], DIVE [9], MR Toolkit
[38], VR-DECK [10], VEOS [6] and RAVEL [14], and
some of them present support for haptic devices. Systems to
provide interaction among multi-user have been proposed
too. Arai et al. [2] proposed an intelligent system to assist a
remote physician by Internet using a special haptic device.
Baier et all [3] proposed a system for telepresence using
haptic and visual interactions. Ehnes et al. [11] adapted a off
the shelf system for collaborative tasks of drawing,
sketching and painting. Recently, systems for multi-user
were developed for collaboration [33][42].

For medicine, some systems for surgery were proposed
[15] [31]. Then, off the shelf systems are available as the
Virtual Surgery Table [4] which provide interactions for two
users, simultaneously.

The main differences of training systems based on
virtual reality for multiple users are:

* increase of complexity of the virtual reality system - use
of clusters of computers or a computer capable to: generate

realistic multiple views, support changes in virtual
environments for multiple users and support assessment
system (in the case of training based on Web, a high speed
peer-to-peer network can be enough to perform training,
even when using virtual reality);

* high speed peer-to-peer network for communication
among computers without compromise the simulation;

» eventually, more than one haptic device installed in a
computer;

* tracking systems for each user in training.

The most common problem in distributed systems
based on network or Web, for multi-user interactions, is lthe
atency [34]: users may have different views in the shared
workspace which damages the users' performance involved
in the simulation.

For user assessment, the main problems related are the
computational complexity and the accuracy, even when only
one user is been trained. An on-line assessment system for
single user must have low complexity to do not compromise
VR simulations performance, but it must have high accuracy
to do not compromise the user evaluation [16].

Due to several specific necessities for multi-user
training, it is required a different approach for the
assessment system. The requirements are:

* to monitor all users in training according relevant variables
to the training;

* in multi-user environment some tasks must be completed
by specific users and according a specific schedule;

» take measures of specific interactions among users during
the time of simulation;

* take in to account the time of assessment;

* to create a user profile and a group profile;

e to present low complexity to do not compromise VR
simulations performance, but present high accuracy.

In the literature, some kinds of assessment have been
proposed. Gande and Devarajan [12] have used an
Instructor/Operator Station to monitor user movements and
to increase or decrease the degree of difficulty in a
simulation. Their Instructor station is able to evaluate and
monitor the resident's performance, based on the
specifications mentioned, to generate training effectiveness
reports. The GeRTiSS system [1] can provide to the user an
assessment report at the end of simulation. That report
contains: total time of intervention, number of cuts and
cauterizations, among other information. The surgeon can
use this information to perform an assessment of his
intervention. The WebSET system [13] provides test
scenarios in which the users can make simulations. In this
system, the users are evaluated by the speed of answers,
number of mouse movements, accuracy, making decisions
and learning.



A PRrROPOSAL FOR MULTIPLE ASSESSMENT

A tool for multiple assessment must be interconnected with
all users and must receive from them synchronized
information about all variables of interest. An assessment
system works coupled to a virtual reality simulator, as
showed in the Figure 1 [27]. As an on-line assessment
system, which should be capable to monitor user interactions
while he/she operates the simulation system, a multiple
assessment must be capable to monitor, simultaneously, the
interactions of each user. In order to reach that, it is
necessary to collect information about position in the space,
forces, torque, resistance, speeds, accelerations,
temperatures, visualization and/or visualization angle,
sounds, smells, etc. To collect some information as force,
force feedback, angles and torques, it is necessary to use
specific devices to provide them, as the one presented in
Figure 2. These information will be collected for each user
in training system, as well as for all group, to be used to feed
the assessment system. Additionally, a synchronization in
time space is necessary for all users to measure interactions
among them, to determine the ordering of tasks and to
provide details of user's performance.
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FIGURE 1.

DiaGram oF A VR SIMULATOR WITH AN ASSESSMENT SYSTEM FOR A SINGLE USER.

User's interactions with the system are monitored and
the information are sent to the assessment system which
analyzes the data and emits, at the end of the training, an
assessment report about the user's performance according
pre-defined classes of performance. Therefore, a multiple
assessment tool must be capable to monitor each user
individually, as well as, all group. Then, at the end of
simulation, another assessment report will be emitted about
the group performance.

As mentioned above, several methods were proposed to
assess single user in training based on virtual reality. Most of
them were based on classical classifiers, as neural networks,
maximum likelihood, mixture models, fuzzy sets, among
others. However, besides the fact that several of them could
be used in multiple assessment tasks, there are calibration
problems for multiple users. To minimize those problems, a
multiple assessment system based on a fuzzy expert system

[5][20] is proposed in this paper. This way, a set of fuzzy
rules of an expert system time dependent defines each one of
the possible performance classes. This set is designed, for
single users and for group, from specialists knowledge.
Additionally, interaction variables will be monitored
according to their relevance to the training. Then, each
application will have their own set of relevant variables
which will be monitored [27]. The same happens with
relevant variables which measure interactions among users
in the group.

FIGURE 2.
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The methodology proposed for multiple assessment uses
data collected from user interaction and group interactions
during training to create user profile and group profile. That
information is used to evaluate trainee and allows the
improvement [39] of his performance in real tasks.

Our methodology makes an union of statistical tools and
fuzzy rule based expert systems to construct an individual
profile for trainee and for group. Statistical tools are
programmed to make an automatic analysis of the database
and construct statistical measures, tables, graphics and time
dependent statistical models. From these information
(statistical measures and parameters), the fuzzy expert
system will create an individual user and group profiles and
two kinds of report. These assessment reports present
individual and group profiles and shows the performance of
specific tasks with statistical measures, tables, graphics,
models and some phrases in pseudo-natural language. Figure
3 shows the new methodology presented.

It can be observed that the Assessment System from
Figure 1 has been changed and now it is called Individual
Assessment System. To construct the Multiple Assessment
System, the Group Assessment Tool, the Users and Group
Profiles were also added. The new Multiple Assessment
System creates two kinds of report: individual assessment
report, for each user, and group assessment report. The first
report is about the individual user performance on the
training and the second assessment report is about group
performance and the interactions among users during
training.
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DIAGRAM OF NEW ASSESSMENT SYSTEM WITH APPROACH OF CONTINUOUS ASSESSMENT.

This methodology for Multiple Assessment System can
be used for several kind of training in medicine, as
procedures in surgical rooms, training paramedics groups in
emergency situations, etc. However, it is a generic
methodology and can be used in training systems for other
areas, as aeronautical simulators, maintenance group,
managing of nuclear, thermoelectric, hydroelectric power
plant, etc.

Unfortunately, this Multiple Assessment System can
not be classified as online or offline as in single user
assessment systems. As mentioned before, an online
assessment system must generate reports immediately after
of the end of training session. Sometimes, the Multiple
Assessment System will be capable to do that, but in another
cases it will be not. The main reasons for that involve:
computers configuration, possible delay in networks,
number of statistical time dependent models necessary to
measure some variables, complexity of simulation and
number of interactions.

ConcLusions AND FUTURE WORKS

This paper presents a review for assessment systems for
training based on virtual reality for single user. It was
presented also the future of training based on virtual reality
for multiple users with interactions among them. For this,
are necessary new methodologies to allow the assessment of
training for each user as well as for the group. In order to do
that, was introduced a new methodology for multiple
assessment for multiple users in training . This methodology
is based on time-dependent fuzzy based rules expert system
which uses input variables from training, statistical measures
and time dependent statistical models in order to create
measures of assessment for trainees and group performance.
This Multiple Assessment System can create two kinds of
report: an assessment report for individual user, about
his/her performance on the training, and an assessment
report about group performance and interactions among
users during the training.

The proposed methodology can be used for several
kind of training in medicine, as procedures in surgical

rooms, training paramedics groups in emergency situations,
etc. It is interesting to note that this Multiple Assessment
System also can be used in other training situations when a
group of trainees performs a task together.

The Multiple Assessment System cannot be classified
online or offline as single user assessment systems due to
computers configuration, possible delay in networks,
number of statistical time dependent models necessary to
measure some variables, complexity of simulation and
number of interactions.

As future work, we intend to implement this Multiple
Assessment System in a virtual reality system for training of
multiple users. Additionally, we intend to make statistical
comparison among users to identify improvements of
learning when VR systems are used to replace traditional
training methods.

ACKNOWLEDGMENT

This work is partially supported by Brazilian Council for
Scientific and Technological Development, CNPq (Process
303444/2006-1 and process CT-INFO-CNPq 506480/2004-
6) and Brazilian Research and Projects Financing, FINEP
(Grant 01-04-1054-000).

REFERENCES

[1] Alcaiiiz, M. et all. GeRTiSS: Generic Real Time Surgery Simulation.
Studies in Health Technology and Informatics. Vol. 94. 2003, pp. 16-
18.

[2] Arai et all; Distributed virtual environment for intravascular tele-surgery
using multimedia telecommunication. Proceedings of the IEEE Virtual
Reality Annual International Symposium (VRAIS'96). USA, 1996, pp.
79-85.

[3] Baier, H. et all; Distributed PC-based haptic, visual and acoustic
telepresence system - experiments in virtual and remote environments.
Proc. of IEEE Virtual Reality, USA, 1999, pp. 118-125.

[4] BARCO. Virtual Surgery Table. BARCO Projection Systems, 2000.

[5] Blanchard, C. et all. Reality built for two: a virtual reality tool. ACM
SIGGRAPH Computer Graphics, 24(2):35-36, 1992.

[6] Bricken, W.; Coco, G.; The VEOS Project. Presence, 1(2), 1994, pp.
111-129.

[7] Burdea, G., Patounakis, G., Popescu, V. and Weiss, R.E. Virtual Reality
Training for the Diagnosis of Prostate Cancer. Virtual Reality Annual
International Symposium Proceedings. IEEE, 1998. pp. 190-197.

[8] Burdea, G. and Coiftet, P. Virtual Reality Technology. 2nd ed., Wiley
Interscience, 2003.

[9] Carlsson C. ; Hagsand O.; DIVE: a platform for multi-user virtual
environments. Computers & graphics, vol. 17, no 6, 1993, pp. 663-669.

[10] Codella, C. F., Jalili R., Koved, L., and Lewis, J. B. (1993). A Toolkit
for Developing Multi-User, Distributed Virtual Environments.
Proceedings of the IEEE Virtual Reality Annual International
Symposium (VRAIS'93). USA, 1993, pp. 401-407.

[11] Ehnes et all; Ehnes et all; The pen and paper paradigm — supporting
multiple users on the Virtual Table. Proc. of the Virtual Reality 2001
(VR'01), Japan, 2001, pp. 157-164.



[12] Gande, A.; Devarajan, V.; Instructor station for virtual laparoscopic
surgery: requirements and design. Proc. of Computer Graphics and
Imaging, USA, 2003, pp. 85-90.

[13] John, N. W. et all; Web-based surgical educational tools. Studies in
Health Technology and Informatics. Vol. 81. 2001, pp. 212-217.

[14] Kessler, G. D.; 4 flexible framework for the development of
distributed, multi-user virtual environment applications. PhD Thesis.
Georgia Institute of Technology, 1997.

[15] Low, K-L. et all. Low, K-L. et all. Combining head-mounted and
projector-based displays for surgical training. Proc. of the IEEE
Virtual Reality 2003 (VR’03). March, 2003, pp. 110-117.

[16] Machado, L. S., Moraes, R. M. and Zuffo, M. K. “Fuzzy Rule-Based
Evaluation for a Haptic and Stereo Simulator for Bone Marrow Harvest
for Transplant”. 5th Phantom Users Group Workshop Proceedings,
2000.

[17] Machado, L. S., Mello, A. N., Lopes, R. D., Odone Fillho, V. and
Zuffo, M. K. “A Virtual Reality Simulator for Bone Marrow Harvest
for Pediatric Transplant”. Studies in Health Technology and
Informatics. Vol. 81. 2001, pp.293-297.

[18] Machado, L. S.; Moraes, R. M.; Neural Networks for Online Training
Evaluation in Virtual Reality Simulators. World Congress on
Engineering and Technology Education - WCETE'2004. March,
Santos, Brazil, pp. 157-160, 2004.

[19]Machado, L. S.; Moraes, R. M. “Online Training Evaluation in Virtual
Reality Simulators Using Evolving Fuzzy Neural Networks”.
Proceedings of the 6th International FLINS Conference. Belgium.
2004, pp.314-317.

[20] Machado, L. S.; Valdek, M. C. O. ; Moraes, R. M.; Assessement of
Gynecological Procedures in a Simulator Based on Virtual Reality.
Proc. of the 7th International FLINS Conference on Applied Artificial
Intelligence (FLINS'2006), Italy, 2006, pp. 799-804.

[21]Mahoney, D.P. “The Eyes Have It”. Computer Graphics World, Vol.
21, No. 8. August 1998, pp. 69-70.

[22]McBeth, P. B. et al. Quantitative Methodology of Evaluating Surgeon
Performance in Laparoscopic Surgery. Studies in Health Technology
and Informatics. Vol. 85. 2002, pp. 280-286.

[23] Moraes, R. M.; Machado, L. S., Hidden Markov Models for Learning
Evaluation in Virtual Reality Simulators. International Journal of
Computers & Applications, v. 25, n. 3, p. 212-215, 2003.

[24] Moraes, R. M.; Machado, L. S. (2004) Using Fuzzy Hidden Markov
Models for Online Training Evaluation and Classification in Virtual
Reality Simulators. International Journal of General Systems. v. 33 n.2-
3, pp. 281-288.

[25] Moraes, R. M.; Machado, L. S.; Continuous Evaluation in Training
Systems Based on Virtual Reality. Proc. of Global Congress on
Engineering and Technology Education (GCETE'2005). Brazil,
pp-1048-1051.

[26]Moraes, R. M.; Machado, L. S. Maximum Likelihood for On-line
Evaluation of Training Based on Virtual Reality. Proceedings of
Global Congress on Engineering and Technology Education
(GCETE"2005). Brazil. 2005, pp. 299-302.

[27] Moraes, R. M.; Machado, L. S. Fuzzy Gaussian Mixture Models for
On-line Training Evaluation in Virtual Reality Simulators. Annals of
the International Conference on Fuzzy Information Processing
(FIP'2003). March, China, Vol. 2. 2003, pp. 733-740.

[28] Moraes, R. M.; Machado, L. S. Gaussian Mixture Models and
Relaxation Labeling for On-line Evaluation of Training in Virtual
Reality Simulators. Annals of International Conference on Engineering
and Computer Education (ICECE'2003). Brazil, 2003. [CDROM].

[29] Moraes, R. M.; Machado, L. S.; Evaluation System Based on EFuNN
for On-line Training Evaluation in Virtual Reality. Lecture Notes in
Computer Science. Berlim, v. 3773, p. 778-785.

[30] Moraes, R. M.; Machado, L. S. “On-line Training Evaluation in
Virtual Reality Simulators using Fuzzy Bayes Rule”. Proceedings of
the 7th International FLINS Conference on Applied Artificial
Intelligence (FLINS'2006), Italy, 2006, pp. 791-798.

[31] Morris, et all; A Collaborative Virtual Environment for the Simulation
of Temporal Bone Surgery. Proc. of the International Conference on
Medical Imaging Computing and Computer Assisted Intervention
(MICCALI), France, 2004, pp. 319-327.

[32] Morris, et all; Visuohaptic simulation of bone surgery for training and
evaluation. IEEE Computer Graphics and Applications, v.26 n. 6,
2006, pp. 48-57.

[33] Mulder, J. D.; Boschker, B. R.; A modular system for collaborative
desktop VR/AR with a shared workspace. Proc. of the 2004 Virtual
Reality (VR’04), 2004, pp. 75-82.

[34] Park, K-S.; Kenyon, R. V.; Effects of network characteristics on
human performance in a collaborative virtual environment. Proc. of
IEEE Virtual Reality, USA, 1999, pp. 104-111.

[35] Rosen J., Richards, C., Hannaford, B. and Sinanan, M. Hidden Markov
Models of Minimally Invasive Surgery. Studies in Health Technology
and Informatics. Vol. 70. 2000, pp. 279-285.

[36] Rosen, J., Solazzo, M., Hannaford, B. and Sinanan, M. Objective
Laparoscopic Skills Assessments of Surgical Residents Using Hidden
Markov Models Based on Haptic Information and Tool/Tissue
Interactions. Studies in Health Technology and Informatics. Vol. 81.
2001, pp. 417-423.

[37] Salisbury, K. Haptics: The Technology of Touch. HPCWire Special.
No 10. Nov 1995.

[38] Shaw, C.; Green, M.; MR Toolkit peers package and experiment.
Proc. of the IEEE Virtual Reality Annual International Sysmposium
(VRAIS), 1993, pp. 463-469.

[39] Sternberg, R. J.; Grigorenko, E.; Dynamic Testing: The Nature and
Measurement of Learning Potential. Cambridge University Press, 2001

[40] Terano, T; Asai, K. and Sugeno, M. Fuzzy systems theory and it's
applications. Academic Press Inc., San Diego, 1987.

[41] Voss, G.; Brockholt, U.; Los Arcos, J.; Miiller, W.; Oppelt, P.; Stiler,
J. L. “Intelligent Training System for Laparoscopy and Hysteroscopy”.
Studies in Health Technology and Informatics. No 70. 2000, pp. 359-
364.

[42] Yoshida, S.; Noma, H.; Hosaka, K.; Proactive Desk II: Development
of a New Multi-object Haptic Display Using a Linear Induction Motor.
Proceedings of the IEEE Virtual Reality Conference (VR’06), 2006,
pp. 269- 272.



	Acknowledgment

