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Abstract  This paper presents a methodology of
evaluation of training executed by Web. It is an intelligent
evaluation procedure that allows to classify a trainee
learning using a fuzzy rule based expert system. The
methodology proposed uses statistical measures, statistical
models and appropriate statistical hypothesis testing to
compare statistical measures and model parameters. Fuzzy
measures, statistical measures and parameters and
probability of significance from statistical testing of
hypothesis are used as input for a fuzzy rule based expert
system to construct a profile for trainee. Fuzzy rules are
modeled by membership functions according to two
specifications: sequence of tasks executed by experts and
statistical measures from execution of correct procedures
according to experts.
Index Terms  Fuzzy expert systems, Intelligent training
evaluation, Statistical methods, Web based education.

INTRODUCTION
There is a big problem in distance training or distance
learning: the form of evaluation. Several discussions point
out advantages and disadvantages of methodologies and
suggestions about how to introduce evaluation components
[7] in distance learning [8]. There are automatic and semiautomatic evaluation systems for analysis of students log
files and creation of a profile for evaluation [28]. In this
category we can find systems which trace student's actions
over specific topics or utilized resources. Other systems [22]
do the evaluation using tests, exercises, quizes and
questionnaires. Brusilovsky and Miller [2] use local tests and
a system with some intelligence to do not repeat tests
applied before or to evaluate answers.
Unfortunately, these methodologies are incipient
because they use short pre-defined evaluations. Even when
the questions are presented randomly or use some
intelligence, they are finite. Other limitation is that the
student can not execute effectively the procedure for what he
is been trained.
In this paper, we introduce a new approach by the use of
an automatic evaluation system for training executed at
distance. Several measures from user interaction in training
executed by Web are used as input for a fuzzy rule based
expert system [17]. Besides that, the expert system can be
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monitoring if specific important tasks are executed in the
right sequence. With all these information, the expert system
can construct a profile for trainee and emit relevant
information about his performance in some pre-defined
categories of training.

BACKGROUND
There are many examples of training systems by Web. Some
of them are informative systems with several web pages with
a lot of information about a specific subject as, for example,
the website Electronic Music Interactive at University of
Oregon [27]. In several cases, informative systems do not
present any form of evaluation. Their function is simply to
transmit knowledge using massive multimedia resources
[18]. Others are realistic-based training using high-resolution
graphics and permit direct interaction simulating pseudo-real
actions over mechanisms [23]. Some of those systems have
an evaluation system close to the training system. The
evaluation system collects relevant variables during user
interaction by Web.
Some methodologies have been proposed for evaluation
in simulated training. McBeth et al. [15] proposed a
methodology to evaluate medical procedures using basic
statistics. Pucel and Anderson [23] developed a
computational ophthalmic simulation to test a person’s
ability to perform psychomotor tasks using basic statistics
too. Recently, Machado and Moraes [10]-[12] Machado,
Moraes e Zuffo [13] e Moraes e Machado [19]-[21]
proposed advanced statistical techniques or tools based on
fuzzy logic to evaluate training based on virtual reality
simulators [3]. Those systems are capable to collect specific
data from training execution and to compare them to models
(statistical or logic) pre-defined that are called classes of
performance. For example, five models can correspond to
five classes of performance in training: you need much more
training, you need more training, you need training, your
training is good or your training is excellent [13].
In several of those works, it is showed that with
modifications some techniques can be generalized for
applications in training executed at distance. For that cases,
we propose a new evaluation technique using a fuzzy expert
system. A fuzzy rule based expert system uses fuzzy
measures and statistical information from training variables
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as input to construct a profile for trainee. This expert system
can classify the trainee into classes of training.

THEORETICAL ASPECTS
In this paper we use a set of theoretical aspects: statistical
measures and models, fuzzy sets and expert systems. The
first one is a set of statistical measures commonly used for
general purposes as mean, median, mode, standard
deviation, etc [25]. Besides, we also use statistical models
based on regression analysis to modeling linear [4] and nonlinear [24] sequences of performance in task execution. In
some cases is interesting to use statistical time series
analysis to perform better statistical models using time as a
variable [1]. Statistical measures and statistical parameters
of models can be compared using appropriate statistical
testing of hypothesis: nonparametric [9] or parametric [16].
As results of these comparisons, we have statistical decisions
about equality or difference between parameters and a
measure of probability of significance.
As it is possible that some variables in virtual world do
not present an exactly correspondence to the real world,
some measures can not be exact. Then we must use fuzzy
sets to measure those variables [6]. These fuzzy variables are
measures based on membership functions previously defined
by experts.
A fuzzy rule based expert system combines logically all
information about fuzzy and non-fuzzy variables to making
decisions about complex conjectures [26]. Fuzzy expert
system uses logical rules as:
IF A AND B OR C THEN D
where A, B, C and D are fuzzy sets. It is important to note
that a crisp set can be interpreted as a fuzzy set with a
particular membership function [29].
The connectives AND and OR are implemented by a tnorm and a t-conorm, respectively [5]. The implication
operator THEN is implemented by t-norm min. This
particular configuration of operator characterize a fuzzy
inference engine called Mandani type [14].

EVALUATION SYSTEM
From a realistic-based training by web, we can collect
several information about user interaction. Sequence of
executions, measures, etc., can be relevant information for
an evaluation system. In web-server all interactions can be
recorded in specific log-files. From these files, statistical and
fuzzy information can be obtained.
In this paper, we propose a new conception for an
evaluation system of training executed by web using fuzzy
rule based expert system. This system uses statistical
measures, statistical parameters, statistical decisions,
probabilities of significance and fuzzy measures as input for
a fuzzy expert system.

All information (statistical measures, statistical
parameters, statistical decisions, probabilities of significance
and fuzzy measures) is used as input for a fuzzy rule based
expert system. Experts predefine the rules of this fuzzy
expert system with objective of creating a user profile.
Fuzzy rules are modeled by membership functions according
to following specifications, according to experts:
• Sequence of tasks executed;
• Statistical measures from execution of correct
procedures;
• Statistical models from execution of training by experts
and trainees;
• Statistical decisions from statistical testing of hypothesis
and probability of significance, respectively.
Experts supply their knowledge for the construction of
the expert system. However, some numerical characteristics
and comparative forms are very difficult to be translated in
rules. So, statistical information can be acquired from
previous execution of procedure by experts. These statistical
measures and parameters are introduced in the expert system
as complementary information to refine knowledge.
Statistical models from expert executions are used as models
of comparison with models generated by trainee. Statistical
testing of hypothesis is used to calculate probability of
difference between trainee’s model and experts’ model. That
information serves as support for the final decision of the
user's training classification.
It is interesting to note that the combination of statistical
models and testing of hypothesis can be considered a preclassification or a pre-evaluation. From this consideration,
the evaluation system proposed in this paper is similar to
two-stage evaluator, as proposed in [10]. In fact, it is not a
pure two-stage evaluator, since part of the information is not
used by the first stage.
This way, the expert system presented must construct a
profile for trainee using information collected from his
training and it can classify the trainee into classes of
training. In this work, we use five classes of training,
according to [13]:
• your training is excellent – trainee is qualified to
execute a real procedure .
• your training is good – trainee is almost qualified to
execute a real procedure. Performance is good, but it
can be better.
• you need training – trainee needs training to be
qualified. Performance is regular.
• you need more training – trainee needs more training to
be qualified. Performance is bad.
• you need much more training – trainee is a beginner.
Performance is very poor.
Figure 1 shows the blocks diagram of the evaluation
system. User executes a realistic-based training by web
interacting with the system. The interactions are monitored
by modules, which can make measures, modeling and
testing of hypothesis. A fuzzy rule based expert system

receives that information and it can classify the training in
predefined classes of performance. The final classification is
returned to the user.
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FIGURE. 1

In this paper, we introduced a new approach of evaluation
for training executed at distance by use of an automatic
evaluation system. This methodology uses measures, models
and statistical decision making from user interaction data
collected over training executed by Web as input for a fuzzy
rule based expert system. From this information, the expert
system can classify a trainee into pre-defined categories of
training.
However, this approach can not be used in any kind of
training system by Web. To apply correctly this
methodology it must be used over a realistic-based training.
In this kind of training system, it is possible to collect
information about user interaction.
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