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Patient simulation; Objective: We introduce a web-based adaptive training simulator system to exercise
Web-based education; cardiopulmonary resuscitation skills. Our purpose is to provide emergency physicians
Adaptive intelligent with an additional training tool for cardiac life support clinical cases, by integrating an
systems adaptive learning environment with a web-based case simulator.

Methods and materials: Adaptive systems reflect some features of the user in the user
model and apply this model to adapt various visible aspects of the system to the user.
Our system follows a stage-based learning model with several steps to personalize
student learning. First, students learn the theory and content of life support and take
computerized tests to evaluate their declarative knowledge of these areas. Second,
they practice with clinical case examples and complete an exam at the appropriate
level of difficulty to assess their practical knowledge. Finally, they train with addi-
tional clinical cases.

Results and conclusion: In order to evaluate the usefulness of the system, we used it
in two traditional advanced life support courses at the Jaen Hospital in Spain, as an
additional and complementary tool within the course. Results show that the use of
adaptation techniques can improve student performance.

© 2006 Elsevier B.V. All rights reserved.

1. Introduction [1]. Although the expectations have been high, the
widespread use of applications has been less than
The introduction of computers into medicine is one  Promised. The World Wide Web can play an impor-

of the most important events in medical education ~ tant role in providing distance-based education.
Web-based education or web-based training can

be defined as any purposeful application of web
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most often used within industry and it involves
teaching specific skills, while the terms web-based
education and e-learning are more common within
universities and involve teaching conceptual knowl-
edge. Traditional web-based educational and train-
ing systems are simply a network of static hypertext
pages [3]. This leads to orientation and comprehen-
sion problems for students since navigation in such
courses is completely unrestricted. Adaptive sys-
tems for web-based education (ASWE) provide a
superior alternative because they adapt to the stu-
dent or task. They are the result of the joint evolu-
tion of intelligent tutoring systems (ITS) [4] and
adaptive hypermedia systems (AHS) [3] and they
combine the most advantageous features of both,
namely, increasing the student’s interaction with
the educational system and adapting it to the needs
of each individual. ITS use knowledge about the
domain, the student and the teaching strategies
to support flexible individualized learning and tutor-
ing. AHS apply different forms of user models to
adapt the content and the links on the hypermedia
pages to the user. Many adaptive web-based systems
have been developed, targeting various application
domains. In educational applications some exam-
ples [5] are: ELM-ART, Interbook, KBS-Hyperbook,
NetCoach, AHA!, etc. Although most of them are
general-purpose educational systems, some are spe-
cific to medical education. For example, Medtec [6],
is aimed at medical training in anatomy. Other
examples of specific artificial intelligence applica-
tions for medical education and training are: GUI-
DON [7], a tutor to identify the most likely causative
organism in cases of infectious meningitis and bac-
teremia; Anatom-Tutor [8], an intelligent anatomy
tutoring system; COMET [9], a collaborative ITS for
medical problem-based learning; and SlideTutor
[10] a model-tracing ITS for teaching microscopic
diagnosis. Nevertheless none of these employ an
underlying simulator.

Unlike other industries (aviation, nuclear power,
etc.) medicine has been slow to develop simulation
as a training tool and method to assess performance.
Some simulators like CIRCSIM-TUTOR [11], a system
to learn about the reflex control of blood pressure;
and OncoTCap [12], that provides a cancer modeling
laboratory, were developed, but only recently have
they come into more widespread use in general
medical and specialized education and training. This
is partly due to greater awareness of the importance
of patient safety and the roles of human perfor-
mance and work environment in contributing to
human error. Simulation based systems have the
advantage of providing safe environments in which
students can make errors without harming patients.
A second advantage of simulation based systems is

that they can be used to evaluate competence. The
most common application areas for simulations
include anaesthesia, radiology, surgery, gastroen-
terology and cardiology. More advanced simulators
have ITS features making the simulation more intel-
ligent. Some examples of medical simulation ITS
are: InterSim [13], an interactive simulation based
tutor with intelligent assistance for the ear domain;
Cardiac Tutor [14], an intelligent simulation-based
tutor for advanced cardiac life support; BioSimMER
[15], a virtual reality training tool that pits rescue
teams against computerized terrorist attacks; and
UVIMO [16], a virtual reality training simulation
system for medical emergencies.

In general, medical simulators vary in their char-
acteristics and accuracy, and we can distinguish
between five main types [17]:

Screen-based simulators are computer instruc-
tion programs, which are a part of the medical
workplace. The user indicates what his sequence
of actions is by selecting them from the interface.
They are inexpensive and portable, allow for testing
large numbers of users simultaneously, and can
automatically evaluate performance and provide
customized feedback.

Virtual reality (VR) is a computer technique to
generate spaces and objects in three-dimensional
representations with multiple sensory feedback
cues. VR systems are spread along a continuum of
cost versus realism but they require significant
computing power.

Training devices simulate real world devices that
allow students to acquire the necessary skills for a
specific task prior to patient contact.

Realistic simulators are realistic human simula-
tors and in general they include a life-like manne-
quin which simulates a real patient. They are the
most accurate patient simulators but they are very
expensive and require dedicated space and trained
observers.

Web-based simulators are similar to screen-based
simulators but they are designed to be executed
remotely over the Internet. Some examples of web-
based simulators aimed at emergency medicine are:
CPR Simulator [18], a cardiopulmonary resuscitation
simulator; and Emergency Simulator [19], an adult
and paediatric life support simulator. Nevertheless
none of these web-based simulators provide adap-
tive features.

Tests or quizzes are among the most widely used
and well-developed evaluation tools in higher edu-
cation, there are two main types of web-based
testing control algorithms [20]: adaptive and clas-
sic. The main advantage of computerized adaptive
tests is that each examinee receives different ques-
tions and there are usually fewer questions needed
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than in a classic test [21]. Some examples of adap-
tive computer tests used in web-based adaptive
systems are: SIETTE [22] a system of intelligent
evaluation using tests and Test Editor [20] an author-
ing tool for building adaptive and classic web-based
tests in AHA!. We used the Test Editor’s algorithms in
our system.

In this paper, we describe a system which links
computer-based case simulations with ASWE in
order to obtain a more intelligent emergency med-
icine e-learning and e-training system, and to
increase confidence in emergency knowledge and
skills. The novelty in our approach is the integration
of emergency domain knowledge and cognitive skills
with adaptation techniques in a web-based case
simulation training system. The developed ASWE
incorporates the following intelligent components:
control of student’s learning stages, adaptive con-
tent presentation and navigation, adaptive compu-
ter testing to evaluate the declarative knowledge,
plan-based case simulation system to evaluate pro-
cedural knowledge, adaptive selection of difficulty
level in advanced cases, recommendation of con-
tents based on student errors and cases, and a rule-
based inference system to make pedagogic deci-
sions.

First, we describe the system’s architecture and
its main components. Second, we detail the imple-
mentation of the system. Third, we show the eva-

User side (web browser)

luation of this system and the results obtained.
Finally, we summarize the main conclusions and
plans for future research.

2. System architecture

The system architecture and its main components
are shown in Fig. 1. This is a web-based architecture
[2] in which all the system’s components are stored
on a web server and users interact remotely by using
a web browser. Components of the system include:

e User interface. There are two different user
interfaces. The student interface presents perso-
nalized information provided by the adaptation
model, captures all of the user input and sends it
to the adaptation model. The teacher interface
lets instructors develop educational materials
(tests, cases and contents), and visualize the
student’s results.

e Case simulation model. Contains the procedural
knowledge about the resolution plan of each case
study. The adaptation model uses this information
to control the execution of cases to each parti-
cular student.

e Domain model. Contains the declarative knowl-
edge about cardiac life support (courses and chap-
ters), educational material (exposition contents,
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testsand cases) and their relations. The adaptation
model uses this information to adapt navigation
and presentation to each student.

e Student model. Contains a student record for
each user with all the interaction and evaluation
information. The adaptation and execution model
updates this model, and bases pedagogic deci-
sions on its state.

e Adaptation and execution model. The engine that
controls all the components. It consists of three
sub-models (one to control the navigation and the
presentation of contents, one to control the
execution of tests and one to control the execu-
tion of the case simulation). The adaptation and
execution system uses a rule-based inference
system to make decisions. The adaptation and
execution system controls the interface and uses
the information from the student model to adapt
the domain model and simulation model to each
particular student.

2.1. User interface

The system has two different web-based user inter-
faces (the student interface and the teacher inter-
face).

2.1.1. Student interface

The student interface uses three different types of
interaction (browsing, drill and practice, and simu-
lation) [2] by which students interact with the
following components of the system:

e Navigation. A web interface to guide students
through the learning stages, the exposition con-
tents, tests and cases.

e Exposition contents. The same web interface with
multimedia elements to see and browse the
explanatory contents.

e Test. An interactive interface to execute compu-
terized tests.

e Cases. The most complex interface which stu-
dents use to interact with simulated cases (Sec-
tion 2.2).

2.1.2. Teacher interface

Authoring, administrative, and maintenance tasks
are performed in the teacher interface. The sys-
tem provides several authoring tools in order to
facilitate the development of exposition contents,
tests and cases. Four different tasks are sup-
ported:

e Creation and maintenance of exposition con-
tents. The teacher can create, delete, or modify

the explanatory contents and assign them to
courses and chapters.

e Test development. The teacher creates or edits
multiple-choice classic and adaptive tests about
life support (Section 2.5.2).

e Case authoring. The teacher creates or edits
interactive simulations of life support cases
(Fig. 2) and exam case studies (Section 2.5.3).

e Review of students’ results. The teacher can
access all students’ usage information in order
to see scores and times of students, error reports
and detailed information about the interaction in
case study execution.

Creation of new content only requires develop-
ment of the exposition contents, tests and cases. In
general, a single person can develop one of the
courses in several weeks. However, several teachers
usually share this work. The most tedious task is to
build a plan for each case due to the necessity of
specifying information for each step of the case.

2.2. Case simulation model

The case simulation model contains the procedural
knowledge or problem solving skills about life sup-
port cases. We use a plan to represent the expert
knowledge about the resolution of each case. The
plan consists of initial information for the case and
information about the sequence of steps with the
actions an expert recommends. We differentiate
between critical and moderate actions. A critical
action is obligatory to perform in order to resolve
the case correctly. A critical action can require
previously performed moderate actions (without
imposition of a specific order of execution between
them). So, the teacher writes the plan in a logical
execution order, but a student can resolve it using a
different path, which is determined by the critical
actions. Other actions can be done in any order or
not at all. The teacher has to provide the following
information for each case in order to build the plan
(* denotes obligatory information):

e Initial information. Name of the case*, type of the
case (example case/exam case)*, initial descrip-
tion of the case®, initial patient’s image*, initial
patient’s vital signs (pulse, blood pressure,
respiratory rate, temperature) and cardiac
rhythm*, maximum time to execute each critical
action and maximum number of allowable failed
actions in each critical action.

e Step information. For each step: number of the
step®, type of step (critical or not)*, expected
correct action*, list of required actions done
before, helping information about the correct
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Patient simulator. The patient simulator shows
visual information about the physical status of the
patient and the actions students have performed.
We use a picture or photograph (Fig. 3 at top left)
to show the current status of the patient. The
teacher has to select the appropriate picture for
each step when building the plan (if not, the pre-
vious image is used by default).

Monitor simulator. The monitor simulator shows
the current cardiac rhythm of the patient. We use a
recurrent movie (Fig. 3, below patient image) which
can be paused, moved forward or rewound. Our
system stores hundreds of movies with basic rhythm
variants and different heart rates. The teacher has
to select the appropriate rhythm and heart rate for
each step to be shown to the user (if not, the
previous cardiac rhythm is used by default).

2.3. Domain model

The domain model contains the declarative or con-
ceptual knowledge of cardiac life support. We
organized our domain model in a hierarchic way
similar to traditional courses which consist of mul-
tiple chapters or lessons. To build our domain we
used the information provided by different resus-
citation guidelines [23]: adult basic life support
(BLS), automated external defibrillators (AED),
adult advanced life support (ALS), paediatric BLS
and paediatric ALS. We organized all the informa-
tion from these guidelines into 10 different chap-
ters (Table 1). Chapters were then grouped into
three courses:

Table 1 List of chapters

Number Title

Chapter 1 Basic concepts in
cardiopulmonary resuscitation

Chapter 2 Basic life support

Chapter 3 Advanced life support

Chapter 4 Advanced respiratory and
circulatory assistance

Chapter 5 Pharmacological treatment
and administration

Chapter 6 Arrhythmias

Chapter 7 Arrhythmias electrical treatment

Chapter 8 Paediatric basic life support

Chapter 9 Paediatric advanced life support

Chapter 10 Pre-hospital care in myocardial

heart-attack

e BLS. Chapters 1, 2 and 8. This course includes
adult BLS, and paediatric BLS guidelines, and is
oriented to first responder personnel (firemen,
pedestrians, etc.).

e Intermediate life support (ILS) + AED. Chapters 4
and 7. This course includes ILS and AED guidelines,
and is oriented to emergency technicians.

e ALS. Chapters 1—10. This course includes all
guidelines, and is oriented to nurses and physi-
cians.

We also grouped all available actions (all the
actions students can execute in the case simulation)
into five categories: circulation support (53
actions), ventilation support (20 actions), airway
support (33 actions), medication or drug support

Basic life support

Chapter 8

Intermediate life
support + AED

Chapter 4

Advanced life
support

Chapter 9

Chapter 6

Chapter 10

Figure 4 Relations between chapters. AED = automated external defibrillator.
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(32 actions), and others (10 actions). We related
actions and some elements of the case simulator
interface to the three courses. The ALS case simula-
tion interface shows all the actions and all the
elements, the ILS + AED case simulation interface
shows fewer actions (for example no medication is
shown) and the BLS case simulation interface shows
only some basic actions and the cardiac rhythm
monitor is not shown.
We can also distinguish two types of relations:

Prerequisite relations. Prerequisite relations
between chapters (Fig. 4) are used to adapt the
user navigation in the exposition contents, show-
ing the student the appropriate chapter depend-
ing on which chapter the student visited
previously.

Components relations. Component relations con-
nect educational components and the chapters
(Fig. 5). Each chapter is related to one exposition
content. Each test question is related to one or
more chapters. Each case action is related to one
chapter or several chapters. Furthermore, in the
ALS course, we defined three different types of

case studies depending on the level of difficulty
(expert, medium and novice).

2.4. Student model

The student model contains the student’s informa-
tion. We did not use a complete student model but
rather we use a student record with the following
information:

e Identifying information. Name, login, password,
age of student, provided by the student during the
registration process.

e Profile and execution information. This informa-
tion is automatically obtained by the system dur-
ing the student’s interaction and is used to adapt
content delivery to each particular student and to
analyze the student’s learning. It includes:

For each course: name of the course, score in

test, score in exam case and current learning

stage.

For each chapter: name of the chapter, visited

or not, time of visit, number of incorrect ques-

tions and number of incorrect actions.
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o For each test: name of the test, done or not,
score and time spent.

o For each question: name of the question, per-
formed or not, and correctly or incorrectly
answered.

o For each case: name of the case, done or not,
score, time spent, and sequence of performed
actions.

o For each performed action: name of the action,
position number of the action in the sequence,
critical or not, time spent, number of attempts,
and correctly or incorrectly performed.

e Log information. Information about the student’s
session is captured by a traditional web server log.
It stores information about the requested web
pages, including client IP address, request
date/time, page requested, HTTP code, bytes
served, etc. This information is obtained by the
web server during the student’s interaction and
can be used by the teacher to analyze the usage of
the system.

2.5. Adaptation and execution model

The adaptation model or tutor model contains infor-
mation about how the domain model and case simu-
lation must be presented or adapted to each
particular student. It is the engine of our system
that controls the execution of the navigation in the
system, the presentation of contents, the execution
of tests and the execution of case simulation. The
adaptation model uses a rule-based inference sys-
tem (Section 3).

2.5.1. Adaptive navigation and presentation

We use a high-level adaptive navigation support
technique [3] with three learning stages: studying,
practicing and training (Fig. 6). The student first
studies the explanatory contents and takes a com-
puter test that evaluates his foundational knowl-
edge. Subsequently, he practices with sample case
studies until ready to evaluate his knowledge

Register = Login
Learning
stage?
Studying stage

again with an exam of case studies, after which
he can complete further training with more sam-
ple case studies to continue building his knowl-
edge.

We use two guidance navigation techniques [3].
Direct guidance (hiding) sets the sequence students
should do in the first reading of the chapters. The
available chapters are dynamically determined
based on the previously visited chapters and the
relationships between chapters. Local guidance
(sorting) is used after the execution of tests and
cases to suggest that students review the chaptersin
which they made more errors.

We use an adaptive presentation technique [3] to
adapt the theoretical contents of the course to the
user. Alternative explanatory content pages (chap-
ters) are chosen depending on the course the lear-
ner is registered for. Furthermore, we use adaptive
presentation [3] in the case simulation interface
(Fig. 3) that is different for each type of course
(advanced, basic or intermediate), by hiding some
interface elements and actions.

2.5.2. Test adaptation and execution

Our system can use both classic and adaptive com-
puterized tests [20] with multiple-choice/single-
answer questions. A conventional (classic) test is
a sequence of simple questions and normally the
same questions are shown to all examinees. The
algorithm to control the execution of a classic test is
very simple: it shows a sequence of questions until
there are not any more questions or time expires. On
the other hand a computerized adaptive test [21] is
a computer-based test where the decision about
presenting a question or item and finishing the test
is made depending on the examinee’s performance
on previous answers. The general adaptive test
algorithm consists of three main procedures: ques-
tion selection based on the most informative item
for each student; proficiency estimation of each
student; and checking the finalization criteria (max-
imum number of questions, maximum spent time, or

Practicing stage Training stage

Study

Evaluati Yes| Practice
exposition |»{ Svaluation with cases |-+ Exam case
contents test and study

Yes | Train with
more cases
and study

T No

No

Figure 6 Step-based learning model.
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if the proficiency level has passed a confidence
value). Teachers build a test by setting:

e Items or test questions: the question or state-
ment, the answers and the correct answer.

e Parameters for the presentation of questions: the
order in which questions and answers are shown,
whether to show or hide explanations of the
answers.

e Finalization: the maximum time to respond and
the maximum number of attempts students have
to pass the test.

e Evaluation of the test: whether to penalize incor-
rect answers, whether to penalize questions with-
out an answer.

If the test is adaptive, teachers also have to set the

adaptive algorithm parameters (initial level, ques-

tion selection procedure and termination criteria).

We use the three-parameter item response theory

model in which the probability of a correct response

to a given item is a function of the examinee’s pr-
oficiency and the difficulty, discrimination and gues-
sing of the item [20]. The adaptive test has to be

calibrated to estimate the item parameters [21].

2.5.3. Case execution

We have two types of case studies: sample case
studies used for practice (which can be selected
by the students) and exam case studies used to
evaluate (which are determined by the system).
Help is available only for practice cases.

The algorithm to control the execution of a case
(Fig. 7) uses the plan for each case to verify if a
student action is correct or not. From the case plan,
the system creates a list of the current possible
actions. If the user executes a correct action (one of
the current possible actions and the time and num-
ber of attempts for the critical action have not been
exceeded) the system presents the appropriate
message and updates the status of the patient. If
the user executes an action but has exceeded the
time or the number of attempts, then the case ends

with anincorrect resolution. If the user executes an
action thatis not one of the current possible actions
and the time or the number of attempts has not
been exceeded, then the system penalizes the
student’s score, increases the counter of attempts,
and waits until the student executes another
action. Finally, if the student executes all the
actions on the list and there are no more steps in
the plan, then the case ends with a correct resolu-
tion.

2.5.4. Case adaptation

An exam consists of a number of case studies. In
advanced courses, cases can have three different
levels of difficulty (expert, medium and novice),
and the system selects the difficulty of the next
case depending on whether the current case was
completed correctly. Fig. 8 shows how the case
adaptation selects the level of the first case
depending on the score obtained by the student
in the evaluation test. When the student completes
the case study, the level of the next selected case
depends on the score obtained in the previous case.
If the obtained score is less than a lower value
(specified by the teacher) then the difficulty level
of the next case will be novice; if the obtained
score is higher than the lower value and less than a
upper value (specified by the teacher) then the
difficulty level of the next case will be medium; and
if the obtained score is higher than the upper value
then the difficulty level of the next case will be
expert. The final score is calculated as the mean
value of scores (sum of all scores obtained in the
cases divided by the total number of cases com-
pleted).

3. Implementation
The system was implemented using Microsoft ASP

(Active Server Pages) and ASP.Net as the main pro-
gramming languages, HTML (Hyper-Text Markup

Update

status

Set initial Update
state actions

Read the
user
actions

No

End of the case

T No

[y

Figure 7 Algorithm to control the execution of a case.
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Figure 8 Case adaptation in advanced courses.

Language) to show information, Macromedia Flash
in more interactive interfaces, and XML (Extensible
Markup Language) to represent knowledge. We also
used Microsoft Internet Information Server as web-
server, MySQL as database server and Microsoft .NET
Framework Developer Center.

We graphically represent the rules by means of a
rhombus in the figures of the different adaptation
and control algorithms. We represented the rules
in XML format using RSML (Rule Structure Markup
Language) [24]. RSML describes a generic rule
language for encoding rules, which allows for a
more flexible architecture and for the customiza-
tion of procedural knowledge. These XML rules
allow a general and modular implementation of
the adaptive algorithms, which makes the config-
uration and maintenance of the system lighter. A
set of rules has been included for each algorithm.
The inference module is embedded in the system
and is tailor-made so that the implementation fits
perfectly with the system and calling other infer-
ence systems is not necessary. The inference com-
ponent will load the suitable group of rules and the
variables as facts. Then, it will fire those rules that
satisfy the antecedents (modus ponens inference
rule).

There are five different groups of rules (one for
each algorithm). These rules are previously created
and are automatically configured (setting some
needed values, i.e. MAX TIME and MAX ACTIONS)
when the author builds the educational components
of the course.

4. Evaluation

We evaluated the system to determine the useful-
ness of the adaptation techniques by comparing the
results students obtain when they used the system
with the adaptive features and without them.

4.1. Study design

To determine the effect of adaptation, we imple-
mented the non-adaptive version of the system in
one course (Course N-A), and the adaptive system
previously described in another one (Course A). In
the non-adaptive version of the system, students
could move freely between steps, see all the chap-
ters of cardiac life support, take classic computer
tests and exam case studies without any adaptation
to their level. In the adaptive version of the system,
students were guided by all adaptive techniques.

The parameters used to compare non-adaptive
and adaptive versions were the students’ results
(time spent and scores obtained) and the number
of items used (questions, tests, and exam cases
used). These parameters were previously used to
compare AH techniques with non-adaptive control
hypermedia applications [25] and to compare com-
puter-adaptive tests with conventional tests [26].
We used a between-subject comparison using the
previous parameters in order to confirm the hypoth-
esis that students using the adaptive version could
obtain better or equal scores in less time.

The classic test consisted of 29 questions ran-
domly chosen from a bank of 50 questions. Students
had a time limit of 10 min to complete the test. The
adaptive test used the same bank of 50 questions in
which the item parameters were previously cali-
brated from a paper-and-pencil test carried out
by more than 300 students. The adaptive test had
three finalization conditions: (1) if the standard
error obtained was lower than 0.33; (2) if the total
number of exhibited questions was higher than 29;
(3) if the student took longer than 10 min.

The classic exam case studies were made up of
five cases randomly chosen from a bank of 10 cases.
Students had a time limit of eight minutes to com-
plete each case. The adaptive exam case used the
same bank of cases but also the information about
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Table 2 Adaptive (A) vs. non-adaptive (N-A) version

Test Exam

Version N-A Version A Version N-A Version A
Number 29.0 £ 0.0 21.7+£2.3 5.0+ 0.0 3.8+0.3
Time 361.6 £ 61.3 274.6 £+ 69.1 1382.7 - 56.8 1096.0 &+ 73.0
Score 60.2 +7.8 62.6 +7.0 51.3+7.6 53.24+7.6

the case’s level of difficulty. The adaptive exam was
finished in any of the following three circumstances:
(1) if the student successfully completed two cases
of the same difficulty level; (2) if more than five
cases were completed; (3) if the student took longer
than 40 min.

4.2. Setting

The system was installed on an Intranet server to be
used as a complementary tool within two identical
ALS training courses at the Jaen Hospital in Spain,
separated by several weeks. They were traditional
adult ALS presence-taught courses lasting 3 days and
aimed at physicians working in hospital emergency
services. A new e-learning section, in which stu-
dents use our web-based adaptive training simulator
system, was added to the courses. Over the 3 days,
several professional experts in emergency medicine
led different workshops about adult ALS. After-
wards, all students used the web-based system in
order to continue learning and training in life sup-
port case resolution. The number of people in each
course was 29 with a mean age of 34 years.

4.3. Results

In Table 2, we show the mean value and the con-
fidence interval (95%) of the time taken (in sec-
onds) to complete tests/exams, the number of
questions/cases attempted and the final score (in
percentage) in tests/exam. Two important differ-
ences were observed when comparing both ver-
sions. First, as we can see in the first table row,
there was a reduction in the total number of ques-
tions/cases used in the adaptive version versus the
non-adaptive version (a single-factor ANOVA
revealed significant differences in both cases,
F =37.8 in tests and F =54.4 in exams, P < 0.05
in both cases). In the non-adaptive version each
student must take exactly 29 questions and five
cases. Second, we can see a reduction of the time
needed to complete the tests/exams in the adap-
tive version versus the non-adaptive version (sin-
gle-factor ANOVA F = 3.4 in tests, and F = 36.9 in
exams) precisely due to the reduction of questions/
cases. Despite the decrease in time and questions,
the final score obtained in tests/exams in both

versions is equivalent (a single-factor ANOVA yields
an F value of 0.66 in test scores and an F value of
0.13 in exam scores).

5. Conclusions and future work

We obtained an improvement of the students’ pro-
ductivity using the adaptive version of the system
and similar students’ results to the non-adaptive
version. The results suggest that adaptation can
mitigate some of the time-consuming and inefficient
aspects of non-adaptive systems.

We are now working on the application of dif-
ferent data mining techniques to provide intelli-
gent feedback (not simple reports of frequent
errors) to the authors of the system [27]. Data
mining is a multidisciplinary area, which attempts
to discover new interesting and useful knowledge.
Knowledge discovery methods allow us to discover
new knowledge by providing feedback to authors
based on students’ usage data. We are researching
data mining tasks (association, classification, clus-
tering, etc.) that could be applied to improve our
system. Our objective is to assist teachers in
detecting possible errors or problems in student
learning, and shortcomings and improvements to
the system, for instance, to classify students in
groups based on their scores, to discover new
adaptation rules of the system from students’
usage data, or to verify if the difficulty of the
cases is well established.
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