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Development and assessment of a multimedia computer
program to teach pleural drainage techniques*
Desenvolvimento e avaliação de um programa multimídia
de computador para ensino de drenagem pleural

João Aléssio Juliano Perfeito1, Vicente Forte2, Roseli Giudici3,
José Ernesto Succi4, Jae Min Lee5, Daniel Sigulem6

Abstract
Objective: To develop a multimedia educational computer program designed to teach pleural drainage techniques to health professionals, as
well as to evaluate its efficacy. Methods: We planned and developed a program, which was evaluated by 35 medical students, randomized into
two groups. Group 1 comprised 18 students who studied using the program, and group 2 comprised 17 students who attended a traditional
theoretical class given by an experienced teacher. Group 1 students were submitted to two subjective evaluations using questionnaires, and
both groups took an objective theoretical test with multiple-choice questions and descriptive questions. The results of the theoretical test
were compared using the Mann-Whitney test. Results: The subjective evaluation of the technological aspects and content of the program
ranged from excellent to very good and good. The software was considered highly instructive by 16 students (88.9%), and 17 students (94.4%)
thought it might partially substitute for traditional classes. Between the two groups, there was no significant difference in the multiple-choice
test results, although there was such a difference in the descriptive question results (p < 0.001), group 1 students scoring higher than did those
in group 2. Conclusions: The computer program developed at the Federal University of São Paulo Paulista School of Medicine proved to be a
feasible means of teaching pleural drainage techniques. The subjective evaluation of this new teaching method revealed a high level of student
satisfaction, and the objective evaluation showed that the program was as efficacious as is traditional instruction.
Keywords: Teaching; Thoracic surgery; Multimedia; Drainage; Pleural diseases.

Resumo
Objetivo: Desenvolver um programa educacional de computador sobre drenagem pleural voltado a profissionais de saúde, com recursos de
multimídia, e avaliar sua eficácia com alunos. Métodos: Foi planejado o desenvolvimento do programa e a avaliação foi realizada com 35 alunos
do curso de medicina divididos aleatoriamente em dois grupos. O grupo 1, composto por 18 alunos, estudou com o programa e o grupo 2,
com 17 alunos, recebeu uma aula teórica tradicional, com professor experiente. Os alunos do grupo 1 foram submetidos a duas avaliações
subjetivas por questionários, e os alunos de ambos os grupos foram submetidos a uma prova teórica objetiva com testes de múltipla escolha e
questões descritivas. Os resultados da prova teórica foram comparados por meio do teste de Mann-Whitney. Resultados: A avaliação subjetiva
quanto aos aspectos de informática e conteúdo mostrou resultados entre ótimo, muito bom e bom. O programa foi considerado totalmente
didático por 16 alunos (88,9%) e 17 alunos (94,4%) responderam que pode vir a substituir parcialmente as aulas tradicionais. Não houve diferença significante entre os dois grupos nos testes de múltipla escolha, mas houve diferença significante nas questões descritivas (p < 0,001). O
grupo 1 obteve notas maiores que as do grupo 2. Conclusões: O desenvolvimento do programa de computador para ensino de drenagem pleural
na Universidade Federal de São Paulo/Escola Paulista de Medicina mostrou-se factível. A avaliação subjetiva deste novo método de ensino
mostrou-se altamente satisfatória e a avaliação objetiva mostrou que o programa foi tão eficaz quanto o ensino tradicional.
Descritores: Ensino; Cirurgia torácica; Multimídia; Drenagem; Doenças pleurais.
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Introduction
The procedure of placing a tube in the pleural
cavity has been described since the time of
Hippocrates and has been improved upon over
time. In this process, the development of the waterseal system was a great advance. However, specific
knowledge is required in order to perform the procedure, as well as to care for and monitor patients
submitted to it.
Computer science had its beginning in 1946.
In 1959, the first systems for medical decisionmaking were developed.(1) The first hospital-based
health care systems began to appear in 1962.(2) In
the 1970s, with the advent of the microcomputer,
information technology began to be used in medicine, in administrative and hospital systems as well
as in information management,(3) systems that
later evolved to include the physician-patient relationship and teaching. Simultaneously, it became
evident that the application of the new technology
had advantages for a variety of sectors, with legible
clinical charts and computer-based programs to aid
clinical decision-making.(4,5)
The potential use of information technology in
teaching began to be questioned.(6,7) Comparisons
were made between traditional teaching and
computer-based teaching.(8-13) The cost of this new
way of teaching was investigated, and the computer
came to seem more and more advantageous over
time.(14)
Computerized simulations came to be used
in medical education, and the results were
satisfactory.(15-17) The changes and advantages
that electronics would bring to education were
discussed.(18)
At the Escola Paulista de Medicina (EPM, Paulista
School of Medicine), educational programs were in
development as early as 1990.(19,20) The incorporation of sounds and the storage of greater amounts
of information in formats such as the compact disc
read-only memory (CD-ROM) constituted a great
advance.(21,22) A methodology for the development
of multimedia projects in the area of medicine was
delineated, and the results were satisfactory.(23) The
concept of distance learning emerged and began
to grow at the Universidade Federal de São Paulo
(UNIFESP, Federal University of São Paulo), leading
to the creation of the Virtual UNIFESP.
J Bras Pneumol. 2008;34(7):437-444

The systems, materials and precautions related
to pleural drainage should be known by all health
professionals.(24-27) Taking into consideration how
easily new generations learn using information
technology, we had the idea to use this new tool
in order to disseminate our experience with pleural
drainage.
The objective of this study was to develop a
multimedia educational computer program designed
to teach pleural drainage techniques to health
professionals, as well as to evaluate its efficacy in
teaching undergraduate medical students.

Methods
Development
We planned and developed an educational
program designed to teach pleural drainage techniques. Acquisition of knowledge was defined based
on articles published in journals and books, as well
as on our teaching experience.(24-26)
The program uses multimedia resources: original
drawings; photographs; animation; videos; texts;
and narratives. A microcomputer was used in the
data processing. Macromedia Director 6.5 was the
authorship program used, and video images were
edited using Quicktime 3.0 program for Windows.
The program was finalized and recorded onto a
CD-ROM.

Assessment
After the study protocol had been approved by
the ethics committee, the program was tested with
fourth-year undergraduate UNIFESP-EPM medical
students who were interns in thoracic surgery. The
target public for the test was the third class in the
curricular training program. The class comprised
36 students. Without any prior warning, the class
was divided into two similar groups by random
drawing. The students in group 1 studied independently using the program, whereas those in group 2
attended a traditional theoretical class.
The theoretical class on pleural drainage was
given by a professor in the thoracic surgery department with considerable experience in the subject
and whose teaching skills are recognized throughout
the university. This professor had no knowledge of
the program.
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The assessment was divided into two parts: the
subjective assessment, in which two questionnaires
were applied to group 1 students; and the objective
assessment, which was applied to both groups.
The objective assessment consisted of a theoretical test prepared by a board of three physicians and
professors in the Department of Thoracic Surgery,
none of whom were familiar with the program. The
board was informed that the objective was not to
grade the students but rather to compare the two
methods. The objective theoretical test comprised
36 multiple-choice questions and 7 descriptive
questions.
On the date scheduled for the class, the experiment was conducted. The group randomly selected
for the theoretical class remained in the classroom,
and the computer study group was sent to the
computer room. One student in group 2 (traditional
class) was late and was thereby excluded from the
experiment. Therefore, there were 18 students
in group 1 and 17 students in group 2, totaling
35 students.
The preestablished time for the theoretical class
was one hour and thirty minutes (the usual duration
of an undergraduate class), and group 1 students
were allowed to study independently using the
program for the same length of time. Immediately
after the end of the computer study, group 1
students filled out the first assessment, designated
short subjective assessment, with questions aimed
at detecting their first impression. Subsequently, an
objective theoretical test was administered to both
groups, with an unlimited time period in which to
answer. Finally, a detailed subjective assessment
was performed by group 1 students by filling out a
second, more detailed questionnaire.
The objective theoretical test was corrected by
the board that prepared it. The board assigned a
score of 0.2 to each correct multiple-choice question and a maximum score of 0.4 to each descriptive
question. The maximum possible grade would be
7.2 on the multiple-choice section and 2.8 on the
descriptive section, totaling 10.
The results of the objective theoretical test—
scores on the multiple-choice and descriptive
sections, as well as overall grade—were tabulated
for the two groups. Results were analyzed using the
Mann-Whitney test(28) in order to compare groups 1
and 2. The level of statistical significance required
to reject the null hypothesis was set at 0.05 or 5%.
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Results
Development
Developing an educational computer program
designed to teach pleural drainage techniques proved
feasible. The program was created and burned onto
a CD-ROM, occupying 214 megabytes of storage
space. The theoretical content was divided into five
sections: Introduction, Fundamentals, Materials,
Technique and Evolution. At the bottom of the main
screen, in all parts of the program, the user sees
navigation buttons, with the option of reading the
instructions and returning to the initial screen. In
addition, the content of each section is narrated.
Drawings, photographs and animation are
used in the Introduction, which is subdivided into
the following parts: Anatomy (Figure 1); Pleural
puncture; and Pleural drainage.
The Fundamentals section uses animated drawings and is subdivided into Open pneumothorax,
Basic system for closed pleural drainage, Oscillation
of the fluid level, Fluid drainage, Air drainage,
Diagnosis of fistula and Open pleural drainage.
The Materials section uses photographs and
drawings. Small photographs of the items used in
pleural drainage are displayed; the user can select
each of the 18 items using the mouse (Figure 2).
The Technique section comprises narrated videos
and is subdivided into the topics related to pleural
drainage performed with chest tube.
The Evolution section uses photographs, drawings and animation to describe the proper care of

Figure1 - Reproduction of the initial screen of the

Introduction section, Anatomy subsection.
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Figure 2 - Reproduction of one of the screens of the
Materials section.

the drainage system and of the patients in whom it
is employed. It is subdivided into Care, Continuous
aspiration and Tube removal.

Assessment
Short subjective assessment
The short subjective assessment comprised six
statements, and students chose one of the following
options: strongly disagree; disagree; neither agree
nor disagree; agree; or strongly agree. The statements were as follows:
• The program is very user-friendly.
• The program is highly enjoyable.
• The program offers immediate feedback.
• The program is highly didactic.
• I would like to have access to similar programs
on other topics.
• Programs like this could effectively replace
teachers.
The answers given by the 18 students are shown,
statement by statement, in Figure 3.

Detailed subjective assessment
The detailed subjective assessment comprised
a questionnaire on three topics: Information technology aspects; Theoretical content; and Overall
assessment of the program.

Information technology aspects
The wording of and the respective answers to
the questions in this section were as follows:
J Bras Pneumol. 2008;34(7):437-444

• “How would you evaluate the presentation of
the program (the visual aspect of the screens,
images and animation)?”
Answers: excellent, 8 students (44.4%); very
good, 8 students (44.4%); good, 2 students
(11.1%); fair, 0 students (0%); poor, 0 students
(0%).
• “How easy-to-navigate is the program?”
Answers: excellent, 9 students (50%); very
good, 8 students (44.4%); good, 0 students
(0%); fair, 1 student (5.6%); poor, 0 students
(0%).
• “Was it easy to find the information you were
seeking?”
Answers: excellent, 3 students (16.7%); very
good, 10 students (55.6%); good, 4 students
(22.2%); fair, 1 student (5.6%); poor,
0 students (0%).
• “How would you rate the navigation buttons
of the program?”
Answers: excellent, 5 students (27.8%); very
good, 12 students (66.7%); good, 0 students
(0%); fair, 1 student (5.6%); poor, 0 students
(0%).
• “Did you have any problems using the
program?”
Answers: no, 15 students (83.3%); yes,
3 students (16.7%).
(It should be clarified that all of the problems
reported were related to the computer rather
than the program.)
• “How would you classify your level of knowledge in information technology?”
Answers: excellent, 0 students (0%); very good,
3 students (16.7%); good, 10 students (55.6%);
fair, 5 students (27.8%); poor, 0 students
(0%).

Theoretical content
The wording of and the respective answers to
the questions in this section were as follows:
• “Did the theoretical content meet your
expectations?”
Answers: excellent, 2 students (11.1%); very
good, 8 students (44.4%); good, 6 students
(33.3%); fair, 2 students (11.1%); poor,
0 students (0%).
• “How would you evaluate the way the content
was divided and distributed in the program?”

Number of students
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Figure 3 - Ratings given by the 18 students in group 1
to the six statements in the short subjective assessment:
Statement 1 - “The program is very user-friendly.”;
Statement 2 - “The program is highly enjoyable.”;
Statement - “The program offers immediate feedback.”;
Statement 4 - “The program is highly didactic.”; Statement
5 - “I would like to have access to similar programs on
other topics.”; and Statement 6 - “Programs like this
could effectively replace teachers.”

•

•

•

•

Answers: excellent, 7 students (38.9%); very
good, 6 students (33.3%); good, 5 students
(27.8%); fair, 0 students (0%); poor, 0 students
(0%).
“How would you evaluate the content of the
Introduction?”
Answers: excellent, 5 students (27.8%); very
good, 7 students (38.9%); good, 6 students
(33.3%); fair, 0 students (0%); poor, 0 students
(0%).
“How would you evaluate the content of the
Fundamentals section?”
Answers: excellent, 7 students (38.9%); very
good, 4 students (22.2%); good, 7 students
(38.9%); fair, 0 students (0%); poor, 0 students
(0%).
“How would you evaluate the content of the
Materials section?”.
Answers: excellent, 6 students (33.3%); very
good, 8 students (44.4%); good, 3 students
(16.7%); fair, 1 student (5.6%); poor,
0 students (0%).
“How would you evaluate the content of the
Technique section?”
Answers: excellent, 9 students (50%); very good,
6 students (33.3%); good, 3 students (16.7%);
fair, 0 students (0%); poor, 0 students (0%).
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• “How would you evaluate the content of the
Evolution section?”
Answers: excellent, 6 students (33.3%); very
good, 5 students (27.8%); good, 6 students
(33.3%); fair, 1 student (5.6%); poor,
0 students (0%).
• “How would you evaluate the theoretical
aspect of the program?”
Answers: excellent, 1 student (5.6%); very
good, 11 students (61.1%); good, 4 students
(22.2%); fair, 2 students (11.1%); poor,
0 students (0%).

Overall assessment of the program
The wording of and the respective answers to
the questions in this section were as follows:
• “Do you think the CD-ROM was didactic?”
Answers: Completely, 16 students (88.9%);
partially, 2 students (11.1%); hardly at all,
0 students (0%).
The frequencies of the answers to this question
are presented in Figure 4.
• “How satisfied were you with the CD-ROM?”
Answers: Completely, 12 students (66.7%);
partially, 6 students (33.3%); hardly at all,
0 students (0%).
• “Do you believe that CD-ROM programs can
replace traditional theoretical classes?”
Answers: Completely, 1 student (5.6%);
partially, 17 students (94.4%); not really,
0 students (0%).
• “Had you previously used a CD-ROM to learn
about any medical subject?”
Answers: yes, 11 students (61.1%); no,
7 students (38.9%).
• “After using the CD-ROM on pleural drainage,
how has your opinion changed, if at all,
regarding the use of the CD-ROMs in medical
education?”
Answers: More favorable, 14 students (77.8%);
no change, 4 students (22.2%); less favorable,
0 students (0%).

Objective theoretical test
Table 1 shows the grades given to group 1
students and group 2 students on the descriptive
section of the test, with respective means, as well as
the overall grades.
J Bras Pneumol. 2008;34(7):437-444
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Completely

Partially

Hardly at all

Figure 4 - Was the CD-ROM didactic?

When the group 1 grades on the multiple-choice
section were compared to those of group 2, the
calculated Z score was found to be 0.97 for a critical
Z score of 1.96. Therefore, there was no significant
difference between the two groups.
When the two groups were compared in terms of
their grades on the descriptive section of the test, the
Table 1 - Grades given to the students in group 1
(computer program) and group 2 (theoretical class) with
respective means attributed to the multiple-choice section
scores, descriptive section scores and overall grade.
Student
Type of question
MultipleDescriptive
Overall
choice
Group Group Group Group Group Group
1
2
1
2
1
2
1
4.2
5.6
2.5
1.6
6.7
7.2
2
5.8
4.8
2.5
1.8
8.3
6.6
3
5.2
5.8
1.6
2.3
6.8
8.1
4
4.8
5.4
2.2
1.7
7.0
7.1
5
4.4
5.6
2.6
2.1
7.0
7.7
6
5.0
5.2
2.0
1.0
7.0
6.2
7
5.2
4.4
2.0
1.5
7.2
5.9
8
5.6
4.6
2.4
1.9
8.0
6.5
9
5.4
3.8
2.4
1.4
7.8
5.2
10
4.6
5.6
1.8
1.7
6.4
7.3
11
4.6
5.4
2.5
2.1
7.1
7.5
12
5.0
5.6
2.3
2.1
7.3
7.7
13
4.6
5.2
2.2
1.0
6.8
6.2
14
5.6
4.6
2.5
1.8
8.1
6.4
15
5.2
5.4
2.4
1.9
7.6
7.3
16
4.6
4.6
2.0
1.7
6.6
6.3
17
4.0
4.8
1.6
1.8
5.6
6.6
18
5.0
1.9
6.9
Mean
4.9
5.1
2.2
1.7
7.1
6.8
Mann-Whitney test (group 1 vs. group 2); critical Z score = 1.96;
Calculated Z score = 0.97; Descriptive: calculated Z score =
3.33* (p < 0.001) group 1 > group 2; and General: calculated
Z score = 1.19.
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calculated Z score was found to be 3.33 for a critical
Z score of 1.96. Therefore, there was a significant
difference (p < 0.001), the group 1 grades being
significantly higher than those of group 2.
When the overall grades for group 1 were
compared with those for group 2 using the MannWhitney test, the calculated Z score was found to be
1.9 for a critical Z score of 1.96. Therefore, there was
no significant difference between the two groups.

Discussion
Finding the best method to motivate the student
and impart knowledge has been moving the world
for centuries. In the field of surgery, the physician is
confronted with the need to approximate the binomial of surgery as science and surgery as art. We
cultivate the scientific mentality of modern times.
However, we are also the heirs of lay practitioners
and barber-surgeons of the middle ages. Surgeons
will only be complete when they learn to be humanists, scientists and artists. Becoming a true surgeon
means learning from books, theoretical classes,
discussion groups, as well as operating room observations and problem-based instruction.(6,29)
The role of the teacher is also being revised.
Finding the right ratio between teaching and
knowledge acquisition is not an easy task, and this
is where new resources for the transmission of information should step in.(7,12,15,30)
The major objective of our study was to develop
an educational program to teach pleural drainage
techniques to surgeons. We tried to use a number of
different resources so that the final product would
not become monotonous, thus turning the student
from a passive recipient of information into an
active seeker of knowledge.
In our study, we divided the test into subjective
and objective assessment according to the validation trend of most educational programs.(12-14,16,17)
Regarding the sample, we were aware that the
credibility of the test would depend on the students
not previously knowing that they were going to be
tested, especially because the subject was related
to technological innovation, which could attract
sympathetic volunteers involved in new technologies. Although this is a new paradigm, we have to
compare it to the traditional model. However, we
realize that changes need much more acceptance
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from society than simple proof that what is new is
better.
The short subjective assessment format carried
out immediately after the study by computer
revealed a great majority of satisfactory answers
to the questions on whether the program is userfriendly, pleasant, whether it offered immediate
feedback, whether it is didactic, and whether the
students would like to have programs on other
topics. To these, we added a thought-provoking
question. We wondered what this generation of
students thought about the feasibility of replacing
teachers with computer programs, although that is
certainly not the principal argument of this study.
We think that the role of the teacher is not to merely
impart information. In our opinion, imparting experience and setting an example are functions that
cannot be replaced. From the tests results, it seems
that this is also the point of view of the students. A
similar response was found by another author.(22)
The detailed subjective assessment applied
immediately after the objective theoretical test
aimed at allowing the student to more calmly evaluate and help to develop the future versions of the
program, without the stress that precedes tests. We
did not have a clear idea of the degree to which
the students were knowledgeable regarding information technology. Ten students (55.6%) classified
their knowledge of the subject as good, and this
is the target public that the teacher of the future
should be prepared for.
The assessment of the theoretical content was
also gratifying. The vast majority of the students
answered that both format and content were excellent, very good or good. The third part of the detailed
subjective assessment concerned the overall assessment of the program. The first question was about
the teaching capacity of the program, and the assessment was very satisfactory: 16 students (88.9%)
answered that it was completely didactic. Here, once
again, the student could calmly answer whether the
program could ever replace traditional theoretical
classes, and the great majority, 17 students (94.4%),
answered that it could only partially replace such
classes. This seemed to us as an argument to be
added to our statement: the teacher is irreplaceable in imparting experience, but can and should
be aided by other methods of imparting knowledge.
When asked about whether they had become more
in favor of this method in medical education after
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using the program, 14 students (77.8%) stated that
they had, and none of the students stated that they
had become less in favor, which encourages us to
continue working in this area.
An acceptable test of the program depended on
the test being blind. Therefore, neither the group
of three professors who prepared the objective
test nor the professor who applied it was familiar
with the program. In terms of the results on the
multiple-choice section of the test, there was
no significant difference between the grades of
students attending the class given by the professor
and those of students studying with the computer
program. However, when we analyzed the descriptive section of the test, we found that the students
studying with the program achieved significantly
better results than did the students attending the
theoretical class. Therefore, computer-based study
might lead to better assimilation of knowledge,
due to the nature of multimedia resources and
to the possibility of immediately and individually
going back a step when necessary. This improved
assimilation of knowledge might be more advantageous when writing out an answer rather than when
simply choosing the best alternative. The difference
between the groups regarding the grades on the
descriptive section was not significant and did not
influence the overall grades on the test, which were
comparable between the two groups.
We believe that the role of the teacher of the
future will be to educate rather than simply to
inform, and that the teacher will be fundamental in
the practical formation of the student, which means
not merely teaching how to handle instruments but
rather to reflect on the values that characterize real
physicians and on the posture taken in relating to
patients in distress. It will be up to the teacher to
teach, which is defined as perfecting the acquired
knowledge, developing new methods and setting a
good example. The teacher will be a tutor of their
students, an extremely noble function, much nobler
than that of simply repeating acquired information,
since this function can be improved upon by new
learning methods like the one developed and tested
here.
In view of these results, we can conclude that
teaching pleural drainage via a computer program
in feasible. In addition, the subjective assessment
of this new teaching method showed that the
degree of satisfaction with the program was high
J Bras Pneumol. 2008;34(7):437-444
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among a sample of fourth-year medical students.
Furthermore, the objective assessment demonstrated
that the computer program was as efficacious as is
traditional teaching. Moreover, students using the
computer program produced significantly higher
scores on the descriptive questions than did those
taught using traditional methods.
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