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ABSTRACT
Considering the difficulties to obtain good quality dental radiographic images taken by dental
students, this study aimed to develop and to evaluate a Learning Object (LO), where the student is
able to use a computer to simulate radiograph expositions, modifying the factors that interfere with
the radiographic image quality. This study was exploratory and descriptive. For that, 48 periapical
radiographs were obtained from the posterior region of a dried bone human jaw with different
combinations of kVp/mA, film speed, focal distance, and time of exposition. Each radiograph
received a “label” according to the factors used and also with a comment making a value judgment
regarding its quality, its applicability for the diagnosis, and, if necessary, suggestions or questions
about the required adjustments. In the LO screen students could simulate different situations
(combination of factors) until obtaining the best result. Dental students (n=64) were divided into two
groups. During the first week both groups participated in a theoretical lecture, and, subsequently,
answered a test/assessment on the subject. In the following week Group 1 students solved practical
exercises related to the subject, in the laboratory, and answered a second test/assessment. Students
from Group 2 performed the activity with the LO in the laboratory. At the end of the activity, they
also answered the test/assessment, and an open-ended questionnaire to evaluate the activity. At week-
3 the same activities from the week before were repeated, reversing the classes, and, then, a third
test/assessment was applied. Statistical tests showed that there were no statistical differences in the
groups’ performance in any of the different moments of the evaluation. The use of the LO did not
improved significantly the frequency of students’ correctness (number of correct responses) in the
tests/assessments. However, the LO methodology was considered very good, because, according to
the participants, it was a tool that stimulates learning. The use of the LO, in addition to the practical
exercises, contributed to the learning process on the factors that might interfere on the radiographic
image.
Descriptors: Dental Education. Information and Communication Technologies. Learning Objects.
Dental Radiology.
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1 INTRODUCTION

Education plays an important role in
personal and professional development. For this,
education may use technological resources as
supporting tools for the teaching-learning
process, as well as, facilitator methods/
methodologies in different stages during the
professional training. These resources might help
students to learn how to solve problems,
independently.t

A Learning Object (LO) is one tool among
the different possibilities to use Information and
Communication Technologies (ICTs). LO is
defined as any digital (or non-digital) resource
based on technology, that can be used and reused
during the learning process”.>® Currently, the
definition of LO is still vague.* However, several
authors agree that the LO should have a definite
educational aim and it should stimulate students’
critical thinking. 2356

In Dental education, specifically in the
contents of Dental Radiology, the topic “factors
that interfere on the quality of radiographic
images”, requires that students understand
abstract concepts. This understanding might be
difficult because this complex subject is included
at the beginning of the dental curriculum, and the
students are in the initial phases of their dentistry
program. Furthermore, there are several factors
that can interfere with the result of a radiograph,
such as the x-ray device, the radiographed object,
the x-ray geometry exposition, film and film
processing. For didactic reasons, each factor is
associated with its principal effect. In practice,
however, all factors interact to determine the
image quality. ’

It is not always possible to test all those
factors in simulation laboratory practical
activities since it would be necessary many hours
to complete the training and, also, because of the
many different electrical configurations of dental
x-ray devices. Additionally, it would be
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necessary several types of radiographic films, an
appropriate mannequin, and sufficient available
instructors to supervise the work performed by
each one of the students.

Therefore, considering the challenges
previously pointed and based on the assumption
that learning is the process where the person
develops behavior, knowledge, thinking,
psychomotor abilities, professional ethical
values, and also, assuming that teaching is a way
to provide means to facilitate and support student
learning, where the professor is responsible for
creation of good opportunities to learn®; the
present study aimed to develop and to evaluate a
LO, where the student is able to use a computer
to simulate different radiograph expositions,
modifying the factors that interfere with the
quality of the radiographic image.

2 METHODOLOGY
Ethical Considerations

This  descriptive  exploratory  study,
characterized as a research applied to
technological production, was approved by the
institutional Ethics Committee for Human
Research (2007148H protocol).

Learning Object Development

To develop the LO - an informatics tool -
the following phases were performed: analysis,
design, implementation and evaluation.® These
phases aimed to know if there was the necessity
to implement the LO. In addition, the other
objectives of LO developing phases were: to
select appropriately the pedagogical and
technological strategies, to describe the
educational objectives, to produce and adapt
digital materials, and to organize and design the
environments. All these phases were necessary to
further application in didactic situations and
evaluations that should be made by students, in
relation to the educational aspects and LO
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resources.

The elaboration of this LO is relevant since it
is difficult for a dental student obtain good quality
dental radiographic images, not only during the
graduation'®®, but also during their professional
clinic activities?®2; and because the identification of

previous mistakes is fundamental to obtain a second
successful radiograph. The educational objectives
were defined based on this and on the
epistemological constructivist approach, taking into
consideration the cognitive, affective and
psychomotor domains, as showed in figure 1.

DOMAINS

To understand how the variations on the x-ray devices potency, on time of
exposition, on focal distance and on the film sensibility interfere in the x-ray

To recognize which is the result of the simultaneous variation in two or

To recognize what are the options to be used in the radiograph repetition (2"
radiograph) to provide lower radiation exposition for the patient.

To recognize the importance of the study proposal to obtain a reduction in
To develop the way of work (work philosophy) based on radioprotection

To simulate the performing of radiographs of a same object, varying the x-
ray device potency, the exposition time, the focal distance and the film

To be able to select the best factor that should be corrected aiming to obtain

Cognitive
(92]
L o
> quality image.
o
L more than two of those factors.
o)
@)
-
S | Affective
@) the radiograph repetitions.
}_
<
O | Psychomotor
2
D - -y
L sensibility.

good quality images.

Figure 1. Object learning educational objectives according to the different domains.

Radiographic Images

To obtain the radiographic images, a bone
segment from the posterior region of a cadaveric
dried bone human jaw with all posterior teeth
was prepared. A 2cm thickness plate of utility
wax (Classico Artigos Odontologicos, Sao
Paulo, SP, Brazil) was used to simulate soft
tissues. 3

All radiographies were obtained using a
radiographic  positioner device (Indusbello
Industria de Instrumentos Odontolédgicos Ltda,
Londrina, PR, Brazil) to standardize the
geometric factors. Images were obtained in two
dental x-ray devices with different kV and mA:
70X® (Gnatus, Ribeirdo Preto, SP, Brazil) e
Spectro X® (Dabi Atlante, Ribeirdo Preto, SP,
Brazil). Both were checked before the procedure,
operating at 70kVp/10mA and 50kVp/8mA,
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respectively. To register the images, different #2
periapical films were used: Ektaspeed® (E-
Speed), Ultra-speed® (D-Speed), Insight® (E/F-
Speed), all of them from the same commercial
brand (Kodak® Séo Paulo, SP, Brazil). All films
were processed at the same time by the time-
temperature method, using new developer and
fixing solutions (RPX-Omat®, Kodak, S&o
Paulo, SP, Brazil).

In each of one x-ray devices, Xx-ray
expositions were performed for each type of
radiographic film, varying the focal distance (20
and 40 cm) and the exposure time (0,6, 0,8,1,0¢e
1,55). On total, 48 radiographs were obtained.

Each radiograph was digitized in a table
scanner (Epson Perfection® 2450 - Epson, Long
Beach, California, USA), under the use of a
“black mask” that contained a hole with the same
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size of the film, aiming to avoid the passage of
light outside the film limits. The parameters used
for digitalization were 400dpi, 8 bits and real
size. No tool for manipulate the images were
applied in the digitized radiographs.

Learning Object Construction

Subsequently, it was planned the design
of the LO. For that, the radiographic images
were organized in an electronic spreadsheet,
associating the images with each factor that
had been used previously to obtain the image.
For each one of the images, it was made a
comment, with a value judgment regarding its

quality, its applicability for the diagnosis, and,
in case of necessity, suggestions or questions
about the necessary adjustments.

In the LO home screen, the student was
able to choose the focal distance (20 or 40 cm)
and the exposure time (0,6; 0,8; 1,0 ou 1,5s),
as well as, to modify the x-ray device (50 or
70 kVp) and the film speed (D, E or F) (figure
2a). Clicking on “simulate”, the
corresponding image arose, followed by the
respective  comment (figure 2b). These
procedures aimed to stimulate the student to
try various situations until obtaining the best
result (figure 2c).

"y

Figure 2. LO home screen (a); result of a non-satisfactory simulation with guidelines for its correction

(b) and result of a successful simulation (c).
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Learning Object Assessment

All 64 enrolled students from the same
class were divided, according their schedule
availability, in two groups: class A and class B.
These classes were again divided in two
subgroups each: Al, A2, B1 and B2 (figure 3).
During the first week (week-1) both classes
participated in a theoretical lecture where the
subject was “the radiographic factors that might
interfere in the radiographic image’. The same
professor  delivered the lecture, and,
subsequently, students answered a
test/assessment (T1) on the subject.

In the following week (week-2) the
students from Group 1 (Classes Al and B2)
solved practical exercises related to the subject,
in the laboratory, in working groups of four
students, and, at the end of the activity, all
students answered a test/assessment (T2).
Students from Group 2 (Classes A2 and B1)

performed the activity with the LO in the
laboratory, in working-groups of two students.
At the end of the activity, they also answered the
same second test/assessment, as well as, they
answered an open-ended questionnaire to
evaluate the activity.

At week-3 the same activities from the
week before were repeated, reversing the classes,
and, then, another test/assessment was applied
(T3). After this class inversion, all students had
access to all teaching-learning methods, to
guarantee the ethical principles of beneficence.

Each test/assessment was composed of 10
multiple-choice questions: T1 provided a
quantitative evaluation about the better use of
information learnt in the theoretical class; T2 and
T3 provided a quantitative evaluation about the
better use of the subject learnt in the practical
class, after they have performed the practical
exercise and after working with the LO.

Al
Class A L
g (n=33) -
Enrolled A2
Students - -
(n=64) | ) B1
Class B
(n=31)
B2

Group 1 (n=32)
- Theoretical class (T1)
- Practical exercise (T2)

- Learning Object (T3)

Group 2 (n=32)

- Theoretical class (T1)
- Learning Object (T2)
- Practical exercise (T3)

Figure 3. Composition of groups (students’ classes) and sequence of activities.
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Statistical Tests

The results from the students™ performance
were compared using non-parametric Friedman
test, where the variable was the percentage of
correctness. Kolmogorov-Smirnov’s test was
used to compare the groups’ performance in
different moments of evaluation (T1, T2, and
T3). In both comparisons, the significance level
was set at 5%.

The students’ answers about the LO
evaluation were descriptively presented. To
process and to analyze these data the statistical
analysis software SPSS was used (SPSS®
version 10.0 - IBM Analytics, Armonk, NY,
USA).

3 RESULTS

From the 64 enrolled students, two of them
did not accept to participate in the present
research and four were absent at least once during

the phases of the study, resulting in the sample of
n=58 students.

The percentage of correctness for the
students groups at the three moments of
evaluation is presented in table 1. According to
Friedman test, for both groups, the performance
in T2 was not statistically different from T1.
However, T3 had higher results, statistically
significant, than the two first tests/assessments.
According to Kolmogorov-Smirnov test, there
was not statistical difference in the groups’
performance in any of the different moments of
evaluation.

Questions 1 to 8 from the students’
feedback (satisfaction questionnaire) regarding
the LO use are presented in figure 4. All
questions had more than 80% of approval.
Questions 9 and 10 presented a broad range of
answers that are summarized in figures 5 and 6,
respectively.

1- Which concept do you attribute to the LO?

2- In your opinion, do you think it was easy to
access and to work with the LO?

3- was the comment that appeared on the
radiograph image useful to your learning ?

4- Do you approve the LO layout?

5- Did the LO help you to solve doubts regarding
the subject studied?

6- Did you like the subject approached in the LO ?

7- Was the language used in the LO adequate ?

8- Do you think the availability of the LO anytime
* brings confidence to students ?

&8

82 84 86 88 90 92 94 96 98 1

o

0

Figure 4. Acceptance levels for the LO in 8 from 10 characteristics addressed in the students’ feedback

(satisfaction questionnaire).
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Learning object and theoretical class

Learning object

Learning object, theoretical class, and practice
Books

Practical exercises

Theoretical class

Learning object and books

Learning object and practical exercises

No answer

Other

o

5 10 15 20

Figure 5 — Answers for question 9: “In your opinion, which is the best combination to study the
addressed subject?” (N=58).

Do not need changes

Include related subjects

No answer

More test options (factors combinations)
More theoretical explanations

Modify the region to be radiographed

A tool for monitor calibration

More coments

To access the Learning Object at home

o

5 10 15 20 25

Figure 6. Answers for question 10: “What is your suggestion to make the Learning Object better?”
(N=58).

Table 1. Comparison between the students’ correctness obtained in T1 and T2, according the students’
groups.

Comparison Mean Percentage Standard Deviation Statistical test P-value
Group 1

T1 27.10M 21.01 25.83 0.000
T2 28.00M¢ 21.40

T3 59.3182 22.35

Group 2

T1 32.904@ 21.01 19.35 0.000
T2 26.45%2 21.53

T3 55.33 B2 21.45
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4 DISCUSSION

The use of the LO did not improve
significantly the frequency of students’
correctness (number of correct responses) in the
tests/assessments. However, the LO
methodology was considered very good,
because, according to the participants, it was a
tool that stimulates learning. Indeed, students had
a better performance in the third assessment,
which might be occurred due to the more time
spent to study the subject.

Several students suggested that the LO
should be applied to other radiology subjects,
with emphasis in radiographic technique and
anatomy. This positive result regarding the
students’ opinions is in accordance with the
majority of studies found in the literature, in
which the technological apps are considered
positive. Even though, these apps do not
quantitatively improve the formal
tests/assessments. 2432 In this regard, few studies
have found significant results.®*=® It is important
to bear in mind that statistical results, sometimes,
might not be reflect exactly what occurs in the
clinical practice. Therefore, it is essential to
suggest and implement new learning tools in
Dentistry, such as, contemporary technologies as
digital educational games.

The LO simulates the clinical practice,
reinforcing what is the best combination of
factors to do radiographic images. The aim of the
LO is to encourage students to obtain a good
image quality combined with a low radiation
exposition for the patient. A higher frequency of
correctness (higher number of correct responses)
could be reached if the test had addressed more
practical questions, and students had had time to
study before taking the theoretical assessment.
Instead of being able to remember and to repeat
the information, the student should be able to find
the information and use it.

It is important to have a realistic view about

the amount of time that is needed to learn
complex subjects. Long-term evaluation would
make possible a better investigation about the
efficacy of the simultaneous learning, traditional
learning associated to digital resources, to help
students to reach an optimal performance. Only
one professor delivered the theoretical class and
supervised students, in the informatics
laboratory, but the supervision of students in the
radiology laboratory (when they worked in the
practical activities) was made by a group of
professors.

In the informal conversation at the
informatics laboratory, after using the LO, the
students were confident to choose a combination
of factors aiming to take a good radiography. All
participants were able to use the computer, using
it easily and interacting with the LO language.
The students’ familiarity with informatics tends
to improve over time, due to the wide
implementation of computers/informatics in
people’s daily-life and in schools since the first
years of education. Therefore, the ability of
people in using computers is no longer an
obstacle to the implementation of interactive
programs and on-line activities/courses in the
teaching-learning process. It is just the opposite
as to what happened in the end of the twentieth
century, when the students’ abilities to use
computers varied at random.%®

Walmsley et al.*” observed that dentistry
professors are concerned about the students’
trend to reduce searching research in the
literature as a result of the availability of easy-to
read knowledge on the internet. Our findings
showed that around 10% of participants thought
that the best way to learn is to associate the use
of LO with the literature. Nowadays, the access
to the online information is fast, easy and non-
costly to the users. Such a fact is very good to the
contemporary students, since, often, the
universities libraries provide very few books
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copies that are updated, because they are costly
to be purchased. Besides that, the speed of new
information and knowledge is so fast that books
might become dated in a short period. Thus, the
search for information online should be classified
as a complement and effective manner to build
knowledge. The student only need to be prepared
to filter the useful information and to develop
his/her critical thinking.

This type of study tool (as research
websites, libraries online, and also the LO) are
subsidiary to the traditional search of information
(books, journals, study polygraphs etc.), bringing
benefits for students, such as, comfort and safety
(they can search at home) and, the possibility to
revise subjects if they forgot or they did not
comprehend.®

In conclusion, the Learning Object did not
contribute to the quantitative improvement of
tests/assessments, but it was widely approved by
the students. The use of the LO, in addition to the
practical exercises, contributed to the learning
process on the factors that might interfere on the
radiographic image.

RESUMO

Desenvolvimento e avaliacdo de um objeto de
aprendizagem sobre fatores que interferem
na imagem radiogréfica

Considerando as dificuldades apresentadas pelos
estudantes de odontologia na obtencdo de
imagens radiograficas de qualidade, o presente
estudo teve por objetivos desenvolver e avaliar
um objeto de aprendizagem (OA) no qual o
usuario possa simular exposi¢des radiogréaficas,
modificando os fatores que interferem na
qualidade da imagem radiografica. Para este
estudo exploratério descritivo, 48 radiografias
periapicais foram obtidas da regido posterior de
uma mandibula humana seca, com diferentes
combinaces de KVp/mA, sensibilidade do filme,
distancia focal e tempo de exposi¢do. A cada
imagem foi atribuido um texto sobre sua
qualidade, aplicabilidade ao diagnostico e, se
necessario, sugestdes ou questdes sobre ajustes
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requeridos. Na tela do OA os estudantes podem
simular situacbes combinando os diferentes
fatores até que obtenham o melhor resultado.
Para a avaliacdo do OA, 64 alunos de graduacéo
foram divididos em dois grupos. Todos os alunos
participaram da aula tedrica e realizaram um
teste. Na semana seguinte o Grupo 1 executou
exercicios praticos e o Grupo 2 utilizou o OA,
ambos respondendo a um segundo teste. Na
terceira semana 0S grupos inverteram as
atividades e foi aplicado o terceiro teste. Um
questionario aberto foi respondido por todos os
alunos com intuito de avaliar qualitativamente o
OA. Nao houve diferenca estatisticamente
significante quanto aos acertos nos testes entre 0s
grupos. O OA né&o melhorou o desempenho dos
estudantes em testes, porém foi considerado
como uma metodologia muito boa, que estimula
0 aprendizado. A utilizacdo do OA somou-se aos
exercicios praticos, melhorando no aprendizado
dos fatores que podem interferir na imagem
radiogréfica.

Descritores: Educacao Odontoldgica. Tecnologias
de Informacdo e Comunicagdo. Objeto de
Aprendizagem. Radiologia Odontologica.
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