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ABSTRACT

This paper brings information about creation and usage of a multimedia
guide for practical education of Molecular biology. This guide was
designed for students of first year of study at University of Veterinary and
Pharmaceutical Sciences Brno.

[t includes text describing principle of different molecular methods used in
practicals with hypertext links. There are photos and videos documenting
equipment, material and different steps of work in practical. It is possible
to browse the preview of the photos and to magnify the photo of interest.
Videos are streamed for faster loading and better observing. There are also
links to interesting web pages, recommended literature, list of terms and
abbreviation and control questions. The students can test their knowledge
by using control tests. There are simple and difficult variants of test with
one or more correct answers, respectively. The tests are created randomly
and subsequently evaluated. There is also statistic of obtained results
documenting how many points the student received, how long time they
needed and how many trials the student used.

This guide satisfies modern trends of education and provides easy and fast
access of students to modern information sources.
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INTRODUCTION

During winter semester 2009 — 2010, methods of molecular biology were
for the first time introduced to the practicals of Biology and Genetics in
master study programme of both veterinary faculties (Faculty of Veterinary
Medicine, Faculty of Veterinary Hygiene and Ecology) University of
Veterinary and Pharmaceutical Sciences Brno (VFU Brno). This innovation
was financed by the European Social Fund and the State Budget of the Czech
Republic with the project “Innovation in Animal Protection and Welfare
Education”. Our experience with these new practicals was presented in
conference (Bartova et al. 2010).
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In the practicals, students use the methods of molecular biology (PCR, RFLP,
gel electrophoresis) to solve one complex task of bird sex identification
from biologic material. The principle of bird sex identification is based
on restriction analysis of PCR product of gene CHD (Chromo-Helicase-
DNA binding gene). Students form groups of 3-4 students that share set
of automatic pipettes, DNA isolation sets, regencies for PCR and RFLP and
other material. The sex determination of bird run during three lessons. In
the first lesson, students let the bird tissue lyse by enzymes. In the second
lesson, they isolate DNA from lysate using column-based DNA isolation
sets, prepare mixture for PCR with specific primers and start the DNA
amplification in the thermocycler. In the third lesson, they incubate the
PCR product with restriction endonuclease Haelll and prepare agarose
gel. Subsequently, they load restricted PCR product, controls and DNA
molecular weight standard into wells in gel. After electrophoresis, they
place the gel into UV light to obtain the result. They identify sex of bird by
comparing their sample with controls. One band indicates male sex, two
bands indicates female.

It happens that some students do not obtain any result because of mistakes
and inaccuracy in critical steps such as DNA isolation, preparation of PCR
mixture and sample loading. There is no other change to repeat it, there
is not time for it and finally material used for molecular biology is not
cheap. That is why the students must have at least basic knowledge about
principle and procedure steps of different methods used. For this purpose
we prepared textbook “The instructions for practice from biology and
genetics” describing methods of molecular biology (Bartova et al, 2010).
However, there is a trend not to use only traditional methods of learning
and education, but to enhance it with new forms and learning methods,
which use electronic technologies, available on the Internet. The efficiency
and usefulness of using interactive materials during the education process
was verified by Aberson et al (2002) and Law et al (2010). The advantage
of multimedia learning is an increased accessibility to information, ease of
distribution and ease in updating content compared to printed materials
(Chu and Chan, 1998; Ward et al, 2001).

The aim of this paper is to introduce a multimedia guide designed for
students of both veterinary faculties VFU Brno for interactive learning of
molecular biology.

MATERIALS AND METHODS

Multimedia guide for interactive learning of molecular biology was
designed similarly as “Multimedia guide to practical teaching of biology
and genetics” (Bartova and Frolkova, 2011). Both guides are used by
students of VFU Brno for study of Biology and Genetics that is why the
similar appearance and structure of guide was used.
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We used template of web page free available on Internet and modified
it for our purpose. The guide contains text with hypertext links, photos
and videos, links to internet sources, recommended literature, list of
abbreviation, control questions and control tests.

The text part corresponds to some chapters of handbook “The instructions
for practice from biology and genetics” (Bartova et al, 2010). There are
theoretical parts describing principle of methods of molecular biology
followed with manuals used in practical. The guide contains photos and
videos documenting machines, material and procedures from the practical.
Photos and videos were made by camera Canon EOS 60D. Photos were
consequently adjusted (suitable size, format, basic correction, outlook
of miniaturized photos) and incorporated to multimedia guide in form
of preview with the possibility of its enlarging. Videos were processed
and adjusted (shortened, sheared, converted to suitable format) and
incorporated to multimedia guide with the help of streaming (the same
style like YouTube). The multimedia guide contains also links to interesting
web pages showing animations of biological events and bringing some
supplemental information.

Multimedia guide contains control tests that can be used by students to
prepare for practicals and test their knowledge. There is a database of
questions with correct answers, sorted according to topic. The teacher
can create tests with different difficulties (one or more correct answers)
and different evaluation of questions (plus points for correct answers,
minus points for wrong answers etc.). Tests are generated randomly with
subsequent evaluation of the answers. There is a statistic of best results with
number of points for tests and with time needed for writing the test.

REsuLTs AND DISCUSSION

A multimedia guide for interactive learning of molecular biology was created
and placed on http://opvk2011.ptacisvet.cz/, where it is accessible without
any limitations. The upper menu contains following items: protocols and
description of methods, other information, photos and videos, tests and
control questions and information about project. Left menu contains detail
items of upper menu, e.g. for item DESCRIPTION OF METHODS there are
items molecular biology, DNA isolation, PCR, RFLP, Southern blotting,
sequencing and genomics. The theoretical part contains text, pictures and
hypertex links. You can see example of page describing gel electrophoresis

(Fig.1).
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Fig. 1: Example of page describing gel electrophoresis

The item OTHER INFORMATIONS contains list of terms and abbreviations,
recommended literature and links to interested web pages. The item
PHOTOS AND VIDEOS contains photos and videos of machines and
material used in practical and photos and videos of students during work in
practicals. Example of page with photos of machine and material used for
gel electrophoresis is seen in Fig. 2. There are small preview of photos that
can be enlarged. Videos show students preparing sample, loading DNA in
gel etc. There is example of page with video showing DNA loading in gel
(Fig. 3). Videos are streamed for better loading and observations.

The item TESTS contains control questions and tests with different
difficulty (one or more correct answers) (Fig. 4). The tests are generated
randomly from database of questions and subsequently evaluated. If the
student registers (write his/her name) before completing test, he/she can
observe how successful he/she was. There is a statistic sorting results of test
according the number points obtained and time needed for completing the
test (Fig. 5). The statistic also evaluates the best result from several trials of
one student, so he/she can see if he/she is improving. It is a good motivation
for students to be better.

We can evaluate the results of students from the last year. The results of
simple test (one correct answer) are summarized in Tab. 1. The best result
(6 points) was obtained by 41% of students (n=104), it was simultaneously
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the majority of the students. The students tried to solve the test one time,
but some of them also 18 times with an average 2 times (median 1 times).
The students needed different time to fulfill the test ranging from 4 sec to
131 sec. with an average 93 sec. (median 67 sec.). The results of difficult
test (more correct answers) are summarized in Tab. 2. The best result (20
points) was obtained by 11% of students (n=66). Majority of the students
(32%) obtained 16 points. The students tried to solve the test one time, but
some of them also 18 times with an average 3 times (median 2 times). The
students needed different time to fulfill the test ranging from 32 sec. to 481
sec. with an average 136 sec. (median 101 sec.).

_ 6 5 4 3 2 1 0 -1 -2 -4 -6
43 2 14 2 9 1 18 4 8 2 1
dl # 18 2.8 4 1 & B 2 i

Suéca_s_s___..‘ resuiff(z%);.

Tab. 1: The result of simple test (one correct answer) — max. 6 points

16 21 32
13 2 3
12 7 11
10 1 1.5
9 1 1.5
8 6 9.1
5 1 1.5
4 7 11
1 1 15
0 4 6.1
-1 2 3
-3 1 1.5
-4 1 1.5
L) 1 1.5
-16 1 1.5

Tab. 2: The result of difficult test (more correct answers) — max. 20 points

Interactive materials are useful during the education process (Aberson et
al 2002; Law et al 2010). From the results of tests and also from reaction
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of the students we can evaluate our guide as a useful, too. The advantage
of multimedia learning is ease in updating content compared to printed
materials (Chu and Chan, 1998; Ward et al, 2001). Our guide also satisfy this
request for multimedia learning, it is easy to correct text, add new photos
and new questions in databases, generate new test, control statistic etc.

On the Internet, it is possible to find different web pages with
e-learning materials used for study of biology or genetics at
Universities, e.g. “Genomics in Medicine” created by Institute of
Biology and Department of Medical Genetics 1st Faculty of Medicine,
Charles University, Prague and General Teaching Hospital (http://
biol.lfl.cuni.cz/extensions/Genomika_v_Medicine/default.
html) or “Virtual word of genetics” at the page of Mendel University in
Brno (http://user.mendelu.cz/urban/vsg3/). The education materials on
their web pages contain text, video, source of literature, links to interesting
pages, and also audio lectures. Compared to above mentioned web
pages, our guide contains also photos, list of terms and abbreviations and
especially tests that are used by students for self-evaluation and by teacher
for control of students” knowledge.

Gelova elektroforéza
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. L
« RFLP (restrikéni reakcs) eyropsky
» Sekvenovénl S0CiAlnT

: fond v CR
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VZDELAVANI

Fig. 2: Example of page with photos of machine and material used for gel
electrophoresis
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Fig. 4: Example of page with control tests

evropsy'!
socidlni
fond v CR

TR
EVHPEKA UNE
!
=

or Wlivlé&éf;'

pro kankurenseschopnest
INVESTICE
00 ROZVOUJE
VZDELAVAN

Yeterindrni a
farmaceuticka
univeszita Brno

ERIE 2012

33



TESTY, KONTROLNI OTAZKY

Nejlepsi visledky
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Fig. 5: Page with the list of best results from test

CoNcCLUSION

This paper brings information about creation of a multimedia guide for
interactive learning of molecular biology. This guide includes education
materials with hypertext links, photos and videos, links to internet sources,
recommended literature, list of terms and abbreviation, control questions
and control tests.

The students can use this guide to prepare themselves theoretically for
practical courses, to test their knowledge by help of control tests and to
observe photos and videos from practical courses in case they were absent
or want to see them again.This guide is placed on internet (http://opvk2011.
ptacisvet.cz/), so it is easily accessible without any limitations. This guide
follows the long-term plan of VFU Brno focused on the modernization of
education system, creation of electronic learning texts and easy access of
students to modern information resources. In future, english version of this
guide will be prepared to be used by students in english form of study.
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