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Abstract

In pedagogical research the results of which are presented in this paper, the teaching
topic was Fundamentals of molecular biology of the biology curriculum for the
fourth year of grammar school of the natural sciences and mathematics department.
The experiment was carried out during 13 lessons of interactive computer-assisted
teaching in the experimental group and by traditional teaching in the control group.
The survey was conducted on a sample of 142 students in two grammar schools
in the Republic of Serbia. The aim of this study was to determine whether the
application of computer-assisted interactive teaching has achieved better results
in helping learners acquire complex content in biology and reach higher levels of
quality and quantity of knowledge in comparison with traditional teaching. The
analysis of the study results confirmed higher efficiency of interactive computer-
assisted biology teaching compared to the traditional approach to learning the
same content. Differences which are statistically significant were found in student
achievement between the experimental and control group in the final test and in
the retest as a whole, and at individual levels of knowledge. They were: knowledge
of the facts, understanding of concepts and analysis and reasoning. The research
results recommend greater application of interactive computer-assisted biology
teaching in grammar schools and in other high schools, especially when learning
difficult educational content.

Key words: competences in biology; fourth grade students; molecular biology; natural
sciences and mathematics department; traditional teaching.
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Introduction

The presentation of content in biology and other subjects in primary and secondary
schools in the Republic of Serbia is still implemented by the dominant traditional
(lecturing-pointing) teaching in which students are passive observers who receive
ready-made scientific truths that are revealed to them by the teacher in the classroom.
Its most important requirement is that students acquire numerous facts which they
often do not understand, so what students learn in school, they cannot apply in real
life (Terzi¢ & Miljanovi¢, 2009). This is confirmed by the poor results of candidates
who have completed secondary school (grammar school mostly) on university
entrance exam in biology when they want to enrol in the study programmes in
biology, medicine and dentistry (Miljanovi¢, 2003). On the other hand, one of the
goals of modern education is that students acquire functional knowledge. In order
to achieve this, the traditional approach to teaching should be replaced by innovative
teaching methods in which students will be active participants. Activities of students
in such teaching should be designed to enable them an independent acquisition of
knowledge in research, problem-solving, analysis and understanding of the content.
Such an approach would allow for a better understanding of biological phenomena
and processes.

According to the biology curriculum for the natural sciences and mathematics
department for the fourth grade of grammar school in the Republic of Serbia, the
following teaching topics should be presented throughout 96 lessons: Development
of Animal Biology, Mechanisms of Inheritance, Fundamentals of Molecular Biology,
Ecology and the Protection and Improvement of the Environment and Basic Principles
of Evolutionary Biology (Official Gazette of the RS - Educational Gazette, 7, 2011).
The content of all teaching topics is extensive and complex, and the number of lessons
scheduled for their learning, repetition, and selection of the material is insufficient.
A great part of this content, which is important for understanding the key biological
processes, as well as for general education of students, remains incomprehensible
to students even after learning it at school. These aforementioned facts point to the
need to substitute the traditional model of biology teaching in grammar school with
modern models. Therefore, in a didactic and teaching methodology research, new
solutions are constantly being searched for (innovative models of teaching) that may
lead to an increase in the quality and efficiency of the teaching process.

One of the notable innovations in the field of modernization of educational work
and student engagement is interactive learning/teaching. It consists of two complex
phenomena, learning and interaction. Interactive learning is not simply a sum of the
content of interaction and learning content, but a new phenomenon, both in terms
of content and its effects. Interactive learning provides an effect that is greater than
the individual effects of interaction and learning effects, observed independently and
separately (Krneta, 2006). This pedagogical paradigm is composed of the interaction
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between the students who are learning, the content that they learn and the teaching
process in which they learn. The essence of interactive learning is expressed in
interdependence and interactions, that is, the interaction of the students who are
learning together since, in order for each individual to meet his/her own needs, other
people are needed. This applies not only to the material but, above all, to the social
and psychological needs that are important for psychological well-being of individuals
(Roders, 2003).

Interactive learning methods encourage the development of the individual in the
immediate social situation because they are based on cooperative and interactive
forms of communication and various relationships among their actors (Vilotijevi¢,
2008). It is believed that the methods of learning with others could compensate for
the expressed disadvantages of one-way activities of individuals and contribute not
only to a variety of communication between the various actors in teaching, but also
versatile cognitive, emotional and general psychological and social development of
students. The joint conclusion of numerous studies of interactive teaching is directed
to the shift from high control of the teacher over the teaching process, to the self-
directed process of acquiring knowledge, greater autonomy and co-construction of
knowledge by the students themselves (Kennewell, Tanner, Jones, & Beauchamp, 2008).
Psychological basis of interactive learning is in the cooperativeness, which is essentially
a separate and very complex personality trait. This ability in the process of learning is
practically manifested in the willingness to work with others in cooperative learning
(Roders, 2003). Interactive learning, alone or combined with a lecture by the teacher,
can be implemented in all teaching forms (frontal, group work, pair work, individual
work) with different pedagogical effects.

Another important segment of modern teaching is the application of modern
teaching aids and equipment, primarily the use of information and communication
technologies (ICT) in the teaching process. The aims of their application are: to
facilitate and improve students’ learning, to increase the efficiency of teaching and
learning process in order to facilitate the achievement of educational goals and to
increase the number of sources of knowledge and media users (Danilovi¢, 2010).
Within ICT, computers and multimedia presentations have the widest application in
contemporary teaching. They enable a new organization of the teaching process, which
is appropriate to individual abilities and interests of students. Numerous studies have
shown that the application of computers in teaching most of the subjects increases
its effectiveness: in teaching geography (Ivkov-Dzigurski, Ivanovi¢, & Pesi¢, 2009),
mathematics (Laketa, Drakuli¢, Durovi¢, & Liki¢, 2013), foreign languages (Mirzayantz
Duki¢, 2011) and biology (Odadzi¢, Miljanovi¢, Mandié, Pribicevi¢, & Zupanec,
2017). According to Danilovi¢, computers have stimulated the development of the
teaching process in the fields of simulation of learning circumstances, automation
of the sources and means of providing feedback, assistance in the preparation and
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evaluation of teaching materials, integration of the teaching media (film, video clips,
TV and text) both in the group and individual teaching (Danilovi¢, 2010). The use of
computers among students influences the development of abstract thinking, memory
and independence in learning, and self-responsibility for success or failure. On the
basis of the stated facts the application of computers in education is no longer just
a technical issue, but a very significant social, pedagogical and humanistic question
which requires and presupposes significant changes in the organization of teaching
and educational process in general. Therefore, in many countries, modern teaching
cannot be imagined without computers.

The use of computers in the 21st century teaching is rapidly developing and acquiring
new dimensions. Among the latest educational tools that have been increasingly
used in the process of acquiring knowledge and skills in developing countries is the
educational software. For the purpose of its design, teams of experts in various fields
are engaged, and software application in teaching has a major impact on increasing
students’ motivation, since it awakens their interest and incites them to use all their
skills and background knowledge in order to acquire new teaching content (Aleksic,
Doki¢, & Vujici¢, 2010; Odadzi¢ et al., 2017). A complete form of educational software
is an electronic textbook (e-book), which is based on multimedia and interactivity.
According to Mandi¢, the use of electronic textbook provides excellent opportunities
for independent work of students and interaction with the source of information
(Mandi¢, 2003). In the Republic of Serbia, the creation of educational software and
e-books, and their use in the teaching of certain subjects in the curriculum is at a
very early stage. Instead, in the teaching practice multimedia presentations are more
widely used, created by the teachers themselves who use them in schools where they
work or who upload them on the school’s website so they can be used by students and
teachers from other schools. Their quality depends on the technical and IT knowledge
and creativity of teachers who create them.

Theories of multimedia learning emphasize the cognitive processes involved in the
process of acquiring knowledge, such as selection of relevant information, conceptual
organization of information into coherent systems and their integration in prior
knowledge (Mayer, 2009; Sweller, 2005). Recent studies take into account the affective
aspects of multimedia learning, and the results showed that emotions and interests
act as facilitators of cognitive processes and enhance cognitive and affective outcomes
(Park, Moreno, Seufert, & Briinken, 2013), while Bognar emphasized that there is a
correlation between the change in theoretical approaches to learning and progress of
computer technology (Bognar, 2016).

Application of interactive computer-assisted biology teaching is a combination of
two modern concepts of teaching, both of which are more effective than traditional
teaching. Linked together, they should contribute to qualitative processing of highly
complex content in biology in grammar school. This is supported by the research
which is presented in this paper.
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Methodology

Research Aim

The aim of the paper is, through implementation of educational research in parallel
groups, to determine whether the application of interactive computer-assisted
biology teaching (which was implemented in the experimental group (E)) has
achieved better results during teaching and learning complex biological content in
grammar school, along with reaching higher levels of quality and quantity of students’
knowledge in comparison with traditional teaching (which was implemented in the
control group (C)).

Research Questions

From the general objective the research questions were formulated as follows:

1. Are there differences in student achievement between E and C groups in the final
test and retest as a whole and are they statistically significant?

2. Are there differences in student achievement between E and C groups in the final
test and retest on the tasks of different levels of complexity (knowledge of facts,
understanding of concepts, analysis, and reasoning), which establish different
levels of competence in biology and are they statistically significant?

Hypotheses

On the basis of the objective and reserch questions the following hypotheses were

defined:

(H1) Interactive computer-assisted biology teaching will have a positive impact on
the development of students’ competences in biology compared to traditional
teaching. Thus, a better student achievement is expected in E group at the final
test and retest than from students in C group.

(H2) Interactive computer-assisted biology teaching will affect positively the
performance of students in E group in solving problems of a lower level of
complexity (knowledge of facts), by which lower levels of student competence
in biology are determined, in comparison with the traditional teaching that
was implemented in C group.

(H3) Interactive computer-assisted biology teaching will positively affect the
performance of students in E group in solving problems of higher complexity
levels (understanding the concepts, analysis, and reasoning), by which higher
levels of student competence in biology are determined, compared to the
traditional teaching that was implemented in C group.

Research Sample

The survey was conducted in 6 classes of the fourth year of grammar school, in
the natural sciences and mathematics department. The choice of the classes of this
department was made due to a large number of biology lessons (3 hours per week)
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compared to other departments of grammar school that have 2 biology lessons per
week. The schedule of curriculum topics in different departments of the fourth
grade of grammar school is similar. Due to a large number of classes, the teaching of
individual topics in the natural sciences and mathematics department is carried out
in more detail and with a greater number of lessons. In addition, the interest of the
students from the natural sciences and mathematics department for Biology is larger
than the interest of students from other departments.

The experimental group consisted of students from three classes (72 students)
of Jovan Jovanovi¢ Zmaj Grammar School from Novi Sad, and the control group
consisted of students from three classes (70 students) of Isidora Sekuli¢ grammar
school, also from Novi Sad (the Republic of Serbia). Age of students in both groups
was between 18 and 19 years.

Research Instruments

The main measuring instruments applied in the research are biology knowledge
tests: the initial test, the final test and retest. The tests contain questions and tasks of
objective type according to the severity and complexity, grouped into three levels: Level
I (knowledge of the facts), Level II (understanding of concepts) and Level III (analysis
and reasoning). The cognitive domains were established according to the TIMSS 2007
model of the study (Martin, Mullis, & Foy, 2008), which was used to categorize the
test questions. Tasks in the test are arranged in a series from the simplest tasks (which
examine the lower levels of students’ competences in biology) to the more complex
and difficult tasks (in which higher and the highest level of competences in biology
are considered). The maximum number of points in the test was 100. Cronbach’s alpha
value for the initial test was a=0.832 and for the final test, which is also the retest, the
value a=0.901 showed a high reliability of tests.

Research Procedure

Pedagogical research was conducted in the school year 2015/2016, over a period
of 5 weeks.

At the beginning of the research, before the introduction of the experimental factors
in the experimental group, E and C groups were equalized based on the results of
their knowledge of biology shown on the initial test. The initial test was composed
of the material containing already covered teaching topics related to mechanisms of
inheritance.

After the equalization of E and C groups in the further course of the research,
the teaching topic Fundamentals of molecular biology was implemented using two
different models of teaching.

The students from the experimental group were taught this topic using computer-
assisted interactive learning, working in pairs in the computer classroom. During
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10 lessons they were learning the new material, during 2 lessons they repeated and
reinforced the covered material, and during 1 lesson the systematization of the whole
teaching topic was carried out. In all lessons the teacher followed the course of work
of all pairs of students and provided them assistance if it was necessary. The lessons
with students in E group were organized in several stages:

In the preparatory phase, the teacher explained to students the task, methods of work,
and time allocated for the completion of individual phases of the lesson.

In the realization phase, the students were working in pairs on computers, going
through the presentations created in Prezi for each lesson. They talked to each other
and analysed the teaching material, observed illustrations and animations of key
biological processes, read a text in which the specific biological processes had been
explained, solved the given task (tasks) and prepared answers to questions.

In the presentation phase the students were answering questions. The teacher made sure
that in this part of the lesson a large number of students were engaged. During students’
presentations the teacher showed students again the corresponding parts of the Prezi
presentation that illustrated the students’ responses. Thus, during the presentation of
the answers to the questions, the students could re-watch the presentation.

In the evaluation phase (at the very end of the lesson) students individually solved
an interactive computer test which consisted of several questions (5 to 6), and based
on the number of correct answers they were given feedback on how successful they
were at mastering the content covered in the lesson.

Students in the control group were taught the same topic during the same number
of lessons conducted in the traditional way of teaching (which included the verbal
method, work on the text, the method of demonstration and frontal work) in the
biology classroom. In all lessons when new material was introduced, the teacher
asked students questions that they answered orally. In the lessons which included the
revision of the covered material (2) and systematization of the covered topics (1), the
students also answered the teacher’s questions orally. If necessary, the teacher corrected
and supplemented their answers.

After teaching the topics related to Fundamentals of molecular biology in different
ways in E and C groups, the final testing of students in both groups was conducted.

Repeated testing (retesting) of students in E and C groups was carried out 60 days
after the final testing.

Instruction Materials

Biology teaching in experimental and control groups was performed by different
teachers in two schools. For the purpose of teaching new material from biology in the
E group, Prezi presentations were created for 10 units from the topic Fundamentals of
molecular biology in accordance with the biology curriculum for the fourth grade of
grammar school, for the natural sciences and mathematics department, based on the
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textbook Biology (by the authors Cvetkovi¢, Lakusi¢, Mati¢, Koraé, & Jovanovi¢, 2011).
Prezi is a relatively new web tool for creating and storing multimedia presentations,
which, like PowerPoint, also has a possibility of integrating text, images, animations,
audio and video into a single presentation. Presentations in Prezi are more detailed
and more interactive than PowerPoint presentations (Chou, Chang, & Lu, 2015).
An integral part of the presentations that were used in group E are 3 animations:
transcription, translation, and regulation of gene activity. All presentations contained
additional (bonus) information, which was a short interesting material from the
teaching unit. They were intended for the best students who have the time and interest
to study them. For all lessons which were intended for the revision of material and
the systematization of the covered topics, the corresponding interactive computer-
assisted tests were created with different types of questions.

Students in the C group covered the same theme without the use of additional
teaching equipment. On the basis of previous agreement, the teacher who conducted
lessons in this group used only biology textbook, blackboard, and chalk. Students in
this group provided only oral answers to the questions in all lessons.

Data Analysis

The following statistical parameters were analysed in the study: sample size (N), the
arithmetic mean (M) and standard deviation (SD).

To determine the statistical significance of differences in achievement between
students in E and C groups on the initial test, on the final test and retest as a whole
and on individual levels of knowledge (I, IT and III) the t-test was used.

To test the effect of the interaction between test factors and group factor, the analysis
of variance for repeated measures (3X2 Mixed design ANOVA) was used.

For statistical analysis of the results of the initial test, the final test and retest as a
whole and at individual levels of knowledge the software package SPSS 19.0 was used.

Results

At the beginning of the research, based on the initial test results, E and C groups
were equalized at the initial test as a whole and at individual levels of knowledge. At
the end of the research the results of students in groups E and C on the final test and
retest as a whole and on individual levels of knowledge were analysed. The changes
in students’ achievements between students in groups E and C were also analysed on
all three tests and it was determined whether the differences between the tests and
groups were statistically significant. Statistical parameters of the initial test, the final
test and the retest in general are shown in Table 1, while statistical parameters for all
three levels of knowledge on all three tests are shown in Table 2.

The average achievement of students in group E on the initial test as a whole was
65.931 points, and that of students in C group was 65.043 points (Table 1). The
difference of mean values between the two groups was .888 points in favour of group
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E and was not statistically significant (t=-.367; df=140; p=.715 >.05). Based on these
values, groups E and C were equalized at the beginning of educational research
according to previous knowledge of biology shown by students. This enabled the
further course of the research.

Table 1

The significance of differences in experimental and control group on the initial test, final test, and retest of knowledge
in general (t-test)

Variable Group N Mean Standard deviation t df p
» Experimental 72 65.931 14.724
Initial test 367 140 715
Control 70 65.043 14.119
. Experimental 72 85.458 11.622
Final test 7.570 140 .000
Control 70 65.136 19.493
Retest Experimental 72 75.403 18.147 6.352 140 000

Control 70 53.607 22.562

Based on the results of the final test as a whole (Table 1), the students in group E had
the average achievement of 85.458 points, while the average achievement of students in
the control group was 65.136 points. The difference in students’ achievements between
E and C groups on the final test amounts to 20.322 points in favour of group E and it
was statistically significant (t=7.570; df=140; p =.000<.05).

The analysis of the average number of points on the retest as a whole (Table 1)
showed that E group of students reached 75.403 points, while C group of students
reached 53.607 points. The difference in the number of points between two groups
at the retest was 21.796 points in favour of group E and was statistically significant
(t=6.352; df=140; p =.000 <.05).

The established differences in students” achievements between groups E and C on
the final test and retest as a whole in favour of E group showed that the realization of
appropriately selected biological content by means of interactive computer-assisted
teaching contributes to an increase in quantity, quality, and sustainability of students’
knowledge of biology.

In order to analyse the quality of students’ knowledge in groups E and C and their
competences in biology, students’ achievement in groups E and C on the initial test,
the final test and retest at individual levels of knowledge were analysed: knowledge
of the facts (level I), understanding of concepts (level II) and analysis and reasoning
(level IIT). Their statistical parameters are presented in Table 2.

The differences in achievement between the students in groups E and C on the
initial test on individual levels of knowledge were insignificant: on Level I the difference
was .185 points in favour of group C (t=-.383; df=140; p =.703>0.05); on Level II the
difference was 0.343 points in favour of group E (t=.290; df=140; p=.772>0.05) and
on Level III the difference was .785 points in favour of group E (t=.638; df=140; p
=.524>0.05). Based on the values of parameters t and p, the differences between groups
E and C on the initial test on individual skill levels were not statistically significant.
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Based on these values, groups E and C were equalized at the beginning of the research
and at individual levels of knowledge of the initial test.

Table 2

The significance of differences between groups E and C on the initial test, final test and retest according to the levels of
knowledge (t-test)

Categories of

Variable knowledge Group N M SD t df p
E 72 15444 31033
Level | c 0 15620 25097 -383 140 703
Initial st Levelll (F-: ;(2) gﬁg 22?2? 290 140 772
Level Il E 72 8.056 6.8892 638 140 524
C 70 7.271 7.7402
Level | E 7218417 25933 6.632 140 000
C 70 14429 43724
Final test Level I E 72 47542 64773 5.354 140 000
C 70 40321 93712
Level II E 7219375 55524 7.379 140 000
C 70 1038 86695
Level | E 72 17806 26036 7.291 140 000
C 70 13371 44336
Retest Level I E 72 40556 123985 4751 140 000
C 70 30450  12.94782
E 72 17042 622000
Level II c - 9786 788990 6.095 140 .000

The differences in the achievement between the students in groups E and C on the
final test at individual levels of knowledge were high: on the Level I the difference
was 3.998 points (t=6.632, df=140; p=.000<0.05), on Level II the difference was 7.221
points (t=5.354, df=140; p=.000<0.05) and on Level III the difference was 8.989 points
(t=7.379, df=140; p=.000<0.05). The determined differences on the final test between
groups E and C at all three levels of knowledge were in favour of E group and were
statistically significant.

The differences in the achievement between the students in groups E and C on the
retest at individual levels of knowledge were high; they were higher, both on Levels of
knowledge I and II, than on the final test: on Level I the difference was 4.435 points
(t=7.291; df=140; p=.000<0.05), on Level II the difference was 10.106 points (t=4.751,
df=140; p=.000<0.05) and on Level III the difference was 7.256 points (t=6.095;
df=140; p=.000<0.05). The determined differences between groups E and C on the
retest at all three levels were in favour of group E and were statistically significant.

The application of different teaching models in groups E and C led to a difference
in students’ achievements in the two groups on the final test and retest as a whole
(Table 1), but also at individual levels of knowledge (Table 2).

In order to visualize more completely the success of students on tests of knowledge
(initial, final and retest) and changes in students’ achievement in groups E and C
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during the study, Figures 1-4 show students’ achievements in groups E and C at
individual levels of knowledge: at Level I (Figure 1), at Level II (Figure 2), at Level III
(Figure 3) and on the tests as a whole (Figure 4). Changes in students’ achievements
between groups E and C during the study were analysed by contrasting LSD tests, for
each group separately.

In the tasks of the first level (Figure 1), students in group E achieved better success
on the final test in comparison with the initial test by 2.972 points (p=.000<0.001),
and on the retest they were slightly less successful than on the final test by .611 points
(p=.048>0.001).

20.000
18417
18.000 LA 17.806

15.444 —

16.000 _

14.000 15.629 13371
12.000 14429

10.000
8.000
6.000
4.000
2.000

0

Initial test Final test Retest
—4—Level |[Egroup  —=—Level | Cgroup

Figure 1. Comparative review of students’achievements in groups E and C
on the initial test, final test and retest at Level of knowledge |

In questions and tasks of the first level of knowledge students in group C exhibited
underachievement on the final test in relation to the initial test by 1.200 points
(p=.033>0.001), and on the retest they were slightly less successful than on the final
test, by 1.057 points (p=.009>0.001). Changes in students’ achievement in groups E
and C on the easiest research tasks (Level of knowledge I) during the survey are less
pronounced than at other levels of knowledge. This shows that both groups of students
have a well-adopted content knowledge at this level of complexity because those were
the easiest questions on the tests.

The analysis of students’ achievement in groups E and C during the study at the
second level of knowledge (Figure 2) shows that the pattern of changes in groups
E and C is different. In tasks of the second level of difficulty students in group E
achieved better success on the final test in relation to the initial test by 5.056 points
(p=.000<0.001), and on the retest they were less successful than on the final test by
6.986 points (p=.000<0.001). In questions and tasks of the second level of knowledge
students in group C underachieved on the final test in relation to the initial test by
1.821 points (p=.129<0.001), and on the retest they were significantly less successful
than on the final test by 9.071 points (p =.000<0.001). An increase in the number of
points in group E at this level of knowledge on the final test in comparison with the
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initial test can be attributed to interactive computer-assisted teaching, which is not the
case with group C, in which traditional teaching was implemented. Underachievement
on the retest compared to the final test in both groups is a result of forgetfulness that
was still higher in group C.

>0.000 42486 /47,1
45,000 — —
40.000 - ®-40.556
35.000 42.143 40321
30.000 —30.450—
25.000
20.000
15.000
10.000

5.000

0
Initial test Final test Retest

—— Level lEgroup —=—Levelll Cgroup

Figure 2. Comparative review of students’ achievements between groups E and C
on the initial test, final test and retest at Level of knowledge Il

In tasks of the third level (Figure 3), students in E group achieved better success
on the final test in comparison with the initial test by 11.319 points (p=.000<0.001),
and on the retest they were slightly less successful than on the final test by 2.333
points (p=.000<0.001). Also, in questions and tasks of this level of knowledge, the
students in group C achieved better results on the final test in comparison with the
initial test by 3.114 points (p=.002<0.001), while on the retest they were slightly less
successful than on the final test by .600 points (p=.386>0.001). Although students’

25.000
19.375
20.000
/\0 17.042
15.000
10.000 81)56%# — 89786
10.386
5.000
7.271
0
Initial test Final test Retest

——Level llEgroup —=—Levellll C group

Figure 3. Comparable review of students’achievements in groups E and C
on the initial test, final test and retest at Level of knowledge llI
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achievements in E group on the most difficult questions (analysis and reasoning) were
higher than in group C, both on the final test and the retest, the changes in students’
achievements in both groups at this level of knowledge had the same form during
research. A significant increase in the number of points in group E on the final test
in comparison with the initial test has been ascribed to interactive computer-assisted
teaching, which enabled them to understand and adopt the most difficult content of
biology. An increase in the number of points on the final test in comparison with the
initial test in group C is a result of hard work of biology teachers, who managed to
explain to their students the essence of the key concepts and processes of teaching
topics related to Fundamentals of molecular biology. A slightly poorer success on the
retest compared to the final test in both groups is a result of forgetfulness.

On the final test as a whole (Figure 4) students in E group achieved significantly
better results compared to the initial test by 19.528 points (p=.000<0.001), and on the
retest they were less successful than on the final test by 10.056 points (p=.000<0.001).
Students in group C were significantly less successful on the final test as a whole in
comparison with the initial test by .093 points (p=.946<0.001), while on the retest they
were significantly less successful than on the final test by 11.529 points (p=.000<0.001).
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Figure 4. Comparative review of students’achievements in groups E and C
on the initial test, final test and retest as a whole

In the process of teaching complex content in molecular biology in group E in
grammar school, there were two related teaching methodology approaches (interactive
teaching and application of computers). Based on the results of the final test and retest
as a whole they provided very good results. Students in group E had significantly
better results on the final test as a whole in comparison with the initial test and the
retest compared to the initial test. Such a high level of knowledge could not have been
reached via traditional teaching in group C, where the number of points achieved on
the final test and on the retest was lower than on the initial test. Underachievement on
the retest compared to the final test in both groups is a result of forgetfulness. Having
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been taught the topic related to Fundamentals of molecular biology, both groups
of students learned about the topic of ecology, protection and improvement of the
environment, which was not significantly associated with the previous topic. Due to
the fact that between the final test and the retest within 60 days they did not repeat the
content of molecular biology, during this period students in both groups forgot a part
of the covered material. They, due to this reason, scored poorly on the same test two
months later (students in group E by 10.56 points, and students in group C by 11.529
points). However, due to the application of interactive computer-assisted approach
during the teaching process of the topic related to Fundamentals of molecular biology,
the level of knowledge of students in group E was high (an average of 75.403 points)
at the end of the research (on the retest in general), compared to students in group
C (average 53.607 points). This is confirmed by the number of points of both groups
on the retest compared to the initial test, which was significantly higher in group
E (by 9.472 points), and in group C it significantly decreased (by 11.436 points) in
comparison with the initial test.

Within the analysis of variance for repeated measures (3x2 ANOVA with repeated
measures), through the analysis of the effects of interaction measurement (test) and
groups (E and K) that vary based on the applied model of teaching, a significant
difference was detected between groups in the change in students’ achievements
during all three measurements (on the initial test, on the final test and retest), both
at individual levels of knowledge and on each test as a whole. Changes in students’
achievements from initial test, the final test to retest exist and they are different in
different groups and are statistically significant, both at individual levels of knowledge
(Level I F(2,139)=26.338, p<.001; Level II: F(2,139)=13.259, p<.001; Level III:
F(2,139)=21.861, p<.001)), and on tests as a whole F(2,139)=30.311, p<.001).

Discussion

Molecular biology is a biological discipline which studies biology at molecular level,
and its content explains the very essence of life. Many teachers and students believe
that it is very difficult for teachers to teach students about the topics of Molecular
genetics (biology) and that it is also very difficult for students to learn about them
(Marbach-Ad & Stavy, 2000; Templin & Fetters, 2002). Students in grammar schools
in Serbia do not have enough background knowledge of biology and other natural
sciences that is important for understanding of molecular biology, and in our schools,
there is a lack of modern teaching aids to help teachers adequately impart the most
difficult content to students. Therefore, this content often remains abstract and
incomprehensible to students after it has been explained at biology lessons at school,
with the application of the traditional way of teaching. These facts indicate that it is
necessary to change the way of biology teaching in grammar schools, by introducing
modern models of teaching that would enable students to understand better even
the most difficult content and to adopt it effectively. One of these innovative models,
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interactive computer-assisted biology teaching was applied in this study in group E,
and its results were compared with the results of group C, in which the traditional
approach to teaching was applied.

At the beginning of the study, based on the t-test values, it was determined that the
differences in students’ achievements in groups E and C on the initial test as a whole
and at individual levels of knowledge are not statistically significant, i.e. that groups
E and C are equal on the basis of prior knowledge of biology. This enabled further
course of research and its conclusion.

In the further course of research the teaching topic Fundamentals of molecular
biology was implemented using two different models of teaching in two different
groups of students (interactive computer-assisted teaching in group E and traditional
teaching in group C). By analysing the results of the final test and retest in groups E
and C it was determined whether interactive computer-assisted teaching model is a
more effective way of teaching biology in comparison with the traditional teaching
model.

Students’ achievements in group E on the final test and retest were significantly
higher than those of group C.

By analysing the results of the final test as a whole (based on the t-test values), it
was found that the difference in students’ achievements in groups E and C on this test
(in favour of the E group) was statistically significant.

Achievements of students in E group were significantly higher than those of the
students in group C on the retest as a whole because the difference in students’
achievements in groups E and C on this test as well was in favour of the E group and
was statistically significant.

Based on the presented results, the first hypothesis of research (H1) was confirmed,
which stated that interactive computer-assisted biology teaching has a positive impact
on the development of students’ competences in biology compared to traditional
teaching. Therefore, the success of students in group E on the final test and retest is
better than that of students in group C.

Achievements of students in E group on the final test were significantly higher at
individual levels of knowledge compared to group C. By analysing the results of the
final test on Levels of knowledge I, IT and III (based on the value of t-test) it was found
that the detected difference in students’ achievements in groups E and C (in favour of
group E) was statistically significant at all three levels.

Students’ achievements in E group were also significantly higher than those of
students in group C on the retest at individual levels of knowledge. The analysis of
the retest results revealed that the determined difference in students’ achievements in
groups E and C at Levels I, IT and III (in favour of group E) was statistically significant.

Based on the presented results, the second research hypothesis (H2) was confirmed,
which stated that interactive computer-assisted biology teaching has a positive
influence on the performance of students in group E in solving problems of lower
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level of complexity (knowledge of facts), which establish lower levels of students’
competences in biology, compared to the traditional teaching method that was applied
in group C.

Based on the presented results, the third research hypothesis (H3) was confirmed,
which stated that interactive computer-assisted biology teaching has a positive
influence on the performance of students in group E in solving problems of higher
complexity levels (understanding the concepts, analysis and reasoning), which
establish higher levels of students’ competences in biology, compared to the traditional
teaching method that was applied in group C.

The answer to the question why the results of E group students are much
better compared to the results of C group students is associated with the teaching
methodology procedures applied in groups E and C during the study. Students of
all three classes which were included in E group worked on computers in pairs while
watching a multimedia presentation of the teaching content related to Fundamentals
of molecular biology that was created in Prezi. Within those presentations they
additionally watched animations of key biological processes and read from their
presentations the concise theoretical explanations. In those lessons, it was very
important what the students actually saw on the presentation. For example, students
in E group were watching the animation process of DNA replication (duplication
of DNA molecules), transcription (transcription of iRNA, tRNA and rRNA from
DNA) and translation (translation of the iRNA sequence of codons into appropriate
sequence of amino acids in a protein to whose synthesis iRNA carries the genetic
code). This code is copied from DNA. The aforementioned animations are very
illustrative. After observing and reading each explanation the students worked in
pairs and interpreted and explained them to each other and then watched them
again. This visual component in biology was further complemented by interactive
teaching in all biology lessons. In the applied model of teaching biology several
levels of interactivity were achieved in group E: between two students during a joint
presentation of observations, and then between other students in the class (in the
phase of presentation of work report); between the students and biology teachers (in
the preparatory phase and presentation phase); between the students and computers
(during the observation of the presentation of lessons and interactive testing). This
was very important in order for E group students to understand the essence of these
processes. Therefore, in all lessons in the evaluation phase, they accurately answered
the teachers” questions, which were specified in the protocol. An integral part of
presentations were interactive tests so that each student had feedback on his/her work
and accurate information about what in his answers on the test was right and what
was wrong. This was an additional motive for greater engagement of students in E
group during the research.

Students of C group scored poorly on the final test as a whole and at individual levels
of knowledge compared to the initial test, while their success on the retest was also
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poor in relation to the initial and final tests, although in this group in biology lessons
during the research nothing changed compared to the previous period. The changes
(decrease) in students’ achievement in C group point to the difficulty and complexity
of the content of the teaching topics Fundamentals of molecular biology in relation to
the content of the previously covered topics, the acquisition of which was checked on
the initial test, when the success of students in both groups was balanced and tested as
a whole and at individual levels of knowledge. Based on the achievements of students
in C group on the final test and retest, it was very difficult for the teacher who was
teaching biology in this group to explain to students the complex biological processes
such as replication, transcription and translation, using only modest illustrations that
he/she could draw on the blackboard, or show the pictures in the textbook. Without
the use of additional teaching aids the students in group C were able to understand and
remember only the essence of these processes, but not to understand their biological
significance. Therefore, the students in C group achieved lower success on the final
test and retest (on the tests as a whole and at individual levels of knowledge) compared
to students in E group.

The results of E group students on the final test and retest as a whole and at all
three levels of knowledge in comparison with students in C group, as well as changes
in students’ achievement between E and C groups during the survey are indicators of
positive effects of interactive computer-assisted biology teaching on the level and the
quality of students’ knowledge in group E and their greater competence in biology
compared to the traditional teaching model (which was applied in group C), where
such effects were not achieved.

Also, other authors confirmed that the application of computers and various
multimedia materials such as computer presentations, entertainment, educational
software and e-textbooks in the classroom contributes to increased efficiency
compared to traditional teaching in subjects such as Nature and society (Cvjeti¢anin,
Pecanac, Sakac¢, & Djurendi¢-Brenesel, 2013) and biology (Cheng, Cheng, & Chen,
2012; Nwafor & Charity, 2013; Rotbain et al., 2008; Odadzi¢ et al., 2017; Singh, 2010;
Yusuf, & Afolabi, 2010; Zupanec et al., 2013).

In relation to the above mentioned authors and their papers, the research presented
in this paper stresses that the difference in achievements of students in groups E
and C on the final test and retest as a whole and at individual levels of knowledge is
significantly greater, due to the markedly higher students’ achievement in group E
on the final test and retest. A possible explanation for this could be that, besides the
application of computers, interactive teaching also had a significant influence on the
level of achievements of students in group E on both tests. In the present study, in all
biology lessons in group E the intensity of interaction between pairs of students, all
students in the class, the students and teachers and students and the computer was
at a high level. It fully engaged students from the beginning to the end in all biology
lessons. Therefore, students in group E had high achievement on the final test and
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retest as a whole and at all levels of knowledge. This achievement was significantly
higher than in group C, in which there was a low level of interactivity only between
students and teachers. The level of importance of application of computers and
interactive teaching, respectively, in biology instruction can be seen from the results
of the survey, which students in group E completed at the end of the study. Its results
will be discussed in a future paper.

Conclusion

Based on the results of this research it was found that the students in the experimental
group achieved better results on the final test and retest than students in the control
group. In comparison with group C students in group E were particularly successful
in responding to difficult questions (understanding of concepts and analysis and
reasoning) on both tests. Prezi presentations of the teaching content and animations of
translation, transcription, and regulation of gene activity, which were used in biology
lessons in group E contributed to visualisation of complex content and teaching topics
related to Fundamentals of molecular biology, while working in pairs on a computer
contributed to more interactive biology teaching. This resulted in high students’
achievement in group E on the final test and retest as a whole and at individual
levels of knowledge. In the traditional teaching which was applied in group C, the
visual component in teaching and pupils’ engagement in biology lessons were minor,
resulting in a modest achievement of this group of students on the final test and retest
as a whole and at individual levels of knowledge.

Based on the survey results, it can be concluded that interactive computer-assisted
teaching affected positively the development of competences of students in group E
in biology because its effects were significantly higher, compared to the traditional
teaching of biology, which was implemented in group C.

In interactive computer-assisted lessons increased motivation of students in group E
to learn biology was also noticed, in comparison with students in group C. Although
the content of the teaching topics Fundamentals of molecular biology is difficult,
students in group E successfully answered the teachers’ questions (underreporting)
and solved interactive tests. Information about their achievement on tests at the end
of each biology lesson was an additional incentive for even greater success in the
following lesson. Students in group C answered the teachers’ questions orally, and
their motivation to learn the content of difficult molecular biology was low. The asked
questions were answered by a small number of students, while the majority of the
students most often passively followed the replies and teachers’ comments.

The research results (better achievement of students in group E on the final test
and retest as a whole and at individual levels of knowledge in comparison with the
students in group C) confirmed the greater efficiency of the interactive computer-
assisted biology teaching in grammar school, compared to traditional teaching.
They recommend a greater representation of computer-assisted biology teaching in
grammar schools and in other high schools.
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Ucinkovitost interaktivhe nastave
Biologije uz pomoc racunala u
gimnazijama

Sazetak

U pedagoskom istraZivanju Ciji su rezultati prikazani u ovome radu, naziv
nastavne teme bio je Osnove molekularne Biologije, u skladu s Nastavnim
planom i programom za Biologiju za Cetvrti razred prirodoslovno-matematicke
gimnazije. Eksperiment se provodio tijekom 13 nastavnih sati interaktivne nastave
uz pomoc racunala u eksperimentalnoj skupini, a u kontrolnoj se skupini provodio
tradicionalni oblik nastave. IstraZivanje je provedeno na uzorku koji se sastojao
od 142 ulenike iz dviju gimnazija u Republici Srbiji. Cilj istrazivanja bio je
utvrditi postizu li se primjenom interaktivne nastave uz pomoc racunala bolji
rezultati prilikom usvajanja sloZenih sadrZaja iz Bioiologije tako $to se ostvaruju
i visi stupnjevi kvalitete i kolicine znanja ucenika u usporedbi s tradicionalnom
nastavom. Analizom rezultata istraZivanja potvrdena je veéa ucinkovitost
interaktivne nastave Biologije uz pomo¢ racunala u usporedbi s tradicionalnim
pristupom ucenju istoga sadrzaja. Uolene su statisti¢ki znalajne razlike u
postignucima ucenika iz eksperimentalne skupine i onih iz kontrolne skupine na
finalnom testu i na retestu u cjelini, kao i na pojedinacnim stupnjevima znanja.
Razlike su utvrdene u poznavanju Cinjenica, razumijevanju pojmova, analizi i
razmisljanju. Rezultati istraZivanja upucuju na potrebu vece primjene interaktivne
nastave Biologije uz pomoc racunala u gimnazijama i u ostalim srednjim skolama,
posebno kada se obraduju teZi nastavni sadrzaji.

Kljucne rijeci: kompetencije iz Biologije; molekularna biologija; prirodoslovno-
matematicka gimnazija; tradicionalna nastava; ucenici cetvrtog razreda.

Uvod

Obrada sadrzaja iz Biologije i drugih nastavnih predmeta u osnovnim i srednjim
$kolama u Republici Srbiji jos uvijek se odvija na dominantan, tradicionalan nacin
(predavanje - pokazivanje) u kojem su ucenici pasivni promatraci koji primaju ve¢
gotove znanstvene istine koje im na nastavi prenosi nastavnik. Njezin je najvazniji
zahtjev da ucenici usvoje brojne ¢injenice koje ¢esto ne razumiju, pa tako ono $to nauce
u $koli, ucenici ne mogu primijeniti u stvarnom zivotu (Terzi¢ i Miljanovi¢, 2009).
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To potvrduju i jako losi rezultati kandidata koji su zavrsili srednju $kolu (ve¢inom
gimnaziju) na prijemnom ispitu iz Biologije kada se Zele upisati na studijske programe
Biologije, medicine i stomatologije (Miljanovi¢, 2003). S druge pak strane, jedan od
ciljeva modernog obrazovanja jest da ucenici steknu funkcionalno znanje. Kako bi
se to postiglo, tradicionalan pristup nastavi trebao bi biti zamijenjen inovativnim
nastavnim metodama u kojima bi u¢enici bili aktivni sudionici. Aktivnosti za u¢enike
u takvoj nastavi trebale bi biti osmisljene tako da im omoguce samostalno usvajanje
znanja putem istrazivanja, rje$avanja problema, analize i razumijevanja sadrzaja. Takav
bi pristup omogucio bolje razumijevanje bioloskih pojava i procesa.

Prema Nastavnom planu i programu za Biologiju za Cetvrti razred prirodoslovno-
matematicke gimnazije u Republici Srbiji, tijekom 96 nastavnih sati trebale bi biti
obradene sljedece nastavne teme: razvoj biologije Zivotinja, mehanizmi nasljedivanja,
osnove molekularne biologije, ekologija i zastita i unapredenje okolisa, zatim osnovni
principi razvojne biologije (Sluzbeni glasnik RS - Prosvetni glasnik, 7,2011). Sadrzaj
svih nastavnih tema opS$iran je i kompleksan, a broj nastavnih sati predviden za
njihovu obradu, u¢enje, ponavljanje i odabir nastavnih materijala nije dovoljan. Velik
dio tog sadrZaja, koji je bitan za razumijevanje klju¢nih bioloskih procesa, kao i za
opce obrazovanje ucenika, u¢enicima ostaje nerazumljiv ¢ak i nakon obrade u $koli.
Spomenute ¢injenice ukazuju na potrebu zamjene tradicionalne metode nastave
Biologije u gimnazijama modernim nastavnim modelom. Stoga se u didaktickim i
metodickim istrazivanjima neprestano traze nova rje$enja (inovativni modeli nastave)
koja mogu dovesti do bolje kvalitete i u¢inkovitosti nastavnog procesa.

Jedna od takvih inovacija u podruéju modernizacije odgojno-obrazovnog rada i
veceg ukljucivanja ucenika u rad jest interaktivno u¢enje/interaktivna nastava. Sastoji
se od dviju kompleksnih komponenti - ucenja i interakcije. Interaktivno uéenje nije
samo puki zbroj sadrZaja interakcije i sadrzaja ucenja nego novi fenomen, i s obzirom
na sadrzaj, i s obzirom na njegov ucinak. Interaktivno ucenje ima ucinak koji je veéi
od pojedina¢nih ucinaka interakcije i ucenja, kada se oni promatraju samostalno i
zasebno (Krneta, 2006). Ta pedagoska paradigma sastoji se od interakcije izmedu
ucenika koji uce, sadrzaja koji uce i nastavnog procesa u sklopu kojega uce. Sama
bit interaktivnog ucenja izrazena je u meduovisnosti i medusobnom djelovanju, tj.
interakciji u¢enika koji zajedno uce, jer su svakom pojedincu potrebni drugi ljudi
kako bi mogao zadovoljiti svoje potrebe. To se odnosi ne samo na materijalne nego
ponajprije na dru$tvene i psiholoske potrebe koje su bitne za psiholosko zdravlje
pojedinca (Roders, 2003).

Metode interaktivnog ucenja potic¢u razvoj pojedinca u neposrednim drus$tvenim
situacijama jer se temelje na suradnickim i interaktivnim oblicima komunikacije i
razli¢itim odnosima izmedu sudionika (Vilotijevi¢, 2008). Smatra se da bi metode
ucenja s drugima mogle nadoknaditi izrazene nedostatke jednosmjernih aktivnosti
pojedinaca i doprinijeti ne samo raznolikoj komunikaciji izmedu razli¢itih sudionika
u nastavi nego i svestranom kognitivnom, emocionalnom i opéem psiholoskom i
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drustvenom razvoju ucenika. Zajednicki zakljuc¢ak brojnih istrazivanja provedenih
o interaktivnoj nastavi jest taj da bi nastava trebala biti preusmjerena od velike
kontrole nastavnog procesa od nastavnika na samostalan proces usvajanja znanja od
ucenika, a taj model ukljucuje i ve¢u autonomiju i zajednicku izgradnju znanja kod
samih ucenika (Kennewell, Tanner, Jones, i Beauchamp, 2008). Psiholoska je osnova
interaktivnog ucenja u suradnji, $to je zapravo zasebna i vrlo kompleksna osobina
karaktera pojedinca. Ta se sposobnost u procesu ucenja prakti¢no manifestira putem
spremnosti na rad s drugima u suradnickom ucenju (Roders, 2003). Interaktivno
udenje, samo ili u kombinaciji s predavanjem nastavnika, moze se primijeniti u svim
nastavnim oblicima (frontalnom radu, radu u skupinama, radu u paru, samostalnom
radu) s razli¢itim pedagoskim uc¢inkom.

Drugi vazan segment moderne nastave jest primjena modernih nastavnih pomagala
i opreme, prije svega primjena informacijskih i komunikacijskih tehnologija (IKT) u
nastavnom procesu. Ciljevi njihove primjene su: olaksati i pobolj$ati u¢enje uéenika,
povecati uc¢inkovitost nastavnog procesa i procesa ucenja kako bi se olaksalo postizanje
obrazovnih ciljeva, kao i povecati broj izvora znanja i broj korisnika razli¢itih medija
(Danilovi¢, 2010).

Od IKT alata u suvremenoj se nastavi najvise koriste ra¢unala i multimedijske
prezentacije. Oni omogucavaju novu organizaciju nastavnog procesa, koja odgovara
individualnim sposobnostima i interesima ucenika. Brojna su istrazivanja pokazala da
primjena ra¢unala u nastavi ve¢ine nastavnih predmeta povecava njezinu u¢inkovitost:
u nastavi Geografije (Ivkov-Dzigurski, Ivanovi¢, i Pesi¢, 2009), Matematike (Laketa,
Drakuli¢, Purovi¢, i Liki¢, 2013), stranih jezika (Mirzayantz Duki¢, 2011), Biologije
(Odadzi¢, Miljanovi¢, Mandi¢, Pribicevié, i Zupanec, 2016). Prema Danilovicu,
ra¢unala su potaknula razvoj nastavnog procesa u podrucju simulacije okolnosti
ucenja, u automatizaciji izvora i sredstava za pruzanje povratnih informacija, u pomo¢i
u pripremi i evaluaciji nastavnih materijala, integraciji nastavnih medija (filmovi,
videoisjecci, TV i tekst), u grupnoj nastavi i u individualnoj nastavi (Danilovi¢, 2010).
Mogucénost upotrebe rac¢unala kod ucenika utjece na razvoj apstraktnog misljenja,
pamcenja i samostalnosti pri ucenju, kao i na razvoj samoodgovornosti za uspjeh ili
neuspjeh. Na temelju navedenih ¢injenica primjena ra¢unala u obrazovanju vise nije
samo tehnicko pitanje nego vrlo vazno drustveno, pedagosko i humanisticko pitanje
koje zahtijeva i podrazumijeva znacajne promjene u organizaciji nastave i odgojno-
obrazovnog procesa opcenito. Stoga se u mnogim zemljama moderna nastava ne
moze zamisliti bez racunala.

Upotreba racunala u 21. stoljecu §iri se i razvija vrlo velikom brzinom i poprima
nove dimenzije. Medu najnovijim nastavnim sredstvima koja se sve vi$e koriste u
procesu usvajanja znanja i vjetina u razvijenim zemljama su edukativni ra¢unalni
programi. Za njihovo osmisljavanje i izradu angaziraju se timovi stru¢njaka iz razli¢itih
podrudja, a primjena takvih ra¢unalnih programa u nastavi ima vazan utjecaj na porast
motivacije ucenika, jer ona pobuduje njihov interes i potice ih na koristenje svih vjestina
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i postojeceg znanja kako bi usvojili novo nastavno gradivo (Aleksi¢, Doki¢, i Vujicic,
2010; Odadzi¢ i sur.,2017). Jedan primjer gotovog edukativnog ra¢unalnog programa je
elektronicki udzbenik (e-knjiga), koja se temelji na multimediji i interaktivnosti. Prema
Mandiéu, upotreba elektronickih udzbenika pruza odliéne moguénosti za samostalan
rad udenika i interakciju s izvorom informacija (Mandi¢, 2003). U Republici Srbiji je
izrada edukativnih ra¢unalnih programa i e-udzbenika te njihova upotreba u nastavi
odredenih nastavnih predmeta jo§ uvijek u ranoj fazi. Umjesto toga se u nastavnoj
praksi puno vise koriste multimedijske prezentacije koje izraduju sami nastavnici i
koriste ih u $kolama u kojima rade ili ih stavljaju na $kolsku mreznu stranicu tako da
se njima mogu koristiti i ucenici i nastavnici iz drugih Skola. Njihova kvaliteta ovisi o
tehnickom i informatickom znanju i kreativnosti nastavnika koji ih izraduju.

Teorije multimedijskog u¢enja naglasavaju kognitivne procese ukljuc¢ene u proces
usvajanja znanja, kao $to su odabir bitnih informacija, konceptualnog organiziranja
informacija u koherentne sustave i njihova integracija u prethodno ste¢eno znanje
(Mayer, 2009; Sweller, 2005). Novija istrazivanja uzimaju u obzir i afektivne aspekte
multimedijskog ucenja, a njihovi su rezultati pokazali da emocije i interesi sluze kao
moderatori kognitivnih procesa i pobolj$avaju kognitivne i afektivne ishode (Park,
Moreno, Seufert, i Briinken, 2013). Bognar je istaknuo da postoji korelacija izmedu
promjene u teorijskim pristupima ucenju i napretka ra¢unalne tehnologije (Bognar,
2016).

Primjena interaktivne nastave Biologije uz pomo¢ rac¢unala kombinacija je dvaju
modernih koncepata nastave koji su puno uc¢inkovitiji od tradicionalne nastave.
Zajedno bi trebali doprinijeti kvalitativnoj obradi vrlo kompleksnih sadrzaja iz
Biologije u gimnaziji. Tome u prilog ide i istrazivanje koje se prezentira u ovom radu.

Metodologija

Cilj istrazivanja

Cilj je ovog istrazivanja, provedbom obrazovnog istrazivanja u usporednim

skupinama, odrediti je li primjena interaktivne nastave Biologije uz pomo¢ ra¢unala
(koja se provodila u eksperimentalnoj skupini) dovela do boljih rezultata tijekom
obrade i ucenja slozenih sadrZaja iz Biologije u gimnaziji te je li dovela do postizanja
vi§eg stupnja kvalitete i kvantitete znanja ucenika u usporedbi s tradicionalnom
nastavom (koja se provodila u kontrolnoj skupini).

Istrazivacka pitanja

Iz opéeg cilja formulirana su sljedeca istrazivacka pitanja:

1. Postoje li razlike u postignu¢ima ucenika iz eksperimentalne i kontrolne skupine
na finalnom testu i na retestu u cjelini te jesu li one statisticki znacajne?

2. Postoje li razlike u postignuc¢ima ucenika iz eksperimentalne i kontrolne skupine
na finalnom testu i na retestu u zadacima razli¢itog stupnja tezine (poznavanje
¢injenica, razumijevanje pojmova, analiza, razmisljanje), a koji ¢ine razlicite
stupnjeve kompetencije iz Biologije te jesu li te razlike statisticki znacajne?
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Hipoteze

Na temelju cilja i istrazivackih pitanja definirane su sljedece hipoteze:

(H1) Interaktivna nastava Biologije uz pomoc¢ ra¢unala imat ¢e pozitivan uticaj na
razvoj ucenic¢kih kompetencija iz Biologije u usporedbi s tradicionalnom nastavom.
Stoga se ocekuju bolja postignuca uéenika iz skupine E na finalnom testu i na retestu
od ucenika iz skupine K.

(H2) Interaktivna nastava Biologije uz pomo¢ rac¢unala pozitivno ¢e utjecati
na uspjeh ucenika iz skupine E pri rjeSavanju zadataka nizeg stupnja sloZenosti
(poznavanje ¢injenica), kojima se utvrduje nizi stupanj uceni¢kih kompetencija iz
Biologije, u usporedbi s tradicionalnom nastavom koja se odvijala u skupini K.

(H3) Interaktivna nastava Biologije uz pomo¢ rac¢unala pozitivno ¢e utjecati
na uspjeh ucenika iz skupine E pri rjeSavanju zadataka viseg stupnja sloZenosti
(razumijevanje pojmova, analiza i razmisljanje), kojima se utvrduje visi stupanj
ucenickih kompetencija iz Biologije, u usporedbi s tradicionalnom nastavom koja se
odvijala u skupini K.

Uzorak istrazivanja

Istrazivanje je provedeno u $est razrednih odjela ¢etvrtog razreda prirodoslovno-
matematicke gimnazije. Izbor razrednih odjela ovog smjera gimnazije odreden
je velikim brojem nastavnih sati Biologije (3 nastavna sata tjedno) u usporedbi s
ostalim smjerovima gimnazije koji imaju dva nastavna sata Biologije tjedno. Raspored
nastavnih tema u razli¢itim smjerovima Cetvrtog razreda gimnazije je slican. Zbog
veceg broja nastavnih sati obrada pojedinih tema u prirodoslovno-matematickoj
gimnaziji je detaljnija, a taj smjer ima i vi$e nastavnih sati. K tomu, interes ucenika
prirodoslovno-matematicke gimnazije za Biologiju vedi je od interesa u¢enika ostalih
gimnazijskih smjerova.

Eksperimentalna skupina sastojala se od ucenika iz tri razredna odjela (72 ucenika)
gimnazije ,,Jovan Jovanovi¢ Zmaj“ iz Novog Sada, a kontrolna skupina od u¢enika iz
tri razredna odjela (70 ucenika) gimnazije ,,Isidora Sekuli¢®, takoder iz Novog Sada
(Republika Srbija). Dob ucenika iz obiju skupina kretala se izmedu 18 i 19 godina.

Instrumenti istrazivanja

Glavni mjerni instrumenti koji su se koristili u istrazivanju bili su testovi znanja iz
Biologije: inicijalni test, finalni test i retest. Testovi sadrze pitanja i zadatke objektivnog
tipa koji su podijeljeni u tri stupnja, prema tezini i slozenosti: 1. stupanj (poznavanje
¢injenica), 2. stupanj (razumijevanje pojmova) i 3. stupanj (analiza i razmisljanje).
Kognitivne domene bile su odredene prema TIMSS 2007 modelu istrazivanja
(Martin, Mullis, i Foy, 2008), koji se koristio za kategorizaciju pitanja u testu. Zadaci
u testu poredani su u niz od najjednostavnijih (oni kojima se ispituju nizi stupnjevi
kompetencija u¢enika iz Biologije) prema sloZenijim i teZim zadacima (oni u kojima
se razmatraju visi i najvisi stupnjevi kompetencija u¢enika iz Biologije). Maksimalan
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broj bodova na testovima je bio 100. Cronbach alpha vrijednost za inicijalni test bila
je (a=0,832), a za finalni test, koji je istodobno bio i retest, Cronbach alfa vrijednost
bila je (a=0,901), §to je pokazalo visoku pouzdanost testova.

Postupak istrazivanja

Pedagosko istrazivanje provedeno je u $kolskoj godini 2015./2016. tijekom 5 tjedana.

Na pocetku istraZivanja, a prije uvodenja eksperimentalnih faktora u eksperimentalnu
skupinu, eksperimentalna skupina (E) i kontrolna skupina (K) ujednacene se su na
temelju rezultata koje su postigli na inicijalnom testu iz Biologije. Inicijalni test bio
je sastavljen od meterijala koji su sadrZavali ve¢ obradene nastavne teme povezane s
temom Mehanizmi nasljedivanja.

Nakon ujednacavanja skupine E i skupine K, u daljnjim fazama istrazivanja obradena
je nastavna tema Osnove molekularne biologije primjenom dviju razli¢itih nastavnih
metoda.

Ucenici iz eksperimentalne skupine obradivali su tu temu interaktivnim uéenjem
uz pomo¢ ra¢unala, radeéi u paru u informati¢kom kabinetu. Tijekom 10 nastavnih
sati udili su novo gradivo, tijekom dva nastavna sata ponavljali su obradeno gradivo,
a tijekom jednog sata provedeno je usustavljivanje cijele nastavne teme. Na svim
nastavnim satima nastavnik je pratio rad svih parova ucenika i pruzao im je pomo¢
ako je to bilo potrebno. Nastava s u¢enicima u eksperimentalnoj skupini bila je
organizirana u nekoliko faza:

U pripremnoj fazi nastavnik je u¢enicima objasnio zadatak, metode rada i odredio
vrijeme potrebno za zavr$etak pojedinacnih faza nastavnog sata.

U fazi realizacije ucenici su u parovima radili na racunalima, pregledavajuci Prezi
prezentacije izradene za svaku lekciju. Uéenici su razgovarali jedni s drugima i
analizirali gradivo, promatrali ilustracije i animacije klju¢nih bioloskih procesa, ¢itali
tekst u kojemu su bili objasnjeni odredeni bioloski procesi, rjeSavali zadani zadatak
(zadatke) te pripremali odgovore na pitanja.

U fazi prezentacije uenici su odgovarali na pitanja. Nastavnik je vodio ra¢una
o tome da se u toj fazi nastavnog sata u rad ukljuci velik broj u¢enika. Tijekom
ucenickih prezentacija nastavnik je u¢enicima ponovno pokazivao odredene dijelove
Prezi prezentacije koji su ilustrirali odgovore u¢enika. Tako su tijekom prezentacije
odgovora na pitanja ucenici ponovno mogli gledati prezentaciju.

U fazi evaluacije (na samom kraju nastavnog sata) ucenici su pojedina¢no rjesavali
interaktivni test na ra¢unalu, koji se sastojao od nekoliko pitanja (5 do 6), a na temelju
broja to¢nih odgovora dana im je povratna informacija o tome koliko su bili uspjesni
u savladavanju gradiva obradenoga na satu.

Ucenici iz kontrolne skupine obradivali su istu temu tijekom istog broja nastavnih
sati na nacin tradicionalne nastave (koja je obuhvacala metodu govora, rad na
tekstu, metodu demonstracije i frontalni rad) u ucionici specijaliziranoj za nastavu
Biologije. Na svim nastavnim satima na kojima se obradivalo novo gradivo, nastavnik

829



Pribicevi¢, Miljanovic, Odadzi¢, Mandic¢ and Zupanec: The Efficiency of Interactive Computer-Assisted ...

je u¢enicima postavljao pitanja na koja su usmeno odgovarali. Na satima ponavljanja
gradiva (2) i usustavljivanja obradenih tema (1) u¢enici su takoder usmeno odgovarali
na nastavnikova pitanja. Ako je to bilo potrebno, nastavnik je ispravljao i dopunjavao
njihove odgovore.

Nakon $to su nastavne jedinice iz Osnova molekularne Biologije obradene na
razlic¢ite nac¢ine u skupinama E i K, provedeno je finalno testiranje u¢enika iz obiju
skupina.

Ponovljeno testiranje (retestiranje) ucenika iz skupina E i K provedeno je 60 dana
nakon finalnog testiranja.

Nastavni materijali

Nastavu Biologije u eksperimentalnoj i u kontrolnoj skupini izvodili su razli¢iti
nastavnici u dvije $kole. S ciljem obrade novog gradiva iz Biologije, za skupinu E
izradene su Prezi prezentacije za 10 nastavnih jedinica iz teme Osnove molekularne
Biologije, u skladu s Nastavnim planom i programom iz Biologije za Cetvrti razred
prirodoslovno-matematicke gimnazije, a prema udzbeniku Biologija (autora Cvetkovi¢,
Lakusi¢, Mati¢, Kora¢ i Jovanovi¢, 2011). Prezi je relativno nov mreZni alat za izradu
i pohranjivanje multimedijskih prezentacija koji, kao i PowerPoint, ima moguénost
integracije teksta, slika, animacija, audio i videozapisa u jednu prezentaciju. Prezi
prezentacije su detaljnije i interaktivnije od PowerPoint prezentacija (Chou, Chang
i Lu, 2015). Sastavni dio prezentacija koje su se koristile u skupini E su 3 animacije:
transkripcija, translacija i regulacija aktivnosti gena. Sve prezentacije sadrzavale su
i dodatnu (bonus) informaciju, koja je predstavljala kratku zanimljivost vezanu uz
nastavnu jedinicu. One su bile namijenjene najboljim ucenicima koji su imali vremena
iinteresa za njihovo proucavanje. Za sve nastavne sate planirane za ponavljanje gradiva
i usustavljivanje obradenih tema izradeni su odgovarajuci interaktivni racunalni
testovi s razli¢itim vrstama pitanja.

Ucenici iz skupine K obradili su istu nastavnu temu bez koriStenja dodatnih
nastavnih sredstava. Na temelju prethodnog dogovora, nastavnik koji je izvodio
nastavu u toj skupini koristio se samo udzbenikom iz Biologije, kredom i plo¢om.
Ucenici iz te skupine su na svim nastavnim satima odgovarali samo usmeno na pitanja
nastavnika.

Obrada podataka

U istrazivanju su analizirani sljede¢i statisticki parametri: veli¢ina uzorka (N),
aritmeticka sredina (AM) i standardna devijacija (SD).

Kako bi se odredila statisticka znacajnost razlika u postignu¢ima izmedu ucenika
iz eksperimentalne i iz kontrolne skupine na inicijalnom testu, na finalnom testu i
retestu u cjelini te na pojedina¢nim stupnjevima znanja (1.,2.1 3.), primijenjen je t-test.

Kako bi se odredio efekt interakcije izmedu faktora testiranja i faktora skupina,
primijenjena je analiza varijance za ponovljena mjerenja (3X2 Mixed-design ANOVA).

830



Croatian Journal of Education, Vol.19; No.3/2017, pages: 803-839

Za statisticku analizu rezultata inicijalnog testa, finalnog testa i retesta u cjelini i na
pojedina¢nim stupnjevima znanja, koristio se programski paket SPSS 19.0.

Rezultati

Na pocetku istrazivanja, na temelju rezultata ostvarenih na inicijalnom testu, skupine
E i K bile su ujednacene na inicijalnom testu u cjelini i na pojedina¢nim stupnjevima
znanja. Na kraju istrazivanja analizirani su rezultati u¢enika iz obiju skupina na
finalnom testu i na retestu u cjelini, kao i na pojedina¢nim stupnjevima znanja.
Takoder su analizirane i promjene u postignu¢ima ucenika u objema skupinama, i
to na sva tri testa, te je utvrdeno jesu li razlike izmedu testova i skupina statisticki
znacajne. Statisticki parametri inicijalnog testa, finalnog testa i retesta opcéenito
prikazani su u Tablici 1, a statisticki parametri za sva tri stupnja znanja na sva tri
testa prikazani su u Tablici 2.

Prosje¢no postignuée ucenika iz skupine E na inicijalnom testu u cjelini bilo je
65,931 bodova, a prosje¢no postignuce ucenika iz skupine K bilo je 65,043 bodova
(Tablica 1). Razlika u srednjoj vrijednosti izmedu dviju skupina je 0,888 bodova u
korist skupine E te nije statisti¢cki znacajna (t=-,367; df=140; p=,715>,05). Na temelju
tih vrijednosti skupine E i K bile su ujednacene na pocetku obrazovnog istrazivanja
na temelju postojeceg znanja iz Biologije koje su ucenici pokazali. To je omogutilo
daljnji tijek istrazivanja.

Tablica 1

Na temelju rezultata postignutih na finalnom testu u cjelini (Tablica 1), u¢enici iz
skupine E imali su prosje¢no postignuce od 85,458 bodova, a prosjecno je postignuce
ucenika iz kontrolne skupine bilo 65,136 bodova. Razlika u postignu¢ima ucenika
iz eksperimentalne i iz kontrolne skupine na finalnom testu bila je 20,322 bodova u
korist eksperimentalne skupine te je statisticki znacajna (t=7,570; df=140; p=,000<,05).

Analiza prosje¢nog broja bodova na retestu u cjelini (Tablica 1) pokazala je da su
ucenici iz skupine E postigli 75,403 bodova, a da su ucenici iz kontrolne skupine
postigli 53,607 bodova. Razlika u broju bodova izmedu dviju skupina na retestu
bila je 21,796 bodova u korist skupine E te je statisticki znacajna (t=6,352; df=140;
p=,000<,05).

Utvrdene razlike u postignu¢ima ucenika iz skupina E i K na finalnom testu i
retestu u cjelini, a koje idu u prilog skupini E, pokazale su da realizacija odgovarajuce
odabranog sadrzaja iz Biologije, putem interaktivne nastave uz pomo¢ racunala,
pridonosi vecoj kvantiteti, kvaliteti i zadrzavanju znanja iz Biologije.

Kako bi se analizirale kvaliteta znanja uéenika iz skupina E i K te njihove
kompetencije iz Biologije, analizirana su postignuca ucenika iz skupina E i K na
inicijalnom testu, finalnom testu i retestu na pojedinaénim stupnjevima znanja:
poznavanje ¢injenica (1. stupanj), razumijevanje pojmova (2. stupanj) i analiza i
razmi$ljanje (3. stupanj). Njihovi statisticki parametri prikazani su u Tablici 2.
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Tablica 2

Razlike u postignu¢ima ucenika iz skupina E i K na inicijalnom testu na pojedinacnim
stupnjevima znanja nisu znacajne: na 1. stupnju razlika je 0,185 bodova u korist
skupine K (t=-,383; df=140; p=,703>0,05), na 2. stupnju razlika je 0,343 bodova
u korist skupine E (t=,290; df=140; p=,772>0,05), a na 3. stupnju razlika je 0,785
bodova u korist skupine E (t=,638; df=140; p =,524>0,05). Na temelju vrijednosti
parametara t i p, razlike izmedu skupina E i K na inicijalnom testu na pojedina¢nim
stupnjevima vjestina nisu statisticki znacajne. Na temelju tih vrijednosti, skupine E
i K su ujednacene na pocetku istrazivanja i na pojedina¢nim stupnjevima znanja
pokazanim na inicijalnom testu.

Razlike u postignu¢ima ucenika iz skupina E i K na finalnom testu na pojedina¢nim
stupnjevima znanja su velike: na 1. stupnju razlika je 3,998 bodova (t=6,632, df=140;
p=,000<0,05), na 2. stupnju razlika je 7,221 bodova (t=5,354, df=140; p=,000<0,05), a
na 3. stupnju razlika je 8,989 bodova (t=7,379, df=140; p=,000<0,05, d=1,23). Utvrdene
razlike na finalnom testu izmedu skupina E i K na sva tri stupnja znanja idu u prilog
skupini E te su statisticki znacajne.

Razlike u postignu¢ima izmedu ucenika iz skupine E i skupine K na retestu na
pojedina¢nim stupnjevima znanja su velike; vece su i na 1.1 na 2. stupnju znanja,
nego na finalnom testu: na 1. stupnju razlika je 4,435 bodova (t=7,291; df=140;
p=,000<0,05), na 2. stupnju razlika je 10,106 bodova (t=7,291; df=140; p=,000<0,05),
a na 3. stupnju razlika je 7,256 bodova (t=6,095; df=140; p=,000<0,05). Utvrdene
razlike izmedu skupina E i K na retestu na sva tri stupnja idu u prilog skupini E te su
statisticki znacajne.

Primjena razli¢itih modela nastave u skupinama E i K dovela je do razlike
u postignu¢ima udenika iz skupina E i K na finalnom testu i na retestu u cjelini
(Tablica 1), no takoder i na pojedina¢nim stupnjevima znanja (Tablica 2).

Kako bi se cjelovitije sagledao uspjeh ucenika na testovima znanja (inicijalnom,
finalnom i na retestu) i promjene u postignu¢ima ucenika u skupinama E i K tijekom
istraZivanja, u prikazima 1-4 mogu se vidjeti postignuc¢a ucenika iz skupine E i skupine
K na pojedina¢nim stupnjevima znanja: na 1. stupnju (Prikaz 1), na 2. stupnju (Prikaz
2),na 3. stupnju (Prikaz 3) i na testovima u cjelini (Prikaz 4). Analizirane su promjene
u postignu¢ima ucenika iz skupina E i K tijekom istrazivanja primjenom LSD testova
kontrasta, za svaku skupinu zasebno.

Na zadacima prvog stupnja (Prikaz 1) ucenici iz skupine E postigli su bolji uspjeh na
finalnom testu u usporedbi s inicijalnim testom, i to za 2,972 bodova (p=,000<0,001),
a na retestu su bili ne$to manje uspjesni nego na finalnom testu, i to za 0,611 bodova
(p=,048>0,001).

Prikaz 1
Na pitanjima i zadacima prvog stupnja znanja ucenici iz skupine K pokazali su

slabija postignuc¢a na finalnom testu u usporedbi s inicijalnim testom, i to za 1,200
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bodova (p=,033>0,001), a na retestu su bili ne§to manje uspje$ni nego na finalnom
testu, i to za 1,057 bodova (p=,009>0,001). Promjene u postignu¢ima ucenika iz
skupina E i K na najlak$im zadacima (1. stupanj znanja) tijekom istrazivanja manje
su izraZene nego na drugim stupnjevima znanja. To pokazuje da obje skupine u¢enika
imaju dobro usvojeno znanje o sadrzajima tog stupnja sloZenosti jer su to bila najlaksa
pitanja na testovima.

Analiza postignuca ucenika iz skupina E i K na drugom stupnju znanja tijekom
istrazivanja (Prikaz 2) pokazuje da je obrazac promjena u skupinama E i K drugadiji.
Na zadacima drugog stupnja teZine ucenici iz skupine E ostvarili su bolji uspjeh na
finalnom testu u usporedbi s inicijalnim testom, i to za 5,056 bodova (p=,000<0,001),
a na retestu su bili manje uspjes$ni nego na finalnom testu, i to za 6,986 bodova
(p=,000<0,001). Na pitanjima i zadacima drugog stupnja znanja ucenici iz skupine
K ostvarili su slabiji rezultat na finalnom testu u usporedbi s inicijalnim testom, i to
za 1,821 bodova (p=,129<0,001), a na retestu su bili znatno manje uspje$ni nego na
finalnom testu, i to za 9,071 bodova (p=,000<0,001). Ve¢i broj bodova u skupini E
na tom stupnju znanja na finalnom testu u usporedbi s inicijalnim testom moze se
pripisati interaktivnoj nastavi uz pomo¢ racunala, $to nije slucaj i sa skupinom K, u
kojoj se provodila tradicionalna nastava. Slabija postignuéa na retestu u usporedbi s
finalnim testom u obje skupine rezultat su zaboravnosti koja je u K skupini jo$ uvijek
bila veca.

Prikaz 2

Na zadacima treceg stupnja znanja (Prikaz 3) ucenici iz skupine E su postigli bolji
uspjeh na finalnom testu u usporedbi s uspjehom na inicijalnom testu, i to za 11,319
bodova (p=,000<0,001), a na retestu su postigli nesto slabiji uspjeh nego na finalnom
testu, i to za 2,333 bodova (p=,000<0,001). Isto tako, ucenici iz skupine K su na
pitanjima i zadacima tog stupnja znanja ostvarili bolje rezultate na finalnom testu
u usporedbi s rezultatima na inicijalnom testu za 3,114 bodova (p=,002>0,001),
a na retestu je uspjeh bio nesto slabiji nago na finalnom testu, za 0,600 bodova
(p=,386>0,001). Iako su postignu¢a ucenika iz skupine E na najtezim pitanjima
(analiza i razmi$ljanje) bila bolja u usporedbi sa skupinom K i na finalnom testu i na
retestu, promjene u postignu¢ima uc¢enika u objema skupinama na tom stupnju znanja
imale su isti obrazac tijekom istrazivanja. Znacajan porast broja bodova u skupini E
na finalnom testu u odnosu na inicijalni test moze se pripisati interaktivnoj nastavi uz
pomo¢ racunala koja im je omogucila razumijevanje i usvajanje i najtezih sadrzaja iz
Biologije. Poveéanje broja bodova na finalnom testu u usporedbi s inicijalnim testom
u skupini K rezultat je napornog rada nastavnika Biologije, koji su svojim ucenicima
uspjeli objasniti bit klju¢nih pojmova i procesa iz nastavne teme Osnove molekularne
Biologije. Nesto slabiji uspjeh na retestu u usporedbi s finalnim testom u obje skupine
rezultat je zaboravljivosti.

Prikaz 3
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Na finalnom testu u cjelini (Prikaz 4) ucenici iz skupine E postigli su znatno bolji
rezultat u usporedbi s inicijalnim testom, i to za 19,528 bodova (p=,000<0,001), a
na retestu su bili ne$to manje uspje$ni nego na finalnom testu, za 10,056 bodova
(p=,000<0,001). Ucenici iz K skupine bili su znantno manje uspjesni na finalnom
testu u cjelini u usporedbi s inicijalnim testom, i to za 0,093 bodova (p=,946 >0,001),
a na retestu su ostvarili znatno slabiji uspjeh nago na finalnom testu, i to za 11,529
bodova (p=,000<0,001).

Prikaz 4

Za vrijeme nastave koja se izvodila u gimnaziji u skupini E i u kojoj su se obradivali
kompleksni nastavni sadrzaji iz molekularne biologije, primjenjivala su se dva srodna
metodicka pristupa (interaktivna nastava i primjena racunala). Kako pokazuju
rezultati na finalnom testu i retestu u cjelini, ta dva pristupa dovela su do vrlo dobrih
rezultata. Ucenici iz skupine E imali su znacajno bolje rezultate na finalnom testu u
cjelini, u usporedbi s inicijalnim testom, kao i na retestu u usporedbi s inicijalnim
testom. Tako visok stupanj znanja ne bi se mogao posti¢i tradicionalnom nastavom u
skupini K, u kojoj je broj bodova ostvaren na finalnom testu i na retestu bio nizi nego
na inicijalnom testu. Slabi rezultati na retestu u usporedbi s rezultatima ostvarenima na
finalnom testu u objema skupinama rezultat su zaboravnosti. Nakon §to je s u¢enicima
obradena jedinica iz teme Osnove molekularne biologije, obje skupine u¢enika ucile su
o ekologiji, zastiti i unapredenju okolisa, koja nije bila zna¢ajno povezana s prijasnjom
temom. Zbog ¢injenice da izmedu finalnog testa i retesta u roku od 60 dana ucenici
nisu ponavljali sadrzaje iz molekularne biologije, tijekom tog razdoblja ucenici iz
obiju skupina zaboravili su dio obradenog sadrZaja. Zbog toga su ostvarili slab rezultat
na istom testu dva mjeseca poslije (uéenici iz skupine E za 10,56 bodova, a uéenici
iz skupine K za 11,529 bodova). Medutim, zbog primjene interaktivnog pristupa uz
pomo¢ rac¢unala tijekom nastavnog procesa u kojemu se obradivala jedinica iz Osnova
molekularne biologije, stupanj znanja u¢enika iz skupine E bio je visok (prosjek je bio
75,403 bodova) na kraju istrazivanja (na retestu op¢enito) u usporedbi s u¢enicima
iz skupine K (prosjek od 53,607 bodova). To je potvrdio i broj bodova obiju skupina
na retestu u usporedbi s inicijalnim testom, koji je bio veéi u skupini E (za 9,472
bodova), a u skupini K taj se broj znatno smanjio (na 11,436 bodova) u usporedbi s
inicijalnim testom.

U sklopu analize varijance za ponovljena mjerenja (3x2 ANOVA with repeated
measures) provedena je analiza efekata interakcije mjerenja (test) i skupina (E i K) koji
variraju ovisno o primijenjenom modelu nastave, a tom je analizom utvrdena znacajna
razlika izmedu skupina u promjenama u postignu¢ima ucenika u sva tri mjerenja (na
inicijalnom testu, finalnom testu i retestu), i na pojedina¢nim stupnjevima znanja i
na testovima u cjelini. Promjene u postign¢ima uéenika od inicijalnog testa, preko
finalnog testa pa do retesta postoje, razli¢ite su u razli¢itim skupinama te su statisticki
znacajne, kako na pojedina¢nim stupnjevima znanja (1. stupanj F(2,139)=26,338,
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p<,001; 2. stupanj: F(2,139)=13,259, p<,001; 3. stupanj: F(2,139)=21,861, p<,001), tako
i na testovima u cjelini (F(2,139)=30,311, p<,001).

Rasprava

Molekularna biologija je disciplina biologije koja proucava biologiju na
molekularnom stupnju, a njezin sadrzaj obja$njava samu bit Zivota. Mnogi nastavnici
i ucenici smatraju da je nastavnicima vrlo tesko objasnjavati u¢enicima teme poput
molekularne genetike (biologije) te da je u¢enicima vrlo tesko uciti o tim temama
(Marbach-Ad i Stavy, 2000; Templin i Fetters, 2002). Gimnazijalci u Srbiji nemaju
dovoljno predznanja iz biologije i drugih prirodnih znanosti koje je bitno za
razumijevanje molekularne biologije. Takoder, u nagim skolama nedostaje modernih
nastavnih pomagala koja bi nastavnicima omoguc¢ila adekvatno preno$enje najtezih
nastavnih sadrZaja u¢enicima. Stoga takvi sadrzaji ¢esto ostaju apstraktni i neshvatljivi
udenicima ¢ak i nakon $to im se oni objasne na nastavnim satima Biologije u $koli,
uz primjenu tradicionalnih nastavnih metoda. Te ¢injenice upuéuju na to da je
neophodno mijenjati nacin na koji se izvodi nastava Biologije u gimnazijama, tako
$to bi se uvele moderne nastavne metode koje bi u¢enicima pomogle bolje razumjeti
i kvalitetno usvojiti ¢ak i najteze sadrzaje. Jedan od takvih inovativnih nastavnih
modela, interaktivna nastava Biologije uz pomo¢ racunala, primijenjena je u ovom
istrazivanju u skupini E, a njezini rezultati usporedeni su s rezultatima skupine K u
kojoj se izvodila tradicionalna nastava.

Na samom pocetku istrazivanja, na temelju vrijednosti t-testa, utvrdeno je da
razlike u postignu¢ima ucenika iz obiju skupina na inicijalnom testu u cjelini i na
pojedina¢nim stupnjevima znanja nisu statisticki znacajne, tj. da su obje skupine, E
i K, jednake s obzirom na postojece predznanje iz biologije. To je omoguc¢ilo daljnji
tijek istrazivanja i njegove zakljucke.

U sljede¢im fazama istrazivanja nastavna tema Osnove molekularne biologije
izvodila se primjenom dva razli¢ita nastavna modela u dvije razlicite skupine u¢enika
(interaktivna nastava uz pomo¢ ra¢unala u skupini E i tradicionalna nastava u skupini
K). Analizom rezultata finalnog testa i retesta u skupinama E i K utvrdeno je je li
interaktivna nastava uz pomo¢ racunala uc¢inkovitiji na¢in poucavanja Biologije u
usporedbi s tradicionalnim modelom nastave.

Postignuc¢a ucenika u skupini E na finalnom testu i na retestu znacajno su ve¢a od
postignuca ucenika iz K skupine.

Analizom rezultata finalnog testa u cjelini (na temelju vrijednosti t-testa) uoceno je
da je razlika u postignu¢ima ucenika iz skupina E i K na tom testu (u korist skupine
E) bila statisticki znacajna.

Postignuca ucenika iz skupine E bila su znacajno bolja od postignuc¢a ucenika iz K
skupine na retestu u cjelini jer je razlika u postignu¢ima ucenika iz skupina E i K na
tom testu takoder bila u korist skupine E i bila je statisti¢ki znacajna.

Na temelju prikazanih rezultata potvrdena je prva hipoteza istrazivanja (H1) u kojoj
se navodi da interaktivna nastava Biologije uz pomo¢ racunala ima pozitivan utjecaj
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na razvoj ucenickih kompetencija iz Biologije kada se usporedi s tradicionalnom
nastavom. Dakle, uspjeh ucenika iz E skupine na finalnom testu i na retestu bolji je
od uspjeha ucenika iz K skupine.

Postignuca ucenika iz skupine E na finalnom testu bila su znatno veca na
pojedina¢nim stupnjevima znanja u usporedbi sa skupinom K. Analizom rezultata
finalnog testa na prvom, drugom i tre¢em stupnju znanja (na temelju vrijednosti
t-testa) utvrdeno je da je uocena razlika u uc¢enickim postignué¢ima u skupinama E i
K (u korist skupine E) bila statisticki znac¢ajna na sva tri stupnja.

Postignuéa udenika iz skupine E takoder su bila znadajno vec¢a od postignuca
ucenika iz skupine K na retestu na pojedina¢nim stupnjevima znanja. Analiza rezultata
na retestu pokazala je da je utvrdena razlika u postignu¢ima uc¢enika u skupinama E i
K na prvom, drugom i tre¢em stupnju znanja (u korist E skupine) statisticki znacajna.

Na temelju prikazanih rezultata, potvrdena je druga hipoteza istrazivanja (H2),
koja navodi da interaktivna nastava Biologije uz pomo¢ ra¢unala ima pozitivan
utjecaj na uspjeh ucenika iz skupine E u rjeSavanju problema nizeg stupnja slozenosti
(poznavanje ¢injenica), a §to je temelj za niZe stupnjeve ucenickih kompetencija iz
Biologije, u usporedbi s tradicionalnom nastavnom metodom koja se primjenjivala
u K skupini.

S obzirom na prikazane rezultate, potvrdena je i treca hipoteza istrazivanja (H3),
koja navodi da interaktivna nastava Biologije uz pomo¢ ra¢unala ima pozitivan utjecaj
na uspjeh udenika iz skupine E u rje$avanju problema visih stupnjeva sloZenosti
(razumijevanje pojmova, analiza i razmisljanje), a koji su osnova za vi$e stupnjeve
ucenic¢kih kompetencija iz Biologije, u usporedbi s tradicionalnom nastavnom
metodom koja je primijenjena u skupini K.

Odgovor na pitanje zasto su rezultati uc¢enika iz skupine E puno bolji od rezultata
ucenika iz K skupine povezan je s metodi¢kim pristupom primijenjenim u skupinama
E i K tijekom istrazivanja. Ucenici iz svih triju razrednih odjela koji su bili uklju¢eni u E
skupinu radili su na ra¢unalima u paru dok su gledali multimedijske Prezi prezentacije
nastavnog sadrzaja vezanog uz temu Osnove molekularne Biologije. U sklopu tih
prezentacija dodatno su gledali animacije klju¢nih biologkih procesa i ¢itali iz svojih
prezentacija sazeta teorijska obja$njenja. Na tim je nastavnim satima bilo bitno ono
§to su ucenici uistinu vidjeli u prezentaciji. Na primjer, u¢enici u E skupini gledali su
animaciju procesa DNK replikacije (udvostru¢avanja DNK molekula), transkripcije
(transkripcije iRNK, tRNK i rRNK iz DNK) i translacije (translacije iRNK redoslijeda
kodona u odgovarajuce nizove aminokiselina u bjelan¢evinama za ¢iju sintezu iRNK
nosi geneticki kod). Taj se kod preslikava iz DNK. Prije spomenute animacije vrlo su
ilustrativne. Nakon gledanja animacija i ¢itanja svakog objasnjenja, ucenici su radili
u parovima i tumacili ih jedni drugima, pa ih ponovno gledali. Vizualna komponenta
u nastavi Biologije dodatno je bila dopunjena interaktivhom nastavom na svim
nastavnim satima Biologije. U sklopu primijenjenog modela nastave Biologije u
E skupini ostvareno je nekoliko stupnjeva interaktivnosti: izmedu dvoje uéenika
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tijekom prezentacije njihovih opazanja, zatim izmedu ostalih uc¢enika u razredu
(u fazi prezentacije rada); izmedu udenika i nastavnika Biologije (u pripremnoj
fazi i fazi prezentacije); izmedu ucenika i ra¢unala (tijekom gledanja prezentacije
nastavnog materijala i interaktivnog testa). To je bilo jako vazno kako bi ucenici iz E
skupine razumjeli bit tih procesa. Stoga su na svim nastavnim satima u sklopu faze
evaluacije to¢no odgovorili na pitanja nastavnika, a koja su bila navedena u protokolu.
Sastavni dio prezentacija bili su interaktivni testovi, pa je svaki u¢enik imao povratnu
informaciju o svojem radu i to¢nu informaciju o tome §to je u njegovim odgovorima
bilo toéno, a §to netoéno. To je ujedno bio i dodatni motiv za veéi angazman udenika
iz E skupine tijekom istrazivanja.

Ucenici iz K skupine ostvarili su slab rezultat na finalnom testu u cjelini i na
pojedina¢nim stupnjevima znanja u usporedbi s inicijalnim testom, a njihov je uspjeh
na retestu takoder bio slabiji kada se usporedi s inicijalnim i finalnim testom, iako
se u toj skupini na nastavi Biologije tijekom istraZivanja ni$ta nije promijenilo u
usporedbi s prethodnim razdobljem. Promjene (opadanje) u postignu¢ima ucenika
iz K skupine upucuju na tezinu i kompleksnost sadrzaja nastavnih jedinica u sklopu
Osnova molekularne Biologije u odnosu na sadrzaj prije obradenih tema ¢ija je
usvojenost bila provjerena na inicijalnom testu, kada je uspjeh u¢enika iz obiju skupina
bio uravnoteZen i provjeravan u cjelini i na pojedina¢nim stupnjevima znanja. Na
temelju postignuca ucenika iz K skupine na finalnom testu i retestu, nastavniku koji
je u toj skupini izvodio nastavu Biologije bilo je teSko ucenicima objasniti sloZene
bioloske procese poput replikacije, transkripcije i translacije, uz pomo¢ samo skromnih
ilustracija koje je mogao nacrtati na ploci, ili pokazati slike u udzbeniku. Bez upotrebe
dodatnih nastavnih pomagala ucenici iz K skupine mogli su razumjeti i zapamtiti
samo bit tih procesa, no ne i razumjeti njihovu biolosku vaznost. Stoga su ucenici iz
K skupine postigli slabiji uspjeh na finalnom testu i na retestu (na testovima u cjelini
i na pojedina¢nim stupnjevima znanja) u usporedbi s u¢enicima iz E skupine.

Rezultati uc¢enika iz E skupine na finalnom testu i na retestu u cjelini i na sva
tri stupnja znanja u usporedbi s rezultatima ucenika iz K skupine, kao i promjene
u postignu¢ima ucenika iz tih dviju skupina tijekom istrazivanja, pokazatelji su
pozitivnog utjecaja interaktivne nastave Biologije uz pomo¢ ra¢unala na stupanj
i kvalitetu znanja ucenika iz skupine E i njihove veée kompetencije iz Biologije u
odnosu na tradicionalni model nastave (koja se izvodila u K skupini) u kojoj takav
utjecaj nije ostvaren.

Takoder, u radovima drugih autora potvrdeno je da primjena racunala i raznovrsnih
multimedijskih materijala poput racunalnih prezentacija, zabave, edukativnih
racunalnih programa i e-udzbenika u nastavi ima ve¢u ucinkovitost nego tradicionalna
nastava u predmetima kao $to su Priroda i drustvo (Cvjeti¢anin, Pe¢anac, Sakac, i
Djurendi¢-Brenesel, 2013) i Biologija (Cheng, Cheng, i Chen, 2012; Nwafor i Charity,
2013; Odadzi¢ i sur., 2017; Rotbain i sur., 2008; Singh, 2010; Yusuf, i Afolabi, 2010;
Zupanec i sur., 2013).
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U vezi s navedenim autorima i njihovim radovima istrazivanje prikazano u ovom
radu naglasava da je razlika u postignu¢ima ucenika iz skupina E i K na finalnom
testu i na retestu u cjelini i na pojedina¢nim stupnjevima znanja znatno veca zbog
izrazito boljih postignuca ucenika iz skupine E na finalnom testu i na retestu. Moguce
objasnjenje za to moglo bi biti da je, osim primjene ra¢unala, interaktivna nastava
takoder imala vazan utjecaj na stupanj postignuca ucenika u E skupini na oba testa.
U ovom je istrazivanju na svim nastavnim satima Biologije intenzitet interakcije
izmedu parova ucenika, svih ucenika u razredu, u¢enika i nastavnika i ucenika i
ra¢unala bio na vrlo visokom stupnju. U¢enici su bili potpuno angaZzirani od pocetka
do kraja svakog nastavnog sata Biologije. Stoga su ucenici iz E skupine ostvarili bolji
rezultat na finalnom testu, na retestu u cjelini i na pojedina¢nim stupnjevima znanja.
Taj je rezultat bio znatno bolji od rezultata ucenika iz skupine K, u kojoj je stupanj
interakcije bio nizak i svodio se samo na interakciju izmedu ucenika i nastavnika.
Vaznost primjene i raunala i interaktivnog pristupa u nastavi Biologije moze se
odrediti iz rezultata ankete koju su uéenici iz skupine E ispunili na kraju istrazivanja.
O tim rezultatima bit ¢e rije¢i u buduc¢em radu.

Zakljucak

Na temelju rezultata ovog istrazivanja utvrdeno je da su ucenici iz eksperimentalne
skupine postigli bolje rezultate na finalnom testu i na retestu od ucenika iz kontrolne
skupine. U usporedbi s K skupinom, ucenici iz E skupine bili su posebno uspjesni
u odgovaranju na teska pitanja (razumijevanje pojmova i analiza i razmisljanje) na
oba testa. Prezentacije nastavnog sadrzaja izradene u Preziju i animacije translacije,
transkripcije i regulacije aktivnosti gena, koje su se koristile u nastavi Biologije
u skupini E, doprinijele su vizualizaciji kompleksnog sadrzaja i tema iz Osnova
molekularne Biologije, a rad u paru na ra¢unalu omogucdio je interaktivniju nastavu
Biologije. To je rezultiralo ve¢im postignu¢ima ucenika iz skupine E na finalnom testu
i na retestu u cjelini, kao i na pojedina¢nim stupnjevima znanja. U tradicionalnoj
nastavi koja se izvodila u K skupini vizualna komponenta u nastavi i angazman
ucenika na nastavi Biologije bili su na niskoj razini, §to je rezultiralo skromnim
postignué¢ima te skupine ucenika na finalnom testu i na retestu u cjelini, kao i na
pojedina¢nim stupnjevima znanja.

Na temelju rezultata istrazivanja moZe se zakljuciti da interaktivna nastava uz pomo¢
racunala pozitivno utjece na razvoj kompetencija iz Biologije kod u¢enika iz E skupine
jer je njezin u¢inak znantno veci u usporedbi s tradicionalnom nastavom Biologije
koja se provodila u K skupini.

U interaktivnoj nastavi uz pomo¢ rac¢unala primije¢ena je pove¢ana motivacija
ucenika iz skupine E za ucenje Biologije, u usporedbi s u¢enicima iz K skupine.
Iako je sadrzaj Osnova molekularne biologije tezak, ucenici iz E skupine uspjesno
su odgovorili na pitanja nastavnika (u fazi izvje$tavanja) i uspje$no su rjesavali
interaktivne testsove. Informacija o njihovu uspjehu na testovima na kraju svakog
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nastavnog sata Biologije bila je dodatni poticaj za jo$ veci uspjeh na sljede¢em satu.
Ucenici iz K skupine odgovarali su usmeno na pitanja nastavnika, a njihova motivacija
za ucenje teskog nastavnog sadrzaja molekularne biologije bila je niska. Na postavljena
pitanja odgovarao je malen broj u¢enika, a ve¢ina je uc¢enika uglavnom pasivno pratila
odgovore i komentare nastavnika.

Rezultati istrazivanja (bolja postignuca ucenika iz skupine E na finalnom testu i na
retestu u cjelini i na pojedina¢nim stupnjevima znanja, u usporedbi s u¢enicima iz
K skupine) potvrdili su ve¢u uéinkovitost interaktivne nastave Biologije uz pomo¢
ra¢unala u gimnazijama u usporedbi s tradicionalnom nastavom. Oni upucuju na
vecu zastupljenost nastave Biologije uz pomo¢ ra¢unala u gimnazijama i ostalim
srednjim $kolama.

Napomena

Ovaj je ¢lanak rezultat projekta “Kvaliteta obrazovnog sustava u Srbiji iz europske
perspektive” (br. 179010) koji financijski podupire Ministarstvo obrazovanja, znanosti
i tehnoloskog razvoja Republike Srbije.
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