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Abstract

Inquiry-based instruction is very important for the development of the pupils’
research skills and for easier acquiring of scientific contents. This type of teaching
allows the gradual inclusion of pupils in an active learning process that leads to the
development and understanding of scientific contents by asking questions and through
data analysis and critical thinking. This paper presents the results of the tests of the
efficacy of the model of inquiry teaching in the realization of physics contents in the
initial teaching of natural sciences. The sample consisted of 112 fourth grade pupils
(56 pupils in the experimental group and 56 pupils in the control group) from two
elementary schools in Sombor (Serbia). The initial, the final and the repeated
knowledge tests are used to measure the quality of knowledge of physics contents.
Descriptive, causal and comparative methods were used for results processing.
Research results analysis showed that by the use of the model of inquiry teaching
higher quality of knowledge was achieved compared to the traditional approaches in
the initial teaching of natural sciences.

Key words: classroom teaching, inquiry-based instruction, physics contents in
sciences, student achievement.

INPUMEHA UCTPA’KUBAYKE METOJE
Y HOYETHOJ HACTABHU IIPUPOJJHUX HAYKA

AncTpakT

UctpaxuBauka nacraBa (Inquiry-based instruction) Beoma je 3Hauaja 3a
pa3BHjame MCTPAKUBAUKUX BEIITHHA KOJ yICHWKA M 32 JIAKIIEe YCBajarmbe HayIHUX
canpxkaja. OBaj BHI HacTaBe oMoryhaBa MOCTYITHO yKJbYUHBAamkE YUCHHKA y MPOIEC
aKTHBHOT y4era, LITO JOBOIM 0 pa3Boja M pa3yMeBama HAayYHHX CaapKaja Kpo3
MOCTaBJbalhe IUTAMkha, aHAIN3y I0oJaTaka M KPUTHYKO MHUIUbEHe. Y pagy cy
NpUKa3aHU Pe3yNATaTH UCIUTHBama e()UKACHOCTH NPHMEHE MOJella HCTPAKHBAaUKe
HACTaBe y peaam3anuju GU3MUKHX cajpikaja y MOYETHOj HACTaBU NPUPOJHHX HAyKa.
V3opak je unHmiIo 112 ydeHnka dyeTBpTor paspena (56 yueHHKa y eKCIIepHMEHTATHO]
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TPYIHU ¥ HCTO TOJHMKO Y KOHTPOITHOj) U3 B¢ OCHOBHE Mikoie y Combopy (Cpbuja). 3a
Mepeme KBaIUTeTa 3Hama O (GHU3UYKHM caapkajuMa KOpuiIieHH Cy IOYeTHH,
3aBpPIIHM M TOHOBJBCHU TECTOBU 3Hama, a 3a o0paxy pesyirata KopumheHa je
JNECKpUNTHBHA, Kay3alHa U KOMIIapaTHBHa MeToJa. AHanu3a pesynirara
HCTpaXXHBarba MoKa3aia je a ce MPHMEHOM MO/ielia HCTPaKUBAYKE HACTaBE MOCTHIKE
BehM KBaJIMTET 3HaWba Y OJHOCY Ha TPAIUIMOHATHE MPUCTYIIC PEaM3alliji MOYeTHE
HACTaBe MPUPOIHNX HAYKa.

Kibyune peun: pa3penHa HactaBa, GU3HUKY Cap)Kaju IPHUPOIHIUX HayKa,
HCTpaKMBa4Ka HACTaBa, MOCTUrHyha y4eHHKa.

INTRODUCTION

Practical science learning in classroom teaching should enable
pupils’ development and help them establish a healthy relationship with
the world around them. The pupil finds his/her environment easy to research
and becomes an active participant instead of a passive observer. S/He
figures out the real world, acts and experiments, searching for the answers
to the questions s/he asked himself (Joxuh, 2004a).

The pedagogical basis of a quality science teaching consists of:
constructivism with the idea of constructing new knowledge on the basis of
one’s own experience and pre-knowledge, inquiry-based learning where
the pupils acquire knowledge through their own research, collect and
analyze the data, test the ideas and come up with the one that best explains
what has been found; formative assessment as a continuous cyclical
process of evaluating the pupils’ progress and a timely control of learning
process (Harlen, 2010).

The inquiry-based instruction is one of the most widely accepted
methods for the successful realization of the science teaching goals. It is
defined as involving the pupils into the process of active learning by asking
questions, data analysis and critical thinking (NRC, 1996). Through inquiry-
based teaching, a continuous series of hands-on activities in which the pupil
is the central figure is provided. In those activities several different
approaches or levels can be applied: structured inquiry, guided inquiry and
open learning cycle. In each following level, managing the phases of the
research oriented teaching practice (topics selection, setting the research
guestions, formulating hypotheses, preparation and realization of research,
results analysis and formulating conclusions) is gradually shifting from the
teacher to the pupil, in accordance with the development of the cognitive
abilities of the pupils. The final goal is to prepare the pupil for individually
scientific research (Colburn, 2000; Bell, Smetana & Binns, 2005; Bonnstett
1998).

During the preparation of the high-quality inquiry-based teaching,
the teacher should be guided by the following phases and guidelines within
each of them:
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“1. Selection of the initial situation

Adjusting project to the curriculum and its objectives, productive
character of the questions, local resources, focusing on the actual
phenomena in the surroundings, matching the pupils’ interests.

2. Formulation of pupils’ questions
Activities guided by the teacher, who helps the pupils rephrase the
questions to ensure their meaning and improve the pupils' verbal
expression, emphasizing the pupils' preconceptions, the
confrontation with its possible variations in order to encourage the
pupils mastering the posed problem.

3. Hypothesis elaboration and the research concept

The teacher manages the activities of the pupils working in groups
and gives them instructions. The pupils formulate the hypotheses,
form protocols, textually specify the hypotheses and protocols,
exchange their opinions about the hypotheses and eventually
suggest the protocols within the class.

4. Research led by pupils

Internal group discussions about the results of the experiment,
parameter variability control, description of the experiment
(schematic and written), the repeatability of the experiment (a
written record of the experimental conditions), taking notes.

5. Collecting data and structuring knowledge

Comparing and linking the results gained by different groups or
other classes, confrontation with the established knowledge,
research of the possible causes of discordance, critical analyses of
the conducted experiments and suggesting related experiments,
written formulation of the collected findings at the end of each
topic as well as the presentation of the results (text, graphs,
models, multimedia document).”

(French Academy of Science, 2004, pp. 8-9)

The teacher’s role has changed quite a lot compared to his/her
traditional role. In fact, he/she carefully selects the situation, prepares the
material and the problem for solving. The pupils then suggest the activities
and do them on their own. The experiments they conduct should lead to a
small but real finding for them. At any time, the pupils will have the teacher’s
help; the teacher should ask the pupils helpful questions. The pupils also ask
a lot of questions and the teacher should not be afraid if he/she doesn’t
know all the answers. The answers can be gathered from someone who
knows, or from the books (ILlapnak Sarpak, 2001).

Benjamin Blum (1956) divided taxonomy of educational objectives
into three domains - cognitive (new information, thinking skills), affective
(feelings, preferences, interests, values) and psychomotor (physical and
perceptual activities and skills). The goals and outcomes in the cognitive
domain are sorted hierarchically and arranged into six categories according to
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the level of abstraction, that is, from simple to complex: knowledge,
comprehension, application, analysis, synthesis and evaluation. During the
nineties of the 20th century, a former Bloom's student, Lorin Anderson,
organized a new research in order to modernize the existing taxonomy and to
adapt it to the educational needs and requirements of both the students and
teachers in the 21st century. The revised taxonomy, much like the old one,
includes six dimensions of cognitive processes, but in an altered form, where
the levels tend to express the verbs: remembering, understanding, applying,
analyzing, evaluating and creating. The levels of taxonomy are described as
the expressed knowledge, skills and requirements by which you determine
the level of realization of the objectives at a given level. The taxonomy of
educational objectives is the basis for the design of educational content, the
choice of teaching methods and forms of work, but it is also the basis for
monitoring and evaluating the pupils’ achievement.

METHODS

The main problem in natural science teaching, especially in classroom
teaching, is how to make the complex contents of a group of natural sciences
(physics, chemistry, biology and geography) more accessible and interesting
to the pupils and how to increase the pupils’ scientific literacy.

The problem of this research is how the application of the inquiry-
based instruction in classroom teaching increases the pupils’ achievement
in the field of natural sciences.

In the teaching practice in the world, the inquiry approach has been
present for several decades, at all educational levels. An extensive analysis
of previous researches on the effects of this approach (Minner, Levy &
Century, 2010) confirms its positive impact on the understanding of the
science curriculum, as well as the durability of such knowledge. In our
country, a systematic inquiry approach is applicable only with an optional
school subject Hands on — Discovering the World. Regarding the compulsory
subjects in the field of natural sciences it is mainly a question of affinity and
enthusiasm of individual teachers (Bosnjak et al., 2010; Bosnjak &
Obadovi¢, 2009; Cvijeticanin et al. 2008). Serbia is a part of the EU-FP7-
FIBONACCI project which is focused on dissemination and systematic
implementation of the IBSE (Inquiry-Based Science Education) method in
the natural sciences curriculum in primary schools (Joki¢, 20040).

In order to encourage the application of the inquiry-based methods in
schools in Serbia, it is necessary to prepare an adequate teaching model, to
organize teacher training, the realization of the prepared models, the analysis
of the gained results, the durability of the pupils’ knowledge and finally to
research and consider the opinions of the pupils, parents and teachers on the
innovative teaching process.
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The research subject is the application of the inquiry-based
instruction in teaching the physics contents in the school subject Nature
and Society and its contribution to the pupils acquiring the knowledge,
skills and habits effectively, while increasing the quality and quantity of
their knowledge in comparison to the traditional approach.

The research is comprised of both theoretical and empirical study
of the application of the inquiry-based methods in teaching the subject
Nature and Society. The efficiency of the inquiry-based methods is studied
on the basis of the acquired knowledge, skills and habits of the pupils in the
realization of the physics contents in teaching the subject Nature and
Society in the fourth grade. The starting point was a guided discovery -
learning by seeing, by defining and solving the problems, drawing
conclusions and their generalization, that is an encouraging and developing
creative thinking. Efficacy is seen in comparison with the traditional
manner of teaching the subject Nature and Society (teacher lecturing). The
guantity of knowledge is estimated based on the amount of the acquired
facts and generalizations. The quality of knowledge is evaluated by the use
of the six levels of knowledge: remembering, understanding, applying,
analyzing, evaluating, and creating.

The research aim is to increase the knowledge about the possibilities
of applying the inquiry-based methods in the realization of the physics
contents in science teaching and the impact of the application of the inquiry-
based methods to improve the pupils’ achievement in the school subject
Nature and Society in the fourth grade. Also, the aim is to offer the teachers
innovative models of teaching and thereby facilitate and expand the
application of the inquiry-based methods in the teaching practice. From
the defined aim following the research tasks derives:

= The need to identify the differences in the pupils’ achievement
regarding the realization of the physics contents in teaching the subject

Nature and Society in relation to whether the inquiry-based methods

are applied or the classes are realized through the traditional means.

= The need to examine the durability of the knowledge of the pupils in
the experimental group compared to the durability of the knowledge
of the pupils in the control group (retest).

The general hypothesis of this study is that the pupils’ achievement
in the realization of the physics contents in the subject Nature and Society
is positively associated with the application of the inquiry-based methods.

It is assumed that the application of the inquiry-based methods in
the realization of the physics contents in teaching the subject Nature and
Society has a positive impact on increasing the quantity and quality of the
pupils’ knowledge compared to teaching in the traditional way. It is assumed
that the application of the inquiry-based methods in teaching the subject
Nature and Society provides greater durability of knowledge.
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The experiment with the parallel groups, in which the hypothesis of
introducing the experimental performance factor is tested, is conducted. The
experiment should show whether there is a causal link between the inquiry -
based instruction and results of the application of this teaching model. This
was allowed by the comparison of the initial and final measurements in the
experimental and control groups, calculating the level of statistical
significance of differences, comparing the results of the initial and final
knowledge test in the experimental schools (identifying the pure effect of
factor) and an analysis of the sustainability of the acquired knowledge
(retest).

The independent variable of the research is the experimental factor
which, in this research, consists of innovative models of the inquiry-based
teaching applied in teaching the subject Nature and Society in the fourth
grade.

The independent variables in this study we are trying to control, that
is to control and suppress their impact on the outcome of the research, are
called independent control variables such as:

= The general pupils’ knowledge expressed through the overall
achievement of the pupils at the end of third grade

= Prior knowledge of the pupils about the contents of the natural and
social sciences expressed through the pupils’ achievement in the
subject Nature and Society at the end of third grade

= Prior knowledge of the pupils about the physics contents in the subject

Nature and Society, expressed through the pupils’ achievement on the

initial knowledge test.

Dependent variables are the consequences resulting from the
introduction of the experimental factors. The effects of learning resulting
from the application of the experimental models of teaching are the
dependent variables, such as the pupils’ achievement and durability of these
achievements. The pupils’ achievements are evaluated on the basis of the
initial and final knowledge test and the durability of these achievements on
the basis of the final knowledge test and retest.

As the instruments for measuring the pupils’ achievement the
knowledge tests (initial, final and retest) designed for the needs of this
research are used. The tests consisted of between 19 and 22 questions, and
the maximum score on each of the three tests was 60. The pupils were
solving each test in one school hour (45 min). The test questions included six
levels of knowledge: remembering, understanding, applying, analyzing,
evaluating, and creating (Krathwohl, 2002).

In testing the level of remembering there are the following tasks:
recognition tasks or the tasks that require recalling terms and identifying the
objects and phenomena. For the examination of the level of understanding
the following are offered: the tasks of grouping and connecting the terms by
similarity or contrast, discovering the causes or consequences and the
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interpretation of the data. For the analysis of the level of knowledge
application tasks in which the knowledge of the concepts and processes in
new situations are designed, in order to explain, conclude, compare, predict,
classify and investigate what is given, are designed. The tasks in which it is
needed to analyze, explain, or compare the elements in order to come to the
correct conclusions or choices, are designed to test the levels of analyzing. In
order to estimate whether the students have reached the level of evaluating
the tasks in which, through assessment, verification and judgment, choices
are made, conclusions are drawn, comparisons are done and summary of the
value of the data, the statements, phenomena and processes that are given or
defined is done, have been prepared. In the tasks at the level of creating it is
expected from the pupils to offer solutions and procedures for resolving the
problem situations or to demonstrate some physic law.

During the period of two months (October and November 2012), the
pupils have studied physics contents according to an adjusted plan. Within
the topic "Investigation of the natural phenomena”, during 18 school
classes, the pupils studied the following: motion, materials and their
changes, magnetic and electrical properties of materials, electric current,
light, sound and thermal properties of materials, the solubility and the
mixtures, the basic characteristics of water and other liquids, the behavior
of the body in water and other liquids, the basic characteristics of air and
changes that occur during heating and cooling air.

The pupils in the experimental classes have studied the listed contents
through the inquiry-based teaching based on the prepared teaching models,
with the prepared material for research (experimental boxes). The general
scenario of the applied learning model is as follows: within the introductory
activity, the pupils form groups and their teacher gives to each group the
experimental material and written and verbal instructions; next are the
central activities in the form of the inquiry-based learning by groups (based
on the research question and materials, the pupils formulate hypotheses,
conduct research and record the data) and in the end the final activities were
carried out through groups reporting, comparing and connecting the results of
various groups and formulating conclusions. The pupils in the control classes
were presented with the same contents during the traditional lecture classes.
The work of both groups, control and experimental, was monitored by the
systematic observation protocols.

At the end of the experimental period the final test was conducted, and
six months later the retest was conducted. The results were analyzed by the
use of the SPSS program for statistics.

The research sample consisted of 112 fourth-grade pupils from two
primary schools in Sombor (Serbia) with similar work conditions and socio-
economic status of parents. The experimental group as well as the control
group consisted of 56 pupils.
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The assessment of the equality of groups was performed based on
three variables: overall school achievement at the end of the third grade,
the pupils’ achievement in the subject Nature and Society at the end of
the third grade and the pupils’ prior knowledge of the physics contents in
natural sciences — initial test.

RESULTS AND A DISCUSSION

Equalization of Groups by Variable Overall School Achievement
at the End of the Third Grade

Since the experimental program was realized during the first half of
the fourth grade, the initial state was estimated based on the overall school
achievement at the end of the third grade. The overall school achievement
at the end of the third grade is expressed as the number and percentage of
the pupils with sufficient, good, very good and excellent grades.

Table 1. The overall school achievement of the pupils
in the E and C group at the end of the third grade

Valid  Cumulative

Group Frequency Percent Percent Perc.

Experimental Valid Sufficient 1 18 18 18
Good 1 18 18 3.6
Very good 11 19.6 19.6 23.2
Excellent 43 76.8 76.8 100.0
Total 56 100.0 100.0

Control Valid Very good 12 21.4 214 214
Excellent 44 78.6 78.6 100.0
Total 56 100.0 100.0

Based on the data in Table 1 it can be concluded that the experimental
(E) and control (C) group are equal according to the number of the pupils
with positive success at the end of the third grade (E - 100%, C - 100%). In
the experimental group, there are slightly more good pupils (E - 1.8%, C -
0%), while in the control group slightly more very good (E - 19.6%, C -
21.4%) and excellent pupils (E - 76.8% C - 78.6%).

The difference in the overall school achievement of the experimental
and control group at the end of the third grade was tested with the use of the
Mann-Whitney test. The results show that the value of the Mann-Whitney
test U = 1528.00 with p = 0.818910 is not statistically significant, indicating
that the experimental and control group do not differ in overall school
achievement at the end of the third grade.
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Equalization of Groups by Variable Pupils’ Achievement
in the Subject Nature and Society at the End of Third Grade

Based on the data in Table 2 it can be concluded that the
experimental and control group are equal according to the number of pupils
with a positive grade in the subject Nature and Society at the end of the third
grade (E - 100%, C - 100%). In the experimental group, there are slightly
more sufficient (E - 1,8%, C — 0%) and good pupils (E — 10,7%, C — 7,1%),
while in the control group slightly more very good (E — 21,4%, C — 23,2%)
and excellent pupils (E — 66,1%, C — 69,6%).

Table 2. The achievement in the subject Nature and Society of pupils
in E and C group at the end of third grade

Cumulative

Group Frequency Percent Valid Percent Perc.

Experimental  Valid 2 1 18 1.8 1.8
3 6 10.7 10.7 12.5
4 12 21.4 214 33.9
5 37 66.1 66.1 100.0
Total 56 100.0 100.0

Control Valid 3 4 7.1 7.1 7.1
4 13 23.2 23.2 30.4
5 39 69.6 69.6 100.0

Total 56 100.0 100.0

The difference in achievement in the subject Nature and Society of
the experimental and control group at the end of the third grade was
tested with the use of the Mann-Whitney test. The results show that the
value of the Mann-Whitney test U = 1528.00 with p = 0.818910 is not
statistically significant, indicating that the experimental and control
group do not differ in achievement in the subject Nature and Society
at the end of the third grade.

Equalization of Groups by Variable Prior Knowledge of Pupils
about the Physics Contents in Sciences

The equalization of the groups by the variable prior knowledge of
the pupils about the physics contents in sciences was performed by testing
the differences between the pupils of the experimental and control group
by the level of knowledge of the initial test and the initial test as a whole.
In doing so, they analyzed the arithmetic mean of the number of points in
the initial test, as well as the deviation of individual results from the mean
(Table 3 and Table 4).
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Table 3. Basic statistical parameters for the six levels of knowledge
based on the initial test of the control group

Control group - Descriptive Statistics
N Min Max Mean Std. Dev. Skewness Kurtosis

Std. Std.

Statistic Statistic Statistic Statistic Statistic Statistic Error Statistic Error
in- level of 56 1 5 338 1356 -270 .319 -1.131 .628
remembering
in- level of 56 5 12 879 2078 -258 319 -954 .628
understanding
in- level of 56 5 8 6.54 914 187 319 -784 .628
applying
in- level of 56 0 5 214 1495 391 319 -.889 .628
analyzing
in- level of 56 0 10 523 2551 -283 .319 -599 .628
analyzing
in- level of 56 0 4 257 1319 -530 .319 -.867 .628
creating
Valid N 56
(listwise)

At the initial test, in its entirety, the experimental classes showed
better results than the control classes and this difference is proved to be
statistically significant. This result on the initial test is very interesting
because the pupils of the control group, when equalizing the groups
according to the pupils’ overall achievement at the end of third grade and the
achievement in the subject Nature and Society at the end of third grade,
although statistically not significant, had slightly better results than the pupils
of the experimental group. This could possibly be explained by the less
restrictive grading criteria in the control classes.

Table 4. Basic statistical parameters for the six levels of knowledge
based on the initial test of the experimental group

Experimental group - Descriptive Statistics
N Min Max Mean Std. Dev. Skewness Kurtosis

Std. Std.

Statistic Statistic Statistic Statistic Statistic Statistic Error Statistic Error
in- level of 56 3 5 4.20 644 -203 319 -596 .628
remembering
in- level of 56 4 13 918 2099 -208 .319 -.040 .628
understanding
in- level of 56 3 10 700 1440 -038 .319 .143 .628
applying
in- level of 56 0 9 348 2071 198 319 -143 .628
analyzing
in- level of 56 1 10 529 1979 258 319 -071 .628
analyzing
in- level of 56 0 4 275 1225 -485 319 -939 .628
creating
Valid N 56

(listwise)
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The analysis of the Levene’s test of equality of variances (F= 0,
135), t-test (t = 3,106) and their levels of significance (F: p=0,714;t:p =
0,002) showed the existence of the differences in subpopulations in the
dependent variable. The arithmetic means of scores of the experimental
and control group for different levels of knowledge on the initial test are
shown on Figure 1.

Average scores of the E and C group for differentlevels of
knowledge on the initial test

=
o

M experimental

:I_I: = control

average scores
O = N W Bk U N 0O

levels of knowledge

Figure 1. Achievement of the pupils in the C and E group on the
initial test (mean of scores for different levels of knowledge)

Testing the differences of the arithmetic means by the level of
knowledge showed that the difference in the initial test as a whole is caused
by the differences in the levels of remembering, applying and analyzing,
while the differences in the levels of understanding, evaluating and creating
were not statistically significant between the groups. It can be concluded that
the pupils of the E group and C group are not equal according to the
prior knowledge of the pupils about the physics contents in sciences.
When it comes to the highest levels of knowledge, such as evaluating and
creating, the E and C groups did not differ, that is they were equal. This fact
is important for research, because, among other things, the emphasis of the
research is on the effects of the experimental factors on increasing the quality
of the pupils' knowledge, which involves the development of a higher level
and skills such as evaluation and creation.

Repeated Measures Analysis of Variance

The test results obtained at the initial, final and repeated test- retest were
compared by the use of the repeated measures analysis of variance. In Table
5, their mean values and standard deviations are given. We see that the
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difference in the average scores obtained in the initial and final test in the
control group is 2.64, and in the experimental group 8.86. Similar differences
are in the average scores obtained at the initial and repeated test - in the
control group it is 2.96, in the experimental group 8.34.

Table 5. The mean values and standard deviations
of the initial, final and repeated test

Descriptive Statistics

Group Mean Std. Deviation N
Score onthe  Experimental 32.00 6.000 56
initial test Control 28.59 5.614 56
Total 30.29 6.032 112
Score onthe  Experimental 40.86 6.601 56
final test Control 31.23 9.293 56
Total 36.04 9.368 112
Score onthe  Experimental 40.34 7.602 56
retest Control 31.55 5.849 56
Total 35.95 8.066 112

It is obvious that the pupils in the experimental group showed
greater knowledge, as well as the durability of this knowledge, even
though the initial testing showed just a slight advantage compared to the
pupils in the control group. Interestingly, there is almost no difference in
the average score in the final test and retest in both, the experimental and
control group. This result is explained by the fact that at the end of the
school year all fourth-grade pupils are preparing for the national test so
that the decline in knowledge due to forgetting is not registered, but a
significant difference in the success that the group achieved after the
introduction of the experimental factors is maintained. The dependence of
the mean values of the scores on the knowledge test of time in the
experimental (E) and control (C) group is shown in the Figure 2.

Average scores on the initial, final and repeated test in
Eand Cgroup

~ '
,/
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control
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average scores on the knowledge tests

initial final repeated
tests

Figure 2. The dependence of the mean values of the scores on the
knowledge test of time in the E and C group
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The multivariate analysis of variance using several tests, one of which
is competent for these results, the Wilks' lambda test, revealed a significant
effect of the experimental methods on the test scores. In fact, as can be seen
in Table 6, the value of the Wilks' lambda test is 0.537, the value of the
Levene's test of equality of variances is F = 47.084 and is statistically
significant (p = 0.000 <0.05), while the value of the magnitude of the effects
(partial eta squared ) is 0.463, which is based on the guidelines proposed by
Cohen (Cohen, 1988, pp 284-287) (0.01 = small effect, 0.06 = moderate
influence, 0.14 = large impact) large impact.

Table 6. Multivariate analysis of variance tests

Multivariate Tests’

Hypothesis Partial Eta
Effect Value F df Error df Sig. Squared
time Pillai's Trace 463 47.084° 2.000 109.000 .000 .463

Wilks' Lambda 537 47.084° 2.000  109.000 .000  .463
Hotelling's Trace  .864 47.084° 2.000  109.000 .000  .463
Roy's Largest Root  .864 47.084° 2.000  109.000 .000  .463

By the use of the repeated measures analysis of variance a large
impact of experimental method on the test scores is found. That
confirmed the general hypothesis of this research that the achievement
of the pupils in the realization of the physics contents in teaching the
subject Nature and Society is positively associated with the application of
the inquiry-based instruction.

The results of the final test confirm that the application of the inquiry-
based instruction in the realization of the physics content in teaching the
subject Nature and Society has a positive impact on increasing the quantity
and quality of the pupils’ knowledge in regards to the traditional teaching. A
significant difference in the success of the groups achieved after the
introduction of the experimental factors was recorded and the repeated testing
(retest) confirmed that the application of the inquiry-based instruction in
teaching the subject Nature and Society provides a greater durability of
knowledge.

CONCLUSION

The inquiry-based teaching and learning provides the conditions for
an independent discovery of scientific truth, the acquisition of the skills
needed in solving problems of any kind and, finally, the awareness of the
students and teachers of their accomplishments. This research was
conducted in order to answer the question on how to use the inquiry-based
instruction in classroom teaching to increase the student achievement in the
field of natural sciences. For this purpose, innovative teaching models were
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designed, then their use on the physics contents in teaching the subject
Nature and Society was studied as well as their contribution to the efficient
acquisition of knowledge, skills and habits of the students, and the increase
in the quality, quantity and durability of their knowledge in comparison with
the traditional approach.

At the beginning of the experimental program the initial state of the
control (C) and experimental (E) group was estimated. The equality of the
groups was assessed based on three variables: the overall school achievement
at the end of third grade, the pupils’ achievement in the subject Nature and
Society at the end of third grade and the prior knowledge of the pupils about
the physics content in sciences (initial test). It was found that the E and C
groups do not differ in the overall school success at the end of third grade
nor in the pupils’ achievement in the subject Nature and Society at the end
of third grade. Based on the initial test it was concluded that the students of
E and C groups are not equal in prior knowledge regarding the topic of the
physics contents in sciences. When it comes to the knowledge at the highest
levels, such as evaluation and creation, the E and C groups did not differ,
i.e. they were equal.

At the final test as a whole, the experimental classes showed better
results than the control classes and this difference is proved to be statistically
significant. At the retest as a whole, the experimental classes showed better
results than the control classes and this difference is also proved to be
statistically significant. It is obvious that a significant difference between the
groups obtained at the final test was maintained after six months as well,
which was shown at the repeated test.

The multivariate analysis of variance showed a significant effect of
the experimental method on the test scores. It is obvious that the pupils in the
experimental group showed greater knowledge, as well as a greater durability
of this knowledge, even though the initial testing showed just a slight
advantage compared to the pupils in the control group. The fact that at the
end of the school year the fourth-grade pupils are preparing for the national
testing, influenced the results of the retest so that the decline in knowledge
due to forgetting is not registered, but a significant difference in the success
that the group achieved after the introduction of the experimental factors is
maintained.

The research results showed that the implementation of the inquiry-
based instruction in learning the physics contents in classroom teaching
affects positively the quality and quantity of the acquired knowledge and
skills of pupils, as well as the durability of that knowledge. The results
confirm the need for a broader and more frequent use of the inquiry-based
learning in classroom teaching. Hereby tested and validated innovative
teaching models can find their place in the teaching practice and thus
contribute to a better realization of the teaching science, and thus increase the
scientific literacy of a larger population of pupils.
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INPUMEHA UCTPA’XKUBAYKE METO/IE
Y IIOYETHOJ HACTABHU ITPUPOJHHUX HAYKA

Mapuja Bounmax®, lymanxka K. O6agoeuh’, Usana Boraanosuh?
YYuupepsurer y Hosom Cany, Ilenaromku daxyrrer y Combopy, Cp6uja
ZYHI/IBep?,I/ITeT y Horom Cany, IIpuponano-maTemMaTiiku (axyiTer,
Jenaptman 3a ¢pmsuky, Hosu Can, Cpouja

Pe3ume

HcrpaxxkuBauko ydeme U oydaBame 00e30ehyje ycaoBe 3a caMOCTaIHO OTKpHUBa-
B¢ HayYHHUX WCTHHA, CTUIAKkE BEIITHHA MOTPEOHHX MPH pelIaBamy mpodiema Ouimo
KOje BpCTe H, Ha Kpajy, CBECT U yYCHHKA H HACTAaBHUKA O OCTBapPEHUM MOCTHTHyhnMa.
OBo HCTpakuBame TPeOAIOo je 1a OATOBOPH Ha MUTAHkE KAKO Ja ¢ MPUMEHOM UCTpa-
JKUBaYKe METOJIC y pa3pelHo] HacTaBu moBehajy mocturayha ydeHuka y oOiacTi
HNPUPOJHUX HayKa.

VY TeopujckoM Jedy paja aHAIU3UPAHU Cy OONUIM, KapaKTEPUCTHUKE W MOJEIH
HCTPa)XMBAYKOT ydema ¥ IoydJaBamka, KOMIICTEHIMje HaCTABHUKA M HAuMHU Npahema
U BpeIHOBama MOCTUrHyha ydeHuKa. Y eMIIMPHjCKOM Jely paja MpUKa3aHU Cy pe-
3yJITaTH MEAArONIKOT eKCIEPUMEHTa ca MapajJelHUM IpylnaMa y KOMe je IpoydaBaHa
IpUMEeHa MCTPaXXHBauke MeTo[e Ha (DM3MUKHM cajapkajuMma y HactaBu [Ipupone u
IPYIITBA, T€ B-eH AONPUHOC e(hUKACHU]eM CTHLAkY 3Hama, ymMmeha 1 HaBHKa yUCHUKA,
noBehamy KBajHMTeTa, KBAHTHTETA U TPAjHOCTH IHHXOBOT 3Hama y nopehemy ca Tpa-
JUIVOHAIHUM TIPHUCTYNIOM. 3a moTpebe MCTpakuBama OOJMKOBAaHU Cy MHOBAaTUBHU
HACTaBHH MOJENU M TECTOBH 3Hama. Y30paK MCTpaKMBama YMHWIO je 112 ydeHnka
U3 0caM 0JIeJbeHha YSTBPTUX paspelia ABe OCHOBHE mKoiie y CoMOopy.

VY1BpheHo je na ce eKkcliepruMeHTalHa M KOHTpPOJHA Ipyna He pasiHKyjy Mo
OIIIITEM IIKOJICKOM YCIIeXy Ha Kpajy Tpeher paszpesa, Kao HU IO yCIEXy U3 IpeaMera
IIpupona u npymTBo Ha kpajy Tpeher paspena. Pesynratn mouetHor Tecta mokasanu
Cy Jla eKCIIepIMEHTAlIHa ¥ KOHTPOJIHA TPYyIa HUCY yjeAHadeHe M0 Mpea3Hamy o (u-
3WYKHM CaJpiKajiMa U3 IPUPOAHNX HAyKa, ajli je Ha HajBUIIMM HUBOMMA, Kao IITO CY
eBajIyallija ¥ Kpealyja, OCTBapeHa yjeAHAaueHOCT. AHAIN30M BapHjaHCE MOHOBJBEHUX
Mepema YTBpheH je BeNMKH YTHIlaj eKCIIEpUMEHTAIHe METO/Ie Ha pe3yJiTaTe TeCTOBa,
YHMe je MOTBpl)eHa MPEeTIoCTaBKa Jia Cy MOCTUrHyha y4eHHKa NPHIMKOM peann3anyje
¢bu3nuKKX canpxkaja y HactaBu [Ipupose u ApymiTBa y MO3UTHBHO] CIPE3H ca MpUMe-
HOM HCTPa)KUBAYKE METOJE.

JoOujeHn pe3ynTaTé HCTpakMBama IMOTBPhyjy moTpedy 3a CBEOOYXBAaTHHjOM H
YUECTaJIHjOM MPUMEHOM HCTPAKUBAYKOT ydema y pa3pedHoj HacTaBu. OBHUM myTeMm
MPOBEPEHU 1 OTBp)eHN HHOBATHBHU HACTaBHU MOJIENI MOTY Hahu cBoje MecTo y Ha-
CTaBHOj NPAKCH M TaKO MOTY JONPHHETH KBAJUTECTHHjO] pealM3allijH HACTaBe IpH-
POAHUX HayKa, a THMe ¥ noBehamy Hay4YHe MICMEHOCTH Behe Mmomynalyje yaeHrKa.



