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Abstract: The new Polish science curriculum was launchethan2008 and currently is being implemented in
upper secondary schools. The new general objeabfveducation, and students’ key competences tiaitld be
developed during science classes were defined ah dlocument. Presented competences are in line with
competences that might be developedrmyuiry Based Science Educati@iBSE). IBSE is currently a popular
instructional method in many countries and it ingestrongly promoted by European Union. In théchtthe
role of IBSE in the new Polish science curriculusndescribed and related to the method of ‘Independe
Investigation to Acquire Knowledge’ that was foritgetnown in the national pedagogy. The article gisesents
results of a survey questionnaire that was conduateong Polish science teachers. The aim of thdy stas to
measure the attitude of Polish teachers, pupilssacikty to IBSE. Based on the results the cupesttion and
degree of implementation of IBSE in Polish schaws estimated. Additionally the positive and negafactors
affecting the implementation of IBSE were presented
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Introduction

European Union policy [1] is promoting the develamnof a knowledge society, to
which science education is expected to make afiignt contribution. In line with this
policy the Rocard report [2] strongly advocateduiingtbased methods in education to
increase students’ interest in science and boestimber of graduates in science, technical
and mathematical studies. As a result many projoioting inquiry-based methods were
begun in recent years and significant changes haga made to national curricula in many
European countries. In 2008, the new Polish currioufor lower and upper secondary
school was introduced [3]. Its proposals have been impigetk since 2009 in lower
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secondary schools and from 2012 in upper seconsehgols. Apart from modernised

teaching content, new general objectives of edoeatind students’ key competences were

presented in the act. The need to meet these nggtiolks influences the methods that
teachers use [4]. Unfortunately many teacherstkiitlk that the aim of chemistry teaching
in schools is merely to provide basic subject kmulge and prepare students for final exam

[5]. Nevertheless, the school should equip studeitts skills that enable them to apply

what they have learned in practice and to partieiptully in cultural, social and

professional life [6]. Therefore, a clear differenbetween chemistry education and
chemistry teaching is being outlined. As Soczewka ipdicated in 1988, chemistry

teaching is much narrower concept, focusing onrtie of the teacher, rather than on
teaching outcomes or forming students’ attitudealska-Krajewska [5] distinguishes the
following priority goals of chemistry education:

a) acquisition of systematic chemistry knowledge lystts,

b) formation of students’ chemical culture,

c) development of cognitive skills,

d) developing interests and forming the right attitude
A more extensive description of the objectives dbi@tion (for upper secondary

school) is indicated by Bogdanska-Zarembina [8]:

a) preparation of students for life, in which gettitigknow nature and care for their own
health and that of the environment are respecteesa

b) stimulation and development of students’ interésteveryday phenomena that are
based on chemical reactions,

c) development and nurture of the ability to choosé present interesting information
from the mass media, popular science literaturetiatiaries, chemical tables,
encyclopaedias and textbooks,

d) the ability to perform experiments safely, to usenisolic language and to reason
logically using known chemical concepts, as wedl thsults of experiments they have
performed,

e) familiarising students with the basics of the stuue of matter, and common substances
and reactions that can be relatively easily expladin

f) development of the ability to interpret the cherhguations quantitatively (using the
mole concept).

The descriptions of the objectives of chemistrycadion presented above, have much
in common with the new Polish curriculum, espegialégarding the natural science
subjects. The new curriculum advocates methodtudest work that are different from the
more didactic teaching methods that were previoughely used. The position of the
Ministry of National Education, expressed in therespondence with the Department of
Chemical Education Jagiellonian University [9] &fallows: The core curriculum, despite
the empirical education, recommends the use ofvacteaching methods in the
teaching-learning process. In particular, in natucience education, it is recommended
that students perform experiments on their own €uatide teacher supervision), conducting
and recording observations, followed by criticaladysis and public presentation of the
results. Active methods promoting direct undersiagd such as educational trips,
educational projects, debates, etc. are also inida
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Students should have a possibility to observe,ysterplore laws and relationships,
achieving satisfaction and enjoyment from gainingwedge on their own in lessons.

The scope of the teaching content provides mangrapmties to use project methods
(especially of research type), practical chemicgberiments or other active methods, that
enable students to gain information from a variefysources and to process them in
various ways.

A self-contained student’s observation is the fatioth of the experience, reasoning,
analysis and generalisation of phenomena and serérpnts play an important role in the
accomplishment of the above content.

According to Oka [10] a teaching method should be regarded as aofvayorking
with students that enables them to acquire knovdedikills and habits, as well as
developing their cognitive abilities and stimulatinheir interest. On the other hand,
Lenarcik [11] describes a teaching method as aljegts and organisation procedures that
are applied by the teacher in the teaching prostagjng from the so-called new material
development, through consolidating knowledge amthifog habits, to control and evaluate
the students’ progress. Teaching methods alsovavtile formation of attitudes and the
development of skills in independent learning. Tdiassification of teaching methods
presented by W. Okoin 1987 distinguishes the problem methods of teagchncluding
learning through discovery [10]. The widely usedssification of teaching methods
developed by Okbin 1996 [12] is presented on Figure 1. Discoveralso identified as
one of the methods in this classification.

Teaching

Methods

Independent
, Investigation to Knowledge
PIacaca; Adds Value Acquire Knowledge Assimilation
Discovery
1
] T T L | 1
Typical ¢ ) Educational Microteaching
Problem Cases Studies Contextualised Games Ideas Exchange
Method

Fig. 1. Classification of teaching methods accaydimW. Okdi (1996) with a detailed classification of
‘Independent Investigation to Acquire Knowledge?]1

Learning through discovery presented by ©kaay be partially identified with the set
of methods known in the literature as IBSHqliry Based Science EducatjonThe
definition of this method of teaching and learniagattributed to Joseph Schwab and Paul
Brandwein [13]. Unfortunately, that there is nodfie Polish translation of this expression
that is accepted by Polish teachers and educatisscan give rise to problems in teacher
training or in preparation of scientific publicat® IBSE in Polish can be called as
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‘Independent Investigation to Acquire Knowledge'as ‘Scientific Method’ [14]. The full
definition of IBSE is as follows [15]:

Scientific inquiry is the “intentional process ofiagnosing problems, critiquing
experiments, and distinguishing alternatives, plagn investigations, researching
conjectures, searching for information, construgtimodels, debating with peers, and
forming coherent arguments”’Alternatively, the following definition may be used
Learning through inquiry: Open learning processegjuire to characterise learning as
active discovery in contrast to receptive learning.does not mean that the teaching
content should not be both approachable and undedstble. It means that the way of
acquiring knowledge and competences should not delythe process of receiving
information, but should always be based on discp{/8].

Therefore, the teaching process based on IBSE dhwrovide problem situations in
which the student is a person who defines the reBeguestion and tries to find answers
based on the scientific inquiry [17]. The princigplef constructivism provide the key to
understanding the IBSE methodology. As S. Dylakdates, constructivism (as the theory
of knowledge) has two major supports: iois the one hand the neurobiological theory of
brain function and on the other, pedagogical corieys, indicating the effectiveness of
pedagogical action rules derived from the assummgtioof constructivism[18].
Constructivism stresses the importance of the @dey which learners gain new
knowledge or improve existing knowledge. For tldason Lunenburg describes learners as
constructors of their own knowledge [19], accordittg their level of understanding;
students should not only assimilate knowledge pledi by the teacher, but more
importantly, construct their own using inquiry-bdsaethods of on teaching and learning.
A simplified constructivist inquiry cycle that cdre applied in schools was introduced by
Llewellyn [20].

The purpose of the research whose results arenegsin this article was to establish
how Polish teachers find methods based on ing8iryareas that may affect the application
of IBSE in Polish schools were examined and andlyze
* The nature of IBSE
* Teachers and IBSE
+ Students and IBSE
*  School curricula and IBSE
* Public attitudes to IBSE

Methodology of research and research group

The research was based on a questionnaire sureayisting of 52 values that were
presented in random order. The purpose of the guses to estimate the extent to which
the selected values differed in practice from ttagesl aims of IBSE. Each value may be
classified into one of the six categories mentioabdve. The differences were measured
using a five-point, bipolar scale of the followitype: strongly disagree, disagree, not sure,
agree, strongly agree. The responses were qudntiimg the following scale: -2, -1, 0,
+1, +2 and the overall results were presented gralyr The lengths of the bars of
agreement and disagreement correspond to the bleval of agreement (positive) or
disagreement (negative) which were summed indepdlydeThe resulting value was
divided by the number of participants and multigliey a scaling factor, that could be
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adjusted to set the maximum size of bars in thegmtation. An example is shown in Table
1. The answer ‘not sure’ was not scored, and thegeft did not influence the length of the
bars of agreement and disagreement.

Table 1
Structure of the survey questionnaire
Scale
Test value .

S_trongly Disagreé Not Agred Strongly

disagree sure agree
Numerical values assigned -2 -1 0 1 2
Bars indicating the extent

of agreement and I . N
disagreement

The survey was carried out in spring 2011 among3thén-service lower secondary
and upper secondary school teachers. The teacheveysd expressed their wish to
participate in training connected with the applmatof IBSE in school practice. Due to the
lack of clear Polish name of the method, participamere asked to familiarise themselves
with an article on natural science education byuing [21] before completing the
guestionnaire. In the article, the definition afeksification of IBSE methods are presented.
The questionnaire was completed electronically. Sineey was conducted anonymously;
however its completion required registration andoant activation, which ensured that it
could not be completed by people outside from ¢ésearch group.

Results

Tables 2-7 present the overall results of the surVée topics were divided into six
groups mentioned above and they are presented beltdve same order and are followed
by an analysis of the results.

Table 2
Results of the questionnaire describing the naititBSE

The nature of IBSE Disagreement | Agreement
IBSE requires more thinking than traditional method |_
IBSE is more suitable for foundation level scienoarses -|-
IBSE is more suitable for higher level science sear l|-
IBSE favours the better students .|.
IBSE favours the weaker students -|
IBSE requires more time than traditional methods |-
IBSE requires discussion but there is insufficimie for this in school |-
Inquiry methods require longer blocks of time tfza not normally available
the school timetable -
Prescribed IBSE exercises defeat the purpose @& IBS .|l
Laboratory requirements are the same for IBSE eatitional methods -||
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Table 3
Results of the questionnaire describing the teathéitude to IBSE

Teachers and IBSE Disagreement | Agreement
Teachers are generally convinced of the value 88B [ ]
Teachers are generally aware of IBSE [ ]
Inquiry methods are used in most other subjects -|
Teachers prefer IBSE methods to traditional methods l||
Teachers are not confident in using IBSE methods ||-
In general teachers have received adequate traimitB5E methods -|
Teachers feel that they are not as much in contnein students are engage
inquiry .‘.
IBSE requires more competence on the part of thehters ||-
IBSE tasks are often interdisciplinary and can imedopics that are outside {
teachers' comfort zone l‘-
Teachers need deeper understanding if they are atditdte student
engagement with challenging tasks nm.
There is insufficient cooperation between teacbédifferent subjects for IBS| [ ]

Table 4
Results of the questionnaire describing the stisdettitude to IBSE

Students and IBSE Disagreement |Agreement
Students are not interested in science -||
Students prefer traditional methods -|
Where IBSE is the norm students have more posititiides to science |-
The topics in existing science curricula do notegdpo young people l||
Students lack the ability to work independently ||-
Students lack the confidence to work without explitstructions ||-
The laboratory is safer when students are engagiRSE ||-
Students are not confident in using equipment witlexplicit instructions ||-
The interdisciplinary nature of IBSE helps studdntmtegrate their learning |-
Students require a good foundation to benefit flBBE .l-
Students in IBSE classes have a smaller scientitabulary -|
Students find IBSE too difficult .||

Table 5

Results of the questionnaire describing the inolusif IBSE in existing school curricula

School curricula and IBSE Disagreement |Agreement
Textbooks are generally suitable for IBSE -|
Textbooks are too prescriptive for use in IBSE ||-
It is difficult to find suitable IBSE topics |l ]
The curriculum is not appropriate for IBSE 1|
IBSE would require a different kind of curriculum [ |
It is possible to teach existing science curriaidang inquiry methods [ ]
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Table 6
Results of the questionnaire describing the evalnaif students’ working with IBSE
Assessment and IBSE Disagreement |Agreement]
IBSE leads to better grades in examinations [ ]
New forms of assessment are needed which do redimtage IBSE |
Examinations favour students of IBSE (]l
New forms of assessment are needed which favolE IBS l|.
It is diffi(;ult .to compare students' achievement IBSE becausehey arg .‘.
engaged in different tasks
It is easier to assess students' progress usidigareal methods l|-
Table 7
Results of the questionnaire describing the puditicude to IBSE
Public attitude to IBSE Disagreement | Agreement
Industry's requirements do not favour IBSE -||
The system favours didactic methods |-
School management supports the implementation SEIB ||.
Teacher unions do not favour IBSE l||
The school ethos does not favour IBSE l|l
Parents prefer traditional methods |||

Discussion

According to the teachers participating in the gtudquiry-based education requires
more intellectual effort than the traditional medkoThe situation does not favour weaker
students, but is also not regarded as favouring vy good ones. In the teachers’
responses, no preferences for applying IBSE atehighlower levels of teaching of natural
science subjects can be observed. However, thbeeaagreed that IBSE requires a lot of
work and that it is time-consuming, mainly becaitisequires long discussions. Therefore,
IBSE-based teaching requires longer teaching blécksach subject. Teachers are also
clearly convinced that laboratory resources thadvigle suitable conditions for the
traditional teacher presentation of experiments raove sufficient in lessons where IBSE
methods are used.

The studied group of teachers is convinced thahéteacher's environment IBSE
methods are regarded as very valuable. Unfortunatehall levels of agreement and
disagreement were found for the statement: ‘Teaches generally aware of IBSE’; the
results suggest that they are not really sure abimutdefinition and applicability of the
concept and methods of IBSE. However, there is alstvong belief that IBSE methods are
not widely used and respondents agreed that aemreshool staffs are not adequately
prepared for its implementation. As a consequeteachers do not feel confident when
using inquiry methods. The interdisciplinary chaeaof IBSE was found by a significant
number of respondents as requiring more competefnoes average teacher (compared
with the present situation), due to their lack ofowledge and skills in other science
subjects. The cooperation between teachers of reliffe subjects was unanimously
considered to be insufficient for IBSE.
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Teachers believe that students are interestedeénc subjects and that the application
of IBSE may enhance those interests. The answearlglindicate that, according to
teachers, students prefer active methods. On tiex band, there is also a strong belief that
students do not have appropriate skills for indepenlaboratory work and that they do not
feel confident when working without explicit teaclseinstructions. In general the teachers
agreed that when IBSE methods were used laboretony was safer for students, there was
greater integration of learning and the studemigrgific vocabulary improved.

According to the opinion of the surveyed teachdextbooks that are available
currently in Poland are not suitable for introduciBSE, as they are too prescriptive; the
school syllabuses are also inappropriate for IBSE.the other hand, the teachers find it
possible to follow existing curricula using inquimethods and they are convinced that it is
not difficult to find topics that can be taughttivat way.

The teachers believe that the use of IBSE leadeti®r examination results, although
the existing examination questions do not favolEBHopefully as this situation improves
students engaged in IBSE will not be disadvantagiedchers’ opinions were almost evenly
divided on whether or not it was more difficultaesess students’ progress using traditional
methods.

The vast majority of teachers believe that induseguirements favour the use of
methods that are based on science inquiry. Unfatélyy, based on the collected responses
IBSE is not supported by the school system althaihghreasons are not clear. A small
group of respondents indicated that school managear teacher unions favoured the
introduction of IBSE. Its use was regarded as lguipositive impact on relations between
students and teachers. The teachers were not @ldetérmine how IBSE methods are
regarded by parents; the small answer bars indibatamost of them were ‘not sure’.

Conclusions

Based on the obtained results it can be statedt¢la@hers have a positive attitude
towards IBSE. They feel that scientific inquiry mhgve a positive impact on teaching
outcomes, and that it is interesting and attracforestudents, despite the lack of skills
associated with laboratory work. The teachers gterally agree that ‘Students lack the
confidence to work without explicit instructionsHowever they do not think that
‘Prescribed IBSE exercises defeat the purpose &EIBIt shows that teachers identify
IBSE with its simpler forms rather than with opequiry, where all the research process is
planned by a student [22]. Furthermore, the laclagreement (high values of agreement
and disagreement bars) on the issue whether ‘Studequire a good foundation to benefit
from IBSE’ indicates the different levels of undarsling and interpretation of IBSE.

Factors influencing (according to surveyed teaghersa positive and negative way
(supporting and limiting) the introduction of IBSEschools are presented in Table 8.

Surveyed teachers are convinced that students rdeeested in natural science.
Unfortunately, this statement is not consistenthwte results of the ROSE study [23],
which revealed that only about 40% of students guretience subjects to other ones.
However, it should be remembered that the ROSEystuas performed only in randomly
selected schools, whereas the teachers in ourvtestsalready actively involved and were
constantly improving their teaching skills.



Introduction of inquiry based science education iblish science curriculum - general findings ...57

In general teachers rated their students’ pracsiifis as ‘poor’, where practical skill is
interpreted as the ability to use laboratory eq@pinLess attention was paid to the ability
to design the whole research process.

Table 8
Positive and negatives factors influencing on ttiduction of IBSE to the school practice in Pdlan

Supporting factors Limiting factors
. Requirements of external Time requirements
examinations Problems with assessment
Motivation to learn Laboratory equipment
Students’ opinions It is difficult for weaker

. Curricula students
. School management . Poor teachers’ preparation
. Teacher unions . Poor cooperation between
. Industry requirements teachers
. High competences of teachers
required

Lack of students’ preparation
Lack of proper textbooks
The school system
Syllabuses

The survey also shows that students’ positiveualtittowards the application of IBSE
does not influence the teachers’ work. During dis@ns, teaching staff often compared
that situation to the healthcare system, whereeptstido not in practice have an impact on
the treatment process (despite the fact that threylme legally entitled to it). Also the small
number of definite answers (different from ‘not eslirfor the statement ‘Parents prefer
traditional methods’ indicates a lack of informatim this area and suggests that parents’
opinions are not taken into account. The gap bettlee teachers’ views and the principles
of modern education calls for some reflection.

The fact that according to most of respondentsc¢iiees do nofeel that they are not as
much in control when students are engaged in iggisr a cause for some optimism.
Additionally, the perceived problem of lack of timey be removed by the introduction of
the new core curriculum, which reduced the chemisiching content in secondary school,
as well as in the foundation level of upper secopdzhools. Even though, it requires
changes in attitudes of the teaching staff, which long term process.
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WDROZENIE NAUCZANIA PRZEZ ODKRYWANIE DO POLSKIEJ PODSTAW Y
PROGRAMOWEJ W ZAKRESIE PRZEDMIOTOW PRZYRODNICZYCH -
BADANIE OPINII NAUCZYCIELI

tUniwersytet Jagielloski
2AG Education Services

Abstrakt: Nowa podstawa programowa nhauczania przedmiotowrguimjczych w szkotach gimnazjalnych
i ponadgimnazjalnych zostata przedstawiona w 2088u,r a jej zaleenia § obecnie wdrzane do szkét
ponadgimnazjalnych. Przedstawiono w niej nowe @@élne nauczania oraz kompetencje kluczowe, ktére
powinny zostéd rozwinigte poprzez nauczanie przedmiotéw przyrodniczyctzedstawione kompetencje s
zgodne z kompetencjami, ktére moby¢ ksztaltowane poprzez zastosowanie tak zwanegozaaisc przez
odkrywanie/dociekanie naukowe - IBSE (ang. InquBgsed Science Education). IBSE jest populatnategi
nauczania w wielu krajach europejskich, a jej si@sve jest silnie promowane przez YnEuropejsk.

W artykule przedstawiono rgl jaka IBSE ma@e odgryw& w nauczaniu opartym na nowej podstawie
programowej i omowionogtstrategt w odniesieniu do metod opartych na samodzielnyobydaniu wiedzy,
ktore byly wczéniej opisywane w polskiej literaturze pedagogicziéjartykule zaprezentowano rowaieyniki
badania ankietowego, ktérego celem byta ocena iskosnauczycieli, spotecstwa oraz uczniéw do IBSE. Na
podstawie otrzymanych wynikéw oszacowano, jaki ggtialny stopig wykorzystania IBSE w polskich szkotach
oraz zestawiono pozytywne i negatywne czynniki wyalgce na wdraanie IBSE do szkét.

Stowa kluczowe:nauczanie przez odkrywanie, reforma edukacji, npaedstawa programowa



