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IMPORTANCE OF TEACHERS’ BELIEFS
IN DEVELOPMENT OF SCIENTIFIC LITERACY

ZNACZENIE PRZEKONA N NAUCZYCIELI
W ROZWOJU KOMPETENCJI NAUKOWYCH

Abstract: Science teachers communicate curricula goalsdiv #tudents, prepare teaching situations and lead
their students through them in order to learn sm®efMhe purpose of this study was to identify tlediefis of
teachers about teaching and learning, specificalhat the teachers focus on, how they compreheoniledge
and their role in the process of learning since tten promote or hold back development of sciantiferacy.
Q methodology was used to investigate the belie&bascience teachers by having them rank andassetries of
51 statements. Factor analysis was used to idedgfytical patterns. The analysis showed that ¢aehers held
four types of dominant beliefs about the effectesnof science instruction and some common featich have
potential to influence educational process. Teachencentrate on covering the content even if thegfare the
importance of personal construction, feel respdestdr students’ learning and its outcomes. Desgitessing the
activity of the students, the teachers did not emsj@e particular science process skills and schifffglprocess.
The findings of the study suggest that systemadiimings focused on the nature of science and ¢h#adding
process would be beneficial for teachers in alidied factors.
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Introduction

The development of society has placed differentateta on the knowledge required
of students. Curricula intend to prepare sciergificliterate people who can understand the
surrounding world and process how we get to knoavgt [I-4].

Inquiry-based learning (IBL) has proven effectiveimproving the science process
skills (SPS) of students [5-7], their understandofgconceptual knowledge [8, 9]; and
general student achievement in science [10]. |Bd pr@ven effective in changing attitudes
toward science [7, 11], increasing the studentdeustanding of inquiry processes [12, 13],
and increasing their motivation to learn aboutrsoée[l4]. Research shows that students are
able to transfer their argumentative skills frone thiven subject matter to everyday
problems and apply these skills in order to solent [I5]. Such learning increases the
pupils’ understanding of how scientific knowledge generated [I6, 17]. IBL cannot be
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disconnected from the nature of science, since mgtaleding is an essential part of
scientific literacy [18].

Teachers’ role in developing scientific literacy

The success in reaching the goals expressed bguthieula depends on the teachers’
understanding of and belief in them [19]. The ongaiemand to improve science teaching
and learning due to unsuitable outdated methodsawhing and learning science [20, 21]
requires a shift from teacher-directed teachingatostudent-centred classroom with
an inquiry-oriented approach. This approach regudi@log, questioning, argumentation,
etc. [22]. However, teachers find these changdtdifficult [23, 24]. Even when they are
explicitly asked to make a change in the goalsy tteenot always effectively communicate
this in their scientific practices [25, 26].

Research shows that teachers do not always undérsthat is asked of them and
interpret new requests as pure adaptation to wiat have already been doing [25].
Any activity of students in the science class iasidered to be a change demanded by the
curricula. Facilitating, inspiring and awakeninge thuriosity of students are mixed with
giving information beforehand or by immediately mamting any, even potential, mistakes
made by the students. This kind of pedagogy illust primarily teacher-centred teaching
[27]. Teachers seem to be selective in choosingmetended forms of teaching based on
their familiarity with their previous practice [28]

Studies show that teachers lack confidence in their scientific knowledge and skills
[29], and they hold on to their beliefs [30], whiodpresent internal obstacles to fulfilling
curricular goals. External problems are lack ofetjminsatisfactory classroom conditions,
unsuitable and infrequent types of assessmentkroficommunity support [31, 32]. Other
factors influencing the beliefs of teachers andseguently affecting their practice in the
class are the knowledge of the teachers abouttsiezoncepts, the nature of science and
the pedagogical content knowledge, the prior expeg of the teachers, the type of
assessment, school resources, the amount of tioteedlfor science, parental involvement
[33], student behaviour and ability [34] or theleefions and conclusions teachers have
made about classroom outcomes [35]. Paying atterttiothe beliefs of teachers seems
to be crucial since they represent rather strongdiptors of the actual practice
in the class [36].

Research questions and methodology

Science teachers are the ones who communicatecigigce curricula goals to their
students, who prepare teaching situations andtheadstudents through. However, it is not
clear how science teachers adapt and understangotiie set in science curricula in the
first place. Therefore, we have focused on 4 aceaserning the beliefs of teachers and
have formulated the following questions:

» Do science teachers concentrate more on sciententar on the process of how their
students learn?

» Do science teachers help to develop science prekékssor primarily try to build their
students’ knowledge based on pure facts and laws?

» Do science teachers help their students build tkeiwledge through argumentation
or communicate the knowledge as something stallleiachanging?
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» Does a science teacher represent a searching pargoeource of correct knowledge
for his/her students?

Q methodology was used to identify the beliefsaésce teachers about the processes
and goals in science education. The aim was toatabhe subjective belief structures of
participating teachers [37]. In Q methodology, dembion of representative statements is
selected (the Q sample). Participants were askesbiiothe statements by ranking them
based on what is the most and the least relevattidin teaching practice (Q sorting).
The indicated number of statements were assighexhtb ranking position. In order to
stress their beliefs, the participants assignectbleest and the lowest values on the scale
to a limited number of statements (Table 1).

Table 1
Q-sorting distribution
Value of the statement
-5 —4 -3 -2 -1 0 +1 +2 +3 +4 +5
1 2 3 5 8 13 8 5 3 2 1
Number of statements assigned to ranking position

Such sorting showed what is strongly agreed upahpaeferred and what is strongly
rejected. The statements placed in the middle e@ftiale indicate a neutral position which
means the participant regarded them as beingrgssriant or having no importance at all.

The Q sort consisted of 51 statements coveringedsaof research interest. Each area
was composed of 6-7 pairs of statements expressingtructivist and transmissive points
of view. One statement (No 51) represented thaiénite of external element on science
education, specifically money [38].

In Q methodology, the respondents (the P sampéephbtained by strategic sampling
in order to ensure comprehensiveness and a diversge of viewpoints, rather than
representativeness and quantity. Q methodology teeidentify existing subjectivities.
It does not concentrate on learning how that stbjgc is distributed across
a population [39].

The study used a sample of 65 science teachers loer secondary school. They
had varying degrees of teaching experience. Womehe sample outnumbered the men
(with only 17 of the 65 teachers being men). Nofighem had attended any training
focused on constructivist views on learning, depeient of SPS, argumentation, etc.
However, some of them had tried project-based tegcheam-teaching and other methods
and approaches. Teachers came from various sofmes {public, parochial, private).

Once the Q sort was complete, the data was analysedeating a correlation matrix
for the factor analysis, which provided clusters sithilarities among the participants’
responses [39]. The factor scores were calculadésgd on statistically-objective criteria.
The Z-score shows the extent to which the statemewiites from the distribution mean
(0) and the direction of the deviation. The Q-smtues (Q-SV) are based on the rank
ordering of their factor Z-scores; the statementssarted for each factor into Q-sort slots
from -5 to +5. We used the PQ Method to analysedtita [40]. The program fulfils the
requirements of Q studies. It computes inter-catimhs among Q-sorts, which then
undergo factor analysis by a centroid method. Bsellting factors are rotated analytically
by Varimax rotation. Relevant factors based onrte@envalues and the numbers of Q
sorts loading on factors were selected. The standeguirements for the selection of
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factors for interpretation are an eigenvalue exicged.00 and at least two Q sorts loading
significantly on that factor. The significance béte statements is@k .01 andp < .05.

Results

The analysis found four types of belief sets amseignce teachers stressing, ignoring
or rejecting different aspects in science teachirtge revealed factors explained 51 % of
the study variance which is considered to be a daesult [41]. Factor 1 consisted of
20 teachers explaining 21 % of the variance, 7he@cwere grouped in Factor 2 explaining
11 % of the variance, 2 teachers in Factor 3 enjigi7 % of the variance, and 5 teachers
in Factor 4 explaining 12 % of the variance (Taldesd 3).

Table 2
Factor characteristics
Factor 1 Factor 2 Factor 3 Factor 4
Eigenvalue 14.28 7.48 476 8.16
Cumulative percentage [% 21 32 39 51
Composite reliability 0.99 0.97 0.89 0.95
S.E. of factor Z-scores 0.11 0.19 0.33 0.22

Distinguishing statements for the particular facteere based on a significantly
different placement of the statements comparedteet other factorsp(< .01, p < .05).
The analysis also takes into consideration theemstants to which extreme values
(Q-SV =5, 4, -5, —4) and neutral valugx$V = 0) were assigned.

Three identified factors (Factors 1, 2 and 4) stdshe importance of a constructivist
approach in science education. The teachers whdetbaon Factor 3 stressed the
transmissive approach. Factor 1 shows the biggest lpetween constructivist and
transmissive statements (Table 3).

Table 3
Average Z-score for inductive and deductive statesm identified factors
Statements Factor 1 Factor 2 Factor 3 Factor 4
Z-scores of constructivist statements 0.82 0.09 01-0. 0.44
Z-scores of deductive statements -1.27 0.06 0.35 .46-0
Difference 2.09 0.03 0.36 0.02

Factor 1 Teachers as providers of active learning

There were 15 women and 5 men in Factor 1. Thaghieg experience ranged from
2 to 25 years. The statement with the highest aggee € = 1.75) described learning
as a dynamic activity where students discuss thdied issues, present evidence and
confront each other. They highly disagreed thatestts cannot think hypothetically
(Z = —-2.30). Distinguishing statements for teacheading on Factor 1 revealed the
importance of students being active £ 1.75,Q-SV = 5) by searching for evidence and
using argumentation when learning new concepts 1.36,Q-SV = 3). Teachers disagreed
that their role should be providing non-contragigtifacts Z = —1.29,Q-SV = -3), which
strengthened their belief about effective learnagy expressed above. They feel rather
indecisive when it comes to the assessment ofdhied learned or understood. Students
not having an argument to support the given statemméght or might not understand the
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studied topic Z = —0.32,Q-SV = 0). Teachers grouped in Factor 1 consider tlaelgl
development of student knowledge as important (tbestructivist area 3 statements)
without particularly stressing the importance of tfevelopment of SPS (the constructivist
2 areaQ-SV = 2). They refuse to regard their role as prodderinformation who should
not evoke discussion or stimulate suggestions. Tdweyot see themselves as sources of
correct and secure knowledge for their students tffnsmissive 4 are®-SV = —3). They

did not particularly specify the goal of scienceiegtion (area 1 statemer@SV ranges
from 1 to —-1).

Factor 2 Teachers as a guarantee of correctness

Seven teachers, 1 man and 6 women, loaded on Factdreir teaching experience
ranged from 6 to 21 years. They agreed the moststin@ents learn the best when they
discuss and formulate questions about the issugwg Istudied Z = 2.32,Q-SV = 5).
Teachers commonly disagreed the most that studleans the best by observing a teacher
or by studying textbooksZ(= —2.30,Q-SV = —4). They see their role as guarantees of
understanding, and they say they explain the gisgure if the students do not understand it
correctly ¢ = 1.31,Q-SV = 3). They did not agree with the statement thadents at the
primary level should learn only the basic facts ameit discussion since this is suitable
solely for a higher level of science educatidn=(—1.99,Q-SV = —4). According to them, it
seems obvious that students should learn facttaasdZ = 0.30,Q-SV = 0).

Factor 2 teachers stress dynamics and change élogétvg knowledge while learning
(the constructivist 3 aredQ-SV = 5). They disagree that basic science facts wdald
sufficient (the transmissive 3 are@;SV = —-4). They see their role as guardians and
providers of correct understanding (the transmésdiareaQQ-SV = 3). They do not seem to
be sensitive to the development of skills whichbd@atudents to find arguments and use
them in valid discussions as mentioned above (testcuctivist 1 areaQ-SV = -1).
Learning verified facts in science seems to be enaif course (the transmissive area 1,
Q-SV = 0). These teachers disagree that the startiing fuy learning can be found merely
in observing a teacher and studying the textbothiesttansmissive 1 are@;SV = —4).

Factor 3 Teachers who approve of inquiry but do notecommend it for their students

Two female teachers loaded on Factor 3. They wertheir 50’s and had 30 and
32 years of teaching experience. They agreed thst that students create their own
understanding about the phenomena studied by doigries and working with various
information ¢ = 2.04). They highly disagreed that effectivenemdd be reached by telling
students what to do and what to leathH —2.33). The teachers in Factor 3 see their
students as not being able to present argumentscansequently lead a meaningful
discussionZ = 1.75,Q-SV = 4). They significantly disagreed that learningrs with the
teacher’'s explanatiorZ(= —1.81,Q-SV = —4). Receiving help from the teacher and work
with textbooks seem to be considered as a comnmeispZ = 0.29, 0.00Q-SV = 0).

The teachers who loaded on Factor 3 believe tlafdbus should be placed on the
process, precisely on the work of active inquiryiskhmakes knowledge more stable,
instead of students merely learning verified cohierscience education (the constructivist
1 area,Q-SV = 5, 4, the transmissive 1 are@;SV = —4). However, these teachers are
convinced that students still should be providethwhe basic knowledge (the transmissive
2 areaQ-SV = 3). The teachers in Factor 3 seem not to condiigdér students to be able to
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fully comprehend the development of scientific kiesge (the transmissive 3 area,
Q-SV = 4, the constructivist 3 are@;SV = 3). They do not particularly stress their rote a
a teacher.

Factor 4 Teachers of curious students helping to ostruct correct knowledge

Four women and one man loaded on Factor 4. Thaihteg experience ranged from
5 to 20 years. The highest Z-score was assigndigetaonviction that knowledge learned
by doing activities of inquiry is more stable tHearning otherwiseZ = 2.31). The lowest
Z score was assigned to the statement that rejelctediea of textbooks as an important
source of informationZ = —2.47). The teachers loading on Factor 4 pdstibustressed
that learning is an active individual process whestudent constructs new meaning from
what he/she has read, heard or experiengedl(.76,Q-SV = 4) and that it is important that
students ask meaningful and relevant questionstaheuphenomena studied. They see
student curiosity as an important factor in devilgpknowledge Z = 19, Q-SV = 4).
Textbooks do not fulfil this function, and theredothese teachers do not consider work
with them as importanZ(= —2.47,Q-SV = -5). These teachers feel neutral about the idea
of them explaining issues, discussing with studentsven doing inquiry4 = 0.48, 0.21,
0.18,Q-SV =0).

The teachers loading on Factor 4 comprehend legras an individual personal
process revising what the students have experienezal or heard (the constructivist
1 areaQ-SV = 4); however, this does not necessarily meantaahgearning or systematic
inquiry (the constructivist 1 are&-SV = 1 and 0 respectively). These teachers do not
consider teaching how to use a textbook as songgihiportant (the transmissive 2 area,
Q-SV = -5), but other than that they do not stress skijs which should be learned as
a part of science education. It is important farsea teachers to keep their students curious
and keep them asking questions, which they se@ amortant sign of effective learning
(the constructivist 3 are&-SV = 4). These questions indicate how the studenkshand
help the teacher to learn about the reasons fdr thisconceptions (the constructivist
4 area,Q-SV = 3). These misconceptions need to be correctedhbyteacher (the
constructivist 4 aredQ-SV = —-3).

Consensus views

We have identified views common to all four Fact@@snsensus statements are those
that do not distinguish between any pair of fac{@iable 4).

Table 4
Correlations between Factors
Factor 1 2 3 4
1 1.00
2 0.63 1.00
3 0.24 0.29 1.00
4 0.68 0.67 0.20 1.00

Teachers in all 4 factors consider it obvious torkvwith a sufficient amount of
information coming from reliable sources. They takéo be obvious that they need to
correct students’ knowledge by providing opportiesitto prove that they are wrong.
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The teachers use common methods of explanatioy; dbeexercises and solve various
tasks connected with the topics studied. Theyatathat the goal of science education is
to provide basic knowledge in the form of facts ethstudents can use in the future.

Discussion and implications

The correlation among Factors 1, 2 and 4 showgrdtbmogenous groups of teachers
explaining 44 % of the variance. Teachers loading these factors have mostly
constructivist views on teaching and learning. Timeling suggests that these teachers
would be able to help their students to achievertitic literacy. They want their students
to be active. This activity might take on any numbé forms in the science classroom
(mental, hands-on activities, collaboration, et€his suggests that teachers feel an urge to
actively involve their students more in the leaghprocess and that this is becoming part of
their belief structure. It is important that despholding some transitional views, these
teachers might give their students a chance totmanstheir knowledge and encounter
information which might serve to create or corrieciThe teachers in these factors show
some signs of behaviour typical for a transiticsadl responsive set of beliefs as described
by Lewitt [42]. The transitional teacher createslassroom environment that cognitively
involves the student, and the teacher focuses a@n dtudents’ understanding by
concentrating on content. Responsive teachers trders-focused and design the
classroom environment to enable students to inteviakh each other and their knowledge.
Students have a chance to hypothesize, sharee @edtquestion in small groups and thus
create their own understanding. This is a rathemsing finding, especially in Factor 1, in
the sense that it might fulfil the goals of ther@ula and requires student-based teaching
[25], even though the teachers do not point todbeelopment of any SPS or inquiry.
The development of these skills requires spectainibn and does not seem to be used
easily and intuitively. Even experienced teacheimai inquiry teaching in their classes
regularly struggled with argumentation [43].

The teachers in Factor 1 refuse to provide nonreditting facts to their students
emphasizing their position as facilitators for l@ag, which Lewitt [42] also identified as
one of the dominant emerging beliefs from teachersponses. This role requires a guiding
critical evaluation of information or data gainewrh various resources (or perhaps the
students’ own inquiry), argumentation, and meanihgfrawing of conclusions - things
with which teachers usually struggle [43]. Reid &t [44] describes guidance as
interpretative, experimental and reflective, whibk teachers who loaded on Factor 1 did
not express at all.

The teachers in Factor 2 still feel that they areliarge of what the students learn, and
they feel a sense of responsibility for the outcentactive learning is “not working” and
the student does not understand the concept clgrreélcese teachers simply “transfer”
correct knowledge by explanation and in that wagrexd the students’ knowledge. They
represent a blending of a teaching-centred andilegicentred orientation [45]. They give
(or want to give) students a chance to develop thaiertise, but if their understanding of
the concept is not correct, the teachers provigeuhderstanding. Teachers are in control
of the content. Their conception of the teachinglelpaccording to Boulton-Lewis et al.
[46], could represent “teaching as developing sttgleby providing opportunities,
experiences and activities” mixed with “teachingdaseloping students’ understanding by
providing, structuring, guiding, etc.” Such beliedse questions about how these teachers
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comprehend student learning. Conceptual changes tpkace only after a sense of
dissatisfaction is experienced with the prior cqtion and the discovery of an intelligible

plausible and fruitful alternative [33]. Pure expdéion also doubts the student-centred
teaching. If a teacher is not open to students mgakiistakes, a shift from teacher-centred
teaching is not likely to happen [27]. Lazonder atafmsen [48] add that although the
results show a better performance of students idegurather than in unguided inquiry,

nonetheless guiding actually means stimulating stuglents’ sense of responsibility for

their own learning which is an important elemeniniquiry-based science instruction [8].

Teachers often diminish the cognitive demand oflggaanbedded in curriculum
materials [49]. The dominant transmissive viewsFattor 3 teachers with long teaching
experience suggest that they are comfortable Wahr tvays of teaching without giving any
chance to a method where the teacher plays a ¢tesgadnt role. They have arguments for
why they want to stick with their old ways of teawh their students cannot do better.
Another explanation could be found in their conwictthat the goal of science education is
to provide students with basic knowledge about nahtphenomena, which only a teacher
can correctly and adequately communicate to stgdektcording to Samuelowicz and
Bain [45], these teachers oriented towards the hevacentred approach expect
a reproductive understanding of knowledge which trassmitted to them. Boulton-Lewis
et al. [46] describe this category of conceptiobsut teaching as the transmission of
content where the teacher and the content are mgrertant, and students remain in the
background. However, the way in which teachersactér 3 comprehend learning does not
correspond entirely with the concept Boulton-Leetisal. describe. Factor 3 teachers claim
that learning is not only about the acquisition aedroduction of content, but it is also
about the development of understanding. However,pttocess of learning is ignored by
them.

Teachers loading on Factor 4 consider curious stsdgho pose various questions as
important and meaningful in science education. Harethey expect constructing correct
knowledge at every stage of development. The sisetiserefore put on the content and
outcome instead of on the process of constructiagconcept. The process of how students
build their knowledge might not be so straightforeveEven teachers with an understanding
of the nature of science view this process as fjineatead of expecting it to be dynamic
and complex [50]. The teachers in Factor 4 belonip¢ learning-centred teachers who try
to change the ways of thinking of their studentd s@e them as responsible for organizing
and transforming personalized knowledge as destrilyesome authors [45, 46]. These
teachers search for the reasons which might hagetdemisconceptions among their
students. This suggests that they work with theidents individually and are interested in
their explanations. Samuelowitz and Bain [45] dibscrsuch two-way teacher-student
interaction to negotiate meaning. The teacher i$ ist control of the content but
acknowledges the students’ interest and motivatt@mme authors describe such teachers as
the ones who prevent misunderstanding. Their cdimrepf teaching could be expressed as
the facilitation of understanding [46].

Conclusion

All the teachers in the study focused primarilylearning knowledge and expressed
beliefs about being responsible for its correctnegsvever, the Q methodology identified
4 groups of teachers which stress different aspettshat vision. Factor 1 teachers
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emphasize the activity of students in their classroFactor 2 teachers feel responsible for
the correct outcomes of learning, Factor 3 teacbeesthe potential in inquiry learning but

do not consider it to be applicable for their stude and Factor 4 teachers want to help
their students to construct correct knowledge. Télewnctually concentrate on the content
even if they declare the importance of personalstantion. The teachers stress that
student activity is important, but they do not hgalork to develop science process skills.
The idea of correct knowledge being an outcoméefgarning process without pointing to

the process of its development suggests that tesiske scientific knowledge as something
rather stable. The research findings suggest {fs¢mmatic trainings focused on the nature
of science and the scaffolding process would befieal for teachers in all factors.
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