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ASSESSING OF SCIENTIFIC INQUIRY SKILLS ACHIEVED
BY FUTURE BIOLOGY TEACHERS

OCENA UMIEJ ETNOSCI NAUKOWYCH OSI AGNIETYCH
PRZEZ PRZYSZtYCH NAUCZYCIELI BIOLOGII

Abstract: A successful application of scientific researchsiience education requires adequate professional
training of teachers. The study presents the eaifltesearch focused on the level of scientifguiry skills of
future biology teachers. The results showed thatesits with a success rate of over 80 % solved tiskised on
applying numerical methods, determining relatiopsthetween variables and evaluating the uses asukes of
scientific information with a more than 80 % succeate. On the other side, the students had coabide
problems associated with planning and implementihghe experiment. The results indicated that therao
significant difference in the level of scientifiaquiry skills between students who study biologgcteng in
combination with other science subject, and stuwlemho study biology teaching in combination with
a non-science subject.
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Introduction

The recent enormous growth of knowledge in manyndiras of natural sciences,
including biology, and the development of both abcand technical sciences have
generated pressure on the system of education tamgsdemand for it being able to
prepare individuals for a fully realised life andnk in the global information society.
A need has emerged along with these requirementset¢onsider the undervalued
significance of the teaching of natural sciencaswall as the context in which it is taking
place. Available literature on science/scientifterbicy in the context of science education
mentions requirements for a wider application aéstific inquiry in teaching (see, for
example[1-3]). Scientific inquiry is a systemic approacbvering, in addition to more
general scientific methods and procedures, proseg&seolving the development of
scientific knowledge, such as asking questionsatore problem solving, study of various
sources of information, critical thinking, scieftifreasoning and sharing and defence of
conclusions [4-6]. Schwartz et al. [7] defined stiigc inquiry as “(...) the characteristics
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of the processes through which scientific knowledge is devel oped, including the conventions
of development, acceptance, and utility of scientific knowledge” (p. 3).

Scientific inquiry takes not only understandingeswie content but also acquiring and
developing of general science process skills, wigat and critical thinking to develop
scientific knowledge [8]. Various terms appearitarhture referring to the different skills
students need to have to be able to engage intificienquiry, such as science process
skills, science inquiry skills, inquiry skills, eitific inquiry skills or scientific literacy
skills. Padilla [9] defines science process skdls “(...) a set of broadly transferable
abilities, appropriate to many science disciplines and reflective of the behaviour of
scientists’ (p. 1). Depending on the level of pupils’ intaltaal development, these skills
are grouped into two types, basic and integrated.

Using science process skills, pupils not only gatiew knowledge but also develop
their understanding of scientific processes anchout which allow them to explore the
surrounding world. Students need these skills ayg tise scientific reasoning and critical
thinking to develop their understanding of scierjt8]. The development of science
process skills has a great influence on developiagtal processes such as critical thinking
and decision making [11, 12]. According to Natiofdsearch Council [4] inquiry skills
include the abilities to conduct and understanérdific inquiry, including “(...) asking
guestions, planning and conducting investigations, using appropriate tools and techniques
to gather data, thinking critically and logically about relationships between evidence and
explanations, constructing and analysing alternative explanations, and communicating
scientific arguments” (p. 105). Gormally et al. [13] define scientifiequiry skills as skills
related to two major aspects of scientific literaay recognising and analysing the use of
methods of inquiry that lead to scientific knowledgnd b) organising, analysing, and
interpreting quantitative data and scientific imfation.

A number of instruments have been designed to twlmeasure scientific inquiry
skills. Gormally et al. [13] point out that while mumber of instruments have been
developed to assess the individual aspects of tfaeliteracy skills, there is no single
instrument to measure all skills. Thest of Scientific Literacy Skills (TOSLS) designed by
them measures the above-mentioned major aspeutsvarsity students’ scientific literacy
using nine skill definitions. Wenning [14, 15] démeed two standardised tests, tiature
of Science Literacy Test (NOSLIT) and theScientific Inquiry Literacy Test (SclnqLiT),
designed to assess the progress of students’ ificiditéracy and teaching improvements
and measure the efficiency of a programme in teoishe development of scientific
inquiry skills. Dillashaw and Okay [16] designedetfiest of Integrated Process kills
(TIPS) to measure integrated scientific procesfisski pupils in the seventh to twelfth
grades. Another set of test items able to servaraslternative or equivalent test is
proposed by Burns et al. [17] and it is referreda® TIPS Il. Tobin and Capie [18]
developed th&est of Integrated Process Skills (TISP), which is designed for secondary and
university level students. Shahali et al. [12] feed on the understanding of science process
skills by primary science teachers. They constdictbe Science Process kills
Questionnaire (SPSQ) aimed at conceptual and operational uradelistg of science
process skills.

Ledermann et al. [19] emphasize that "doing" ofuing doesn't need to lead to the
development of the understanding of scientific inguTherefore, based on the instrument
Views of cientific Inquiry (VOSI) [7] constructed the instrumekfews About Scientific
Inquiry Questionnaire (VASI) for assessing learners’ conceptions absseential aspects of
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scientific investigations [19]. Both instruments, [Z9] focus on the understanding of
scientific inquiry, not just students’ actions whéngaged in inquiry activities.

With a view to propose the systemic assessmenll aspects of a scientific inquiry
Kruit et al. [20] focused on the construction ofrigas instruments for measuring the
science skills in grades 5 and 6 of primary edocafi hey created an assessment that uses
seven measures: a paper-and-pencil test, threerpenice assessments, two metacognitive
self-report tests, and a test used as an indicafigeneral cognitive ability.

Research objective and research sample

The transition from traditional to scientific ingqyioriented approaches to laboratory
activities requires teachers to be ready to integsach activities in their teaching processes
and have active experience with some examplesieftic inquiry [21]. It is, therefore,
inevitable at the pre-graduate study to pay in@@astention to not only considerations
about how scientific inquiry can be integrated itite teaching of sciences, but also the
development of students’ inquiry skills to helprthéo confidently apply their knowledge
and skills in planning and conducting their lessoHisis teachers' self-efficacy, which is
created already at the education and training stageelatively firm and influences the
approaches and methods the teacher employs irr hisrdeaching [22]. Our research was
thus aimed at identifying the level of inquiry $kilin students of biology teaching.
Sufficiently developed scientific inquiry skills ineachers are the fundamental and
inevitable prerequisite for quality and sophistchincorporation of scientific inquiry in
their own lessons.

The focus of our research represented the followunestions:

*  What level of inquiry skills do students of biologgaching have?
» Are there any differences in the level of biologathing students’ inquiry skills that
are attributable to the second major subject?

The research sample comprised 45 students, fidaohérs of Biology (38 women and
7 men) who have ended their first year in the mmasprogramme at the Faculty of Natural
Sciences of Comenius University in Bratislava (8kig). The students were aged 23.
Students in both bachelor's and master’s programmeésaching biology may choose to
major in a combination of two educational subje€ar sample included students studying
Biology in combination with one of the following Ilsjiects: Chemistry, Geography,
Mathematics, English language, Slovak languagesiealtraining, Psychology, Pedagogy,
Civics, Environmental science, and Music. For theppses of our research, we grouped
those subjects into two categories: natural sceriGhemistry, Geography, Mathematics
and Environmental science) and humanities (Endésiguage, Slovak language, Physical
training, Psychology, Pedagogy, Civics and MusiEhe number of students in the
Biology/sciences group was 26 and the number afestts in the Biology/humanities group
was 19. The survey was undertaken in May 2018.

Methods

We used a closed question test to examine the ragidiaquiry skills. The test is
primarily intended for the examination of inquirkils in students of secondary grammar
school. We designed our research instrument obdkes of the papers by Fradd et al. [23],
Wenning [15] and Gormally et al. [13]. We targetmd research at two areas of inquiry
skills:
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a) Methods and procedures of science, includingkiiles needed in the different inquiry
phases; and

b) Integration of science into life, including thecognition of scientific knowledge and
its utilisation in making informed decisions baseda critical review and assessment
of arguments supported by evidence.

Then, we identified the inquiry skills to be examinfor each category (Table 1).
The selection of skills was limited by the scopetttd test and the resolution to employ
solely closed-ended items. After that, we discussach skill sample with experts in the
relevant area.

Table 1
Inquiry skills identified in the areas of focus
Skills

Formulate a hypothesis

>
=
9]
@

Plan the experiment
Collect meaningful data from observation and meament
Transform the results into standard forms
Formulate conclusions
Identify relations between variables (using a gjaph
The application of numerical methods of data anglys
Identify the accuracy of experimental data

Evaluate the credibility of literature

Methods and
procedures of science|

Understand elements of research design and detetheir effects on the research conclusio

Integration of
science intg
life

Evaluate correct and incorrect uses of informattmrect uses of science for social purposeg

To measure each skill, we constructed two closetb@nitems with one correct
answer. All formulated items covered situations eohssolely on examples of the
implementation of scientific inquiry approacheshinlogy. We designed the test with the
use of those items and presented the test to trepetent experts to ensure the validity of
our research instrument. In order to check the eehgnsibility of our formulations of the
test items and distractors and to determine théntesime, we made a pilot trial with
a small sample of secondary grammar school stud&sinterviewed the students to
identify any problems they may have encounteredoirving the test items. Based on the
trial, we made necessary modifications of the mesamsant instrument and then performed
another trial with a larger sample of respondentee final test contained 22 items, each
having one correct answer and four distractorshEB&dl was measured by two items. The
“methods and procedures of science” category costiasixteen items and the “integration
of science into life” category six items. The adisiration of the test took 45 minutes and
the students were not allowed to use any aids @iodnation sources during the test. One
point was awarded for a correct answer and no goiran incorrect answer (i.e. choice of
one of the distractors). The maximum obtainablegsesre was 22 points.

We measured the reliability of the test using thed&r-Richardson Formula 20
(KR20). The reliability of our test achieved thelue 0.65. Based on Hair et al. [24] and
Christmann and Van Aelst [25], we can considerregearch instrument to be reliable.

To confirm the normal distribution of our data, werformed the Shapiro-Wilk test
and the normality of distribution of data was nenhid W = 0.96;p = 0.22). In further
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statistical analysis, we compared the two sampleimguthe Student-test for two
independent samples. Theest was chosen on the basis of Rtest comparison of
standard deviations. The comparison of answersiéstipns for each skill was performed
using a chi-squared test.

Results

Level of students’ inquiry skills

The minimum and maximum scores in the test werenfl 81, respectively.
The median value was 16. The average scOreas 15.42 and standard deviati8D, was
3.14.

The students achieved their best problem solvisglte ( = 99 %) in items involving
calculations (Skill 7, Table 2). Those items regdithe use of mathematical skills and
understanding of the necessity of statistical gateessing to quantify the risk of error and
evaluate the accuracy and reliability of reseanticames.

Table 2
Rate of success in solving the test items groupddduiry skill

Success rate
. Success rat@ Success rate|
Area Skill Item for item [%] | for skill [%] for category
® [%]
g 1 Formulate a hypothesis 3 87 73
.g 16 60
%]
E 2 Plan the experiment 142 ig 48
g 3 Collect meaningful data from 6 93 70
S observation and measurement 17 47
Q Transform the results into standarg 2 62
g_ 4 forms 18 53 58 68
% 5 Formulate conclusions 9 49 64
P 19 80
g 6 Identify relations between variables ! /8 81
5 T 20 84
= 7 The application of numerical methods 8 100 99
of data analysis 14 98
8 Identify the accuracy of experimental 10 36 48
data 21 60
o . . 1 96
5 E 9 Evaluate the credibility of literatur 13 =6 76
S _E Understand elements of research de| 5 84
s 8 10 and determine their effects on the 15 58 71 77
3 5 research conclusion
= B 11 Evaluate the correct and incorrect yse 11 78 83
of information 22 89

We also obtained relatively satisfactory resultshwiegard to the items measuring
further two students’ skills. A success rate averad 83 % was achieved in items
concerning the evaluation of correct and incortesgts of scientific information (Skill 11).
The students were expected to recognise, fromemtsfic perspective, valid approaches to
publishing outcomes of scientific research andvaleate a presented situation in which
results of science and scientific procedures wegesl uo advocate government resolutions.
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The second tested skill with regard to which thelehts achieved the success rate of 81 %
was the ability to identify relations between vatés from graphical representations of
information (Skill 6). Correct problem solution rgged the students to appropriately read
and interpret data expressed by graphs.

A success rate below 50 % was achieved by the stsideith regard to skills
concerned with planning experiments and assessiagatcuracy of experimental data
(Table 2). The test revealed that the studentsahadjor problem determining a dependent
variable in a given, exactly described experimeWaile the students correctly identified
the variable, they were not able to distinguishwieetn dependent and independent
variables. The lowest success rate=(36 %) was observed in the item 10 where the
students were expected to establish the factoasdescribed experiment which influenced
the experiment outcome. In most cases, the studdmise the option that none of the
proposed answers was correct.

We observed a large difference in the problem sghduccess rates for certain skills.
Based on the results of a chi-squared statistiest, tthe differences were statistically
significant for those items which measured thelski, 3, 5, 8, 9 a 10 (Table 3).
A comparison of solutions for the skill 1 revealdtht students achieved a statistically
significantly better problem solution results féretitem 3 in which they were asked to
choose a correct hypothesis whose testing wouldigeoa valid answer to the given
question £ = 8.18;p = 0.004). The students were expected to apply #t@wledge of
hypothesis formulation rules, e.g. that a hypothasiould be a statement which contains
two variables and the variables should be exacdgsurable, etc. As many as 39 students
(I = 87 %) chose the correct answer. Major probletatiem difficulties were observed
with regard to the second item (Iltem 16) where shlents were required to choose the
incorrect hypothesis out of the offered optionsudte described problem. All hypotheses
were formulated correctly but contained differerriables. This problem was solved
correctly by only 27 student$ € 60 %). The result supported our findings regaydhe
skill 2 that students had difficulties in definingnd distinguishing dependent and
independent variables.

The largest difference was observed in the itemasoméng the ability to record results
in standard forms (Skill 3). The students were dskehose items to choose an appropriate
table or graph to record or represent the resilts particular experiment. The students
achieved the success rate of 93 % in the item Gentey were expected to identify the
graph with the correct andy axis descriptions. However, their success ratharproblem
requiring them to identify the correct table (Iltdm) was only 47 %. Similar results were
observed for the skill 5. The students achievedissizally significantly better results
(¢*= 9.50;p = 0.002) in an item where they were expected tmétate a conclusion based
on a graphical representation of results (Item th@n an item with results presented
in a table (Item 9). This outcome indicates thatlehts have a problem constructing and
interpreting tables, despite this being an effitierethod of visualising relations between
data. A tabular representation of data is the nfresfuent approach to presenting basic
(source) statistical data which is widely used a&s ilmput for further analysis and
decision-making.

A statistically significant difference in probleralstion results was also found in items
concerning the skill 8 which involved the deterntioa of the accuracy of experimental
data ¢*= 5.39;p = 0.020). Students had difficulties identifyingtfactor able to affect the
outcome of the experiment. The most frequent iremranswer selected by students in item
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10 ( = 36 %) was that none of the options was a pakstiurce of measurement error.
This suggests that the students disregarded the tfet a clear indication of the

measurement length was lacking in the experimestrigion. Interestingly, a similar

measurement error (an unambiguous indication of nthmbers of seeds in different
containers) in another item was identified by asiyras 27 students € 60 %).

A statistically significant difference in probleralation results was also found in items
concerning the skill 9 which regards the evaluatioh the credibility of literature
(x* = 19.49;p = 0). The item 1 was solved correctly by all bubtrespondents. The item
was concerned with the evaluation of the credibilaf information published on
a particular website. The students correctly deiteech that the information was not
credible because it did not contain results of cetecstudies published in peer-reviewed
journals. The students had major difficulties itvsay the item 13 which required them to
generally identify the factor to be used as theisbfw credibility evaluation of studies
published in a journal or in other media. In thése, only 25 students £ 56 %) correctly
answered that the factor was an independent pe@weThe most frequent incorrect
answer was the presence of references to othecesoof literature. The foregoing clearly
indicates that a relatively large number of studetd not realise the significance of, and
need for, an objective peer review of researchltsesit is the collective nature of science
that determines what should and what should noinbleided in the body of scientific
knowledge.

Table 3
Chi-Square values for the different skill measures
Skill Task Count of Count of incorrect Chi- _value
number number correct answers answers Square P
. 3 39 6
1 16 27 18 8.18 0.004
4 21 24
2 12 22 23 0.05 0.833
" 6 42 3
3 17 21 24 23.33 0
2 28 17
4 18 24 21 0.73 0.393
. 9 22 23
5 19 36 9 9.50 0.002
7 35 10
6 20 38 7 0.65 0.419
; 8 45 0 B
14 44 1
" 10 16 29
8 21 27 18 5.39 0.020
. 1 43 2.
9 13 o5 20 19.49 0
. 5 38 7
10 15 26 19 7.79 0.005
11 35 10
11 22 40 5 2.00 0.157

" p < 0.05— significant difference

The last skill where we identified a statisticaBjgnificant difference in problem
solving was the skill 10 where the students weggired to evaluate various elements of
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research design and determine their effects onctielusion ¥ = 7.79; p = 0.005).
The students achieved the success rate of 84 % itea where they were expected to
evaluate the sample size and its impact on thehisity of results (Item 5). On the other
hand, only about a half of the students were ableotrectly assess what age structure
a research sample should have to ensure thatépigsentative of the whole population
to which the generalised conclusions and outconfethe® research would be applied
(Item 15).

In terms of the different categories, the studeadBieved better results in solving
problems concerned with the integration of sciesmoe its results into the different areas of
social life and personal life. Those skills weresdly interlinked with the individual's
ability to make informed personal decisions abouwtters involving science (such as
health, nutrition, etc.) and to read, understard @itically evaluate scientific information
published in the media. From our perspective, albwel of success was achieved in the
“methods and procedures of science” category, whtiohered the skills required for
a targeted conduct and direction of the pupilsestific inquiry in class.

Level of students’ inquiry skills driven by the seond major subject

The aim of the second part of our analysis of testults was to establish whether
students in a programme combining Biology with eosel natural-science teaching subject
had better inquiry skills than students with a soientific second teaching subject.
The test results showed that there was no differém¢he level of inquiry skills between
the two student groups € —1.13,p = 0.266). The average test success rate for dsiden
with a combination of two science subjects, i.eol®&jy and Chemistry/Geography/
Mathematics/Environmental science was 72 %. Thererage score was 15.85
(SD = 3.28). For students with a combination of Biglognd non-science subject
(humanities), the success rate was 67 %. The ava@ge was 14.78D = 2.90).

A comparison of the two groups’ success rateseandifferent skill categories revealed
no difference between them. Our assumption thatestis in a programme combining two
science subjects have better inquiry skills in theethods and procedures of science”
category was not confirmed (Table 4).

Table 4
Comparison of-test values by skill category between the studemips having a combination of Biology
with a science subject and with a non-science stibje

Subiects I. Scientific methods and techniques II. Integratim of science into life
) Mean SD t-test | p-value | Mean SD t-test | p-value
Biology and a science subjectl1.26 2.68 4.59 1.19
Biology and anon-science . ;- 262 -1.35 0.184 461 0.85 0.06 0.954
subject
Conclusions

Successful application of scientific inquiry in theaching of science requires
a sufficient level of teachers’ professional readm Therefore, what needs to be developed
in future teachers to make them being able to plah carry out scientific inquiries is the
understanding of not only scientific concepts, lldo of the formation of scientific
knowledge. Only teachers having well-developed imnygekills can drive transition from
traditional laboratories that offer pupils ‘cookedd assignments to labs able to give pupils
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opportunities to ask questions, formulate hypotbestesign and realise experiments,
critically evaluate the results of their work, diss, argue and defend their statements on
the basis of scientific evidence, etc. The purposere-graduate study is to adequately
prepare teachers from both the subject-matter dgichl content) and pedagogical
perspectives to ensure that new young teachers theveecessary self-confidence and
reliance on their ability to integrate various teiag methods and approaches in their
lessons in order to develop in their pupils botle thonceptual and procedural
understanding, positive attitudes to science amehsfic work, proper value orientation,
and willingness to engage as reflecting citizenthéaddressing of topics linked to science.

Having analysed the test items/skills, our findisghat the best results were achieved
in the items involving the application of numericaéthods of data analysis and the ability
to identify relations between variables. Our surbeg revealed that the students as future
biology teachers have notable problems planninga@mitiucting an experiment. In many
cases, the students were not able to distinguistvelem dependent and independent
variables. We also observed difficulties in ideyitify the accuracy of experimental data:
the students had problems identifying the varioossjble sources of error able to affect
(distort) the results of an experiment.

There are many potential causes of the low levetuwdents’ inquiry skills. We believe
that one of them is the absence of scientific ingas part of the pre-graduate education
and training of future teachers. It is inevitaldesystemically and consistently implement
scientific inquiry activities both during biologyouarses in bachelor's programmes and
in didactic training at the master’s level of study

Acknowledgement

This work was supported by the Slovak ResearchCanatlopment Agency under the
contract No APVV-14-0070.

References

[1] Gormally C, Brickman P, Hallar B, Armstrong [Effects of inquiry-based learning on students’ scée
literacy skills and confidence. Int J Scholarshipeadhing Learning. 2009;3:16. DOI:
10.20429/ijsotl.2009.030216.

[2] Krajcik JS, Sutherland LM. Supporting students developing literacy in science. Science.
2010;328:456-459. DOI: 10.1126/science.1182593.

[3] Choi K, Lee H, Shin N, Kim SW, Krajcik J. Reqoceptualization of scientific literacy in South karfor
the 21st century. J Res Sci Teaching. 2011;48:@70B0I: 10.1002/tea.20424.

[4] National Research Council (NRC). National ScenEducation Standards. Washington, DC: National
Academies Press; 1996. ISBN 0309053269.

[5] American Association for the Advancement of éde (AAAS). Benchmarks for Science Literacy. New
York: Oxford University Press; 1993. ISBN 019508986

[6] National Science Teachers Association (NSTA3 Position Statement: Scientific Inquiry. NSTAG.
http://static.nsta.org/pdfs/positionstatement_gdiemquiry.pdf.

[71 Schwartz RS, Lederman NG, Lederman JS. Anumsént to assess views of scientific inquiry: theSIO
questionnaire. National Association for ResearcBdience Teaching, March 30-April 2; 2008. Baltismor
U.S. https://www.researchgate.net/publication/2BB38®_An_Instrument_To_Assess_Views_Of_Scientific
_Inquiry_The_VOSI_Questionnaire.

[8] Lederman JS. Teaching scientific inquiry: Expliion, directed, guided, and opened-ended levats.
National geographic science: Best practices arehrel base; 2009 (pp. 8-20). Hampton-Brown Pubtishe
http://lwww.ngspscience.com/profdev/Monographs/SC0239A_SCI_AM_Lederman _lores.pdf.

[9] Padilla MJ. The science process skills. Redeaiatters - to the Science Teacher. 1990;9004.
http://www.academia.edu/download/3445162/Proceissiac.



8C ElenaCipkovéa and Stefan Kargk

[10] Gillies RM, Nichols K. How to support primatgachers’ implementation of inquiry: teachers’ eefions
on teaching cooperative inquiry-based science. R8si Educ. 2015;45:171-191. DOI:
10.1007/ s11165-014-9418-x.

[11] Tseng C-H, Tuan H-L, Chin C-C. How to help dkars develop inquiry teaching: perspectives from
experienced science teachers. Res Sci Educ. 208394825. DOI: 10.1007/s11165-012-9292-3.

[12] Shahali EH, Halim L, Treagust DF, Won M, Chesmkgaran AL. Primary school teachers’ understanain
science process skills in relation to their teaghjualifications and teaching experience. Res $iticE
2017;47:257-281. DOI: 10.1007/s11165-015-9500-z.

[13] Gormally C, Brickman P, Lutz M. Developing @&sk of Scientific Literacy Skills (TOSLS): measwgin
undergraduates’ evaluation of scientific informat@nd arguments. CBE-Life Sci Educ. 2012;11:364-377
DOI: 10.1187/cbe.12-03-0026.

[14] Wenning CJ. Assessing nature-of-science kitgras one component of scientific literacy. J Phigacher
Educ Online. 2006;3:3-14. http://www.phy.ilstu.g@dtéo/NOSLIT.pdf.

[15] Wenning CJ. Assessing inquiry skills as a comgnt of scientific literacy. J Phys Teacher Edutir@.
2007;4:21-24. http://www2.phy.ilstu.edu/pte/pubtioas/assessing_Scing.pdf.

[16] Dillashaw FG, Okey JR. Test of the integrassience process skills for secondary science stsid8ai
Educ. 1980;64:601-608. DOI: 10.1002/sce.3730640506.

[17] Burns JC, Okey JR, Wise KC. Development ofrgagrated process skill test: TIPS Il. J Res Ssmching.
1985;22:169-177. DOI: 10.1002/tea.3660220208.

[18] Tobin KG, Capie W. Development and validatmina group test of integrated science processeesJSci
Teaching. 1982;19:133-141. DOI: 10.1002/tea.36620S0

[19] Lederman JS, Lederman NG, Bartos SA, BartélsMeyer AA, Schwartz RS. Meaningful assessment of
learners' understandings about scientific inquilthe views about scientific inquiry (VASI) questiaire.

J Res Sci Teaching. 2014;51:65-83. DOI: 10.10021¢5.

[20] Kruit PM, Oostdam R J, van den Berg E, Scho#deJA. Assessing students’ ability in performingestific
inquiry: instruments for measuring science skifisprimary education. Res Sci Technol Education.8201
DOI: 10.1080/02635143.2017.1421530.

[21] Garcia-Carmona A, Criado AM, Cruz-Guzman Minfary pre-service teachers’ skills in planning éded
scientific inquiry. Res Sci Educ.. 2017;47:989-1000I: 10.1007/s11165-016-9536-8.

[22] Gavora P. Witelovo vnimanie svojej profesijnej zdatnosti (selfiedty). Preliad problematiky. (Teacher's
perceptions of self-efficacy. Overview of issues). Pedagogika. 2008;58:222-235.
http://pages.pedf.cuni.cz/pedagogika/?attachment 1i89&edmc=1139.

[23] Fradd SH, Lee O, Sutman FX, Saxton MK. Prommptscience literacy with English language learners
through instructional materials development: A casedy. Billingual Res J. 2001;25:417-439. DOI:
10.1080/15235882.2001.11074464.

[24] Hair JF, Black WC, Babin BJ, Anderson RE, TathRL. Multivariate data analysis. Upper SaddleeRiv
NJ: Prentice Hall; 1998. ISBN 9780138948580.

[25] Christmann A, Van Aelst S. Robust estimatiorf €ronbach's alpha.J Multivariate Anal.
2006;97:1660-1674. DOI: 10.1016/j.jmva.2005.05.012

OCENA UMIEJ ETNOSCI NAUKOWYCH OSI AGNIETYCH
PRZEZ PRZYSZtYCH NAUCZYCIELI BIOLOGII

Abstrakt: Skuteczne zastosowanie badaaukowych w edukacji naukowej wymaga odpowiedniego
przeszkolenia zawodowego nauczycieli. W opracowaprzedstawiono wyniki badadotyczcych poziomu
umiegtnosci badawczych przyszlych nauczycieli biologii. Wiinpokazaty,ze 80 % studentéw z powodzeniem
rozwigzywato zadania poleggie na stosowaniu metod numerycznych, g&réu relacji mgdzy zmiennymi oraz
ocenianiu prawidiowego i nieprawidtowego wykorzysgainformaciji naukowej. Z drugiej strony studendieli
znaczne problemy zwzane z planowaniem i realizacgksperymentu. Wyniki pokazatye nie ma znaczej
réznicy w poziomie umigjtnosci prowadzenia badanaukowych midzy studentami, ktorzy studiupauczanie
biologii w pohkczeniu z innym przedmiotem nauki, a studentamirzgt&tudiug nauczanie biologii w patzeniu

z przedmiotem nienaukowym.
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