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Abstract:

Reasoning skills can be described as abilities to use scientific knowledge to identify and solve problems, and
to formulate conclusions based on empirical observations. The European Union promotes the development of
reasoning skills as a way to grow knowledgeable and responsible citizens. In a school classroom, the develop-
ment of reasoning skills can be stimulated by the use of inquiry-based methods. Students’ reasoning skills are
frequently measured and compared by many national and international programmes (e.g. PISA). It is obvious
that teachers who help students to develop reasoning skills should also have a high level of those skills, how-
ever, the teachers who currently work in Central/Eastern European schools have had no opportunity to learn
through or even experience inquiry, neither to participate in programmes measuring the level of reasoning
skills. In this research, Lawson’s tests were used to measure the level of reasoning skills among science teach-
ers (n = 71) before and after training in using inquiry-based methods. The results showed that reasoning skills
are the best developed by physics teachers. Training in using inquiry helps biology and chemistry teachers
improve and close the gap between them and physics teachers.
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Introduction

The European Union policy promotes the development of a knowledge society, into which science education
is expected to make a significant contribution. In line with this policy, the Rocard’s report (Rocard et al., 2007)
strongly advocates inquiry-based methods in education (Inquiry Based Science Education — IBSE) to increase
students’ interest in science and boost the number of graduates in science, as well as technical and mathematical
studies. One of the main objectives of the IBSE is to improve students’ thinking abilities, as inquiry-based meth-
ods require more intensive reasoning than traditional science education (Csap¢ et al., 2012). In years 2008-2015,
“Supporting and coordinating actions on innovation in the classroom: Dissemination and use of inquiry-based
teaching methods on a large scale in Europe” was one of the key elements in the “Science in Society” area in
the European Union’s Seventh Framework Programme (FP7). Therefore, many teachers had an opportunity
to participate in pan-European projects focused on teacher training and the introduction of the inquiry-based
methods into school practice. So far, unfortunately, there has been limited information on how those actions
influenced teachers’ skills and classroom practices.

Reasoning skills

Reasoning skills (RS) are in general thinking skills and can be described as abilities to use scientific knowledge
to identify and solve problems, and to formulate conclusions based on empirical observations. They are the
abilities to understand the character and features of science (Dylak, 2011) and the relationship between the
cause and the effect. RS are integrally related to the educational system, both in lower and upper secondary
schools, especially with respect to natural sciences and mathematics. In general, reasoning skills may be
divided into three major groups due to their complexity (Csap6 et al., 2012; Johnson-Laird, 2006), as presented
in Table 1.
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Table 1: Classification of reasoning skills.

DEGRUYTER

Basic reasoning skills — Piagetian
reasoning (Caroll, 1993) or
operational reasoning (Csap6, 1992).

Higher order thinking skills
(Williams, 1999):

Scientific reasoning — the most
advanced form of human thinking.

Skills with a clear operational
structure, often mathematically
described, e.g.:

— Identification of the variables and
exploration of the relationships
between them (Kuhn, Pease, &
Wirkala, 2009).

— Combinatorial reasoning (Kishta,
1979; Lockwood, 2013; Schroder,
Bodeker, Edelstein, & Teo, 2000) that
covers controlling and manipulating
variables and examining their
dependencies.

— Probabilistic reasoning (Girotto &
Gonzalez, 2008; Jones, Langrall,
Thornton, & Mogill, 1997) concerns
risk estimation and might be
considered an introduction to
correlational reasoning (Kuhn,
Phelps, & Walters, 1985; Lawson, Adi,
& Karplus, 1979; Ross & Cousins,

Complex thinking processes, e.g.:

— Analogical reasoning — the ability
to apply knowledge mastered in one
context to a new similar situation
(Abdellatif, Cummings, & Maddux,
2008; Klauer, 1989; Polya, 1968).

- Problem-solving — analysis of
complex tasks in non-transparent
situations, where the solution cannot
be seen immediately, requires
integrating information from
different sources (Frensch & Funke,
1985).

— Critical thinking — systematic use of
several reasoning skills such as
questioning and looking for proofs
and evidences to organize an
argument or to establish firm
foundations for a judgment.

The use of abstraction and symbols to
represent phenomena via variables
and dimensions, e.g.:

— Deductive and inductive reasoning
(Csapd, 1997; Hamers, de Koning, &
Sijtsma, 1998; Polya, 1968; Watters &
English, 1995).

— Argumentation which requires
organizing facts and figures, carrying
out logical operations and
establishing causal relationships
between the observed changes.

— Hypothesis generation and testing.
- Designing experiments.

— Analyzing the results.

— Making generalizations (Adey,
1999; Howson & Urbach, 1996;
Koerber, Sodian, Thoermer, & Nett,
2005; Venville, Adey, Larkin, &
Robertson, 2003).

1993; Schroder et al., 2000) and
statistical thinking (Chance, 2002).

Assessment of reasoning skills

The assessment of students’ scientific reasoning competences is the objective of many projects and studies, for
example, the Programme for International Student Assessment (PISA). It was established in 1997 and is be-
ing coordinated by the Organization for Economic Co-operation and Development (OECD 2003a; 2003b; 2006;
2009; 2013). In general, the PISA investigates the level of students’ (age over 15) skills regarding problem-solving,
reading comprehension, mathematical reasoning, reasoning in the natural sciences in different countries. PISA
tests are connected to the RS in many aspects. The tests consisting of multiple-choice questions investigate stu-
dents’ abilities to solve problems using the scientific and logical thinking. The PISA’s interest is not limited
to the skills, as it also covers students” knowledge. The PISA assessment in 2015 aimed also at measuring col-
laborative problem solving (OECD, 2012). Evidence-Based Reasoning Assessment System (EBRAS) is another
programme. It focuses on how students can use the evidence to support arguments (Brown, Nagashima, Fu,
Timms, & Wilson, 2010). Also, the cognitive domain of the TIMSS (Trends in International Mathematics and
Science Study) measures knowing, applying, and reasoning among school students all over the world (Mullis
& Martin, 2013). Moreover, starting from 2019, the digitally-based eTIMSS will include extended problem solv-
ing and inquiry tasks, designed to simulate real world and laboratory situations, where students can integrate
and apply process skills and content knowledge to solve mathematical problems and carry out scientific exper-
iments or investigations (Centurino & Jones, 2017).

The assessment of the reasoning skills is a complex task, but there are several dedicated frameworks and
instruments (Amsel et al., 2008; Drummond & Fischhoff, 2015; Gormally, Brickman, & Lutz, 2012; Kind, 2013;
Lovelace & Brickman, 2013; Zhou et al., 2016). The best-known tools for measuring RS include the Lawson’s
Classroom Test of Scientific Reasoning (Lawson, 2000a). The set of tests was first published in 1978, and their
second (revised) version in 2000. The tests were developed for secondary school and college age students (Law-
son, 1978). Each test consists of multiple choice questions, and it is specially designed for biology, chemistry, and
physics. All the tests include from 24 to 32 questions, but the first 6 questions are the same for all subjects. Those
common questions are based on general science knowledge, and the following questions are subject-specified.
When answering the questions, the students have to imagine a specific situation and deal with certain prob-
lems — for example, they must decide what the probability of drawing a particular colour of a randomly selected
piece of wood is and justify their choice marking the correct answer (Lawson 2000a; 2000b; 2003; 2005; Pyper,
2011). The validity of Lawson’s test was the subject of several studies which showed that the instrument has
a good overall reliability, checked with both the individual and pair scoring methods (Cronbach « > .8) (Bao,
Xiao, Koenig, & Han, 2018; Pratt & Hacker, 1984; Stefanich, Unruh, Perry, & Phillips, 1983).

Unauthenticated
2 Download Date | 1/31/20 12:25 PM


http://rivervalleytechnologies.com/products/

Automatically generated rough PDF by ProofCheck from River Valley Technologies Ltd

DEGRUYTER Bernard and Dudek-ROzycki s

The science teachers’ responsibility is to help students to develop the reasoning skills as much as possible to
minimize students’ errors in solving problems requiring higher order thinking processes (Utomo, Narulita, &
Shimizu, 2018). It should be remembered that teachers who currently work at schools in many European coun-
tries (e.g. in Poland) finished studies that were not oriented on RS development, and as the students they didn’t
participate in RS measuring programs, practice solving reasoning tests, and had no opportunity to experience
or learn through inquiry (Bernard, Maciejowska, Odrowaz, Dudek, & Geoghegan, 2012; Dudek, Bernard, &
Odrowaz, 2015). The aim of this research was to answer the question: What is the influence of short-term training
in the IBSE on science teachers’ reasoning skills?. Even though the teachers didn’t participate in inquiry-oriented
classes, they finished master studies in a chosen science subject (that is obligatory in Poland as well as in many
European countries), and it can be assumed that had many opportunities to develop various kinds of RS. There-
fore, participation in short-term IBSE training may fill the possible “gap in learning through inquiry”, and help
teachers to unlock their potential by reorganizing and delivering missing elements of scientific inquiry to the
reasoning process. To answer the research question teachers’ RS had to be measured before and after the train-
ing in the IBSE. Since the influence of the training could be determined by teacher’s background - the subject
of specialization — the various science subjects” groups were compared separately.

Methodology of research

Background of the research

The research comprised the assessment of science teachers’ reasoning skills before and after the training in
the IBSE organized as a part of the FP7 project — Strategies for Assessment of Inquiry Learning in Science
(SAILS). The training was carried out in the form of a 5-day-long summer/winter school (33 contact hours
of training) and it included lectures, seminars, and laboratory classes. The teachers were introduced into the
basics of the IBSE methodology, practised formulating research questions, developing hypotheses, designing
and carrying out experiments, collecting data, making conclusions and forming coherent arguments. They
experienced inquiry from the students’ perspective, but also from the teachers’ point of view, practising various
ways of assessing the inquiry process. The philosophy, framework and specific programs of the training were
elaborated and published earlier (Bernard, Maciejowska, Krzeczkowska, & Odrowaz, 2015; Jonsson, Lundstrom,
Finlayson, McLaughlin, & McCabe, 2014; Orwat, Bernard, & Dudek, 2016; Bernard, Dudek, & Orwat, 2019).

Participants

The research group consisted of Polish science teachers (n = 106), who participated in the IBSE training in 2
years: 2014 (n = 60) and 2015 (n = 46). The group included 93 females and 13 males, average age 44.6 years
old. The teachers participated in the training voluntarily. The training was free of charge, and the teachers had
full participation costs paid, together with accommodation and board. Admission to the training programme
was decided on a first-come, first-served basis. Before the registration date, information about the recruitment,
dates and participation terms was publicly available for a month. Participation in the training did not translate
to participation in a study automatically; the latter was voluntary and anonymous. Every participant was aware
of the data to be collected, the goal of their collection, and the mode of their processing, according to the Jagiel-
lonian University ethical standards. The participants were able to renounce their participation in the study at
any stage. During the practical part of the training, the teachers were divided into groups according to the de-
clared subject taught at school, as workshops and laboratory classes were adapted to the national curricula of
the individual subjects.

Most of the training participants finished uniform master’s degree studies or the combination of BA/BSc
and supplementary MA /MSc studies in chosen area of science, but some of them finished postgraduate sci-
ence/science teaching studies only, or they finished related studies (e.g. food technology) and then undertook
preparatory courses to teach a given subject. In order to unify the groups, it was assumed that the analysis
would only include the tests completed by the teachers with a master’s degree in the subject they taught at
school. Moreover, incomplete questionnaires were excluded from the analysis. These facts had a significant
impact on the size of the studied groups and eventually, it allowed for the comparison of the performance of
71 teachers; the details are presented in Table 2.

Table 2: Description of the research group.
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Number of teachers

Group Biology Physics Chemistry All subjects
2014 12 10 10 32
2015 11 12 16 39
Total 23 22 26 71

Instrument and procedures

The teachers completed Lawson tests (2000a) according to the subject they taught before — pre-test (test 1), and
after — post-test (test 2) the training. The form of the test and arrangement of the questions were presented in the
original form, but the content was translated into Polish. The test was preceded by a questionnaire concerning
the respondents’ personal information, such as age, gender, type of university they graduated from, and their
field of specialization. The test was anonymous, but to enable the comparison of the results achieved by the
teachers before and after the workshop, each participant was asked to sign both parts of the test with the same
nickname (Dudek, Bernard, & Migdat-Mikuli, 2014).

Teachers’ tests were coded into a spreadsheet using the notation: 0 — wrong answer, 1 — correct answer.
Then, the percentage values of correct answers were calculated for each teacher concerning the entire test, and
separately for questions common for all subjects (Q 1-6), and for subject-specific questions. Further analysis
was run in Statistica 13.3 software. The main method used was the analysis of variance (ANOVA) (Howell,
2002). Every analysis of variance was preceded by an examination of the necessary conditions of its application
(King, Rosopa, & Minium, 2011). This analysis determined whether the studied samples were characterized
by a normal distribution (to this end, a Shapiro-Wilk test was used (Shapiro & Wilk, 1965)) and whether the
variances in the tested groups were homogeneous (this parameter was checked using the Levene’s test (Levene,
1960)). In cases when the necessary conditions were not met, an analysis with a nonparametric test was carried
out, using H test (Kruskal & Wallis, 1952). For post hoc tests, the HSD Tukey’s test was applied. The significance
level was defined as o = .05 for this research.

Results

The first part of the analysis was the teachers’ RS before the training, and comparison of various subject groups.
The results are presented in Table 3 and Figure 1.

Table 3: Pre-test results for entire test (all questions) divided by subject.

Confidence interval

Teachers’ group N Average score [%] Standard deviation —95% 95%
Biology 23 69 11 64 74
Physics 22 81 11 76 87
Chemistry 26 70 15 65 75
All together 71 73 14 70 76
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Figure 1: Results of the pre-test for the entire test (all questions) divided by subject.

For the entire test, the distribution of results was described with a normal distribution, and variances in the
tested groups were homogeneous, so ANOVA was used. The ANOVA test returned a statistical significance of
p = .0239, so it could be assumed that there was a statistically significant difference between groups. The plot
in Figure 1 suggests that the result for biology teachers was significantly different than that of physics teachers,
which was confirmed by the Tukey’s post hoc test (see Table 4 for its results). Moreover, the post hoc results
indicated that the score of chemistry teachers was also statistically different, comparing to physics teachers.

Table 4: Tukey’s HSD post hoc test results for the entire test divided by subject. Bold values indicate statistical significance
with a 95% level of confidence.

Biology Physics
Biology
Physics .0046
Chemistry 9079 .0146

The first part of the analysis provided information that the level of RS among physics teachers was signif-
icantly higher than in the chemistry and biology teachers’ groups. The following tests were to check whether
the difference was caused by the score in the common questions (based on general science knowledge), or by
the score in subject-specific part of the test, or by both. The results for questions 1-6 are gathered in Table 5 and
presented in Figure 2.

Table 5: Pre-test results for common questions (Q 1-6) divided by subject.

Confidence interval

Teachers’ group N Average score [%] Standard deviation —95% 95%
Biology 23 67 22 58 77
Physics 22 77 22 68 87
Chemistry 26 69 30 56 81
All together 71 71 26 65 77
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Figure 2: Results of the pre-test for common questions (Q 1-6) divided by subject.

In this case, the results were not normally distributed, so the nonparametric test was used. The Kruskal-
Wallis’ test returned p = .3675, so it could be assumed that the differences between the results noticeable in
Figure 2 were not statistically significant. Therefore, the difference in the results of the entire test should be
caused by the difference in the subject-specific questions. The results of this analysis are presented in Table 6
and Figure 3.

Table 6: Pre-test results for subject specific questions divided by subject.

Confidence interval

Teachers’ group N Average score [%] Standard deviation —95% 95%
Biology 23 69 12 64 74
Physics 22 84 12 78 89
Chemistry 26 72 13 67 77
All together 71 75 14 71 78
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Figure 3: Results of the pre-test for subject-specific questions divided by subject.

Also, in this case, the condition of the results’ normal distribution was not met for all groups, so the nonpara-
metric test was used. The Kruskal-Wallis’s test returned a statistical significance of p =.0001, so the hypothesis
about the difference between groups could be accepted. The post hoc tests results are gathered in Table 7; they
confirmed the significant difference between the physics group and the chemistry and biology groups.

Table 7: Tukey’s HSD post hoc test results for subject-specific questions by subject. Bold values indicate statistical signifi-
cance with a 95% level of confidence.

Biology Physics
Biology
Physics .0002
Chemistry 1.0000 .0010

The next part of the analysis was to check if there was an influence of the training in the IBSE on the teachers’
RS. Consequently, the analysis was run three times: for the entire test, and for common and subject-specific
questions’ parts separately. In all those cases, the condition of normal distribution of differences was met so
ANOVA test for repeated measurements was used. The results for the entire test are presented in Figure 4.
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Figure 4: Average scores with 95% confidence intervals of pre- and post-tests for the entire test divided by subject.

The ANOVA test suggested statistically significant differences between groups (p = .0138), but the post hoc
tests clarified that the differences occurred between various subject groups, but not between the pre- and post-
test scores within the subject groups. However, analyzing the plots in Figure 4, one could notice that for the
chemistry teachers, the pre- and post-test scores were almost equal, while for the physics teachers, there was a
small decrease in results in post-test results, and the largest change (increase) is visible for the biology teachers.
Next analysis covered only questions common for all subjects (Q 1-6), results presented in Figure 5.
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Figure 5: Average scores with 95% confidence intervals of pre- and post-tests for common questions (Q 1-6) divided by
subject.

It can be noticed that in this group of questions, the results for all subject groups were lower after the
training, but the differences were very small, and the analysis of variance suggested that they were statistically
not significant (p = .5247). These results meant that not only the differences between the pre- and post-test
results were statistically not significant, but also the differences between the scores of various groups after
training remain statistically similar. The results for subject-specific questions are presented in Figure 6.
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Figure 6: Average scores with 95% confidence intervals of pre- and post-tests for subject-specific questions divided by
subject.

In this case, the increase in the post-test results was visible for biology and chemistry groups, however, the
scale of the effect is clearly larger for biologists. Physics teachers’ group score was lower after training, and the
scale of the effect was similar to the change for the chemistry group. The ANOVA results confirm that there
were statistically significant differences between groups, and what’s important, the results based on the Tukey’s
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test presented in Table 8 indicated that there was a statistically significant increase in the result of biologists’
group after the training.

Table 8: Tukey’s HSD post hoc test results pre- and post-tests for subject-specific questions divided by subject. Bold values
indicate statistical significance with a 95% level of confidence.

Biology Biology Physics Physics Chemistry
Pre-test Post-test Pre-test Post-test Pre-test
Biology Post-test .0132
Physics Pre-test .0022 .9668
Physics Post-test 0602 1.0000 .8732
Chemistry Pre-test .9888 .1539 .0198 2534
Chemistry Post-test 7307 5704 1526 .7153 9414

Discussion

The average result of 73% (see Table 3) for all the respondents was not low, but considering the fact that the tests
are suitable for upper secondary school students and all study participants completed a master’s degree and
were authorized to teach, it was not a very good one either. Results at that level were reachable for university
and upper secondary school students (Coletta & Phillips, 2005; Maloney, 1981). It was generally expected that
during the studies in the science fields, the skills should become more developed, and the persons working as
teachers, responsible for the development of those skills in students, should demonstrate a very high level of
such skills. However, the obtained result was not surprising in light of progression trend of scientific reasoning
from elementary school to university described by Ding (2018) which showed that the RS are mainly developed
in grades 8-12, so at the time when students were taking general science courses and at the academic level, they
remained constant.

Considering the distribution of results according to the subject taught (Table 3, Figure 1), it could be ob-
served that reasoning skills within a group of physics teachers were better developed, comparing to chemistry
and biology teachers. In the results for the common questions (Table 5 and Figure 2), the higher score of physics
teachers was also noticeable, but the difference was lower and not statistically significant. It should be also no-
ticed that the scores for those questions covered a wide range of values, and the distribution of results could
not be considered as normal, which affected the high value of standard deviation. Analysis of results for the
subject-specific questions (Table 6, Figure 3) showed a smaller range of results, but normal distribution was
still not observed. For those questions, physics teachers’ scores were once again higher than those of the chem-
istry and biology groups, and in this case, the difference was statistically significant. Thinking stereotypically,
the highest scores of physics teachers are no surprise. Physics, as an experiment-based subject, heavily depen-
dent on mathematical skills, required its teacher’s to have highly developed reasoning skills. Using the same
stereotype, one would expect that the results of chemistry teachers should be significantly higher than those of
biology teachers, but the study outcomes showed no significant differences between the chemistry and biology
groups.

The obtained results suggest that training in the IBSE methodology and exercises in formulating research
questions, hypotheses, arguments, conclusions etc. may affect the teachers’ level of reasoning skills. The highest
increase (statistically significant) was observed for biology teachers, the group with the lowest RS level before
the training (Figure 4). The change resulted from an increase in score for the subject-specific questions (Figure
6, Table 8), while none of the groups improved their skills in the area of common questions (Figure 5). The
increase in the subject-specific questions area was observed also for chemistry teachers, but in this case, the
change was smaller and statistically not significant. Finally, it should be noted that after training differences
between scores of biology, chemistry and physics teachers became statistically not significant.

Conclusion

The obtained results indicate that the level of RS among science teachers in Poland is not higher than that
of upper secondary (class 11-12) and university students. This fact may have a significant influence on their
teaching efficiency. The teachers need to be confident in solving complex problems with students, as well as
assisting them and assessing tests based on the RS level verification. Therefore, it is necessary to introduce
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courses which enable raising the level of RS among teachers. Unfortunately, trainings in the IBSE, which were
very popular within the FP7 programme and are still quite common in many countries, have a limited effect on
the level of the teachers’ reasoning skills. In the described study, the increase was noticeable only for the biology
teachers — the group with the lowest RS level before the training, and after the training, their results equalized
with other subject groups. It can be concluded that such training gives a positive effect only for specific groups,
with significantly lower RS level. Therefore, the training in inquiry does not solve the problem of the generally
low level of science teachers’ reasoning skills, and helping them to reach a higher RS level requires a longer and
dedicated training.
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